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PREFACE
This book is written for men of the U. S. Navy and Naval
Reserve who are interested in qualifying for advancement
to I. C. Electrician 2. Combined with the necessary practical experience, this training course will prepare the readw
for the advancement-in-rating examination.

The

qualifications for

I.

C. Electricians are listed in ap-

pendix II. This training course contains information on
each examination factor of the qualifications for I. C.
Electrician 2. Because examinations for advancement are
based on these qualifications, interested personnel should

them frequently for guidance.
/. C. Electrician 2 was prepared by the U. S. Navy Training Publications Center, which is a field activity of the
Bureau of Naval Personnel. Technical assistance was provided by the staff of the U. S. Naval School, I. C. Electricians, Class B, U. S. Naval Receiving Station, Washington, D. C. and by other Navy activities cognizant of
I. C. equipment and the duties of I. C. Electricians.
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C.

ELECTRICIAN 2

CHAPTER
ORGANIZATION
Navy
and

ships are operated under standard administrative

battle organizations to facilitate quick expansion

from

peacetime to war status without major change. This organization divides the ship's personnel into the (1) Operations,
(2) Navigation or Deck, (3) Gunnery, (4) Engineering, (5)
Supply, (6) Medical, and (7) Dental Departments. Aircraft carriers and seaplane tenders have in addition an Air
Department, and repair ships and tenders have a Repair

Department.

ENGINEERING DEPARTMENT

The Engineering Department

in large ships normally

by the organization
The Machinery and Boiler Divisions

consists of five divisions, as illustrated

chart in figure 1-1.
are under the supervision of the Main Propulsion Assistant;
the Electrical Division is under the Electrical Officer; and
the Repair and Auxiliary Divisions are under the Damage
Control Assistant. These officers are charged primarily with
the operation, maintenance, and repair of the machinery

and equipment

and they also act as
assistants to the Engineer Officer in the performance of his
duties. The office of the Engineering Department is called
allotted to their divisions,

the LOO ROOM.

The maintenance and

repair of all electronics equipment

of the ship, except as assigned to another department,
the responsibility of the Operations Officer.
1
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Electrical Division

The

Electrical Division usually consists of the power,

LIGHTING, and INTERIOR COMMUNICATIONS gTOUps (fig. 1-1).
The groups vary in number according to the size and type of
ship but are basically similar in organization. In large ships
these groups are often further subdivided. For example, the
power group may have a turret gang and a distribution gang,
and the interior communications group may have a telephone
gang and a gyro gang, each with a chief petty officer or petty
officer

fii]st

class in charge.

Shops

Electrical

The number

of electrical and interior communications

shops varies with the

size

and type of

ship.

For example,

an aircraft carrier may have six electrical shops besides
those in the Air Division an attack cargo vessel may have
two and a tanker may have only one. A chief petty officer
;

;

or petty

generally in charge of the elecresponsible for a particular group of cir-

officer first class is

trical shop.

He is

and prepares a work schedule for his men so that they
can maintain efficiently the equipment in their charge.
Rough record books on work completed each day, file cards
on work pending, and reference books for replacement parts

cuits

and
is

technical information are kept in the shop.

provided to receive trouble

on a

trouble-call sheet (fig.

record includes the time,
call,

A
I.

A telephone

These calls are recorded
1-2) which is kept in a log. This
calls.

name

of the person making the

trouble reported, and action taken.

standard tool kit usually

C. shop.

able locker.

On small
The

is

issued to each

man

in the

ships special tools are stowed in a suit-

petty officer in charge of the shop must

sign for them on Equipage Custody Record

(NavSandA

form 306A) cards as shown in figure 1-3. On large ships
and stations a central tool room is maintained for power
tools, special tools, and instruments which are signed for or
drawn on a chit system. The level of a mechanic's ability
3
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Custody Record.

mechanic uses his
tools with a minimum of effort to accomplish a maximum
of results. He uses the right tool for the right job and does
not abuse his tools or damage the equipment on which he
works. Instruments are issued to the shops on custody cards
is

and

in his use of tools.

skilled

their use is restricted to qualified electricians.

Good

instruments are expensive and the care with which they must
be used cannot be overemphasized.
Duties

As an
and

I.

you must perform both military
Your military duties are the same as

C. Electrician

specialist duties.

2,

those of other petty officers regardless of their specialty

These military duties are explained in the General
Training Course for Petty Officers^ NavPers 10055; The

ratings.

Blueja/^kets^
tions.

Mamud; and

certain articles of

The most important

of your specialist duties are

those assigned to you on the Division

Station

Bill.

You may

Navy Regula-

be assigned

Watch Quarter and
to a damage control

party at the interior communications or action cutout switchs

board, as a telephone talker, or any one of several other
equally important stations.
routine duties, which are assigned by the division

Your

and maintenance of specific
interior communications circuits and equipment. The term
"interior communications" when used with reference to naval
vessels includes all methods of transmitting and receiving
orders and information between stations within a ship.
These methods include a large number of diversified circuits,
systems of circuits, and mechanical devices concerning the
transmission or indication of orders, signals, and informa-

officer,

will be the operation

tion that

is

descriptive

essential to the operation of the ship.
list

of

all I.

A complete

C. circuits and their classifications,

as well as a description of

many

of the circuits and equip-

contained in chapter 65 of the Bureau of Ships
Manual. Chapter 65 should be studied thoroughly and used
as a final authority concerning interior communications.

ment,

is

Your advancement

depends to a great extent on
the the instruction you receive from senior i>etty officers and
on their recommendations concerning your quarterly marks.
I. C. systems are grouped under the following classificain rating

tions according to their functions

all

Un AMPLIFIED VOICE COMMUNICATION

SYSTEMS COnsist of
types of telephones and voice tubes used to transmit un-

1.

amplified voice signals.

Visual intelligence systems include character transmission systems, facsimile systems, and intraship television
2.

systems.

Ship's metering and indicating systems include underwater log, dummy log, shaft revolution indicator, wind indicator, and profile draft indicator and transmitter systems.
These circuits provide a means of transmitting meter readings from central locations to remote indicators.
4. Amplified voice and projection systems consist of the
various announcing systems, voice recorders, record players,
motion picture projection equipment, electric megaphones,
and portable announcing systems. These systems transmit,
amplify, and reproduce the voice.
3.

6

Alarm and warning systems

5.

include high-temper-

ature alarms, lubricating-oil low-pressure alarms, general
and chemical-attack alarm, diving alarm, rocket-warning
alarm, and similar systems. The purpose of these systems
is to

protect equipment and to

warn personnel of impending

trouble or damage.
6.

Signal systems consist of various

call-bell

and annun-

ciator circuits, boiler-feed signal systems, catapult signal

These systems provide a means of sounding signals from remote stations.
7. Ship control systems include steering-gear control,
engine-order and propeller revolution order circuits. These
systems provide means for controlling the ship from remote
stations and for transmitting orders to the various control
system, and others.

stations.

SUPPLIES

Each naval

an allowance of equipage and supplies on board.
The various items and the amount of each,
depending on the type of ship, are contained in an itemized
list

known

vessel has

as the

allowance

list.

Allowance

The allowance

list is

List

a compilation of the equipage, main-

tenance repair parts, and consumable supplies essential for
the efficient operation and maintenance of the ship.

The

material contained in the allowance

— (1)

list is

subdivided

and semi-installed equipments, machinery, and components; (2) equipage; and (3)
consumable supplies. In each part, the items are listed in
groups. Material group numbers S60 through S69 include
most electric equipment. An electrically driven pump, however, is listed under S47, which is the file number for pumps.
The Bureau of Ships controls the allowance of technical
equipment by directives which amend the allowance list.
into three parts

installed

A quarterly

allowance of money is allotted to each vessel
for operation and maintenance. Each department and division is required to keep within its assigned allotments.
7

The allowance

for consumable supplies provides a

list

guide to the range and quantities of material that will be
required to operate the ship. Allowance lists are used to prepare custody and stock records; to prepare requisitions for
replacement material and to indicate proper identification
of technical maintenance repair parts aboard. An indi;

vidual allowance
is

list is

the specific and final

prepared for an individual ship and
allowance list for that ship.

General Stores

A

limited

amount of cleaning

gear, tools,

and miscel-

laneous supplies are stowed in the electrical shops.

When re-

placement of this material, or when new material for a
specific job is required, this material is drawn from the
Supply Department by a stub requisition. The stub requisition which is a standard form for requesting the various
items is made out in duplicate, initialed by the chief petty
officer in charge of the shop, and signed by the division
officer or department head. Most supply officers require that
each stub requisition list only one class of items. In the
Catalog of Navy Material the items are divided by stock
classes and listed in groups by standard Navy stock number
(SNSN). For example, the stock number 17-B-11573 is in
class 17, which is "electrical equipment wire communication
apparatus." The letter "B" denotes the first letter of the
material group (in this case, bells) the serial number 11573
identifies the specific item, which is listed according to the
;

;

type, voltage,

and physical

characteristics.

The General

Stores Section of the catalog contains (1)
brief description; (2) specifications; (3) illustrations; (4)

measurement equivalents;

usage data; (6) sources of
supply; (7) requisitioning procedures; (8) stowage notes;
The quantity,
(9) indexing; and (10) standard prices.
the stock number, and a brief description are generally all
that is required on the stub requisition. When the stub
requisition is properly signed it is presented to the storekeeper who issues the material. The person who actually
(5)

•

receives the material must also sign the requisition.

duplicate
terial.

The

retained by the department requesting the ma-

is

The replacement of material

in the

storeroom

is

a

function of the supply section. I. C. Electricians will most
likely use the following classes of material
Class 15 Electric cable and wire (insulated).

—

—Electric equipment; wire communication ap— Brooms, brushes, mops.
Class 40—Plant and shop equipment (excluding hand
tools)
Class 41 — Hand
screws, washers.
Class 43— Bolts, nuts,
Class 77 — Bearings.
Class 17
paratus.
Class 38

tools.

rivets,

Repair Ports

Repair parts for each piece of equipment are provided
aboard ship. For ready identification and accessibility,
the trend is to stow most repair parts in metal drawers
and bins that are marked with standard Navy stock numbers.
Some parts may be stowed in individual repair parts boxes.
Aboard some ships the supply officer retains custody of
all

repair parts until they are issued for use.

Most of

these parts are stowed in storerooms under the cognizance

of the supply department. Repair parts are drawn from
the supply department on Stub Requisitions (NavSandA
form 307) by the department requiring the parts. A replacement for these parts is then requisitioned by the supply department, which uses its own material lists for necessary procurement information.
Aboard other ships each division has custody of its repair parts. These repair parts are stowed in division storerooms or near the associated equipment. The division officer is responsible for maintaining the full allowance of
repair parts.

Regardless of whether the supply officer or the division
officer has custody of repair parts, replacement for these
parts must be requested from the supply officer through
317993

—55

O

2

9

the log room.

It is

your responsibility to furnish the log

room with the information necessary
Complete

to identify the part.

SNSN,

identification, including the

The primary source of

dite the delivery of repair parts.
identification data is the allowance
in the log room.

If the allowance

will expe-

list,

list

which

is

contains the

the repair part, a Stub Requisition listing this

available

SNSN for

number and

submitted to the supply office via the
log room. However, if the SNSN is not available, complete
identification of the part must be entered on the Stub Requisition. This identification should include such information
as nameplate data and the manufacturer's drawing, part, and
piece numbers. If the nameplate on the associated equipment is not readable, these data may be obtained from the
other available data

machinery history

is

files

in the log

room or from the applicable

manufacturer's instruction book.

Aboard ships

in

which each division has custody of

Navy

its

number cannot be
found, a Request for Repair Parts (NavSandA form 302)
in addition to a Stub Requisition must be submitted to the

repair parts, if the standard

supply

office

stock

by the log room.

Stowage

Stowage of materials, instruments, batteries, and repair
parts is a problem aboard ship. To prevent damage that
might be caused by the roll or pitch of the ship, electrical
storerooms are provided with bins, lockers, and brackets that
are used for the safe stowage of this equipment.

RECORDS AND REPORTS
Naval vessels are required to maintain certain records and
to submit certain reports. These records and reports are
a very important part of your job. They provide data for
(1) keeping the ship's company advised concerning changes
and alterations to equipment, (2) surveying old equipment,
(3) informing boards of inspection and survey, (4) keeping
the Bureau of Ships informed as to the material status of the
10

ship,

each

(5) comparing the operational characteristics of
vessel with those of other vessels of the same type for

and

recommended improvements. These records and reports
comprise the (1) machinery index, (2) material history
RECORD, and (c) maintenance records.
Machinery Index

The machinery index

is

a comprehensive listing of all

machinery and equipment, exclusive of electronic equipment,
installed in each vessel.

The index

for each item of equip-

age includes the (1) material group number; (2) complete
nameplate data; (3) manufacturer's instruction book number; and (4) location in the ship. This information is
required by the Bureau of Ships to provide adequate repair
parts, battle damage components, and replacement equip-

ment of the forces afloat.
The electronic inventory

same purpose for
electronic equipment as the Machinery Index serves for all
serves the

other units.
Material Histoiy Record

The material history record

consists of cards filed in

These cards list all items of machinery
by group numbers with descriptive data and history of
repairs and alterations for each item. The following four
types of cards form the basis of the ship's material history
looseleaf binders.

1.

2.
3.
4.

The

Machinery History Card (NavShips527)
Electrical History Card (NavShips 527A)
Electronic History Card (NavShips 536)
Hull History Card (NavShips 539)

spaces provided on these cards for identification data

should be completely filled in. These data include such
information as machinery index number, model designation,
nameplate data, and plan numbers. An appropriate card is
used for each item in the machinery index and in the electronic inventory.
Entries are made on the cards which
describe repairs effected, derangements experienced, alterations, field changes, tests conducted, and other data necessary
11
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Figure 1-4.

—

Electrical History

Card.

to provide a comprehensive material history of the items

concerned.

A typical

Electrical History

Card

is

illustrated

in figure 1-4.

Megger Test Record Cards (NavShips

531),

shown in

figure 1-5, are provided to record the periodic insulation

Figure 1—5.

—Megger
12

Test Record.

resistance readings of a unit or circuit.

These cards are

inserted in the binder adjacent to the applicable history

card for the unit or

Current

ship's

circuit.

maintenance project.

Ship's Maintenance Project

keeping a running record of

The
1.

2.
3.

—The

Current

(CSMP)
all

provides a means of
work that is to be performed.

following three types of cards comprise the

CSMP

Repair Record Card (NavShips 529, blue)
Alteration Record Card (NavShips 530, pink)
Record of Field Changes Card (NavShips 537, white)

As

a repair is required or an alteration is authorized, an
applicable card is filled in and placed in the Material History
Binder adjacent to the proper history card.

The REPAIR RECORD CARD and

the alteration record card,

which are colored blue and pink respectively, provide a quick
reference to current and pending work. When the item of
work has been completed and the proper notation has been
entered on the material history card, these cards are removed
from the binder and placed in a "completed work" file.
The RECORD OF FIELD CHANGES CARD is used for each model
or type of electronic equipment for which field changes are
authorized. As field changes are authorized, the number,
The retitle, and authorization are entered on the card.
maining spaces provided on the card are filled in when
the field change is completed. The Record of Field Changes

Card

is filed

in the material history binder adjacent to the

history card for the equipment to which the field changes

apply.

Maintenance Records

As an

you are required to maintain a
number of records, check-off lists, and reports at your assigned station. Maintenance records are of two types (1)
official NavShips forms prepared by the Bureau of Ships
and (2) ship's forms prepared by the engineering department. The number of these latter forms and the method
of recording test, inspection, and maintenance data are preI.

C. Electrician

2,

—

13

pared for a particular installation and class of vessel. The
following forms are typical of those which you may be
required to keep aboard your ship.

—

Storage battery tray record. The Storage Battery
Tray Kecord (NavShips 151) is a complete history of each
lead-acid battery in the ship

(fig.

1-6).

battery number, (2) nameplate data, and
ice, repairs, charges, and test discharges.

It lists the

(1)
(3) record of serv-

The information

contained in this record shows the true condition of a battery and often indicates trouble in advance of battery
failure.

o

D. a. g.

STORAGE BATTERY TRAY RECORD
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Storage Battery Tray Record.
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Weekly ground

sulation resistance) test
terior communications

boards.

—A

complete set of ground (inrecords is maintained for all in-

sheet.

and

fire

control circuits and switch-

Insulation resistance tests are

made weekly with

the use of a 500- volt megger. The ground test sheets (fig.
1-7) are examined and signed daily by the leading petty
officer

of the station and the electrical

officer.

—

Circuit work sheet. Circuit work sheets are shop records maintained on cards that are kept in a looseleaf binder.
A separate card is filled in for each circuit. These cards are
similar to the Electrical History Card (fig. 1^). They are
records for routine inspections and tests, lubrication and
cleaning, as well as major overhauls. WTien any repair,
test, or overhaul (exclusive of routine ground tests) is completed, a notation is entered in the history column of the
proper (card) circuit work sheet. Applicable data are
transferred from these cards to the material history record
cards.
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1. Test electrical circuits in such a manner
that all circuits will be covered once duri ng each quarter.
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Figura 1—8.

—

Test record of a high-tomperaturo alarm circuit.

1«

High-temperature alarm circuit

test.

—The

operation

of each high-temperature alarm circuit and alarm bells is
checked weekly by operating the test twitches on the hightemperature alarm switchboard. The results of these tests
are recorded in the test record book, a page of which is shown
in figure 1-8.
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Ship's

I

Memorandum
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10 MaT

aa<fc

haura

^

Woric Request.

i*ja

—Ship's

memorandum work requests are interdepartmental forms used by any
department requiring work to be performed by another shipShip's

memorandum work

This

board department.

request.

memorandum

ensures the proper

routing of work requests between heads of departments.
These work requests, or job orders (fig. 1-9), list the work
to be done and include an estimate of the man hours and
material required to complete the job. Space is provided
also for the shop that performs the work to list the material
used, man hours expended, date of completion, and the

Similar forms are filled in when a ship
requires work to be done by a shipyard or tender.
Compass record book. ^The compass record book is a history of inspections, repairs, and alterations of a gyrocom-

approximate

cost.

—

pass.

All routine inspections are listed in this book and

signed by the person making the inspection. The compass
record book belongs with the gyrocompass and goes with it

when

the compass

removed.
Material analysis data form. Material analysis data
forms provide a means of informing the Bureau of Ships of
all electrical and mechanical troubles encountered aboard
ship. These forms (fig. 1-10) enable the Bureau of Ships
is

—

equipment
installed aboard ship. Space is provided on these forms to
identify completely the equipment concerned and to list the
work done and the parts used. A simple numbering system
is provided to describe the reason for a failure and its remedy. Material analysis data forms (1) may be filled in by
hand if necessary, (2) require no signature, and (3) are

to determine the performance of various types of

turned in to the log room for mailing.
Inspections

The establishment of a

and

Tests

periodic schedule of inspections

and tests for all I. C. systems and equipment is one of the
most important factors in a good maintenance program.
Time spent in a preventive maintenance program is time
saved in overhauls and repairs.
It
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Material Analysis Data Form.

All I. C. circuits must be inspected and tested once during
each quarter. To assure this coverage, the circuits are usually divided into weekly overhaul groups. Maintenance personnel may determine if more frequent intervals are necessary. Some circuits are scheduled for in-port availability

because they cannot be checked and maintained adequately
while underway. For example, the general announcing sys-

tem is best maintained at night in port.
In the overhaul of I. C. circuits the general procedures
to be followed are
1.

Study the wiring diagram of the complete system and
note the instruments, panels, and fixtures that should
be checked.

2.

Study the instruction books and lubricating charts applicable to the system.

3.

Take

insulation resistance readings prior to mainte-

nance work.
4.

Clean the appliances that are normally subject to dust,
dirt,

5.

and moisture.

Oil the working parts of the appliances as necessary in
accordance with the instruction books and lubricating
charts.

6.

Test the complete circuit and adjust relays, contacts,
and controllers as necessary for satisfactory operation.

7.

Check the fuses for the proper type and capacity shown
on the finished plans.

8.

Take

insulation-resistance readings

and compare them

with those taken prior to the maintenance work.
9.

Record

this test in the circuit

work sheet and make

the required entries on the material history card.

Also

enter insulation resistance readings on the proper insu-

lation RESISTANCE TEST RECORD (NavShipS 531).

When
be

practicable, weekly insulation-resistance tests

made on

Any change

all I.

C. and F. C. circuits and switchboards.

in the condition of insulation

comparing the
radical change

must

test results

is

indicated by

with those of previous

tests.

A

in insulation resistance readings indicates a

faulty condition that must be cleared immediately.

parison of these readings taken over
20

a^

A com-

period of time shows

the differences in readings due to (1) normal slow deterioration of the cable or apparatus; (2) weather conditions; (3)
accumulation of moisture, dirt, or oil; and (4) sudden

grounds.

PUBLICATIONS
Publications pertinent to the operation and maintenance

of

I.

C. equipment and systems are kept in the log room.

Refer to the applicable publications before working on any
equipment or circuits with which you are not thoroughly
familiar.

Publications of primary interest to the
are:

I.

C. Electrician

(1) Manufacturers' instruction books, (2)

Bureau of

Ships Manual^ (3) Bureau of Ships Bulletin of Information^ (4) Bureau of Ships Technical Bulletins, (5) Record
of Electrical Installations and Electrically Operated Auxiliaries with Performance Data, and (6) Ship's Plans.
Instruction

Books

Manufacturers' instruction books contain technical information and instructions for the operation and maintenance
of specific apparatus. This information usually includes a
general description, principles of operation, installation instructions, operating data, maintenance checks, lubricating
schedules, safety precautions,

and

plans.

On

most ships instruction books are issued to responsible
personnel on custody receipts. This procedure is necessary
because the number of copies allotted to each ship is small,
and the replacement of missing copies is very costly.

Bureau of Ships Manual

The most important Bureau
Bureau of Ships Manual.

of Ships publication

is

the

This manual is the "Bible" of the
engineer department. It describes methods of conducting
inspections and tests, procedures for making repairs, and
many helpful maintenance hints. It is the official authority
on operating procedures.
21

As an

C. Electrician, you should be familiar with the
following chapters of the Bureau of Ships Mamidl:
I.

Chapter
4

Title

Allowance, Suryeys, and Requests for Material

5

Ck>gnizance

6

Inspections, Records,

and Reports

Steering Gear
Ship Control Ekjuipment

22
24
31
45
60
61
62
63
64
65
66
68

Spare Parts
Lubricants and Lubrication Systems
Electric Plant—General
Electric Generators and Voltage Regulators
Electric

Electric

Power Distribution
Motors and Controllers

Lighting
Interior

Commonications Installations

Searchlights
Electric

71

85
88

Measuring and Test Instruments

Fire Control Installations
Motion Picture Equipment

Damage

Control

Bureau of Ships Bulletin of Information

The Bureau of Ships Bulletin of Information contains data
concerning the maintenance and operation of naval vessels.
This information includes analysis of casualties, research developments, and reports concerning tests on materials, equipment, and apparatus.
Bureau of Ships Technical Bulletins

Bureau of Ships Technical Bulletins and similar publications are for the dissemination of information concerning
(1)

the design and construction of ships' machinery

and

equipment; (2) technical developments and (3) accomplishments in the field of research.
;

Record of

Electrical

Installations

Auxiliaries with

The Record of

and

Electrically

Operated

Performance Data

and Electrically
Operated Auxiliaries with Performance Data, which is furElectrical Installations

22

nished by the shipbuilder, consists of two volumes. The first
volume contains a description of operation and reference
drawings of each electrical auxiliary and equipment including the I. C. systems. The second volume contains the manufacturer's and shipbuilder's test data. This volume is
particularly valuable as a basis for comparison of test results
obtained after the equipment has operated over a period of
time.
Shfp's Plant

A complete
able in the log

file

of standard plans and blueprints

room for reference and

study.

At

is avail-

the time a

vessel is delivered, the shipbuilder furnishes a set of blue-

prints to the

commanding

officer via

the supervisor of

shij>-

These blueprints are in accordance with a list of
working plans corrected to show the equipment as installed.
Two copies of the Ship's Plan Index are also furnished to the
ship. This index lists all plans under the cognizance of the
Bureau of Ships which apply to the vessel concerned.
The plans furnished to the ship include elementary and
isometric wiring diagrams of all circuits; lists of telephones,
loudspeakers, microphone control station, voice tubes, calls,
message- passing facilities, assembly plans, and wiring diabuilding.

grams of interior communication and action cutout switchboards and panels; arrangement of electrical equipment in
ship control, command, and plotting stations; and a summary of interior communication and fire control equipment.
Each time an alteration is completed, the yard accomplishing the work furnishes the ship a copy of the plans that show
the alteration.
is

A revised copy of the Ship's Plan Index also

furnished, which shows

plans including the latest alter-

all

ation numbers that apply to the ship.

Copies of the latest

Bureau of Ships standard plans applicable
to the equipment installed in the ship must be carefully safeguarded. If these plans are lost, replacement plans might
alterations of

be for a later alteration that

ment actually

is

installed.

23

not applicable to the equip-

The

items of principal interest concerning

I.

C. systems

are the electrical standard plans which have plan

numbers

prefixed by 9-S or 9000.

QUIZ
1.

Name

the five divisions comprising the engineering

department

aboard a large ship.
2.

What

3.

What major groups

4.

When

is

the log room?

comprise the electrical division?

drawn aboard small ships, what forms
signed
must be
by the petty officer in charge of the I. C. shop?
special tools are

man aboard sbip?

5.

What

6.

Advancement

7.

What list

8.

What form

9.

What

is

10.

What

four basic cards comprise the Material History Record?

11.

What three cards comprise
(CSMP)?

12.

What two

types of maintenance records are used aboard ship?

13.

What does

the Storage Battery Tray Record generally indicate?

bill lists

the stations or duties of each

in rating

depends largely upon what two factors?

used to compile equipage, repair parts, and consumable
supplies required to operate and maintain a ship?
is

is

used to draw general stores?

a Machinery Index?

Work

14.

What

15.

What forms are used

16.

What

17.

How

18.

What

are Circuit

the Current Ship's Maintenance Project

Sheets?

to ensure the proper routing of work requests
between heads of departments?
is

the puriwse of the Material Analysis Data form?

often

must

I.

C. circuits

be inspected?

the best source of technical information and instructions
for the operation and maintenance of specific apparatus aboart.
is

ship?
publication should be referred to for a description of the
methods used to conduct inspections and tests aboard ship?

19.

What

20.

Where are complete

files

of ship's standard plans and blueprints

kept?
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CHAPTER
I.

C.

AND

A. C. O.
I.

The

I.

C.

SWITCHBOARDS

SWITCHBOARDS

C. switchboard

is

the nerve center of the interior

communications system. Its function in large ships is to
energize all interior communications and fire control circuits including fire control electronic systems, and in small
ships to supply power to other electronic equipment.
The I. C. switchboard is installed behind the armor belt
and below the waterline to obtain maximum protection. It
is energized from a normal, an alternate, and an emergency
power supply to ensure continuous service.
In large combatant ships two main I. C. switchboards
are provided. One switchboard is located in the forward
I. C. room and the other switchboard is located in the after
gyro compartment. Thus, each system or equipment receives its normal supply from the nearer I. C. switchboard
and receives its alternate supply from the more remote
I.

The

C. switchboard.

after

main

I.

C. switchboard is

usually arranged similarly to the forward main board exept that in the after board some of the special buses such
as the controlled- frenquency bus
Live-Front

I.

C.

may

be omitted.

Switchboard

C. Switchboards installed in naval vessels are of the
(1) live-front, (2) semidead- front, (3) dead- front, and (4)
dead front front-service types.
I.

317903

O— 55

3
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The

live-front I. C. switchboard (fig. 2-1) is the oldest

type of board and

is

found only

in older ships.

All switches

are of the live-front lever type with fuses in exposed clips,

which are mounted on insulating panels.
cators are installed over the fuses.

Figure 2—1.

—

Live-front

1.

Blown-fuse indi-

The

ship's cables are

C. switchiaoard.

connected to the switch and fuse terminals in the rear of the
switchboard.

Semidead- Front

The semidead- front

I.

C.

Switchboard

seldom used but
may be encountered in some ships. All switches are of the
dead-front type, either snap switches or enclosed type-K
switches, and are mounted on metal panels. The fuses associated with the snap switches are mounted in open clips
on slightly recessed insulating strips beneath the associated
switches. A hinged metal door with peep holes is mounted
in front of each fuse strip to permit viewing the blownI.

C. switchboard

26

is

Fuses are replaced by removing the metal
panel and pulling the fuses from their clips with a fuse
fuse indicators.

puller.

The

ship's cables are connected to the switches

and fuses from the rear of the switchboard.
Dead-Front

The

dead-front

I,

front-type switches.

I.

C.

Switchboard

C. switchboard

The

(fig.

2-2) utilizes dead-

fuses, except those

mounted

in

type-K enclosed switches, are mounted in plug-type combination fuse holders and blown-fuse indicators. This tyf>e of
switchboard is the most commonly used as it has many
advantages over the other types.
are

:

(1) all switches

The

principal advantages

and fuses are mounted behind the panel,

affording complete protection to operating personnel against

and
a more

electric shock; (2) fuses are placed in plug-type holders

mounted perpendicular

to the panel, resulting in

compact and efficient board and (3) meters, circuit breakers,
and bus-tie switches are behind hinged panels, simplifying
the maintenance of the board.
;

Dead-Front Front-Servic*

The latest type of I.
service

I.

C. board.

C.

I.

C. switchboard

This board

the dead-front type except that

is

is

Switchboard
the dead-front front-

constructed similarly to

designed so that installation, operation, and maintenance can be accomplished entirely from the front of the switchboard. The front-service
design utilizes a box-type construction with hinged front
it is

Switches and fuse holders up to 60-ampere capacity
and other relatively light items are mounted on the hinged
panels while heavier items are mounted on stationary panels.
Access to the rear of the stationary panels is gained by opening an adjacent hinged panel.
Terminal boards are provided within the switchboard enclosure for termination of all ship's cables except for a few of
the larger cables, which run directly to their associated
switches and fuse holders. All wiring between the terminal
boards and the equipment mounted on the hinged and stationary panels is installed by the switchboard manufacturer
to permit free swinging of the panels without interference
from, or damage to, the wiring.
In order to reduce the rigidity of the switchboard, and to
permit separate movement of panels during shock, cables are
used instead of horizontal buses for connection between or
among switchboard sections. Some vertical buses may be
used, however, to supply sections of the individual panel.
The principal advantage of this type of switchboard is
that it can be mounted against a bulkhead because no access
space is required in the rear of the board. This feature
results in a saving of space, which is most important aboard
panels.

ship.

A. C. O.

SWITCHBOARDS

The
is

function of the action cutout (A. C. O.) switchboard
to i)ermit isolation of various portions of I. C. systems and
28

to transfer control of certain systems

from one

station to

Separate switchboards are usually provided for
specialized systems such as the sound-powered telephone
another.

system.

In older combatant

vessels the

A. C. O. switchboard

located in the central station, which also functions as

is

damage

In recent vessels damage control central
is combined with engineering central and is located nearer
to the engineering plant and farther from the I. C. room.
The A. C. O. switchboard, therefore, is located in the I. C.
room and is usually adjacent to the I. C. switchboard. In
smaller combatant vessels the I. C. and A. C. O. switchboards are combined into one unit
control central.

Live-Front A. C. O. Switchboard

A. C. O. switchboards installed in naval
in construction to the several types of

The

I.

vessels are similar

C. switchboards.

found only in the
older ships. This switchboard utilizes (1) type-J switches
mounted on insulating panels to control synchro circuits and
(2) open-type knife switches, with fuses in open clips, to
disconnect contact makers and audible signals.
live-front A. C. O. switchboard

is

Dead-Front A. C. O. Switchboard

The dead-front A.
dead-front

C. O. switchboard

steel panels.

(fig.

2-3) utilizes

On these panels are mounted type-J

or type-JR rotary switches, snap switches, and fuse holders.
Dead-Front Front-Service A. C. O. Switchboard

The dead-front front-service A.

C. O. switchboard

is

shown

A

and B. All self-synchronous circuits are
controlled by type-JR switches and have individual fuses
for synchro primary excitation wires and overload indicators for synchro secondaries. Draw-out switch units are
in figure 2-4,

each unit incorporating the associated fuse holders
and overload indicators. Rotary selector switches are always
utilized,

29

used on the A. C. O. board to permit the selection of several
different stations or supplies.
The inherent design of the equipment on most I. C. synchro
circuits is such that if all receivers

and indicators are in

a casualty to any station on the circuit or to corresponding cables would incapacitate the entire circuit. The
parallel,

Figure 2-3.

—

Dead-front A. C. O. switchboard.

30

only means of overcoming this condition is to provide action
cutout switching; individual fuses; and, in some cases, automatic disconnect relays in one or more central points to
disconnect damaged instruments and cables. The use oi
action cutout switching is limited to the most important
circuits, the loss of which might endanger the vessel.
In order to reduce the number of switches on A. C. O.
switchboards, two synchro indicators are usually grouped

Figure 2-4.

—

Daod-fronl front-service A. C. O. switchboard, A, External view;
B, internal view.

on each multipole rotary switch. These switches are of the
4JR type and usually provide "either or both" selection. By
''either or both" is meant that the synchro signal as connected
to the switch can be connected to either of two instruments
singly or to both instruments together. Such a switching
arrangement might be used to connect the underwater log
transmitter to the pilot house, the open bridge, or to both
the pilot house and the open bridge.
If several switches receive parallel inputs from the same
transmitter, separate connections are provided from the ter31

minal boards to the input terminals of the
switches of a series.

Jumper connections

first

and

last

are then provided

from these switches to the switches between. Thus, any
switch can be removed without disrupting the input connections to any other switches. If practicable, all switches
of the same circuit are grouped together and all switches
that control instruments in the same station are located on
the same horizontal or vertical line.
Another switch arrangement on the A. C. O. switchboard

may

provide for selecting a transmitter at one of several
stations. For example, the engine-order system may be controlled from the pilot house, the open bridge, or the second-

ary conn.
isolating

The A.
damaged

C. O. switchboard
circuits.

may

also provide for

For example, the output from

the general-announcing amplifier

may be

connected

to,

or

disconnected from, the various subgroups of speakers.

Many

instruments on important circuits have individual
disconnect switches on the A. C. O. switchboard so that the

instruments can be energized as needed or disconnected from
the circuit in the event of trouble.

LOCAL

An

C.

I.

AND

A. C. O.

SWITCHBOARDS

and A. C. O. switchboard or panel is usually
provided in each engineroom (motor or maneuvering room
I.

C.

in electric-drive vessels) to energize local I. C. circuits.

The

normal supply for each panel is from the nearer I. C. switchboard (automatic in more recent vessels). The emergency
supply for each panel is from a local lighting circuit. This
arrangement provides the panel with the same power backup
as that of the

I.

of power at the
the panel can

I.

C. switchboard.
C. board or

still

However,

in case of loss

damage to the connecting cable,

be energized from a local source.

Action

cutout switches are provided to disconnect instruments con-

nected to local transmitters.

A combined
2-5)

is

I.

C. and A. C. O. switchboard or panel (fig.

usually installed in each steering gear
32

room to ener-

Figure 2—5.

—Combined

i.

C.

and A.

C. O. switchboard.

gize all circuits associated with steering such as the steering-

order and rudder-angle-indicator systems.

ply for this panel

is

The normal sup-

from the steering- power transfer switch-

board through a local transformer. The alternate supply is
from a local lighting circuit to provide for the contingency
33

of casualty to the transformer, because manual or emergency
steering gear

is

provided in case of power failure to the

power board.
turret-type combined

steering

A

2-6)

(fig,

Pigur*

is

I.

C. and A. C. O. switchboard

also installed in each turret.

2—6.'—Turr«t-typ« combined

I.

C.

and A.

This panel

is

C. O. switchboard.

energized through a double-throw switch from the normal
and alternate 450-volt power feeders to the turret via a local

board
rets,

is

A

supply from the I. C. switchnot provided because, with modern highspeed tur-

450/1 20- volt transformer.
the turret

is

relatively useless if the
34

power

to it fails.

SWITCHBOARD DEVICES AND COMPONENTS

The following devices and components
and A. C. O. switchboards and panels
1.

2.
3.

4.
6.
6.

7.
8.

9.

10.
11.

are used on

I.

C.

Meters and meter transformers
Meter switches
Indicator lamps
Snap switches

Multipole rotary switches
Disconnect switches

Automatic bus-transfer equipment
Fuses
Fuse holders
Blown-fuse indicators
Overload indicators

12. Indicator lights
13.

The
I.

Relays and control switches

and starting push switches for the associated
C. motor-generator sets are usually mounted on the I. C.
rheostats

switchboard.
Detailed descriptions of many of the preceding items are
included in the training course, /. C. Electrician 3, NavPers
10555.

Multipole Rotary Switches

new I. C. and A. C. O. Switchboards are provided with
the type-JR switch (fig, 2-7). This switch consists of a
series of pancake sections (fig. 2-7, A).
Each section
has eight stationary contacts (fig. 2-7, B)
The sections are
stacked in multiples of 5 up to a total of 25 sections. ExterAll

.

nally the stationary sections of

all

JR

switches appear to be

the same.

means of a rotor with
movable contacts that, depending upon the rotor arrangement, bridge adjacent stationary contacts or connect a common contact to any of the other contacts. The rotor is driven
by a shaft and handle. The nameplate is fastened to the
shaft and rotates with the handle. The switch positions are
Electrical circuits are completed by

35

PANCAKES

C

B
Figure 2-7.

—Typ«-4JR

twitch.

A, Internal view; B, contact atiembly; C, stop

mechanism.

indicated by a fixed index arrow mounted on the switchboard

above the rotary -switch

A

detent mechanism

dial.

provided at the panel end of the
switch to position the movable contacts in any of eight positions.
This detent mechanism is a sealed unit and does not
come apart when the switch is disassembled.
star-wheel
in the mechanism has a square hole through which the switch
is

A

36

handle fits. Four ball bearings are forced into the notches
of the starwheel by springs. These springs always tend
to force the ball bearings to the bottom of the notches. This
action causes the switch handle to stop at a position in which
the rotor contacts make the desired contact with the stationary contacts. In switches of 15 sections or more, an additional detent is included at the opposite end of the switch.
Adjustable stops (fig. 2-7, C) are provided opposite the
panel end of the switch. The stop plate at the end of the
switch contains a stop arm that fits on the end of the switch
shaft and rotates with

it.

Movable stop pins are inserted

As

into holes in the stop pancake.

the switch shaft turns,

the stop arm strikes one of the stop pins and prevents further movement of the switch in that direction. Turning the

switch in the opposite direction turns the stop arm until it
again strikes a stop pin and prevents further movement of
the switch. The stop settings are easily changed by removing the plate and shifting the pins as necessary.
Phenolic barriers are provided between each pancake section.

These barriers serve as insulating spacers to prevent

short-circuiting of terminals in adjacent switch sections.

The

letters

"A" through "H"

are engraved on each barrier

to identify the eight contacts.

The JR switch

designated by the type of rotor and by
the number of sections in the switch. The rotor types are
IJR, 2JR, 3JR, and 4JR. Thus, a 4JR5 switch contains
5 type-4JR sections.

The 4JR

is

switch

(fig.

2-7)

is

used on A. C. O. switchboards.
insulated contacts 180° apart.

commonly
has a rotor with two

the type most
It

Each

rotor contact bridges

three stationary contacts at one time.
Bus-Transfer Equipment

A
on

I.

type-K, 3-position, manually operated switch

used

C. switchboards of older design to transfer between

the normal and emergency sources of power.
I.

is

More

recent

C. switchboards are provided with an automatic rotary
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bus transfer switch (fig. 2-8, A) which is simpler and more
compact than other tyi>es. This design of automatic bus
transfer switch utilizes a pancake construction similar to
that used in the manual rotary snap switch although the
contact structure is different (fig. 2-8, B). The switch is
operated by a magnetic coil (fig. 2-8, C) which is energized
from the normal power supply through a voltage-sensitive

Figure 2-8.

—Automatic

rotary bus-transfer switch.

A, External view; B, rotary

contacts; C, magnetic coil; D, voltage-sensitive relay.

D). This relay is mounted as an integral
part in the back of the switch, but when the space behind
the panel is limited, it can be mounted separately from the
relay

(fig.

2-8,

switch.

The

operates the switch contacts to the normal position against the action of a spring.
If the voltage on the
coil

normal supply feeder

falls

below 70 to 80 percent of
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its

rated value, the sensitive relay operates to deenergize the
coil and the spring moves the switch contacts to the emer-

gency-power-supply position. When the voltage on the normal supply feeder rises above 85 to 90 percent of its rated
value, the sensitive relay energizes the coil and thus restores

the switch contacts to the normal power supply p>osition.
The rotary bus-transfer equipment is adjusted by the
manufacturer to transfer at the percentage values specified.
Adjustments of these transfer values must not be
made unless absolutely necessary because the sensitive relay
is a precision device and should not be tampered with.
Such
adjustments can be made, however, by removing the sensitive
relay and following the instructions contained in the plans

furnished with the equipment.
In case of failure of the control circuit or the spring,
emergency operation of the rotary transfer equipment provides for manually positioning the contacts. This positioning is accomplished by operating the indicating knob at the
front of the switch.
The indicating knob is connected
directly to the main shaft which extends through the panel.
latch key, when engaged with the knob, holds the contacts

A

in the desired positions.

An intermediate position is provided for the knob in which
the movable load contacts are in between the stationary normal and emergency-supply contacts. When the contacts are
in this intermediate position the load is deenergized.
The automatic bus transfer switch previously described is

being replaced by a similar switch which corrects some of
the difficulties encountered in the original type. The new
switch

is

constructed so that

when the blades of the switch

are closed, they will remain closed under conditions of vibration

and shock.

An

auxiliary switch

is

provided as an

new design to deenergize the operating
coils when the switch is in the manual orr position.
The switch has three positions (1) service, (2) off, and
intergral part of the

—

(3) emergency.

manually.

When

It

may

be operated either electrically or

necessary, the switch can be locked in

3*

any

one of the three positions, as in the event of control-circuit
failure or mechanical failure.
Whenever the switch is in the locked position it automatically disconnects the control circuits to protect the electrical

components.
Because the two contacting positions are
located on the same shaft, no mechanical interlocking
linkage is necessary as in the case of separate contactor
mechanisms.
Twin dual-action plunger-type solenoids are employed
with two parallel coils to initiate motion in either contact
position.

The movable

cores of the solenoids are positioned

one on each side of the shaft and are in
deenergized.

The

static balance

when

neutral off position lies between the two

energized positions.

From

the neutral off position either

of the two sources (service or emergency)

may

energize

its

respective solenoid as conditions demand.

If both systems are energized, the service supply predominates
tions.

and immediately neutralizes the emergency connec-

With

the switch in the service position, transfer to

the EMERGENCY positiou takes place upon under voltage at a
preselected percentage of full voltage or failure either in

phase A or in phase

B of the service supply. The preselected

percentage of full voltage
voltage-sensitive relay.

obtained by adjusting the

is

When

low voltage occurs across the

service supply, the automatic bus transfer switch instantly

responds to transfer the load to the emergency

normal voltage

is

line.

When

restored, the switch again functions to

transfer the load to the service supply.

Automatic rotary bus-transfer switches are available in
two frame sizes based on current ratings of 50 and 100
amperes.

For each current

rating, separate switches are

available for operation on 120- volt
a-c service

and for 120-volt d-c

ference in the switches

is

and 450- volt, 60-cycle

service.

The

principal dif-

in the design of the operating coils

and the voltage-sensitive relays for the particular operating
voltages.
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A

type-A automatic bus transfer switch is provided for
attack aircraft carriers CVA59 and CVA60 to automatically
select the source of power for the I. C. switchboard from any
one of three sources. These sources are: (1) preferred, (2)
alternate, and (3) emergency. The equipment consists of
a 3-way, 450- volt, 600-ampere, drum-type switch with (1)
pilot motor drive, (2) leading-supply selector switch, (3)
test switch, and (4) automatic-manual selector switch, to
gether with relays and control circuits.
In manual operation the drum-switch handwheel is turned
to place the load in contact with any one of the three selected
sources of supply.

In automatic operation the switch will select any one of the
three supplies, depending on the position of the leading
selector switch and the magnitude of the supply voltage.
For example, if the leading selector switch is in the preferred
position and the magnitude of the preferred supply voltage
is within the proper limits, the switch will connect the load to
the preferred supply.
If the preferred supply voltage falls below the proper
limits, the switch will automatically connect the load to the

alternate supply and restore

it

the voltage returns to normal.

to the preferred supply

If the load

is

when

comiected to

the alternate supply and low voltage occurs on both of these
sources, the. switch will automatically transfer the load to

the emergency supply and restore

it

to the

proper supply

(depending upon the position of the leading selector switch)

when

voltage

is

restored to normal.

Fuses and Fuseholders

Table
used in

1 lists
I.

the various types of fuses and fuseholders

C. switchboards and equipment.

These fuses are nonremovable and nonindicating except as
noted. In addition, several types of fuses similar to the miniature fuse but of varying lengths are used in some components.

Special fuses are used in some specialized equipment

317993
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such as telephone indicating-type fuses in the ship's service
telephone equipment.
The style F03 fuse is electrically equivalent to the style

F09 fuse up to 14 amperes for 250- volt applications and from
15 to 20 amperes for 120-volt applications. The F03 fuse
will probably replace the 21-30 ampere F09 fuse, also for all

A

new Xy^" X ^%2" ^use has been
developed for 450-volt applications, and will replace the
F09 fuse for the higher voltages and the F15 fuse for new
120-volt applications.

applications.

The type-MI

used where the available voltage is too
low to energize a lamp-type blown-fuse indicator.
The time lag fuses are used for fusing loads such as rotor
supply circuits in which overloads and surges of short duration

may

fuse

is

occur.

Individual fuses are provided on the I. C. switchboards and
panels for each associated circuit.
separate fuse is used

A

in each line of each circuit as this

of considerably increasing the

arrangement has the

maximum

rent that the fuses can safely interrupt.

effect

short-circuit cur-

Also, greater protec-

provided to the remaining circuits that are energized
from the same bus in case of a possible defect in one fuse.
Fuse ratings should generally be about 10 percent above
the maximum continuous connected load. In circuits such as
call-bell systems and alarm systems where only a small portion of the circuit is likely to be operated at any one time, the
fuse rating should be 10 percent greater than the load of one
associated group of signals operated, or 15 percent of the
total connected load, whichever is greater.
tion

is

When

the circuit incorporates branch fuses, such as cir-

cuits associated with F. C. switchboards, the rating of the

fuses on the

maximum

I.

C. switchboard should be 20 percent above the

connected load in order to provide sufficient mar-

gin so that branch fuses always blow before the main fuses.

The plug-type combination fuseholder and blown-fuse

in-

dicator provides for the mounting of fuses on a dead-front

metal panel and permits ready replacement of the fuses.
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This fuseholder, type EI^l, consists of a base and a plug.
The base extends behind the panel. The plug containing
the fuse is screwed into the base. A small neon lamp located
behind a hole in the plug cap serves as a blown- fuse indicator.
When a fuse blows, the energized circuit through the fuseholder is interrupted, causing the neon lamp to light. Series
resistors of different values are used with a lamp on 125-volt
circuits, except for the midget holder, which is rated for 125
volts only. A ground test hole is provided in the cap of the
plug.

Fuse holders are made in different sizes for 250- volt fuses
with maximum ratings of 30, 60, 100, and 200 amperes, and
125-volt midget fuses with maximum ratings of 30 amperes.
The plugs have two voltage ratings determined by the indicator lamps and the series resistor.

The FH fuse holders are now used in many applications,
and are replacing the EL-1 fuse holders of equivalent ratings. The present types are lOFHl, 12FH1, and 10FH2.
This series is similar in design to the EL-1 series. In the

FH series, however, the plug is secured to the base by a principle similar to that of the bayonet lamp-and-socket com-

This fuse holder is designed for dripproof applications. It is provided with a flat gasket between the panel
and base, and an "O" ring gasket between the plug and base.
The fuse holders are mounted with the ground testholes down
or to the right (facing the switchboard).
bination.

Blown-Fuse Indicators

The

circuits supplied

and panels must be kept

by

I.

C. and A. C. O. switchboards

in continuous operation

when

ener-

Therefore, the fuses installed on these boards are
provided with blown-fuse indicators that are readily visible

gized.

to the operating personnel.

A blown-fuse indicator is simply

a neon lamp connected in parallel with each fuse. When
fuses are mounted in open clips, the neon lamp is mounted
in a tube having projections that can be secured to the fuse
clips so that the indicator can be mounted either on the side
47

or on top of the fuse. Holes are provided in the doors of
the enclosures over the neon-lamp indicators. When fuse
holders are used, the neon lamp is mounted in the fuse-holder
plug.

The neon lamps used

lamp-type blown-fuse indicators
contain an inert gas such as neon or argon. The properties
of these lamps are (1) reliability, (2) ruggedness, (3) high
resistance, (4) low current consumption, (5) insignificant
heat, and (6) long life. Neon lamps are very dependable.
They do not fail suddenly, but gradually decrease in light
output over a 3,000-hour period until the lamp is no longer
in

useful.

A

connected in each side of the line in all circuits
supplied from the I. C. switchboard.
neon lamp and a
series resistor are connected in parallel with the terminals
fuse

is

A

Thus, when a fuse

good, the neon lamp is
shorted out. If the fuse blows, the resistance of the neon
lamp is so high that, provided the circuit remains closed, the
of each fuse.

is

greater portion of the applied circuit voltage appears across

Hence, the neon lamp lights and serves as
a blown-fuse indicator, provided the voltage across it is
the neon lamp.
sufficient.

Neon lamps have a

breakdown voltage at which
the inert gas becomes ionized and conducts current. The
lamp does not pass current or glow below this breakdown
voltage.
The value of the breakdown voltage, which indefinite

creases with the age of the lamp,

is

a function of the gas used

and the spacing of the electrodes. The breakdown voltages
of the lamps used in the fuse holders installed on I. C. switchboards and panels range from about 50 to 65 volts for 60cycle a-c circuits and from about 75 to 90 volts for d-c
circuits.

If one fuse blows in 120- volt a-c and 120-volt d-c circuits,

nearly the entire voltage of the circuit is across the neon
lamp. The lamp glows and serves as a blown-fuse indicator.

volt a-c

If the fuses in both sides of the line blow in 120-

and 120-volt d-c

circuits,

4t

about half the applied

voltage

is

across each neon

lamp and no indication

is

ob-

A

blown-fuse indication for each fuse is obtained
in most cases in a-c circuits, but no indication is obtained in
d-c circuits.
Thus, a reliable blown-fuse indication cannot be obtained
by this method in d-c circuits in which the applied voltage
is 90 volts or below and in a-c circuits in which the applied
voltage is 65 volts or below. In such cases mechanical typeMi indicating fuses with transparent plastic tops are used
in plug-type fuse holders.
In the 30-ampere, 60-ampere, and midget fuseholders, the
fuse ferrules complete the circuit to the fuse indicator. In
the lOO-ampere, 200-ampere, and FH-series fuseholders,
the lamp is permanently connected to the fuseholder terminals. A blown-fuse indication is obtained if no fuse is intained.

serted

when the

circuit is energized.

Overload Indicators

Recent designs of A. C. O. switchboards and panels are
provided with overload transformers. These transformers
are in series with the secondary connections of each synchro
indicator to provide immediate information to operating
personnel regarding a casualty so that the damaged instruments can be disconnected quickly by operating the associated
switches.

mary

It

wires.

is

also necessary in each case to fuse the pri-

Otherwise, a short in one indicator might blow

the main fuses of the circuit and no power would be available to operate the overload indicators to show the faulty
circuit.

The overload transformer (fig. 2-9) consists of two primary windings in series in two legs of the synchro stator
wires. The secondary winding is connected to a small neon
lamp, mounted on the face of the F. C. switchboard (fig.
2-9, A). The overload transformer is essentially a currentsensitive device.
It is arranged so that when the sum of
the currents in the stator circuits to a particular synchro
exceeds a predetermined amount, a neon lamp glows.
49

Figure 2—9.

—Overload

transformer.

A, Extornai viow; B, tchamatic diagram.
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taps (fig. 2-9, B) to provide adjustment for a wide range of currents above which
the lamp can operate, depending upon the type of circuit in

The transformer has numerous

which

it is

tion for

for

I.

I.

used.

The principal difference between the opera-

C. synchro circuits

and for F. C.

circuits is that

C. synchro circuits the overload transformers are

usually set to provide a

much

greater relative displacement

between transmitter and indicator before the overload lamp
lights. F. C. synchro circuits are usually precision systems
in which a relatively slight displacement between a transmitter and indicator may involve a serious error. I. C.
circuits are generally used for the transmission of a rela-

number of orders and a displacement between
transmitter and indicator is not serious until sufficiently
tively small

great to cause an incorrect order to appear at the indicator.

Operating personnel of A. C. O. switchboards should b©
very cautious when operating switches to disconnect indicators, particularly on vital circuits such as the engine order
system.

When

practicable, operating personnel should in-

vestigate before operating the switch as the overload indica-

may

be a result of too low a setting on the overload
transformer.
tion

Operation of a transformer switch generally results in a
flash on the associated overload light, which is caused by the
momentary displacement between the transmitter and receiver or by transients. Such indications are normal and
show that the system is operating properly. Continual flashing, however, should be investigated.
The overload transformers are designed to operate with

neon lamps for which the breakdown voltage is 52.5 alternating volts and 74 direct volts. As previously stated, the breakdown voltage of neon lamps varies over a wide range. Any
variation in this breakdown voltage is equivalent to changing a transformer tap. Replacement lamps therefore, should
be selected by measuring the breakdown voltages until a
lamp is found that conforms approximately to the values
given.
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The

C. switchboards normally use
two 6-volt lamps because 120-yolt lamps are not suitable for
indicator lights on

I.

the vibration and shock conditions encountered aboard ship.

A-c applications require transformers, whereas d-c applications require resistors.

The

a-c indicator lights are provided

with integral transformers for either 120-volt or 450-volt
applications. D-c indicator lights are provided with separate resistors.

Globes of various colors are required for specific applications.

Relays and Control Switches

Undervoltage and auxiliary relays are used in automatic
transfer switches and alarms associated with I. C. switchboards and panels.
Control switches are used principally on I. C. switchboards for starting I. C. motor-generator sets. Starting
push switches are used in some installations and rotary
switches in others.
I.

C.

SWITCHBOARD POWER SUPPLY

The generation and
naval vessels
trician 5,

is

distribution of electric

power aboard

discussed in the training course for

NavPers

10555.

The power

/.

C. Elec-

distribution systems

and arrangements of buses for I. C. switchboards vary widely
in different ships and depend upon the size of the ship, the
main power system, and the F. C. system. The following
discussion describes the general principles of a typical

I.

C.

switchboard power supply.

The forward main I. C. switchboard is supplied with
power from as many sources as possible. This power supply
usually consists of (1) a normal supply from a main powerdistribution switchboard of the forward machinery group,

an alternate supply from a main power-distribution
switchboard of the after machinery group, and (3) an emergency supply from the nearer emergency-distribution switch(2)

board.
SI

The normal

3-phase, 450-volt, 60-cycle

power supply

is

obtained from the forward main ship's service distribution
switchboard through a switch on that board. The 450-voIt
supply is connected to a 450-volt bus on the main I. C. switchboard through the bus-transfer switch, as shown in figure

^10.
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power supply.

This bus energizes the various 450-volt circuits through
individual switches and fuses.
In some installations the
main 450/120-volt I. C. transformer bank is energized directly from this bus through fuses, but in most cases the
transformers are energized through both switches and fuses.
The I. C. transformer bank is connected delta-delta in
order to operate open-delta in case of a casualty to one
transformer. Fuses are provided on the I. C. switchboard in
the delta circuit of the transformer primaries and disconnect
switches are installed in the transformer secondaries. Fuses
of sufficient rating to provide overload protection in the sec-

ondaries are considerably larger than the disconnect switches.

Thus, casualty to a transformer primary or secondary, resulting in an overload, causes the primary fuses to blow. This
S3

shown by blown-fuse indicators mounted on
the switchboard. The damaged transformer can be isolated
condition

is

by removing the associated fuses and opening the associated
disconnect switches. Load can be reduced as necessary by
opening the switches of less essential circuits.
The main 3-phase, 120-volt, 60-cycle bus is energized from
the output of the main I. C. transformer bank which is supplied from the 3-phase, 450-volt, 60-cycle ship's service
power. The various I. C. and F. C. circuits are connected to
this bus through individually fused switches.
In some ships in which the emergency power is extremely
small, the main 120-volt a-c bus is divided into a restricted
bus. This restricted bus supplies power to the most important circuits, and to the I. C. and F. C. buses which are connected to the restricted bus through manual switches or contactors.
The contactors open automatically upon transfer
to the emergency power supply. Thus, the normal 120-volt
supply is disconnected from the I. C. and F. C. buses upon
transfer to the emergency supply. After the switches for
less essential circuits on the I. C. and F. C. buses have been
opened to reduce the load, the contactors supplying these
buses are closed again.

To

insure continuity of power supply to the motor-gen-

two 3phase, 120-volt, 60-cycle buses are provided. The normal
supply is through a double-throw snap switch from the 3erator sets for the gyrocompass and gyro stabilizer,

phase, 450-volt, 60-cycle, motor-generator supply bus (not

shown

This bus is energized through an
automatic bus-transfer equipment from a separate 3-phase,
450/120- volt, 60-cycle transformer bank. The emergency
supply to this bus is from the 3-phase, 120-volt, 60-cycle gyrocompass motor-generator supply bus. This separate emergency bus provides for the contingency of a casualty to the
gyrocompass motor-generator transformer bank.
Continuity of power supply is essential also for the d-c
supply to the generator field of the gyro stabilizer motorgenerator set. Otherwise the generator output would fall
to zero even though the a-c supply kept the motor rotating.
in figure 2-10).
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To

avoid the necessity of installing two automatic bus
transfer equipments, the 450- volt motor-generator supply bus
The normal power supply for this 450-volt
is provided.
bus is through an automatic bus transfer equipment from the
450-volt main bus. The emergency power supply is from
the 450-volt emergency supply.
This 450-volt bus also energizes the a-c/d-c motor-generator set located in the I. C. room. The output of this motorgenerator furnishes the normal power supply to the 120-volt

This 120-volt d-c bus is energized through a doublethrow snap switch. The emergency power supply is from

d-c bus.

the nearer main ship's service power-distribution switchboard. The provision of an I. C. motor-generator set that
can be energized from three a-c sources provides the d-c bus

with the backup equivalent to that of the a-c buses.
A special frequency bus is also provided on the I. C. switchboard (not shown in figure 2-10). This special frequency
bus is energized from either of two motor-generator sets in
the I. C. room and supplies those I. C. and F. C. circuits
requiring 120-volt, 400-cycle power.
120-volt, 60-cycle, controlled-frequency bus (fig. 4-10)
is provided to energize I. C. and F. C. components requiring

A

extremely fine frequency regulation (within 0.1 percent).
The normal power supply to this bus is through a doublethrow switch from the output of the constant- frequency conThe emergency power supply is from the main
trol unit.
120-volt, 60-cycle bus.

A casualty power terminal is provided adjacent to the I. C.
switchboard in vessels having a casualty power system.
Risers are not usually provided in the I. C. room. It is necessary, therefore, to rig portable cables to the nearest riser outlet.
All I. C. electricians must be familiar with the locations

of these outlets.
Before connections are made to the casualty power system,
the main power manual and automatic bus-transfer switches
must be operated to the orr position. This procedure prevents the possible paralleling of one of the power supplies
to the switchboard with the casualty power system. The
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casualty

power system

is

limited to the facilities necessary

out of a danger area as
well as to supply power to a limited amount of armament.

to keep the ship afloat and to get

it

Therefore, before connections are

power system,

all

switches on the

I.

made

to the casualty

C. board except those

energizing vital ship control circuits and F. C. circuits

should be operated to the off positions.
Constant-Frequency Control Unit

A

high degree of accuracy

necessary for the operation
of some I. C. instruments such as the underwater log, shaft
revolution indicator, and wind direction indicating systems.
is

Therefore, the constant-speed synchronous motors used in

must be supplied with 120-volt, 60-cycle servhaving not more than ±0.1 percent variation in fre-

these systems
ice

quency.

A constant-irequencj' control unit is used to supply

this power.

However,

in

an emergency the constant

fre-

quency bus can be shifted over to the 120-volt ship's service
supply. This supply has greater than 0.1 percent variation
in frequency and produces corresponding changes in the
motor speed that result in a proportional error in the system
involved.

A typical constant- frequency control unit is illustrated

in

The 120-volt, 60-cycle power is generated by a
dynamotor. The armature of the dynamotor has two windings and a common set of field poles. One winding terminates in a commutator and receives 120-volt, d-c service to
operate the machine as a compound motor. The other windfigure 2-11.

ing terminates in 2 slip rings and generates 120 volts at 60
cycles for the constant frequency bus. The speed of the d-c
compound motor (9) is controlled automatically by the output of the tuning-fork amplifier so that the output of the a-c
generator (10) remains constant at 60 cycles. This control
is accomplished by varying the current in the shunt field by
means of a field rheostat (8) that is positioned by the movement of the differential spider (6). The bottom face gear
(5) of the differential is driven by the lower synchronous
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motor

(3), the speed of

which

is

directly proportional to the

frequency of the a-c generator (10) which supplies power
to this motor (3). The top face gear (4) is driven by the
upper synchronous motor (2), the speed of which is directly
proportional to the frequency of the tuning fork. The tuning-fork coils (1) generate a voltage that is amplified at this

Figufe 2—1

1

.—Constant-frequency control

unit.

frequency by the tuning-fork amplifier which supplies power
to this motor (2). The differential spider rotates at a speed
equal to the difference between the speeds of the two face
gears.

If the converter frequency drops, the speed of the lower
31799S
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5

57

synchronous motor (3) driving the bottom differential face
gear (5) decreases. The spider (6) then rotates because
there is a difference in speed between the two face gears. The
spider shaft (7), by turning in the direction of the faster
moving gear, causes the arm of the rheostat (8) to move in
a direction to cut more resistance into the shunt field. This
action causes the converter to speed up, increasing the output
frequency and, hence, the speed of the lower synchronous
motor (3) and the bottom face gear (5). When the two
face gears (4 and 5) of the differential are again moving
at the

same speed, the spider

ing.

The

rheostat

arm then

stationary

as long

as

the

(6)

and

its

stops

shaft (7) stop turn-

moving and remains

converter

frequency

remains

constant.

A

check clock (12), stroboscope (13), and lamp (14) are
provided to check the frequency of the converter and the
tuning fork. The clock and lamp are energized from the
converter output, and the stroboscopic disk

upper synchronous motor
fork amplifier.

ment

is

The

a relative

is

(2) that is supplied

driven by the

by the tuning-

lamp arrangecheck of the converter frequency and the
stroboscopic disk and

tuning-fork frequency. When both are delivering 60 cycles,
the lines on the disk appear to be stationary.

The hand

of the check clock that operates from the rotary

converter output makes exactly

1

rpm when

the converter

output is exactly 60 cycles. The tuning fork is kept vibrating by exciting the coils (11) from the 6-volt winding of the
output transformer of the tuning-fork amplifier.

MAINTENANCE
The wiring and

and
A. C. O. switchboards and panels should be cleaned and
electrical connections of all I. C.

inspected at least once each quarter.

During each routine naval shipyard overhaul
1.

Deenergize each switchboard and panel.

2.

Inspect individual leads for chafing.

3.

Clean bus bars.
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6.

Check securing bolts.
Remove dust and lint.

6.

Calibrate meters.

7.

Check protective devices for proper operation.

8.

Tighten all contacts.
Spot -check switches to determine the need for over-

4.

9.

haul.

When

the switchboard or

I.

C.

room

is

secured, the tem-

perature of the various switchboard parts is reduced- Consequently, moisture condensation may occur in the switchboards. Although the main I. C. switchboard is very seldom
secured, the after I. C. board or the local I. C. panels are

Always inspect switchboards and panels
after they have been secured and remove any condensed
often deenergized.

Particularly inspect the underside of the drip

moisture.

shield for condensed moisture that

may

drip on live parts

of the switchboard. If necessary deenergize the board and
wipe off the condensed moisture in the vicinity of live parts
with a clean dry cloth. Switchboards should be protected
from sea water or spray that might be discharged from
ventilation terminals. If possible these terminals should be
relocated or suitable baffles should be installed to protect the
I. C. and A. C. O. switchboards.

QUIZ
1.

What

2.

Where are

the function of the

is

maximum
3.

Name

I.

C.

I.

C.

switchboard?

switchboards installed aboard ship to afford

protection?

the three power sources that energize the

I.

C. switch-

board.
4.
5.

Name the four
What

is

types of

I.

C. switchboards.

the advantage of the dead-front front-service

switchboard?
6.

What

7.

Where

8.

A. C. O. switching

is

the function of the A. C. O. switchboard?

is

the A. C. O. switchboard located aboard ship?
is

limited to

what
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class of circuits?

I.

C.

9.

How

are the number of switx;he8 on A. C. O. switchboards re-

duced?
10.

What

11.

What

12.

Name two

type of selection
rotary switches?
is the purpose of
each engineroom?

locations

is

I.

provided by the 4 JR-type multiple

and A.

C.

switchboards located in

C. O.

where combined

I.

C.

and A.

C. O. switch-

boards are installed.
13.

14.

15.

How are the eight contact i>ositions of the type-JR switch indicated on the phenolic barriers?
What

does the designation 4JR5 indicate when applied to a rotary
switch?

What

unit energizes the magnetic coil of an automatic bus transfer

switch?
16.

What

three sources of power can the type-A3 automatic bus trans-

fer switch select for the
17.

Why

I.

switchboard?

C.

are blown-fuse indicators provided on

I.

C.

and A,

C. O.

switchboards?
18.

What

19.

What

is the normal
fuse indicators?

life

of

tlie

neon lamps used in lamp-type blown-

three factors influence the value of the breakdown voltage

of a neon lamp?

What

condition

lamp

in the

21.

What

is

22.

When

20.

is

indicated by a continual flashing of the neon

secondary circuit of an overload transformer provided with an A. C. O. switchboard?
the purpose of the restricted bus?

should
inspected?

I.

C.

and A.

C. O. switchboards be cleaned
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CHAPTER
ELECTRONIC POWER SUPPLIES

A power supply provides various voltages for the filament,
and control-grid

screen, plate,

circuits of electron tubes used

The power

in electronic equipment.

for the filament, or

must be

heater, can be alternating current but direct current

supplied for the screen and plate circuits and for grid
biasing.

The power

to heat the filaments of electron tubes is some-

times called the

A

This supply

supply.

alternating voltage of about 6.3 volts.

is

normally a low

It is usually supplied

through a step-down transformer from a single-phase source.

The power supply
the

B

supply.

This supply

about 300 volts and

The

for the plate and screen circuits

is

is

is

called

generally a direct voltage of

obtained from a

grid-bias voltage

is

called the

bias voltage for a voltage amplifier

rectifier-filter

C

supply.

may

system.

The

grid-

be taken from a

part of the plate power supply by means of a voltage divider.

A separate rectifier-filter system or d-c supply
used

to

sometimes

is

supply the grid-bias voltage for large power

amplifiers.

Power

supplies

may

consist either of a (1) battery for

small portable equipment, (2) rectified a-c power supply
where a-c service is available, (3) rectified output of a vibrator,

or (4) rotary device such as a motor-generator
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set.

A-C POWER SUPPLIES

The component

parts of a regulated

power supply are a

(1) transformer, (2) rectifier circuit, (3) filter circuit, (4)

This
voltage regulator, and (5) voltage-divider system.
power supply is energized with single-phase, 120-volt, 60cycle

power from the

The

C. switchboard.

I.

from the I. C. switchboard is
the desired value by the transformer. The recti-

alternating voltage

increased to

then converts the alternating voltage into pulsating
direct voltage. The filter circuit smooths out the pulsating
fier

direct voltage,

and the voltage regulator maintains the

volt-

age constant.
The voltage-divider system provides the
various voltages for the plate and screen-grid circuits.
Power supplies vary considerably as to use, rating, and the

number and type of the component

parts.

Transformers

A

conventional power transformer

used in the power
supplies of electronic equipment. The primary is connected
to the a-c supply and the secondary usually consists of multiple windings to provide the different voltages required.

The

secondary

is

winding

connected
through the rectifier which furnishes the pulsating direct
voltage. When used with a full-wave rectifier, the secondary
winding is tapped at the center. The low alternating voltages for the rectifier filaments and other tube filaments may
be obtained from low-potential windings or from the secondary windings of a separate filament transformer.
high-potential

is

Rectifiers

The

converts the alternating current from the
power transformer into a pulsating direct current.
few of
rectifier

A

the devices that rectify alternating current into pulsating
direct current are (1) electron tubes, (2) metallic-oxide rectifiers,

(3) crystal rectifiers, (4) electrolytic rectifiers,

(5) mechanical

rectifiers.
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and

Electron tubes and metallic-oxide rectifiers are used most
widely for electronic a-c power supplies. The two general
types of electron rectifier tubes are the high- vacuum tube and
the gas-filled, or mercury-vapor tube. Ordinarily, the highvacuum tube is used where high voltages are required and
the gas-filled tube where large currents are needed. The
operation of the high-vacuum and gas-filled rectifier tubes in
half- wave and full-wave circuits is explained in the training
course, /. C. Electrician J,

High-vacuum

NavPers

rectifier tube.

10555.

—The most important char-

acteristics of the high- vacuum rectifier tube are the (1)

imum peak

plate current

and

(2)

maximum peak

max-

inverse

voltage.

The MAXIMUM PEAK PLATE CURRENT

the Safe value of

is

peak current that the tube can pass under continuous operating conditions. Normally the maximum peak plate current
is governed by the permissible cathode emission for a given
Because the plate current flows in a rectifier tube for
half the cycle, the average plate current which represents
the average d-c load current should not exceed half of the
maximum peak plate current rating of the tube.
The MAXIMUM PEAK INVERSE VOLTAGE istlie largest negative
voltage that may be applied to the plate of the tube with
safety at a time in the cycle when the tube is nonconducting.
No rectified a-c pulses result during these periods. The peak
tube.

inverse voltage across a full-wave rectifier

is

practically the

the peak voltage of the full transformer secondary neglecting
the drop across the conducting portion of the tube.

The

voltage drop across the high-vacum tube

tant factor during the operation of the tube.

is

an imi)or-

When

the

drawn toward the plate
and a space-cliarge voltage drop is built up in the tube. This
voltage drop de^^ends upon the current drawn and the con-

cathode

is

heated, the electrons are

struction of the tube, and
eral

hundred

volts.

using this tube

is

may vary from

a

few volts

to sev-

Hence, the output voltage of a circuit

relatively low at

heavy loads and

enced principally by the drop in the tube.
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is influ-

—As previously

Gas-filled rectifier tube.

ulation of the high-vacuum rectifier tube

the variable-drop characteristic.
filled,

is

stated, the reg-

poor because of

On the other hand

the gas-

or mercury-vapor, rectifier tube has a constant tube

drop of about 15 volts irrespective of load conditions.
As in the high-vacuum tube, the two most important characteristics of the mercury-vapor rectifier tube are the (1)
maximum allowable peak plate current at which the tube
can be operated without disintegrating the filament and (2)
maximum safe peak inverse voltage at which the tube can
be operated without flashing back.
The PEAK PLATE CURRENT depends on the circuit conditions.
If a full-wave rectifier is connected in a single-phase circuit
to a resistive load, the peak current is the maximum of the
sine wave of the rectified pulses.
If an inductance is in
series with the load, the output current has the form of successive square blocks and the peak plate current is nearly
equal to the output current. If a capacitor is connected
across the rectifier output, the peak plate current may reach
values of from three to five times the output current. This
is true because when the capacitor initially charges, it draws
a current that is limited only by the low resistance of the circuit elements. This increase in tube current is caused by the
low effective resistance across the conducting portion of the
rectifier tube and the accompanying large capacitive charging current. For this reason a capacitor is seldom connected
directly across the output of a mercury- vapor rectifier tube.
The PEAK INVERSE VOLTAGE is practically the full voltage
of the transformer secondary in a single-phase full-wave
rectifier because the voltage drop in the tube is only 15 volts
and can be neglected. Because of this low tube drop there
is no excessive heating of the tube.
Hence, the efficiency of
this tube is much higher than that of the high-vacuum tube.
Metallic-oxide rectifier. If two different metals make
contact with each other, electrons flow more easily in one
direction across the junction than in the other direction.
The two combinations of metals that are most widely used

—
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in metallic-oxide rectifiers are a thin film of (1) copper oxide
on copper and (2) selenium on iron or aluminum.

A

diode rectifies because electrons flow more easily from
the cathode to the plate than from the plate to the cathode.
COPPER-OXIDE rectifier rectifies in a similar manner be-

A

cause electrons pass from the copper to the copper oxide
much more easily than in the opposite direction.

An

individual metallic-oxide rectifier unit consists of two

washers, each about IV^ inches in diameter. The washers
washer
are made of copper that is oxidized on one side.
of soft metal, usually lead, is placed between the individual

A

units to provide uniform pressure between the copper and

cuprous oxide. Although it is possible to assemble any number of units to give any practicable power rating, this type
of rectifier is used only where low voltages and power are
required.

The breakdown

alternating voltage per unit

is

about 11 volts and the breakdown temperature is about 160**
F. The efficiency of this type of rectifier is from 60 to 70
percent under normal operating conditions.
half-wave metallic-oxide rectifier circuit is shown in
figure S-1. The arrows point in the direction in which the
electrons pass more easily through the rectifier.

A

METALLIC OXIDE
RECTIFIER
INPUT

Figure 3—1.

This

OUTPUT

"il^

—Half-wave

rectifier acts like

-o

metallic-oxide rectifier

an electron-tube

—

circuit.

rectifier.

On

the

positive half-cycles of the input voltage the cuprous oxide is

more positive than the copper plate. Electrons flow freely
from the copper plate to the cuprous oxide and the rectifier
conducts as indicated by the arrows.
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On

the negative half-

cycles of the input voltage the copper plate is

more positive
flow from the

than the cuprous oxide. Very few electrons
cuprous oxide to the copper plate and the rectifier is nonconducting. The output is not a pure direct current because
of a small amount of current that is passed on the negative
half cycle, as indicated by the output waveform. Copperoxide rectifier units are generally used in full-wave rectifier
A

Figur* 3—2.

—

Bridg«-r«ctifl«r circuit.

peak
inverse voltage to that of the transformer supply when shunt
circuits rather than half-wave, in order to limit the

input

filter

capacitors are used.
Rectifier Circuits

Bridge-rectifier
(fig.

3-2)

is

circuit.

circuit.

bridge-rectifier

simply a method of connecting

a single-phase, full-wave
rectifiers.

—The

Any

kind of

The input

is

circuit

rectifiers.

rectifier circuit that requires

rectifier unit

It is

four

can be used in a bridge

applied to diagonally opposite comers

of the circuit, and the output

is

taken from the remaining two

corners.

During the
voltage, point

positive half -cycle of the applied alternating

A

is

considered positive with respect to point

B of the secondary.

This voltage is impressed across unit 1,
the load resistor
and unit 3 in series. Units 1 and 3 conduct, as indicated by the solid arrows. A current flows
from the bottom of the secondary, through unit 1, up through
resistor
through unit 3, and down through the secondary.
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This flow of current up through the load

resistor indicates

the polarity of the voltage developed across it as positive
at the top and negative at the bottom. At the same time
the transformer voltage is impressed across rectifier units
4 and 2 in the inverse direction. Thus, units 4 and 2 are

nonconducting.
On the next half -cycle, point B is positive with respect
to point A of the secondary, and units 1 and 3 become nonconducting. The current now flows down through unit 4,
up through the load resistor i?, down through unit 2, and up
through the secondary, as indicated by the broken arrows.
The current through the load resistor is again accompanied
by a voltage whose polarity is positive at the top and negative at the bottom of resistor R.
Note that the current
through the load resistor is in the same direction on both
half-cycles.

The

bridge-rectifier circuit is a full-wave recti-

because current flows in the load resistor during both
half-cycles of the applied alternating voltage.
Compared with the conventional two-unit full-wave rectifier

using a center tapped transformer, the bridge- rectifier
load circuit utilizes the entire transformer secondary voltage
instead of half of it during each complete cycle. Hence, the
output voltage available from the same transformer in the
fier

bridge-rectifier circuit is twice that of the two-unit rectifier.

The peak

inverse voltage in the bridge circuit

is

equal to the

peak output voltage; whereas in the two-unit full-wave rectifier the peak inverse voltage is equal to twice the peak output
voltage.

Filament type cathodes in a two-unit full-wave rectifier
require only a single filament transformer winding to supply
them either in series or in parallel. However, when tubes
having filament type cathodes are used in a bridge-rectifier
circuit, three separate filament transformer windings are
required to supply the cathodes. This is because the dijfference in potential between the cathodes in two of the four
arms of the bridge circuit is equal to the entire output voltage,
and a single cathode filament supply winding would shortcircuit this voltage.

Thus a separate
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filament transformer

winding

A

is

required for each of these two rectifier cathodes.

remaining two
cathodes since there is no difference of potential between
them. The need for three filament windings is eliminated
when separate heater cathodes are used or when metallic
single third

winding

will suffice for the

make up the bridge circuit.
VOLTAOE-DOUBLER RECTIFIER CIRCUIT. The VOltagC-doublcr
rectifier circuit (fig. 3-3) utilizes two capacitors.
The ca-

oxide rectifier units

—

pacitors are charged on alternate half-cycles and are ar-

ranged in the circuit so that the voltages on the two capacitors
add in the output. The output of such a circuit is about
twice the peak input voltage.
"When point A on the transformer secondary is positive
with respect to point
the plate of Fl is more positive
than its cathode. Electrons are attracted to the plate and
flow from the cathode to the plate of Fl, through the transformer, and up through the load resistor Rl, as indicated
by the solid arrows. At the same time, electrons leave the
upper plate of Cl, flow through Fl, and accumulate on the
lower plate of Cl. Thus, the upper plate of CI is positive
with respect to the lower plate of Cl by a voltage equal to
the peak voltage of the input wave.
During the next half cycle point A is negative with respect
to point B, and Fl is nonconducting. Capacitor Cl discharges slightly through resistor ^1. While Cl is discharging slightly, C2 is being charged by the electrons that flow
through F2. The electron flow during this half cycle is
indicated by the broken arrows. On this half cycle C2 is
charged to the peak voltage of the input wave. The output
voltage is taken between point 0 and ground and is equal to
the sum of the voltages on Cl and C2, or nearly twice the
peak voltage developed across the transformer secondary.
Note the waveforms of the input and output voltages.

The current begins

to flow in

Fl when the input

sine

wave

above the voltage on the capacitor and stops flowing as
soon as the sine wave begins to decrease from its peak voltage. Similarly, V2 conducts during the half cycles in which
Fl is nonconducting.
rises

6t
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Rl and R2 have high resistance that permit the
leak off the capacitors when the transformer is de-

Resistors

charge to

This is a safety measure to prevent injury to
personnel from high voltage after the equipment has been
secured. These resistors also equalize the voltage drops of
energized.

the capacitors

if

a difference exists in their d-c leakage re-

Thus, the working voltage of the capacitors

sistance.

is

not exceeded.

The current delivered to the load comes from capacitors
Cl and C2 in series. The application of this type of circuit
therefore,

is

limited to loads requiring small currents.

a large current

is

If

drawn, the voltage across the capacitors

drops greatly and the regulation is poor. If the capacitors
are large the tubes can be protected from excessive peak current by placing limiting resistors in the cathode lead of

Fl and in the plate lead of

F2.

Filter Circuits

The output of any

and
an alternating voltage. The output voltage has the same
polarity, but its magnitude fluctuates about an average value
rectifier consists of a direct voltage

as the pulses of energy are delivered to the load.

voltage

(fig.

3-4) is the line which divides the

—Avtrage

Figur*

SO that area

The average

A

value of a full-wav*

equals area B.

The

rectifier

waveform

output.

fluctuations of voltage

above and below this average value are called ripple voltage.
The frequency of the ripple of the output voltage from a
full-wave rectifier is twice the input frequency to the rectifier.
The frequency of the ripple from a half- wave rectifier
is the same as the frequency of the input alternating voltage.
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obtained from a 60-cycle source,
the main component of the ripple in the output of a halfwave rectifier is 60 cps, and the full-wave rectifier is 120 cps.
The rectified pulsating voltage must be smoothed out to

Thus,

if

the input voltage

is

a steady nonpulsating direct voltage before

can be applied
These pulsating voltages are

to the plate or grid circuits.

o

*

Figure 3—5.

—

it

'

Capacitive

(ilttr circuit.

smoothed out by means of filter circuits, which remove the
peaks and fill in the valleys of the output waveform. Filter
circuits consist of combinations of capacitors, inductors,

and sometimes

resistors.

—

Capacitive filter. Ripple voltage exists because energy
is supplied to the load through a rectifier in pulses.
The
ripple can be reduced if some of the input energy is stored
in a capacitor and then used to supply the load between the
pulses of energy through the

shown

circuit is

rectifier.

in figure 3-5.

A

capacitive

The output voltage of

rectifier is applied across the filter capacitor,

the load resistor

age of the

Capacitor

Ri,.

rectifier

filter

C

6',

a

to supply

charges to the peak volt-

within a few cycles after the circuit

is

energized.

Consider the output waveforms at three successive instants

—

of time

^1,

^2,

and

t^.

shows how a capacitor

From

instant

the capacitor

At

instant

to
is

ti

The

action at these three instants

filters

out most of the d-c pulses.

the pulsating voltage

is

increasing and

charging, as indicated by the broken arrows.

the pulsating voltage
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is

decreasing and the

capacitor starts to discharge through the load resistor
as indicated by the solid arrows.

The

Rl

capacitor cannot dis-

charge through the source because of the high resistance offered by the rectifier to the flow of current in a direction
opposite to conduction. This discharge through the load
continues as long as the pulsating input voltage is less than
the voltage associated with the charge on the capacitor. At
the charging and discharging cycle starts to reinstant
Hence, the capacitor charges on the strong values of
peat.
input voltage and discharges on the weak values of input
voltage.

The output

voltage can never fall to zero because the

capacitor stores energy quickly during the pulse and de-

energy slowly to the load between pulses because
of the long time constant. This action produces higher
average values for both the half-wave and the full-wave
If the
filtered outputs than those of the unfiltered inputs.
resistance of the load is small, however, a large current is
drawn by the load and the average output voltage falls. For
this reason the simple capacitive filter is not used with rectifiers that supply large load currents.

livers this

Resistive-capacitive

(PI)

sisting of a series resistor

for some applications.
filter circuit is

shown

A

FILTER.

—A

filter circuit

and two shunt capacitors

is

con-

used

{R-C or pi)
Shunt capacitor Gl

resistive-capactive

in figure 3-6.

an infinite impedance to the d-c component of input
voltage between point A and ground. Hence any d-c leakage current through capacitor C\ is negligible. Series resistor Rl offers low impedance (about 50 k-ohms) to the d-c

offers

Figur* 3-6.

—

Retistivt-capacltiv* (pi)
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filter circuit.

component of load current flowing through the load R2.
The direct voltage divides across ^1 and R2 in proportion
to the individual resistances. The d-c component of load
current through ^1 is limited by the desired load voltage
since ^1 is effectively in series with R2 and reduces the load
voltage directly as load current increases. Hence the R-C
filter is suitable

for supplying constant potential to small

current loads such as the screen grids of pentodes in order
to keep the output voltage satisfactorily high.
The ripple component of the voltage is offered a very low

impedance by C\ (about 500 ohms) and a relatively high
impedance by ^1 (about 50 k-ohms). Hence most of the
current produced by the ripple voltage passes through G\.
A small amount of this current passes through ^1 and a small
ripple voltage appears at point B.

Capacitor

6'2,

however,

impedance to the ripple frequency than does
and most of the ripple at B is shunted by C2.

offers a lower

the load

Inductive filter.

—An inductor in series with the

rectifier

output helps to prevent abrupt changes in the magnitude
of the current. The smoothing action that results is caused

by the reactance which opposes any change of current
through the inductor. An inductive filter circuit is shown
in figure 3-7. The broken waveforms show the type of load
current supplied to a pure resistive load, R, with no filtering. If an inductance, Z, is added in series with the load
resistor, R, the output current to the load is modified as
shown by the solid curves. The modification in the wave-

OUTPUTS

INPUTS

Figure 3-7.

317993
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—

Inductive
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filter circuit.

form takes place because the reactance of the inductor opposes the build-up and the decrease of the d-c pulses. If
the inductance is large enough the current becomes nearly
constant.

The series input inductance prevents the current from ever
reaching the peak value that it would reach with a shunt
input capacitance. Also, a rectifier output that is filtered
by a series input inductor cannot produce as high a voltage
as one that is filtered by a shunt input capacitor. The inductive filter, however, permits a relatively largd load current to flow without serious loss in output voltage. Inductors
used in filter circuits are called chokes because they choke,
or stop the passage of, the ripple current through the load.

iNDucnvE-CAPAcrrivE FILTER.

—The

ripple voltage in a

output cannot be eliminated adequately for most

rectifier

electronic circuits

inductive

filter.

by either the simple capacitive

More

effective filters

both inductors and capacitors.

can be

Two

filter

or the

made by using

inductive-capacitive

(L-C) filter circuits are shown in figure 3-8.

The

inductive-capacitive filter circuit

(fig.

3-8,

A)

ia

called a capacitor-input filter because the voltage input

Figur* 3—8.

—

lnductiv*-cap«icitiv* Alter circuit.

input

flittr.
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A, Capacitor input

filter; B,

chok*

to the filter circuit is applied

Beconsists of a direct voltage on

first

across the capacitor.

cause the output of a rectifier
which is superimposed an alternating, or ripple, voltage, the
function of the filter is to remove the alternating component
from the output. Capacitor C\ (fig. 3-8, A) has an infinite

impedance to the

direct voltage, but a very

low impedance

Hence, most of the ripple voltage is
bypassed by capacitor C\. The remaining ripple voltage
is offered a high impedance by inductor L.
The inductive reactance of inductor L constitutes the high
to the ripple voltage.

impedance to the ripple voltage. The impedance offered to
the d-c component of volt«ge is low because of the low effective resistance of the choke. In this respect the choke offers
an advantage over a series resistance ^1 ( fig. 3-6) A higher
load current through L than through ^1 may be accompanied by less direct voltage drop in the former than in the
.

The small amount of

latter.

ripple voltage that

is

not ab-

sorbed by inductor L is shunted to ground by the low impedance of capacitor 02. The result is that the output
voltage has very little ripple.

At no

load the output voltage of the capacitor-input

filter

nearly equal to the peak value of the input alternating voltage. As the load current is increased, the output voltage

is

drops because the lower

effective resistance of the load pre-

vents the capacitor from retaining its charge. Hence, the capacitor-input filter is not used for applications that require a
large load current because of poor voltage regulation. Also

very large the peak current that must
flow in the rectifier to charge the input capacitor may damage
the rectifier tubes. For these reasons moderate size input
if the

input capacitor

is

capacitors are used with light or constant loads.

The inductive-capacitive filter circuit

(fig.

3-8,

a CHOKE-INPUT FILTER bccause the voltage input

B)

is

called

to the filter

circuit is applied first across the inductor in series with the

load.

The choke-input

the capacitor-input

choke-input

filter

filter

filter

has a lower output voltage than

because the inductor, Z, of the

tends to maintain the output voltage at
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approximately the average value of the rectified alternating
voltage.

At no load

the output voltage of the choke-input

filter is

nearly equal to the peak value of the input alternating volt-

This voltage is obtained at no load because as the
charge on capacitor C approaches its maximum value, the
charging current through the series inductance approaches
zero. Thus the impedance voltage across L approaches zero
at the time the charging voltage across C becomes maximum
However, if only a small load current is drawn, the output
voltage drops sharply. This sharp drop occurs because the
impedance of inductor L prevents a surge of current from
charging capacitor C to the peak voltage. As the load further
increases, there is very little change in the output voltage
except for the drop that occurs in the effective resistance of
inductor L. This type of filter has good regulation.
Effect of frequency. Most power supplies are designed
for operation on 60-cycle a-c service. If the frequency of the
input voltage is increased, the components can be made
smaller. The filters can be made smaller because, as the frequency increases, the reactance of a given capacitor decreases and the reactance of a given inductor increases. For
a given shunting effect the capacitance of a filter capacitor
varies inversely with the frequency. For a given series reactance the inductance of a series choke varies inversely with
age.

—

the frequency.

Also, for a given exciting current the induc-

tance of the power supply transformer varies inversely witli

Hence, the size of these components becomes
smaller when the frequency is increased.
However, adequate filtering can be obtained with less capacitance and inductance when the input frequency is higher.

the frequency.

Under these conditions smaller and

lighter capacitors

and

in-

Another important factor
is that high-frequency power transformers are smaller and
lighter than low-frequency transformers that have the same
voltage and power rating.
For example, aircraft power
supplies are designed to operate on 400 or 800 cycles to save
weight and space.
ductors can be used in the

filter.
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Voltage Regulators

A

voltage regulator

a device that maintains the output

is

voltage of a power supply constant irrespective of changes
either in load current or in input voltage.

Electronic voltage

regulators ordinarily are used with rectifier power supplies.

Other types of regulators generally are used with rotating
machines.

The

regulator that

used to stabilize the output voltage

is

of a rectifier usually consists of a variable resistance,
in
series with the output, as shown in figure 3-9. This variable

©

FILTERED
OUTPUT OF
RECTIFIER

o
Figur* 3—9.

resistance and the load

—

*
^Voltog*-r«gulater circuit.

form a

series voltage-divider circuit

in which the variable resistance

is

adjusted

when the load

voltage tends to change so that the voltage across the load

held constant.
voltage drop occurs across resistor R because all the
load current passes through it. If the output voltage increases because of an increase either in the supply voltage or
in the load resistance, the resistance of R must be increased
is

A

so that a larger voltage drop occurs across the resistor.

This

action causes the voltage across the load to remain nearly
constant.

In

this simple regulator, resistor

R

must be varied manu-

ally according to the reading of voltmeter F.

If the volt-

meter reading increases, resistor R must be increased and
if the voltmeter reading decreases, resistor R must be decreased. This action takes place automatically in electronic
;
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The

voltage regulators.

tained in

variable voltage drop can be ob-

many ways, but the principle of operation is similar

to that of the simple circuit

Amperite regulator.

shown

in figure 3-9.

— A simple device that can be used as

a voltage regulator for constant loads is an amperite, or
ballast, tube. It consists of an iron wire resistor enclosed in a
An elementary
glass envelope containing an inert gas.
amperite regulator circuit is shown in figure 3-10.

FILTCtEO OOTPUT
VOLTAK FICN
iEeriPIER

o
Figure 3—10.

The resistance of

—Amp«rit*

rcguloter

circuit.

the iron wire in the ballast tube varies as

the current through

it

changes.

If the current tends to in-

crease, the resistance of the wire increases

and vice versa.

Thus, the variable resistance of the amperite tube maintains
the current flowing through it constant. This property can
be used to compensate for changes in input voltage over a
fairly wide range. If the input voltage increases, the current through the load increases. The resistance of the tube
then increases and more of the voltage drop takes place
across the tube. Thus the rise in current is checked and the
load voltage maintained nearly constant.
The amperite regulator is not capable of holding the load
voltage constant if the load changes that is, if the load
resistance decreases or increases. For example, decreasing
the load resistance increases the current through the ballast
tube and the voltage drop across it. Because the ballast tube
is in series with the input, the increased drop subtracts a

—

greater voltage from the input.

Hence the voltage across the

load

decreased a greater amount because of the ballast
However, when the load resistance is fixed the ballast

is

tube.

a good current regulator.
The ballast tube is often used in series with series-connected filaments which obtain their power supply from
batteries.
The ballast tube maintains a constant current

tube

is

through the filaments irrespective of variations
tery voltage.

Vacuum-tube voltage regulator.

in the bat-

—A vacuum tube can be

considered as a variable resistance. When the tube conducts, the effective resistance of the tube is the plate-tocathode voltage divided by the current through the tube and
is

called the d-c plate resistance Rp.

The

plate resistance of

the tube for any given plate voltage depends upon the current
through the tube, which in turn depends upon the grid bias.
in figure 3-9 can be replaced by a
The variable resistor

R

vacuum tube Fl,

as

shown

in figure 3-11.

The

effective re-

riLTEREO OUTPUT
V0LTA6C FROM
RECTIFIER

Figure 3—1

sistance of

When

1

.—Vacuum-tube voltage

regulator

circuit.

Fl in the circuit depends upon the grid bias.

the voltage

applied to the load, the cathode of the
tube is positive with respect to ground by some voltage, E\.
The grid can be made positive relative to ground by a voltage,
£"2, which is less than El.
The potentiometer, ^2, is
adjusted until the bias {EI — E2) is sufficient to allow Fl to
is

pass the full load current.

Fl

is

With

this bias, the resistance of

kept at the proper value to reduce the
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rectifier

output

voltage to the desired load voltage. Because the cathode
at the positive output terminal and the drop across VI
small, the grid

must be at a positive potential

is
is

slightly below

that of the source.
If the rectifier output voltage increases, the voltage at the
cathode of Fl tends to increase. As El increases the bias on
the tube increases and the effective plate resistance of the
tube becomes greater. Consequently, the voltage across Fl

If the circuit

designed properly, the increased
voltage drop across Fl compensates for the increase in voltage of the rectifier. Hence, the voltage across the load reis

greater.

mains

is

essentially constant.

The vacuum-tube

can compensate also for
changes in load. If the load changes and draws more current, the output voltage begins to drop.
This action decreases the cathode potential and thus decreases the bias.
The effective resistance of the tube decreases, and the output
voltage is held constant.
regulator

The load and

battery voltages are in opposition in the gridcathode circuit. The battery tends to make the grid posi-

but the load makes it negative because its voltage exceeds
that of the battery. In the absence of regulator input voltNow the
age, there is no load current or negative grid bias.
battery makes the grid positive and electrons flow from the
cathode to the grid through series resistor Rl and back to
the cathode. The accompanying voltage drop across ^1
lowers the positive grid bias because it is opposed to the battery voltage. This action prevents excessive grid current.
tive,

Gas-tube voltage regulator.

—When the gas in the simple

gas-filled tube is ionized, the voltage across the tube

remains

constant over a fairly wide range of current through the tube.

This property exists because the amount of ionization of the
gas in the tube varies with the amount of current that the
tube conducts.

When

a large current

is

passed, the gas

highly ionized and the internal impedance of the tube

is

is

low.

When a small current is passed, the gas is lightly ionized and
the internal impedance of the tube is high. The IB drop
to

across the tube

is

practically constant over the operating

range of the tube because as / increases

R

decreases and vice

versa.

A

gas-tube voltage regulator circuit

3-12.

The

is

shown

in figure

load current and the current that flows through

the gas tube both flow through the series resistor, R.

If

+
OINPUT
VOLTAGE

FROM
FILTERED

Figure 3—12.

—

Gas-tube voltage regulator

circuit.

the supply voltage drops, the voltage across the gas tube
tends to drop. However, the gas in the tube deionizes slightThe current
ly, and less current passes through the tube.

through

R

is

decreased by the amount of this current de-

crease in the tube.

Because the current through

the voltage drop across

R

is less.

R

If the resistor

is

is less,

of the

proper value relative to the load and to the gas tube, the
voltage across the load is kept nearly constant.

Now

consider the regulator action

If the input voltage

is

when

the load changes.

constant and the resistance of the

load decreases, load current starts to increase and the increased voltage across R tends to lower the load voltage and
that across the gas tube.

This tendency

is

overcome by a

reduction in the amount of ionization within the gas tube
and a corresponding reduction in tube current. Thus less
current flows through the tube and more through the load
so that the total current through series resistor
constant.

The

R

remains

load voltage therefore remains constant be-

cause the input voltage and the drop in voltage across the
series resistor are not affected by the increase in load current and they remain the same as before the load resistance
•1

Hence, the gas-tube regulator compensates for
both changes in load and changes in input voltage.
Gas tubes such as the VR75, the VR105, and the VR150
have different gases so that they operate at different voltages.
The letters "VR" denote the function of the tube as a voltage
regulator and the number following the letters denotes the
decreased.

terminal voltage of the tube.

The

battery in the vacuum-tube regulator (fig. 3-11) can
be eliminated from the circuit by using a gas tube and voltage

divider to supply a fixed bias for the grid of the vacuum
In such a circuit, the grid voltage is kept constant by
tube.

the gas tube. The operation of this regulator circuit is the
same as that described for the vacuum-tube voltage regulator.

The

conventional type of voltage regulator utilizes the

pentode vacuum tube with its inherent advantage of high
amplification. This voltage regulator (fig. 3-13) produces

FIgwra 3—13.

—

Conventional voltogo roguloter

circuit.

an output voltage that is independent of both the fluctuations
in the a-c supply and the changes in the load.
The output voltage of this regulator is developed across
the bleeder resistors ^3, i?4, and Rb in parallel with the resistance of the load. These resistances comprise the resistance of one part of the total voltage divider. The other resistance, through which all of the load current must flow,
is

the plate-to-cathode resistance of tube Fl.
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The other

elements in the circuit are used to control the eflfective resistance of VI and thus maintain a constant voltage across
the load.
The plate voltage of V2 is the regulated voltage output of
the regulator minus the drop through ^1. The potential of
the cathode of F2 is kept at a constant ix)sitive value with
respect to ground by the gas tube, F3. The control grid potential of F2 is a voltage selected by the potentiometer, ^4.
The potentiometer is adjusted so that the grid voltage is less
positive with respect to ground than the cathode voltage by
an amount (equal to the bias) that causes F2 to pass a certain
plate current. This plate current flows through plate load
resistor Rl and causes a voltage drop across it. The magnitude of the voltage across Rl is the bias on tube Fl. Thus,
,

the adjustment of potentiometer R4: establishes the normal
effective resistance of Fl.

This adjustment

value of load voltage that the regulator
If the load voltage tends to

is

rise, either

is

used to set the

to maintain.

from a decrease

in

load current or from an increase in the input voltage, the
voltage on the control grid of F2, also tends to rise (become
less negative), the

constant.
bias

is

cathode voltage remaining practically

Tube F2 then conducts more current because the

smaller.

A larger current

a greater voltage drop across
is

it.

flows through Ri, causing

This voltage drop, which

the bias voltage for Fl, causes the effective resistance of

Fl

to increase.

A

larger portion of the available voltage

appears across the higher effective resistance of Fl, and the
load voltage remains practically constant. The converse of
this action occurs if the load voltage tends to fall.

This regulator is very effective in removing ripple from
the output of rectifier power supplies because of its sensitivity to small

to

filter

changes of input voltages.

Thus,

it

serves also

the output of a rectifier, although the usual

systems are used with

it.

filter

Hence, this type of regulator

is

used widely to stabilize the output voltage of rectifier power
supplies.
•3

Voltage Dividers
placed across the output terminals
of a rectifier power supply. The name applied to such a
resistor depends upon its principal use. If the resistor is

Frequently a resistor

used to discharge

filter

is

capacitors

when

the rectifier is de-

draw additional current (not load current)
improve the voltage regulation of the power supply, it
energized, or to

called a bleeder resistor.

to
is

If leads are connected to the resis-

tor at various points to provide a variety of voltages less than

the terminal voltage, the resistor

A

is

called a voltage divider.

power

resistor across the output terminals of a rectifier

supply

may

If the

in general fulfill all of these functions.

resistor

is

used as a bleeder resistor to discharge a

filter ca-

pacitor,

it

usually has a very high resistance so that

it

a negligible current from the

rectifier.

If the resistor

as a bleeder resistor to stabilize load voltage

it

draws
is

used

should draw

minimum

of 10 percent of the full-load current. Such a
resistor should have a power rating sufficient to dissipate the
heat produced by the current without excessive temperature
a

rise.

A

resistor connected in shunt with the load can be used as

a voltage divider because the current flowing through the
resistor produces a voltage drop across it that is proportional to the resistance.
voltage divider consisting of
three identical resistors {Rl,
and ^3 of 50 k-ohms each)
connected in series but grounded at different points is shovm
in figure 3-14. When no load is drawn from any terminal

A

A

A

flMf

QV.

;RI

su

t

B

!

300V 2nA

t

i

rc

300V
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I

'o
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B
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—Voltog*

dividar.

D grounded;
A groundod.

A, Point

C, point
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B,

point

C greundod;

except the top or line terminal, the voltages across the resistors divide equally.

It is

common

practice to ground one side of most electronic

Ground

normally used as a reference for measuring voltages as shown at point D (fig. 3-14, A). If a rectifier and its filter are connected so that no parts of the
power supply are grounded, it is possible to ground the
circuit at any point without affecting the operation of the
rectifier. Thus, point C (fig. 3-14, B) is grounded and point
D becomes 100 volts negative with respect to ground. Such
a circuit is used to furnish both plate and bias voltages from
the same power supply. Point A (fig. 3-14, C) is grounded
and all voltages along the divider are negative with respect
however, is always more positive than
to ground.
Point
point B as long as the polarity of the power supply is maintained as shown in figure 3-14, A, B, and C.
circuits.

When

a load

is

is

attached to the voltage divider at any

intermediate terminals, the voltage division shown in figure

no longer correct. The resistance of the attached
load forms a parallel circuit with the part across which the
load is attached. Thus the resistance is changed between the
terminals of the voltage divider across which the load is con3-14

is

nected.

Hence the

total resistance, current,

and voltage of

the voltage divider are correspondingly changed.

In figure 3-15 a load, ^4, of 150 k-ohms is placed across
BD and a load, ^5, of 50 k-ohms is placed across CD. Resistance RcD is determined by Ohm's law for parallel resistors

„

50 X 50
gn

/?c/)= K^

=25

,

,

k-ohms.

plus Rcd (50 + 25), or 75
Red (without ^4) is
Then by Ohm's law for parallel resistors,
75X150

Resistance

k-ohms.

.^^ = 50 k-ohms.
75 + 150

Rbd= ^..

The total resistance, Rad (without the main
Red (50 + 50), or 100 k-ohms.
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load)

,

is

R\

plus

The

total current taken

by the divider and

its

two loads

is

—

300
,
Et
It=-B =T?^7^^3 milliamperes.
HA)

Had

This current of 3 milliamperes flowing in ^1 produces a
voltage drop of ItXRl (3X50), or 150 volts. Hence when

+»00 V

50K

r
I

MAIN

R2

50K

L-^

300V

I

I

R3

50K

Rgur* 3—1

and

loads

Ii5

—

5.

Eff*cl of

leads on voltago division.

have the values shown, ^1 absorbs one-half

of the available voltage instead of one-third as in the no-load

condition

(fig.

3-14, A).

The current of

3 milliamperes divides at

B

and flows

R4: is

The voltage across load
300-150, or 150 volts. The current through load
15O-M50, or 1 milliampere. The current in resistor

-ff2 is

3—

through load
R4: is

1,

and

resistor R2.

or 2 milliamperes.
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The

current of 2 milliamperes flowing in resistor

pro-

duces a voltage drop of 0.002 X 50,000, or 100 volts. Thus,
the voltage remaining to be applied across CD is 150—100,
or 50 volts. The current in load R5 is 50-i-50, or 1 milliampere. The current in resistor ^3 is 2 — 1, or 1 milliampere.

Other values of loads give correspondingly different values
of voltage at B and C. Hence, the voltage across the intermediate terminals of a voltage divider divides proportionally
to the values of the divider resistors only if no appreciable
load is drawn from these terminals. Under loaded conditions the voltages at these terminals

have various values

depending upon the resistances of the loads. A voltage
divider must therefore be designed for the particular load
conditions under which it is to operate.
Full-Wave Voltage-Regulated Power Supply

A

full-wave rectifier power supply circuit

The primary of

is

shown in

power transformer is connected to the 120-volt 60-cycle service from the I. C. switchboard. The low-voltage secondary of the power transformer
figure 3-16.

the

supplies alternating current at 5 volts to the filament of the
rectifier tube.

Each end of the high-voltage secondary

connected to one of the plates of the duodiode

The
tap

high-voltage secondary
is

is

center-tapped.

is

rectifier tube.

The

center

connected to the negative, or ground, side of the volt-

age divider and to the external load. The rectifier cathodes
are connected to the most positive terminal of the voltage
divider through the low voltage secondary capacitor-input

and voltage regulator.
"When the power transformer energizes the plates of the
rectifier tube, each plate becomes alternately positive and
filter

negative with respect to the cathode.

The

electrons emitted

by the heated cathode are attracted by whichever plate
positive.

From

this plate the electrons flow

half of the transformer that

is

through the

connected to that plate and

out the center tap of the winding to the load.
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is

Because one

of the plates is always positive with respect to the cathode,
current flows through the load on each half cycle.
The capacitor-input filter smooths the ripple voltage from
the output of the rectifier tube. The voltage regulator mainPure direct current is
tains a constant output voltage.
available at the B + output of the power supply circuit. The
bleeder resistor with taps provides several lower d-c potentials for low-current applications.

D-C

POWER

SUPPLIES

D-c power supplies are divided into two groups depending
upon the source of power. The first group receives its power
from storage batteries, and the second group receives its
power from the ship's service 120- volt d-c supply. Vibrators
or motor-generator sets are used with batteries and other
low-voltage sources to obtain the relatively high direct volt-

ages necessary for electronic applications.
Vibrator

A nonsynchronous vibrator can be used in
to

a power supply

change direct current from a low- voltage source (usually

6-volt or 32-volt batlwHes) to a higher direct voltage.

brators are very dependable

The

when used within

Vi-

their rated

about half that
of an electron tube. The only item that has to be replaced
often is the vibrator itself, which is inexpensive and easily
installed.
Vibrators are available in sizes up to 100 watts.
This maximum rating limits their use to applications that
require very little power.
limits.

A

life of the vibrator,

however,

vibrator power supply circuit

When power is

is

is

shown

in figure 3-17.

applied to the unit, current flows through

one half of the transformer primary and through the magnet
coil of the vibrator.
The magnetic field produced by the
coil attracts

the center contact,

6*,

and

closes contact ^, short-

ing out the coil. This action causes a large current to flow
through the transformer primary. The magnetic field of the
vibrator magnet collapses because of the short across the coil
317993

O— 55

7
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and

releases contact C.

Contact

C springs back to

close con-

and for a brief interval the other half of the transformer primary is connected to the d-c supply. The instant
contact A opens, the magnet begins to attract center contact
C. However, the field of the magnet builds up relatively
tact

VIBRATOR

MAGNET

'B*

OC INPUT
•

X
Figure 3—17.

—

Vibrator

power supply

slowly so that the full attraction

circuit

not produced immediattached to an armature

is

Because center contact C is
which has some inertia and because contact C is positioned
normally nearer to contact B than to contact
momentum
carries it a short distance beyond its normal position to close
contact B. The switching action of center contact C first
causes current /i to flow in one half of the transformer
primary and then current A in the other half flows in the
opposite direction. This action produces an alternating flux
which induces an alternating voltage in the secondary. The
secondary voltage causes first one plate and then the other
of the twin diode rectifier tube to become positive on successive half cycles. By proper design of contact springs and
ately.

center contact, a usable a-c

waveform

is

produced.

Synchronous Vibrator

The synchronous, or
in a

power supply

to

self-rectifying, vibrator also is used

change direct current from a low volt90

age to a higher voltage.
ply circuit

The

is

shown

A synchronous vibrator power sup-

in figure 3-18.

action of this unit

is

similar to that of the conven-

tional vibrator unit except that

an additional

set

of contacts

connected to the transformer secondary is used for rectifying. When the center vibrating contact is attracted to one

\MQSb

o-*-

DC INPUT
OFigure 3—1

side

and

8.— Synchronous-vibrator power

closes contact Z>, current /i flows

supply

circuit.

and terminal

A

of

connected to ground. The
polarity of the transformer during this half cycle is such
that terminal C is positive.
the transformer secondary

is

During the next half cycle the vibrator closes contact E
which connects the negative terminal C of the secondary to
ground. Current A flows and makes teiTninal A positive.
Hence, terminal
a positive pulse
tive side

The

B of the center tap of the secondary receives
on each half cycle. Terminal B is the posi-

and ground

is

the negative side of the d-c output.

d-c inverter contacts are insulated from the rectifying

contacts in order to prevent the low-voltage input

from

short-circuiting the relatively high-voltage output.

Dynamotor

Dynamotor is a d-c machine that is used to change a d-c
source of power to a higher or lower value. It consists of
a motor and a generator built into one unit with two or
91

more windings on one armature and two or more commutators.
The commutator are usually located on opposite ends
of the shaft, and the windings are placed in the same armature slots. As both input and output windings are on the
same armature, the field is common to both motor and generator windings. The relation between the voltages is fixed
and depends on the ratio of turns in the various armature
windings. It provides a means of changing voltage to a
higher or lower value with relatively low loss as compared
to the potentiometer but the first cost is

much

greater.

QUIZ
1.

What

type of voltage

of electron tubes
2.

3.

is

supplied for the screen and plate circuits

and for grid biasing?

Name four types of electronic power supplies.
Name five main components of a regulated power

supply accord-

ing to function.
4.

What two

devices are used most widely in a-c electronic power

supplies to convert alternating current

from the power trans-

former into pulsating direct current?
5.

What

the approximate voltage drop across a conducting mercury-vapor rectifier tube and how does this voltage drop compare with that of a high-vacuum rectifier tube carrying the same
is

load current?
6.

What

type of electron tube

is

used

in a high-current electronic

power supply?
7.

What

are the two most important characteristics of both the highgas-filled rectifier tubes?

vacuum and
8.

Why

0.

Why

is a capacitor seldom connected directly across the output
of a mercury-vapor rectifier tube?

the eflBciency of the gas-filled tube higher than that of
the high-vacuum tube?
is

10.

In which direction does the electron current flow more easily
through a copper-oxide rectifier?

11.

Using the same transformer secondary, why is the output voltage
higher from a bridge rectifier than from a conventional full-wave
rectifier?

12.

What

are two reasons for connecting resistors across the capacitors in a voltage-doubler circuit?
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13.

For a given applied input voltage, which type has the higher output voltage with no load, a capacitor-input filter or a choke-input

filter?

14.

Which has

15.

Why

16.

Explain the principle of the ballast tube?

17.

How can a vacuum

18.

What

percentage of full-load current is usually allowed to fiow
through the bleeder resistor in the voltage divider of a power
supply?

19.

What

the better regulation, a capacitor-input
choke-input filter?

filter

or a

can physically smaller capacitors, inductors, and transformers be used on 800-cps power sources than can be used on
60-«:p8 power sources?

Is

tube be used as a voltage regulator?

the function of a dynamotor?
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CHAPTER
ELECTRON-TUBE AMPLIFIERS
An

electron-tube amplifier

crease the voltage, current, or

is

is

used to in-

signal.

It consists

a device that

power of a

of one or more tubes and the associated circuit elements necessary for its operation. Such an amplifier is able to function because a small change in grid voltage can cause a large

change in plate current. Changes in grid voltage are /* (mu)
times as effective in changing plate current as are changes in
plate voltage, where /* is the amplification factor of the
tube.

In practical applications input and output coupling cirIf resistance-capacitance
cuits must be used with the tube.
{R-C) coupling is used, the voltage gain of the stage is less
than
because of losses in the coupling circuit. If transformer coupling is used, the voltage gain may be greater or
less than /i depending on whether the coupling transformer
has a step-up or a step-down turns ratio.
In order to obtain certain waveform characteristics, amplifiers are sometimes purposely designed to distort the signal. WTien voltage or power is to be increased without appreciably changing the shape of the wave, as in high-fidelity
amplifiers, it is generally necessary to sacrifice some of the
gain that the stage would normally have if this condition
were not imposed.

CLASSIFICATION OF AMPLIFIERS
Amplifiers are classified according to (1) frequency response, (2) use, (3) bias, and (4) resonant quality of load.
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Fraqu«nqf Response
Amplifiers are classified according to the frequency range
over which they operate. Amplifiers classified according to
frequency response are known as direct-current (d-c), audio-

frequency

(a-f),

intermediate-frequency

(i-f),

radio-fre-

quency (r-f), and video- frequency (v-f) amplifiers.
D-c amplifiers must be used when the current flow is in but
one direction. To overcome certain problems inherent in
such an amplifier, the circuits must be balanced and stabilized

by means of resistors.
A-f amplifiers operating

in the ranges

from 30

to 15,000

cycles per second can be transformer-coupled, impedance-

coupled, or resistance-coupled.
I-f

and

r-f amplifiers are ordinarily designed for tuned-

circuit coupling, although in actual operation they

may

re-

semble either the transformer-coupled or the impedancecoupled circuit.
V-f amplifiers, which operate in a range extending from
the lower audio frequencies to about 5,000,000 cps, commonly
use R-C coupled amplifiers in which the coupling resistance is
made low enough to produce the necessary high-frequency
response. However, in actual television applications the R-C
coupled amplifier must be modified to make the response
essentially flat oyer a wide range of frequencies. In addition, the circuits must be modified to keep time-delay distortion within a certain minimum value at the high-frequency
and low- frequency ends of the spectrum.
Use
Amplifiers are classified according to whether they are
used to produce as much voltage or as much power as required in the load circuit. Amplifiers classified according
to use are known as voltage amplifiers and power amplifiers.
Voltage ampi.ifiers. Voltage amplifiers are so designed
that signals of relatively small amplitude applied between

—

the grid and cathode of the tube produce large values of
amplified signal voltage across the load in the plate circuit.
9S

To produce

the largest possible amplified signal voltage

may

be a resistor or an inductor), the value of impedance must be as large as practicable.
The GAIN of a voltage amplifier is the ratio of the alternating component of output voltage to the alternating component of input voltage. This type of amplifier is commonly
used in radio receivers to increase the r-f or i-f signal to the
proper level to operate the detector. It is also used to
amplify the a-f output of the detector stage. In transmitters, voltage amplifiers are used to increase the output of the
across the plate load (which

microphone to the proper

level to be applied to the

modu-

lator.

Power

amplifiers.

—Power amplifiers are designed to deamount of power

liver a relatively large

to the load in the

Because power, in general, is equal to the
voltage times the current, a power amplifier must develop

plate circuit.

sufficient voltage across its load to cause

The POWER AMPLIFICATION of such
signal output

power

rated current to flow.

a circuit

to the signal

is

the ratio of the

power supplied

to the

input circuit.

The load impedance of

a power amplifier

is selected

to

maximum plate efficiency or maximum power for
minimum level of distortion. Plate efficiency is

give either
a certain

the ratio of useful output

power

to d-c input

power

to the

plate (plate current times plate supply voltage).

Power amplifiers are commonly used as the output stage of
radio receivers. They are used in transmitters to increase
the power of the modulated carrier to the desired level before
it is

fed to the antennas.
Bias

Amplifiers are classified according to the conditions under

— that

which the tube operates

is,

according to the portion of

the alternating signal voltage cycle during which plate current flows as controlled by the bias on the grid.

Thus, volt-

age or power amplifiers are designated as class A, class B,
class

AB, or class C.
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Cla8S-A amplifiers.

—Class-A

amplifiers have their bias

so adjusted that with normal input voltage, plate current
flows throughout the entire electrical cycle. The operation

of a class-A amplifier is illustrated by the characteristic
Ip-Eg curve in figure 4-1.

PLATE CURRENT
'p"®g CURVE

-3 VOLT BIAS

SIGNAL

VOLTAGE

Figure 4—1

.

—

Class-A operation.

no-signal grid bias is —3 volts and the a-c signal
swings the grid-to-cathode voltage from — L5 to —4.5 volts.
Plate current flows during both the positive and negative
half cycles of the alternating signal voltage that is applied
to the grid. If the tube is biased so that it of)erates on the
linear portion of its l^-^g curve, the plate-current wave-

The
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form is a reproduction of the alternating signal voltage
waveform applied to the grid.
If the tube is biased so that no grid current flows, even
on large signals, the tube is designated as a class-Ai
AMPLIFIER.

The principle characteristics of class-A amplifiers are
minimum distortion, low-power output for a given tube,
high-power amplification ratio, and relatively low efficiency
This type of amplifier is used commonly
(20 to 35 percent)
in various audio systems where low distortion is one of the
prerequisites.
Voltage amplifiers are usually operated as
.

class-A amplifiers.

Class

-ff

amplifiers.

the plate current

is

—Class-B amplifiers are biased so that

approximately zero when no excitation

Current in a given tube then
flows for approximately one-half of each cycle of grid excita-

voltage

tion.

is

applied to the grid.

The operation

of a class-B amplifier

the characteristic Ip-E^ curve in figure

4r-2.

is illustrated

by

Plate current

flows only during the positive half cycles of the alternating
signal voltage applied to the grid.

Hence, the plate-current

'p-«g CURVE

VOLTAGE

GRID
Figure

4—2.—Clast-B
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ep«rcrtion.

CURRENT FLOWS

waveform

is

only a partial reproduction of the signal-voltage

waveform. The tube

The

acts like a half- wave rectifier.

signal voltage applied to the grid of a class-B ampli-

has a much greater value than that applied to
the grid of a class-A amplifier. The applied signal usually
is so large that the grid is driven i>ositive with respect to the
fier usually

cathode, and draws grid current.

The principal characteristics of class-B amplifiers are
medium power output, medium plate efficiency (50-60 percent) and moderate power amplification. Because the alter,

nating component of the plate current is proportional to
the amplitude of the exciting grid voltage, the power output
is

proportional to the square of the exciting grid voltage.

Two

class-B amplifiers can be used in push-pull output

stages of a-f amplifiers for increased power output.

In this
4-3) each tube supplies that half of the wave-

circuit (fig.

/

VOLTAGE

LS

\

7
—
\y

"T

—

/

\y

V

71 VOLTAGE

\y

PRIMARY

IN

"OM

TUBEyj

IN

PRIMARY

from TUBEy2
RESULTANT
VOLTAGE
IN

Figure

4—3.—Push-pull

clost-B amplifier circuit
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SECONDARY

and output waveforms.

form not supplied by the other
class-B push-pull amplifier

The

is

tube.

The

action of the

similar to that of a full-wave

waveform of the two tubes is
combined in the load circuit through the mutual inductance
of the output transformer and is nearly a true reproduction
of the signal applied between the two grids. Push-pull
class-B amplifiers, therefore, are widely used for audio power
rectifier.

plate-current

Because of their distorted outputs, singleended class-B amplifiers are never used for this.
amplification.

Figure 4—4.

—

Clast-AB operation.

—

Class-AB amplifiers. Class-AB amplifiers have grid
biases and input signal voltages of such values that plate
current in a single tube flows for appreciably more than
half the input cycle but for less than the entire cycle.

AB

Class-

compromise between the low
distortion of the class-A amplifier and the high efficiency of
operation

is

essentially a

the class-B amplifier.

The operation

of a class-AB amplifier

by the characteristic Ip-Eg curve in figure 4^.
This amplifier operates slightly beyond the linear portion
is illustrated
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of

and there

its Ip-Eg curve,

For

is

some distortion

in the output.

this reason push-pull amplifier circuits that cancel even-

order harmonic distortion are generally used for class- AB
audio amplifiers.
If the grid of a class-AB amplifier never becomes positive
with respect to the cathode (that is, if no grid current flows)
the amplifier is designated as class ABj. If grid current flows
during the positive peaks of the input cycle the amplifier is
designated as class ABj. Although a class-ABj amplifier
delivers slightly
fier

more power

to a load, the class- ABi ampli-

does not require a driver that must deliver undistorted

power to a

load, the

impedance of which drops to a low value

during periodic intervals of grid current flow.
Class-C amplifiers. Class-C amplifiers have biases that
are appreciably greater than cutoff. Consequently, plate
current in a single tube flows for appreciably less than half
of each cycle of the applied grid signal voltage. The operation of a class-C amplifier is illustrated by the characteristic

—

I-p-Eg

curve in figure 4-5.

The

bias voltage

is

— 20

volts, or

<

iSIONAL

(VOLTAOE

^
_^

NOTE
POSITIVE
ORIO

•

VOLTAOE

Figure 4—5.

—

Clois-C operation.
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twice the cutoff value.

Plate current flows only during that

portion of the positive half cycle of the applied alternating
signal voltage in which the signal is greater than the cutoff

In other words, when an a-c signal is applied, plate current flows for appreciably less than one-half
of each cycle. Note that the applied alternating signal voltage is large and exceeds the cutoff bias in order to swing the
grid voltage sufficiently positive with respect to the cathode

bias of the tube.

to ensure the correct value of plate current.

The

principal characteristics of class-C amplifiers are

high plate efficiency (70 to 75 percent), high power outputs,
and low power-amplification ratio. Because the value of
the alternating component of the plate current

is

directly

proportional to the plate voltage, the output power

is

pro-

portional to the square of the plate supply voltage.

Class-C amplifiers are not used as audio amplifiers, but
they are used as r-f power amplifiers in transmitters. If
power is delivered to a tuned load, the load will present a
high impedance at the resonant frequency, but at other frequencies the load will have a much lower impedance. If the
load is tuned to the same frequency as that applied to the
grid, it will offer optimum loading at this frequency. Thus,
low impedances will be offered to the harmonics of the frequency applied to the grid, and these undesirable frequency
components can be effectively eliminated. Because audio
amplifiers have high distortion in their outputs, they are
NEVER operated class C.

Resonant Quality of Load
Amplifiers are also classified according to whether they are
TUNED or UNTUNED— that is, according to whether they amplify a restricted or a wide range of frequencies respectively.
Tuned amplifiers employ loads that consist of inductors and
capacitors that have a maximum interchange of energy be-

tween them at the frequency to which they are tuned (resonant frequency). These inductor and capacitor networks
are frequently called tank circuits because they have a
resonant interchange of energy and act as reservoirs in which
102

\

energy

stored alternately in the inductor and in the

is

capacitor.

Tuned

amplifiers.

—Tuned

amplifiers are further sub-

and

wide-band amplifiers
Whether a band of frequencies is considered narrow or wide
depends on the ratio of the bandwidth to the center frequency. Thus, if the same bandwidth is considered in each
case, the one covering the higher frequencies will be narrower
than the one covering the lower frequencies. For example,
narrow-band amplifiers are the i-f amplifiers in radio receivers; and wide-band amplifiers, which may have a range
of several megacycles, are the r-f and i-f stages of television
divided

NARROW-BAND

into

or rp,dar receivers.

Untuned

amplifiers.

to any specific

—Untuned amplifiers are not tuned

band of frequencies.

However, the

circuit

components can limit the range of frequencies that the circuit can handle. All audio amplifiers come under this
classification.

DISTORTION IN AMPLIFIERS

The output

of an ideal amplifier

is

identical with the in-

put in all respects except for an increase in amplitude. This
statement precludes the various wave-shaping and specialpurpose amplifiers. However, a practical amplifier falls
short of this ideal. Not all frequency components present
in the input may be amplified equally; the relative phases
of the various output frequencies may differ from those
of the input; or the amplitude of the output voltage may
not be proportional to the amplitude of the input voltage,
and thus new frequencies will be introduced. These deviations from the ideal are known as frequency, phase (timedelay), and amplitude (nonlinear) distortion respectively
(fig.4r-6).

To obtain the special waveforms necessary in certain

radar,

television, or test circuits, distortion is deliberately intro-

duced by the amplifier or an associated

circuit.

However,

in certain other circuits less distortion of all three types is
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A

B

FREQUENCY DISTORTION

PHASE DISTORTION

C

AMPLITUDE DISTORTION
Figur*

4-6.—Types

of amplifier distortion.

permitted than would be tolerated in the case of radio
amplifiers.

Frequency Distortion

When some

frequency components of a signal are amplified more than others or when some frequencies are excluded, the result is frequency distortion. Essentially,
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this type of distortion results

from bandwidth

imposed by the various amplifier

restrictions

circuit components.

For

example, if a coupling circuit does not pass the third or
higher harmonics that are present in the input, the circuit
introduces frequency distortion.
The input and output of a two-stage amplifier that has
introduced frequency distortion is shown in figure 4-6, A.
The input, ^m, contains the fundamental and the third harmonic. The output, €out) contains only the fundamental because the amplifier was unable to pass the third harmonic.
Frequency distortion can occur at low frequencies if the
coupling capacitor between the stages is so small that it
presents a high series impedance to the low-frequency components of a signal. Distortion can also occur at high frequencies because of the shunting effects of the distributed
capacitances in the circuit.

Phase Distortion

Most coupling circuits shift the phase of a sine wave, but
this shift has no effect on the shape of the output. However,
when more complex waveforms are amplified, each component frequency that makes up the overall waveform may
have its phase shifted by an amount that depends on its
Thus, the output
input waveform.
frequency.

The input and output

is

not a true reproduction of the

of a two-stage amplifier that has

introduced phase distortion are shown in figure 4-6, B. The
input signal, e^, consists of a fundamental and a third har-

monic. Although the amplitudes of both components have
been increased by identical ratios, the output, Cout, is considerably different from the input because the phase of the
third harmonic has been shifted with respect to the fundamental. Basically, phase distortion is present whenever the
component frequencies in the input of an amplifier are not
all passed through in the same amount of time.

Phase (time-delay) distortion is not important in the amplification or reproduction of sound because the ear is unable
317993

O— 55

8
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to detect relative phase shifts of the individual components.

However, such distortion is important in radar, television,
and measuring equipment where the waveform must be accurately maintained during amplification. Phase distortion
can be reduced by varying the amount or type of coupling.
Amplitude Distortion
If a signal

is

amplified by a vacuum tube that

is

not operat-

ing on the linear portion of its characteristic curve, "amplitude (nonlinear) distortion will occur. In the nonlinear
region, a change in grid voltage does not result in a change
in plate current that is directly proportional to the change in
grid voltage. For example, if a tube is overdriven by applying a grid signal that drives the tube beyond the linear portion of the characteristic curve (nonlinear distortion)

and

SIGNAL VOLTAGE ON GRID
Figure 4—7.

—

Distortion in

a cia>t-A ampliflor duo

to •xcottivo signal voltag*.

also to the point where the grid draws current (grid limiting
distortion), the i-esultant signal is distorted in amplitude, as

shown

in figures 4-6, C,

and 4r-7. This type of distortion

is

to

be expected because for a portion of the negative half of the
grid swing, the tube operates on a nonlinear portion of the
characteristic curve and for a portion of the positive swing,
the grid draws current.
;

Beyond the

linear portion of the curve, a further increase

in negative grid potential will not cause a proportionate re-

duction in plate current.

Beyond the point where the grid

draws current, the positive swing of grid voltage is limited
by the loss in voltage within the source impedance and there
can be no further increase in plate current. The result of this
nonlinearity is the production of harmonics that were not
pi\}sent in the input of the amplifier.

This concept

is

better

any complex periodic waveform can be considered as being composed of a number of sine
waves of different frequencies and amplitudes. The sine
wave that has the same frequency as the complex periodic
wave is called the fundamental. Frequencies higher than
the fundamental are called harmonics. Thus, from the complex waveform is obtained a number of harmonics plus the
fundamental frequency.
At the higher frequencies, the harmonics can be reduced
by the use of a parallel resonant circuit as a plate load, by
link coupling, or by filtering. At the audio frequencies, however, there is an overlap of frequencies, and filtering is not
practicable.
The best solution is to operate the tube on the
understood

if it is recalled that

straight portion of the characteristic curve for class-A oper-

ation or to operate

it

in a push-pull

arrangement for class-B

operation.

Complex waveforms are necessary in certain television,
radar, and test-equipment circuits. These waveforms include square waves, saw-tooth waves, and peaked waves.

In

each of these waveforms the distortions are deliberately
introduced.
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COUPLING METHODS

A single stage of voltage or power amplification normally
not sufficient for radio or audio applications. To obtain
the necessary gain, it is often necessary to connect several
stages together. The output of one stage becomes the input
is

of the next stage throughout the series of stages. This ar-

rangement

is

called a cascade amplifier.

A cascade amplifier is designated according to the method
used to couple one amplifier stage to the next stage. There
are a number of methods each having certain advantages and
disadvantages. The choice for a particular application de-

pends on the needs of the circuit. The basic methods are (1)
resistance-capacitance {R-C) coupling, (2) impedance coupling, (3) transformer coupling, and (4) direct coupling.
Before the details of each coupling method are considered it
is desirable to establish the equivalent circuit of a vacuumtube amplifier. The characteristics of an amplifier are determined more readily by replacing the tube with its equivalent
circuit and analyzing this circuit.
Equivalent Circuit of a

Vacuum-Tube

Amplifier

Current variations in the load impedance of a vacuum tube

from the application of a single voltage to the grid
of the tube. The same variations would be produced if
the vacuum tube were replaced by a generator that develops
a voltage of —neg acting in the plate-cathode circuit of the
tube and having an internal resistance equal to the plate resistance of the tube. The plate resistance and the load
impedance would then be in series. Such an arrangement
is called the constant- voltage generator form of an equivalent amplifier circuit and is more convenient when triodes are
result

used.

The

equivalent amplifier circuit can also take the

constant-current generator form, which is more convenient if multielement tubes are used in which the plate
resistance is

much higher than

actual amplifier circuit

is

shown
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the load resistance.
in figure 4—8,

An

A, and both

ACTUAL CIRCUIT

B

GENERATOR FORM

CONSTANT-VOLTAGE
(A

E
It

o.

CONSTANT-CURRENT GENERATOR FORM
Figure 4—8.

—

Actual and equivalent amplifier

forms of equivalent amplifier
4-8, B and C.
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circuits are

circuits.

shown

in figures

The minus

sign used with the equivalent generator merely

of opposite polarity to that of
previously explained, when the signal

indicates that this signal

is

the grid signal. As
voltage applied to the control grid is at its maximum positive instantaneous value the plate current is also maxi-

mum.

At this instant the voltage drop in the load impedance is maximum, and therefore, the voltage available at the
plate is minimum. As a result there is a phase difference
of 180° between the instantaneous grid and plate voltages.
The application of Ohm's law to the simple equivalent
series circuit of figure 4-8, B,

flow

shows that the plate current

is
.

_

—fie,

''"'rp+Zr!

where

ip is

tion factor,

the instantaneous plate current,
e,

ft,

the amplifica-

the instantaneous grid voltage, Vp the plate re-

and Zl the load impedance. The current, ip, must
flow through the load impedance, Zl, and therefore the output voltage is
sistance,

It is apparent

from

this equation that the output voltage

of an amplifier is not simply fi times the applied signal. Because any vacuum tube has internal resistance called pLiAte
RESISTANCE, part of the equivalent generator voltage appears
across this resistance and
It

is

is

thus not available across the load.

often convenient to consider the plate resistance and

the load impedance as a voltage divider across which the
voltage generated within the tube

The equivalent

is

applied.

an amplifier considers only those
components of current and voltage that are produced as the
result of applying a signal voltage to the amplifier grid.

The

circuit of

actual currents and voltages include the signal com-

ponents acting in the equivalent circuit, together with the
d-c components that exist in the actual circuits.
The steady values that are present when no signal is
applied are of no particular interest as far as the perform-

no

ance of the amplifier is concerned. Therefore, it is unnecessary to superimpose the steady values on the results
calculated on the basis of the equivalent circuit.

when an

Actually,

a-c signal is applied to the grid, the equivalent

circuit indicates the alternating signal voltage

and the cur-

rents that are superimposed on the d-c quantities present
v^^hen

The

no signal

is

applied.

equivalent circuit gives the performance of the ampli-

only to the extent that rp and fi (used in setting up the
equivalent circuit) are constant over the range of variations
produced in the control grid and the plate voltages by the
signal voltage. Hence, when the signal voltage is small, the
equivalent circuit is almost correct. However, as the signal
voltage increases, the error involved in the equivalent circuit
becomes proportionately larger. To determine the exact
behavior of the amplifier, the equivalent circuit must be
modified to account for the effects produced by variations in
fier

circuit components.

R-C Coupling

One of

the most conunonly used methods of connecting

audio voltage amplifier stages is R-0 coupling. Amplifiers
coupled by this method are characterized by their relatively
low cost, lack of heavy components, good fidelity over a
comp«,ratively wide frequency range, freedom from undesirable induced currents obtained from the a-c heater leads,
and special suitability for use with pentodes and high-mu
triodes.

An B-C

coupled amplifier

(usually called resistance-

coupled amplifier) can be designed to have good response for
almost any desired frequency range. For example, it can be
designed to give fairly good amplification of all frequencies
in the range from 100 to 20,000 cps. Slight modification of
the circuits can extend the frequency range to cover the wide
band required in video amplifiers. However, extension of
the range can be obtained only at the cost of reduced amplification over the entire range.
Thus, the R-C method of
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coupling amplifiers gives a good frequency response with
minimum distx)rtion, but it also gives low amplification.
Typical R-C coupled amplifiers are shown in figure 4-9.
In figure 4-9, A, the d-c grid circuit includes (7, ^1, i22, and

A
TRIODE AMPLIFIER CIRCUIT

B

PENTODE AMPLIFIER CIRCUIT
figure 4—9.

K

—

Typical fl-C couplad amplifiers.

^1, C2, and K. In figure
4-9, B, the d-c screen circuit includes SG^ EQ, R^, Eb, R^, and
K; and the a-c circuit includes SO, (75, (72, and K. In each
RZ, ^4, Eb, ^2,
case, the d-c plate circuit includes
RS, CS, 6*2, and K.
K\ and the a-c circuit includes
In order that the output voltage may be large, the load re;

and the

a-c circuit includes
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(r,

However,
the higher this value becomes, the greater is the voltage drop
across it and the lower is the voltage remaining between the
plate and cathode of the tube. To obtain the required effective plate voltage, the voltage drop across the plate load
must be subtracted from the plate supply voltage. Thus,
sistor should

there
if

is

have as high a value as practicable.

a practical limit to the size of the plate load resistor

the plate

is

to be supplied with

larger plate resistor

is

its

rated voltage.

necessary, the only alternative

If a
to

is

T
Cc

Ch!
OUT
I
I

I

I
I
\

1

I

4-

ACTUAL CIRCUIT
C,

OUT

CONSTANT- VOLTAGE
GENERATOR FORM

EQUIVALENT CIRCUIT
Figure 4-10.

—

-

Single-stage R-C coupled audio amplifier.
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increase the plate supply voltage.
to the

amount that the

There

is

a practical limit

plate supply voltage can be increased.

The screen resistor (fig. 4-9, B) must have such a value
that, when the IR voltage drop across it is subtracted from
the supply voltage, the rated screen voltage will remain. The
value of the cathode resistor is determined by the amount
of bias needed on the control grid. The bypass capacitor,
6'2,

must have a low reactance in comparison with the

resist-

ance of the cathode resistor, R2y for the range of frequencies
to be amplified. The decoupling (or filter) circuit, 6'3^4,
tends to prevent the a-c component of plate current from
reaching the plate power supply because
offers a high
series resistance and (73 offers a low shunt reactance to the
a-c signal component.
single-stage R-C coupled audio amplifier with its equiv-

A

alent circuit

shown

is

in

figure 4—10.

The typical freare shown in figure

quency-response curves for this amplifier
4^11. The gain of the amplifier is poor for the higher and

LOW

HIGH

MEDIUM FREO.
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R|_«
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I

1.000

1,000,000
100,000
I

FREQUENCY (CPS)
Figure

4—1

1

.

—Gain

vt

f raqucncy

of

an

ft-C

loads.
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coupled amplillor for various plat*

lower frequencies (fig. 4-11). The reduction in gain at the
higher frequencies is due to the fact that the load resistor Rl
(fig. 4—10) is shunted by the output capacitance, Co-, of one
stage, the input capacitance, Ci, of the next stage, and the
distributed capacitance,
of the coupling network. The
reduction in gain at the lower frequencies is caused by the
loss of signal voltage across the coupling capacitor, Cr.,

which has a high impedance at these frequencies. Other
components indicated in these circuits (fig. 4—10) are plate
resistance rp and grid-leak resistance RgL^
Middle-frequency gain. When an R-G coupled audio

—

amplifier

is

used in the middle frequency (assumed to extend

approximately from 100 to 10,000 cps), the equivalent circuit shown in figure 4—10 is modified to give the circuit shown
Because the reactance of the coupling

in figure 4-12, A.

CONSTANT -VOLTAGE FORM

CONSTANT -CURRENT FORM
Figure 4—12.

—

Middle-frequency equivalent
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circuits.

in the usual amplifier is very small at these

capacitor,

frequencies

it is

considered as negligible in the equivalent

Also, the reactance of the shunting capacitances,

circuit.

and
is so high that they are considered the equivalent of an open circuit. Thus, the equivalent circuit is reduced to include only the generator, the series plate resistance, rp, and the parallel resistors, Rh and RgL. The amplification is practically independent of frequency and a flat reCo, Ci^

sponse can be expected.

Voltage gain or voltage amplification

output signal voltage,

From

figure 4—12,

quency range

is

the ratio of the

to the input signal voltage, e«.

e©,

A, the voltage gain for the middle-fre-

is

ipRc

Co

Where

And

—

Ri^y^Rgi,

Ixc

RiA'Rfii.

Rc

is

the equivalent load resistance formed by the parallel

and the grid-

combination of the plate load resistance,
leak resistance,

Rgi,.

If the value of

^p is

substituted in the

voltage-gain equation,
voltage

From

gain=

iiRc

Tp+Rc

figure 4-12, B, the constant-current generator

of the equation can be established.

The

form

signal voltage,

6,,

applied to the grid of the tube produces an output voltage,
^out,

which

is

current, gmSs,

equal to the product of the equivalent signal

and the combined resistance of

r-p,

Rl, and RgL

in parallel.

To

set

up an equation based on the preceding interpreta116

numerator and denominator of the
right-hand side of the equation for plate current by Vp

tion, divide both the

—

Because gm=—f
•

—

yp

And
TpRc
Tp-\-ric

This form of the equation indicates that the application
of a signal voltage, e,, to the grid causes a current, ^m«., to
flow through the parallel combination of rp, Rl^ and Rql.
This circuit is shown in figure 4-12, B. Note that Rc is the
parallel combination of Rl and Rgt. The output voltage, €©,
is the product of this current and the parallel combination

—that

of resistances

is,

the equivalent resistance,

The middle-frequency gain
erator

R^.

for the constant-current gen-

thus established as

is

middle-frequency gain

Low-frequency UMrr.
amplified by an

—In the lower range of frequencies
d

R-C

coupled amplifier, Co^
and
(fig.
4-10, B) are less important than they are in the middlefrequency range. Therefore, they can be neglected in the
equivalent circuit. The reactance of the coupling capacitor,
Cc, however, becomes increasingly significant at the low frequencies and cannot be neglected. The low-frequency equiva-

shown in figure 4—13. The upper limit of the
low-frequency band for which this circuit is applicable is
lent circuit

is
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the frequency at which the output voltage falls to 70 percent

of

its

value at the middle frequencies.

The lower

the frequency the higher becomes the reactance

of the coupling capacitor because
1

Therefore at the lower frequencies more of the output voltage is dropped across the coupling capacitor and less is
applied across the grid resistor, R„l. The signal is thus re-

Figure

4— 1 3.-—lew-frtqumcy

equivalent

circuit.

duced at the lower frequencies. It is essential then to choose
a value for Ce that will offer negligible reactance at the
lowest frequency to be amplified. There is a practical limit
to the value of capacitance that can be used because too high
a value may cause a type of regeneration called motorboating.

An

expression for the gain at low frequencies, under the

conditions established in figure

4r-13,

can be obtained from

the equation

low-frequency

gain=?|=g-^-^^^j^^^j-^-^.

where X^, is the inductive reactance of coupling capacitor
C'c, and Rl is the resistance of the load.
lis

—

High-frequency limit. In the high-frequency range,
and Ci of the general equivalent circuit (fig. 4-10, B)
Co,
become significant. These capacitances are the limiting fac-

R-C

coupled amplifiers at high frequencies. These
parallel capacitances have been combined and designated as
C, in figure 4-14. The lower limit of frequency for which
tors in

«0

Figur* 4—14.

this circuit

is

—

High-fr«qu«nqr equivalent

applicable

is

circuit.

the frequency at which the output

voltage falls to 70 percent of

its

value at the middle fre-

quencies.
It is apparent that the reactance of Ca at the middle

low frequencies

high compared with

and

Rl and

can be neglected.
As the frequencies increase, the reactance of C,
decreases and eventually reaches a value comparable to that
is

Rf

Because the resultant parallel impedance (composed
of Xc»^ Rl-, and Rql) becomes progressively lower at higher
frequencies, a lower voltage is developed across the load to
be applied to the input of the next stage. Thus, the amplifiof

cation

is

When

reduced.
it is

desired to extend the high-frequency range,

tubes having low interelectrode capacitances, such as pen-

keep the shunt impedance high with respect to Rl' Also, the value of Rl is reduced so that its
impedance at the highest frequency to be amplified remains
appreciably less than the impedance of the shunting capacitance. The lowering of the load resistance reduces the overtodes, are used to

119

all

amplification of all frequencies passing through the am-

but such an adjustment

plifier,

is

necessary in circuits where

substantially uniform amplification of a wide frequency

range

An

is desired.

expression for the gain in the high-frequency range,

under the conditions established in figure 4—14, can be obtained from the equation
e

1

gain=f =jf„i?eq

high-frequency

Impedance Coupling

Impedance or inductance-capacitance coupling is obtained
by replacing the load resistor, ^i,, of a normal R-C coupled
amplifier with an inductor, Z, as shown in figure 4-15. To

Figwr* 4—15.

obtain as

much

—

lmpedanc*-coupl«d amplifier.

amplification as possible, particularly at the

lower frequencies, the inductance
ticable.

To

is

made

as large as prac-

avoid undesirable magnetic coupling, a closed-

shell type of inductor is used.

Because of the low d-c re-

sistance of the inductor, the tube is able to operate at a higher

plate voltage.

The degree of

amplification for the various frequencies is

not so uniform as

it is

with the
120

R-C coupled

amplifier.

The

reason for this lack of uniformity
Zjc,

that the low impedance,

varies with the frequency as

Xl

where
the

is

equals 2ir/Z, and

R

is

the effective resistance of

coil.

The

very low as compared with
the load resistor in an R-C coupled circuit. The inductive
reactance, Xl, varies directly with the frequency. Thus,
Zl increases with the frequency. The higher frequencies
will be amplified more than the lower frequencies because for
d-c resistance of the coil

is

a given input signal the amplification of the stage depends
upon the value of the signal voltage built up across the load
impedance.
As in the case of R-C coupled amplifiers, the high-frequency gain is limited because the interelectrode and distributed capacitances tend to bypass these frequencies to
ground. The distributed capacitance between the turns of
the coil greatly increases the capacitance to ground and
plays a major part in limiting the use of this coupling at
the higher frequencies. The highest voltage gain occurs
at the frequency at which the coil is in parallel resonance
with its distributed capacitance.
Transformer Coupling

A typical transformer-coupled stage of amplification

(fig.

4—16,

A) has certain advantages over other types of coupling.

The

amplification per stage can be greater than the ampli-

cation of the tube because a step-up ratio can be used in the
transformer. D-c isolation of the grid of the succeeding

provided without the necessity for a blocking
capacitor. Also the d-c drop across the coupling capacitor,
which is necessary in R-C coupling, is avoided. This type
of coupling is also used to couple a high-impedance source
to a low-impedance load, or vice versa. It can be used as
a simple means of providing phase inversion for a pushpull amplifier without the use of special phase- inverting
stage

is also

circuits.
317993

0—55

9
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ACTUAL CIRCUIT

—

ORfWT

VWW-

'S'

N

B
EQUIVALENT CIRCUIT

REDUCED

TO UNITY TURNS RATIO
Figwra

4— 1 6.—Sin9l«>stcig«

transfortncr-cewplMl amplMwr.

Transformer coupling has the disadvantages of higher

more space requirement, the necessity for greater shielding, and the possibility of poorer frequency response at the
higher and lower frequencies. The voltage gain as a func-

cost,

tion of frequency throughout the audio frequency range is

shown

in figure 4r-17.
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The primary of transformer T
in the plate circuit of Fl,

(fig.

4-16,

A)

and the secondary

is

connected

is

connected

between the grid and cathode of F2. An input signal, e,,
applied between the grid and cathode of Fl, appears as an
output voltage, Cp, across the primary of the transformer. If

<
o
III

<
Ia
o
>
KXK)

100

10,000

FREQUENCY (CPS)
Figur*

4— 1 7.—Voltag* gain

v* frequency of a trantfermcr-couplad amplifier.

assumed that the reactance of the primary (with the
secondary open-circuited) is very large compared with the
it is

plate resistance of the tube, the signal Cp will be approxi-

mately

/I

times as great as the input signal,

e,.

The output

N

applied to the input of F2, is approximately
is the secondary-to-primary
times as great as Cp, where
turns ratio of the transformer. This approximation holds
only for the middle range of a band of frequencies because

signal,

€<,

N

the coupling between primary and secondary is not unity.
The gain is lower for both the higher and lower frequencies
because the effective load impedance is less at these ranges.

Like those of

R-C coupled

amplifiers, complete equivalent

circuits of transformer-coupled amplifiers are

works.

An

anlysis of

complex

them can be considerably

by a separate consideration of
low, and high frequencies.
123

net-

simplified

their gains at the middle,

Mii»LE-FREQn£NCY QMS.

—In the middle range of audio

frequencies the reactance of the primary inductance

make

is suffi-

and the
small shunting capacitances of the secondary windings and
ciently high to

it

essentially

the tube can be neglected.
(fig.

4-18.

4-16,

In

an open

circuit,

Therefore, the equivalent circuit

B) can be reduced to the form shown in

this figure, r'' is the

sum

figure

of the plate resistance and

N

Figur* 4-1 S.

Equivalent circuit of tnin«fornMr-cou|>l*d
fr*qu«ncy operation.

pIMor for mlddlo-

the resistance of the primary winding in series, and

N

is

the secondary-to-primary turns ratio of the transformer.

Because there

is

no drop through

The middle- frequency gain

r'p,

the output voltage,

^j^,

is

the product of the amplifica^
tion factor of the tube and the secondary-to-primary turns
ratio of the transformer, or
is

middle-frequency

gain=— =/*iV.
^»

Low-rREQUENCY

LiMrr.

—

^At

the lower frequencies the

shunting effect of the interelectrode and distributed capacitances is even less than it is at the middle frequencies.
The reactance of the transformer primary is
Xr.=27rJL.

Because this reactance varies directly with the frequency, it
must be considered at the lower frequencies. The equivalent
124

circuit modified for low-frequency operation is

To simplify

figure 4-19,

shown

in

the derivation of an expression for

low-frequency gain, the resistance of the primary and the

4—19.

—

secondary

is

Figure

Equivalent

of transformer-coupled
frequency operation.

amplifier

circuit

neglected.

for

low-

The plate signal current, ip, is readily

established as

where

jtoLp is the inductive reactance of

the primary and

Lp, the incremental inductance of the primary.

The

voltage across the primary
ep=ipj(aLj,=

is

J

XjoiLp.

and denominator is divided
and the denominator, which contains
is rational-

If each term in the numerator

by

jtaLp

ized, the voltage across the

The

primary

voltage across the secondary,

is

e,,

times the voltage across the primary,
gain can be expressed as

125

is
Cp.

the turns ratio,

Therefore, the

It is evident that the decrease in the reactance of the transformer primary causes a gradual falling off in gain at the

lower frequencies. This same effect also results from the
use of high-gain tubes having inherently high plate resistance.

—

High-frequency limtf. At the higher frequencies the
primary reactance is high and is neglected in the equivalent
circuit.

The effect of shunting capacitances, however, cannot

be neglected and the effect of leakage inductance upon the
current drawn by the shunting capacitances must be considered. These factors have been considered ia the simplified
equivalent circuit shown in figure 4-20. This circuit has the

Figun 4—20.—Simplifled •quIvoUnt

circuit of

a transformcr^cowpled amplifier

for high-froquency operation.

having relatively high
resistance. In figure 4-20, r\ is the combined plate and prithe resistance of the secondary windmary coil resistance,
ing referred to the primary side, Z, the total leakage inductance referred to the primary side, and 6', the stray capacitance. This capacitance is made up of the secondary distributed capacitance and the input capacitance of the tube to
which the output voltage is fed and is expressed in terms
of the primary side.
To derive the expression for gain, the output voltage devel-

same form

as a series resonant circuit

oped across Cg

is

given as

^> where

N

is

the secondary-to-

primary turns ratio of the transformer. The output voltage,
126

because the various impedances and resistances are referred back to the primary from the secondary
ei, is

divided by

circuit

N
And

Theretore,
1
o)L>,

€{

N
Or
(aUt

Thus,

gam^ €t —

0)6,

Although the Q (ratio of Xl to -ff ) of such a circuit is low
and the response curve rather broad, the resonance effect is
sufficiently pronounced to increase the gain at and near the
resonant frequency. Proper circuit design ensures that the
resonant frequency will occur above the audible limit. Above

resonance the gain falls off rapidly.
Direct Coupling

In each of the coupling circuits that have been considered,
the coupling device isolates the d-c voltage in the plate cir127

However,
these devices are designed to transfer only the a-c component
cuit

from the d-c voltage

with

minimum

in the next grid circuit.

attenuation.

In a direct-coupled amplifier the plate of one tube

is

con-

nected directly to the grid of the next tube without the use
of a capacitor, a transformer, or any other coupling device.

Because the plate of a tube must have a positive voltage with
respect to

its

cathode and the grid of the next tube must have

a negative voltage with respect to

its

cathode, proper circuit

OUTPUT
INPUT

^ B-^C

D

—
B+

BFigur*

4— 21.—Dir«ct-coupl*d

amplifier.

operation requires the use of a special voltage divider.
direct-coupled amplifier in which the plate of
directly to the grid of

The voltage

F2

is

distribution

shown
is

Fl

is

A

connected

in figure 4r-21.

best understood

by tracing

it

from the most negative end of the voltage divider. The
grid of VI is connected to point A through RgL. The proper
grid bias of Fl is obtained by connecting the cathode to
the divider at point B so that the total current flow from

^
Fl

to
is

^

produces the required voltage drop.

connected through

Rl to point D. Rl

grid resistor for F2.
1st

The

plate of

also serves as the

A

amount of the supply voltage appears across
Rl because the plate current from Fl flows through Rl- The
amount of voltage drop here must be considered in choosing
certain

point

D on the divider.

Point

Z> is so located that

approxi-

mately half of the available voltage is applied to the plate
of Fl. The plate of F2 is connected through a suitable out-

put load, R^ to point
the most positive point on the
divider. The voltage drop across Rl alone would place too
high a negative bias on the grid of F2. Therefore, it is
necessary to connect the cathode of F2 at point
which is
negative with respect to Z>, in order to lower the bias on the
grid of
tion.

F2

since the voltages across

Point

(7,

Rl and

along with resistor

i?,

CD are in opposi-

also determines the

proper plate operating voltage for F2.

The

entire circuit

is

a complex resistance network that

must be adjusted carefully

to obtain the proper plate

Stable operation

grid voltages for both tubes.
to achieve if
amplifier.

more than two stages are

Any

is difficult

ufied in this

type of

small changes in the voltages of the

tube are amplified and thus

proper bias on the

final

make

it

and

difficult to

first

maintain

tube connected into the circuit.

Be-

cause of the instability, direct-coupled amplifiers are practically

always limited to two stages. Furthermore, the power

supply must be twice that required for one stage.

When

the tube voltages are properly adjusted to give

class-A operation, the circuit serves as a distortionless amplifier

the response of which

is

uniform over a wide frequency

This type of amplifier is especially effective at the
lower frequencies because the impedance of the coupling elements does not vary with the frequency. Thus a directcoupled amplifier can be used to amplify very low frequency
range.

variations in voltage.

Also, because the response

cally instantaneous, this type of coupling

plifying pulse signals where

all

practi-

useful for am-

distortion caused

coupling elements must be avoided.
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is

is

by the

FEEDBACK AMPLIFIERS

A FEEDBACK AMPLIFIER transfers a voltage from the output
of the amplifier back to its input. If the signal fed back is
in phase with the input signal it is called positive, dibect, or
REGENERATIVE, FEEi»ACK because it adds to the voltage of the
input. If the signal fed back to the input is 180° out of phase
with the applied signal it is called negative, inverse, or
DEGENERATIVE, FEEDBACK bccausc it subtracts from the voltage
of the input.
Principle of

The

Feedback Amplifier

principle of the feedback amplifier can be understood

in part

from a consideration of

figure 4-22.

A signal

volt-

AMPLIFIER OF

NORMAL

OAIN

A

FEEDBACK

NETWORK
FRACTION OF
FEEDBACK- /9

Figtir*

4—22.

—w

dbocfc

•mploying Mri«t

in|*ctien.

Let a portion, fieoy
of the resultant output voltage, c„, be fed back in series with
eg in such a way that the signal, e^jc, appearing between the
grid and the cathode is of the form
age, e„ is applied to the input terminal.

(4-1)

«,*=e,+/3«o-

Because the normal gain, A, of the amplifier

is

defined

as

Then
(4-2)
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If the value of

egk

given in equation (4-1)

is

substituted in

equation (4-2),

And
Ae,

The

resultant gain,

Ar (feedback

considered),

is

Therefore,

A

Ar=-.

The

resultant gain of the amplifier

is

expressed in terms

of the gain without feedback, A^ and the fraction of the
output, p, fed back to the input.
plex quantities.
Positive

If the quantity of
amplifier

is

1—pA

increased over

back, and the amplifier

Under

is

-4r,

A, and

may

be com-

Feedback
is less

what

it

than

1,

the gain of the

would be without feed-

said to be positive or regenerative.

sharpened and
the gain is increased, but the frequency range of uniform
response is reduced. Thus, positive feedback permits both
un increase in gain and an increase in selectivity.
The increase in gain, however, is accomplished by an exaggeration of any undesirable distortion or noise that was
introduced within the amplifier itself. For this reason
positive feedback is not used if a distortionless output is required. If the feedback factor pA is increased until it is
these conditions the response curve

is

the quantity 1 — pA reduces to zero, and the resultant gain theoretically becomes infinite, or at least large

equal to

enough

1,

This action means that no
input voltage would be required to obtain an output voltage.
Under this condition the system ceases to be an amplifier
and becomes an oscillator. A discussion of this aspect of
feedback is considered in the chapter on oscillators.
to sustain oscillations.
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Negative Feedback
If the quantity of
cation

is less

amplifier

is

than

1

it

— /3A

is

greater than

1,

would be without feedback, and the

said to be negative or degenerative.

the feedback factor,

the amplifi-

pA,

is

made

the resultant amplification for

so

all

much

Generally,

larger than 1 that

practical purposes can be

expressed as

Ar=j
Advantages.

(4-3)

—Negative

feedback can be used to reduce
nonlinear distortion, or to make the output waveform more
nearly similar to the input waveform by reducing nonlinearities that are introduced within the amplifier itself.
This use can be understood from the following considerations.

The input
amplifier

is

signal applied to the grid of a vacuum-tube

amplified by an amount determined by the

/*

of the tube, but any nonlinearities introduced within the tube
If a portion, fiAy of the output is fed
back 180° out of phase with the input, the distortion component of this 180° out-of-phase voltage is amplified along
are not amplified.

This distortion component tends to
cancel the distortion component introduced within the tube.
Thus, the output may be practically free of nonlinear distortion.
However, the over-all gain of the desired signal is
also reduced, but this reduction may be compensated for
by increasing the number of stages. Distortions caused by
the flow of grid current cannot be corrected by negative feedback because this distortion occurs at the source, and not
with the input signal.

within the amplifier tube.
Noise introduced within an amplifier can be reduced
by negative feedback in the same manner that nonlinear distortion is reduced, and the same limitations apply.
For
feedback to be effective, the noise to be canceled out must
be generated in the tube around which the feedback is

Thus, thermal agitation, induced hum, microphonand shot effects introduced in the early stages of a re-

applied.
ics,
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ceiver cannot be reduced by negative feedback unless the

feedback

is

applied at those stages.

Negative feedback in those stages is not practical because
the amplification, particularly at the high frequencies encountered in most radar receivers, is low and negative feedback would reduce it even more. Additional stages, each
with its own circuit noises, would have to be added to make
up for the reduced gain. Negative feedback is very effective,
however, in reducing noises introduced into the high-level
stages of an amplifier.
If the feedback factor, ^A,

was assumed

is

much

greater than

1,

as

in the case of the degenerative amplifier, the

Furthermore,
if p (the portion of the output voltage fed back to the input)
is obtained by means of a resistance network, the resultant
amplification is essentially independent of frequency.
resultant gain

When
specific

it is

is

inversely proportional to

/3.

desired to have the amplification vary in some

manner with respect

work through which p

to frequency, the feedback net-

obtained can be designed to attenuate those frequencies that are desired in the output of the
is

Thus, if the high frequencies are to be amplified
more than the low frequencies, the high frequencies will be
attenuated in the feedback network more than the low frequencies. The low frequencies will be fed back to the grid
in phase opposition to the input signal, and will therefore be
reduced in the output.
amplifier.

The gain

of a feedback amplifier can be

made independent

of the load impedance if the load impedance is not a part
of the feedback network. This can be understood if it is

assumed that, as the effective load resistance is reduced, the
a-c component of plate potential is correspondingly reduced.
Accordingly, the feedback is reduced and the gain is increased. Thus, the increased gain counteracts the tendency
of the output to drop.

On

the other hand,

if

the effective

an increase in
the a-c component of plate voltage, the feedback is increased
and the gain is reduced in proportion. From these considerload resistance

is

increased so that there

133

is

apparent that the gain can be made substantially
independent of the load resistance.
The gain is independent also of such factors as variations
in supply voltage or aging of the tubes because the gain is
proportional only to the feedback factor.
Feedback amplifiers in which the feedback factor, pA^ is
much larger than 1 (negative feedback) can be used to
reduce nonlinear distortions and noise within the tube. Frequency distortion can also be reduced. In other words, amplitude and phase characteristics can be corrected by means of
ations

it is

negative feedback.

Likewise, the effects of variations in

load and plate voltage supply as well as the effects of tube
aging can be effectively counteracted. The sacrifice for
these advantages

Methods

a reduction in gain.
of obtaining negative feedback.
is

—In a practical

number of
rare instances more

amplifier, negative feedback can be obtained in a

ways and it may involve one, two, or in
than two stages. Also, it may employ
compound feedback.

voltage, current, or

B+
Figure

4—23.—0*gen*rativ«

amplillar •mploying voltag*
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fMdbock.

A common method of obtaining negative feedback employs
a voltage divider

circuit, as

shown

in figure 4r-23.

In this

circuit a portioa of the output voltage is fed to the input

through the ElOl network.
Assume that at a given instant the input
grid

is less

negative.

The

is

such that the

plate current increases and the

plate becomes less positive because of the increased voltage

This reduction in plate potential is fed back
through CI and Rl to the top of B2. Because the electron
flow is from top to ground through ^2, a negative voltage is
added to the positive-going signal through the secondary
of transformer Tl.
Another method of obtaining negative feedback employs
current feedback, as shown in figure 4r-24. In this circuit
the cathode resistor has no bypass capacitor. If it is assumed
across the load.

INPUT

Figure

4—24.

—

Degenerative amplifier employing current feedbock.

that at a given instant the grid

current will then increase.

is less

Because

is

negative, the plate

not bypassed, signal

from ground
to cathode. The regular bias produced by the d-c component
of the plate current will have added to it the bias produced
by the signal component. This additional bias voltage is in
phase opposition to the positive-going voltage on the grid,
and degeneration occurs.
currents in the plate circuit will flow through

135

it

Similarly on the negative half cycle of the input signal

when

the grid

is

made more

negative, the cathode resistor

current and voltage drop decrease, thereby checking the

negative swing of the grid voltage.

The

principle that an output voltage can be developed

across an unbypassed cathode resistor,

is

utilized in the de-

Similarly, the principle that the

sign of cathode followers.

output voltage across a cathode resistor is 180° out of phase
with the output voltage between the plate and ground is
utilized in the design of phase inverters. These circuits are
considered later in this chapter.
If proper phase relations are established, negative feedback involving more than one stage can be employed.
twostage negative-feedback amplifier employing voltage feedback is shown in figure 4—25. Special consideration must be
given to the phase relations throughout the circuit.

A

Rl

—

Cl

A/m

Figure 4—25.

II-

—

Degenerative two-stage amplifier employing voltage feedback.

Assume that at a given
as to make the grid of Fl

instant the input voltage is such

Plate current then
increases in Fl, and the plate voltage decreases, causing the
grid of F2 to become more negative. At the same instant
the plate of F2 becomes more positive because of the reless negative.
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This increase in potential is fed
back through Cl and Rl to the top of Ii2.
The flow of electrons from ground up through Ii2 and ^1
to the left plate of 6'1 develops an additional series voltage
which is added to the normal bias, thus increasing the posiThe increase
tive cathode potential with respect to ground.
in cathode bias reduces the value of the positive-going signal
impressed on the grid. In brief, the input signal is reduced
by the amount of the feedback voltage.
Various combinations of voltage and current feedback
circuits can be employed to satisfy specific requirements.
Thus, a compound feedback employing both current and voltage feedback can be employed in a single stage, or current
feedback can be employed in one stage of a two-stage amplifier section, and in addition voltage feedback can be employed
between the stages.
duction in plate current.

CATHODE FOLLOWERS

To

achieve uniform amplification over a wide frequency

range an amplifier should have a low effective input capacitance and a low effective load impedance. The over-all
response can also be improved by the use of degenerative
feedback. The cathode follower possesses these qualities, and
in addition it can be used to match the impedance of one circuit to that of another.

The cathode follower
fier

is

a single-stage degenerative ampli-

the output of which appears across the unbypassed

The high input impedance and the low output impedance make it particularly useful for matching a

cathode

resistor.

high-impedance source to a low-impedance load. Thus, the
cathode follower might be used between a pulse-generating
stage and a transmission line the effective shunt capacitance
of which might be great enough to cause objectionable
effects.
However, more power can be delivered when the
source is matched to the load. For example, a conventional
amplifier having high output impedance would supply less
power to a low-impedance coaxial line than would a cathode
317093
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follower having an impedance that corresponds to the load

impedance.
The advantages obtained by the use of a cathode follower
can be obtained only at the sacrifice of a yoltage gain that
is less than unity. However, the circuit is capable of producing power gain.
As the name implies, the output voltage follows the input
voltage that is, it has not only the same shape, but also the
same instantaneous polarity (phase).

—

LOAD

Co

ACTUAL CIRCUIT
JP

B

EQUIVALENT CIRCUIT- CONSTANT
VOLTAGE GENERATOR FORM
Figur*

4—26.

—

Conventional cathodo followor and oqwlvalont
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circuit.

Operation

Circuit

A

shown in figure 4-26.
Under no-signal conditions a certain amount of plate current flows through Rk^ and this flow establishes a normal bias.
conventional cathode follower

When a positive-going signal

is

is

applied to the grid, the plate

This increase causes an increase in the
voltage drop across Ru-, making the cathode more positive
with respect to ground than it was under the no-signal condicurrent increases.

When

a negative-going signal is applied to the grid,
the opposite effect occurs. Thus, the polarity of the output
voltage follows the polarity of the voltage applied between
grid and ground.
tion.

Since Rk is not bypassed, degeneration occurs because when
a positive-going signal is impressed on the grid there is an
increase in plate current through Rk and a proportional
increase in the negative bias on the grid.

when a negative-going signal

occurs

is

The opposite

effect

impressed on the grid.

Voltage Gain

An

expression for the voltage gain of a cathode follower

found by referring to the circuits shown in figure 4-26.
The following equation can be established by inspection
is

And
Also

_

.

"

^ n(e,—ipRt)

ne,

r,+Rk

r,-\-Rk

It also follows that
ti{e»

And

ip

— ipRk = ipVp
)

can be solved as
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-f-

ipRky

The output voltage,

eo, is

the product of

ip

and Rk, and

eo=-

Thus, the voltage gain

is

^^-'er

(4-5)

-r,+R,(fi+iy

7,

When

pentodes are used, the amplification factor is very
large compared with unity. Thus, equation (4^5) can be
reduced to

Rk

Rk

V.G.=.

^+5* ^+Rk
M

9m

Because
M gm
It is apparent that the denominator is always greater than
the numerator. Hence, the gain is always less than one.
Input Impedance

The input impedance of a cathode
the effective input capacitance

of a conventional amplifier.

is

follower

high, and

low compared with that

Both of these

from the degenerative action of the cathode

Under

is

no-signal conditions the grid

is

effects result

resistance.

negative with re-

When

a positive-going signal is applied to the grid the bias is increased, because of degenerative
action, to such an extent that no grid current flows. The
result is the same as if the input impedance had been inspect to the cathode.

creased.

The same reasoning can be applied throughout

the

input cycle.
The reduced input capacitance results from the fact that
degeneration reduces the effective input voltage, or in effect
increases the input impedance, and thus causes less current
to flow through the tube capacitances. The cathode follower
has high input impedance and presents negligible loading to
the circuit that drives

it.
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Output Impedance

An

equation for the output impedance of a cathode follower is derived if the numerator and denominator of the
right-hand side of equation (4-4) are first divided by /i+l.

Thus,

—

ip=—
The tube now has an
and an

effective a-c plate resistance of

From

,

,

-n^*

the equivalent circuit of figure 4-26, B, the internal

impedance, Zo (with
of Rk and

rp.

The impedance
tion factor

is

shorted),

fiCg

is

the parallel combination

Therefore,

°

may

effective amplification factor of

„
is

ie.(M+l)+r;

r,

,

generally resistive, and if the amplifica-

large relative to unity, the term "^^(fi+l)"

be reduced to

"^fc/x."

Hence, the resulting equation

can be reduced further by dividing the numerator and de-

nominator by

/-p.

Thus,

Rx

Zo—Ro—
The output impedance
is

a

minimum

low, and accordingly there

of amplitude distortion of the output signal,

although current

is

drawn from the output

Distortion

amplifier

terminals.

Caused by Limiting

Under normal operating
ode-follower

is

Rk

is

conditions, the output of a cathpractically
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free

of

amplitude

distortion.

However,

if

the input signal swings the grid

voltage too far negative the output

waveform

will be limited,

or distorted in amplitude, with respect to the input waveform. Beyond a certain negative value of grid voltage the
plate current will be cut off, and any further increase in
negative grid potential will cause no corresponding decrease
in plate current.

If the signal swings the grid voltage in a positive direction far

enough for the grid

to

draw

current, the loss in

voltage in the driving source limits the output signal and
distortion again occurs.

The cathode-follower

Figure

4—27.—Cothed*

amplifier can be modified

follower

modMod

to

(fig.

4-27)

provont limiting.

to adjust the grid bias to the correct value

when

the cathode

resistance is greater than the value required to give the cor-

In this modified circuit, the grid resistor,
Rg^ is connected to a point above ground on the cathode resistors, Rui and Ru2.
This point is determined by the input
voltage level. Thus the grid bias is reduced by an amount
equal to the drop across ^4-2.
rect grid bias.
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Advantages of Using a Cathode Follower

As

previously stated, one of the principal advantages of

a cathode follower

is

that

it

can be used to match a high-

impedance source to a low-impedance load. Thus, it can
take the voltage developed across a high-impedance source
and supply a low-impedance load with only slightly lees
voltage but with a correspondingly large increase in cur-

One

rent.

or more of the circuit elements of a cathode fol-

lower can be varied to obtain a more precise impedance

match

if

When

the match

is critical.

tubes having a high mutual conductance are used,

the low value of output impedance extends the operation
into the upper range of frequences because the shunting effects of interelectrode

portionately smaller.

and distributed capacitances are proBecause no blocking capacitor is used

A), the low-frequency response is also good.
The degenerative effect caused by the unbypassed cathode

(fig.

4-26,

Thus there is less
the previous stage, and therefore

resistor increases the input impedance.

shunting

effect offered to

this stage has a better frequency response.

As

previously stated, the input and output voltages have

the same instantaneous polarity.

may

When

pulses are used it

be necessary to feed a positive-going or a negative-

going pulse to a load without polarity inversion. Thus the
cathode follower can serve two purposes ^to prevent polarity
inversion and to afford an impedance match.
Circuit stability is also improved, as in regular amplifiers,
by degenerative feedback. For example, amplitude distor-

—

tion occurring within the tube, the effect of plate-supply

voltage variations, aging of tubes, and the production of

harmonics are counteracted by this type of circuit. However, these advantages are obtained at the expense of an
over-all reduction in voltage gain. Normally the voltage
gain is slightly less than unity, but the circuit is capable
of producing a gain in power.
143

PHASE INVERTERS
Since phase is generally associated with time, it is somewhat of a misnomer to apply this term to a device that
simply changes a positive-going signal to a negative-going
signal or vice versa. However, in the case of a sine-wave
signal, the effect is the same as if there had been a 180° phase
shift.

Paraphase amplifiers (phase splitters) produce, from a
single input waveform, two output waveforms that have
opposite instantaneous polarities. If these two waveforms
were produced as the result of a single sine- wave input they
might be considered 180° out of phase, one waveform having
been displaced 180° along the time axis.
One type of phase inverter is the transformer. The instantaneous polarity of the load can be reversed with respect
to the source by reversing either the connections of the
secondary leads of the transformer to the load or the primary
conventional R-C
leads of the transformer to the source.
coupled vacuum-tube amplifier also produces an output the
polarity of which is opposite to that of the input. If no

A

gain

is desired,

unity gain.

various methods can be employed to produce

Either single-tube or two-tube amplifiers can

be used to convert one input

waveform into two output waveSuch amplifiers are called phase

forms of opposite polarity.
SPLITTERS or PARAPHASE AMPLIFIERS because they produce a
pair of phases.

Transformer Phase Inverter

In operation,
ary an emf that

all

transformers produce across the second-

opposed to the change in flux producing
The instantaneous polarity of the actual output voltage
it.
across a load depends on how the leads from the secondary
are connected. A phase inversion of square waves and sine
waves is indicated in figure 4-28. With square waves the
is

polarity has simply been inverted.

applies to sine waves,

it

may

When

this inversion

be more conveniently referred
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to as a 180° phase shift.

The

elfect is the

same as

waveform had been moved 180° along the time
increase

in

voltage

is

desired,

a

axis.

if

the

If no

turns ratio

1-to-l

is

employed.
A transformer with a center-tapped secondary, or one with

(OOOOOOOOAOOOOIOI

Figur* 4—28.

—

^Transformer phase inverslen.

a center-tapped resistor shunting the secondary,

used in
class-B push-pull input circuits to supply instantaneous voltages of opposite polarity to the grids of the tubes, as shown
is

in figure 4r-29.

If at a given instant the polarity of point

X goes negative

with respect to the grounded center tap, point Y will go
positive with respect to the center tap. Thus, a negative
potential will be applied between grid and ground of F2.

At

the same instant a positive potential will be applied be-

I

Figure 4—29.

—

1

Center-tapped transformer driving a push-pull amplifier.
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tween grid and ground of VS. This condition is necessary
for proper operation of a push-pull amplifier. The transformer must be tapped at the exact electrical center. Otherwise, the combined signal present in the output transformer
will not be symmetrical with respect to the tap.
This type of transformer phase inverter has limited application because of distortions and losses inherent in transformers. For example, the loss in voltage through leakage
reactance is greater for higher frequencies than for lower
frequencies. The shunting capacitance losses also increase
with frequency. Because in many circuits harmonics must
be transmitted unattenuated and undistorted, the transformer phase inverter is generally replaced with a circuit
that performs phase inversion without the use of transformers. The paraphrase amplifier is such a circuit.
Electron-Tube Phase Inverter

Every vacuum tube used as a conventional R-C coupled
amplifier introduces polarity inversion

—

^that is,

a negative-

going signal between grid and ground causes a positivegoing signal to be produced across the load. If there is to
be no gain in amplitude some method must be employed to
reduce the normal gain to unity. One method of reducing
the normal gain is through the use of degenerative feedback.
Degenerative feedback is readily obtained by omitting the
cathode bypass capacitor.
Another method of reducing the gain is to employ a voltage divider in the input circuit. For example, if the normal
gain of the tube is 100, the grid would be tapped down on
the divider so that one-hundredth of the available voltage
would be applied between grid and ground. If harmonics
are to be included, some method must be employed to reduce
the input shunting effects of capacitance.
Single-Tube Paraphase Amplifier

One of the
fiers is

simplest forms of single-tube paraphase amplishown in figure 4-30. The values of resistors li2 and
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^3

are the same.

Therefore, their voltage drops are equal

because they carry the same current. The instantaneous
polarities of the a-c signal ctnnponent, however, are opposite because at the instant a positive-going signal is applied
becomes less positive with respect to
to the grid, point

X

Figur* 4—30.

ground and point

Y

—

Singl»-twb« paraphat* ampliflar.

becomes more

positive.

These signals

with the polarities indicated (fig. 4-30) are impressed across
load resistors
and i?5 through blocking capacitors 6^3 and
6'4.
CI is the plate supply bypass capacitor.
This basic type of single-tube paraphase amplifier can be
modified to avoid some of the degenerative action caused by
the unbypassed cathode resistor or it can be compensated to
permit a better frequency response.

Two-Tube Paraphase Amplifier

A two-tube paraphase amplifier utilizes one tube as a regular amplifier and a second tube as a phase inverter.

These

functions can be j)erformed by two sections of the same tube.
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The combination

is

frequently referred to as a phase in-

verter.

One
fiers is

of the simpler forms of two-tube paraphase ampli-

shown

Tube VI operates as a convenhaving normal gain. Tube F2 operates as a
the input of which is reduced to the same

in figure 4-31.

tional amplifier

phase inverter,

Figure 4—31.

—

^Two-tub*

Thus F2

value as the input of Fl.

much

as

Fl and

the output

the zero-voltage reference

A

paraphQM

is

ampliflar.

amplifies the signal as

essentially symmetrical about

line.

positive-going signal on the grid of

Fl

causes an in-

and a reduction in positive plate potential at point X. This reduction in positive potential is
transmitted as a negative-going signal through coupling capacitor 04 to resistors ^6 and R7. The grid input to F2 is
tapped down on resistors ^6 and R7 to feed the proper negative swing in potential to F2. If Fl has a gain of 50, the
crease in plate current
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R7

should be one-fiftieth of the total value of
^6 and /?7. At the instant a positive-going signal is applied
to the grid of Fl a negative-going signal is thus applied to
is inthe grid of F2. The positive potential at point
creased, and a positive-going signal is applied to resistor ^8,
through coupling capacitor C5. At the same time the negative-going signal appears across resistors ^6 and R7.
resistance of

Y

If the operating conditions of the two tubes are carefully

chosen and the circuits are properly adjusted, the two amplified output signals should be essentially undistorted and of
opposite instantaneous polarity. In actual practice this
method presents some difficulty because the adjustments are
critical.
However, it is widely used as a means of driving
class-A push-pull audio power amplifiers.

QUIZ
1.

How

2,

What

are the operating frequency ranges over which amplifiers
operate when classified according to frequency?

8.

Distinguish between voltage and power amplifiers.

4.

5.

6.

are electron-tube amplifiers classified?

Why must the value of load impedance be as large as practicable 4n
a voltage amplifier?
How

does the magnitude of the plate load impedance affect the
power output of a power amplifier?

What

are four classes of amplifier operation with respect to the

type of bias?
7.

What

are the principal characteristics of class-A amplifiers?

8.

What

are the princii)al characteristics of class-B amplifiers?

9.

Why

are push-pull class-B amplifiers used widely for audio power

amplification?
10.

What

Is

11.

What

are the principal characteristics of class-C amplifiers?

12.

What

13.

What

are three types of distortion in amplifiers?

14.

What

are four basic methods of coupling amplifier stages?

the principal characteristic of class-AB amplifiers?

are two types of amplifiers classified according to resonant
quality of load?
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15.

How is amplifier tube behavior simplified for

the purpose of circuit

analysis?
16.

What

is

a widely used method of coupling audio voltage amplifier

stages?
17.

Name

three advantages of R-C coupled amplifiers.

18.

What

is

19.

Name

a disadvantage of impedance-coupled amplifiers.

20.

Name

four advantages of tran.sformer-coupled amplifiers.

21.

Name

four disadvantages of transformer-coupled amplifiers.

22.

Name an

23.

Name

a disadvantage of direct-coupled amplifiers.

24.

What

is

the function of a positive feedback amplifier?

25.

What

is

the function of a negative feedback amplifier?

26.

Name

three advantages of using negative feedback.

27.

Name

four methods of obtaining negative feedback.

28.

What

is

a cathode follower?

29.

What

is

the phase relation between the output and input voltages

an advantage of impedance-coupled amplifiers?

advantage of direct-coupled amplifiers.

of a cathode follower?
30.

How do the input

31.

What

32.

What

impedance and the effective input capacitance of
a cathode follower compare with those of a conventional amplifier?
is the relative magnitude of the output impedance and the
amplitude distortion of a cathode follower?

the effect on the output waveform with respect to the
input waveform of a cathode follower if the input signal swings
is

the grid voltage loo far negative?
33.

Name

four advantages of using a cathode follower.

34.

Name

four types of phase Inverters.

35.

Name two

36.

Omitting what circuit component will produce degenerative feedback in a vacuum-tube amplifier?

37.

Name two methods

disadvantages of a transformer phase inverter.

of reducing the gain

In

an electron-tube

amplifier.
38.

For what purpose are two-tube paraphifee amplifiers widely used?
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CHAPTER
OSCILLATORS
INDUCTANCE-CAPACITANCE OSCILLATORS

An

electronic oscillator is a device for converting direct

current into alternating current at almost any desired fre-

a range of from
about 20 to 20,000 cycles are known as a-f oscillators whereas oscillators operating at higher frequencies are known as

quency.

Oscillators

r-f oscillators.

because of

operating within

A vacutun tube can function as an oscillator

its ability to

amplify.

To

cause an amplifier to

produce sustained oscillations, the output circuit must be
coupled to the input circuit so that a portion of the output
voltage is fed back into the grid circuit in phase with the input signal. This signal is amplified and when it is increased
beyond a certain critical point, sustained oscillations result.
In a vacuum tube there is a normal phase shift of 180°
between the grid and plate signals. Hence, without an
additional shift of 180° the output voltage of one stage returned to the grid of the same stage would oppose the grid
signal and not have the correct polarity to sustain oscillations. Therefore, to provide a regenerative or positive feedback, it is necessary to shift the feedback voltage another 180°
so that it is in phase with the initial grid voltage. In addition the feedback must have sufficient magnitude to supply
the losses in the grid circuit.

The feedback can be accomplished by resistive, capacitive,
or inductive coupling. The frequency of the oscillations produced in a circuit depends upon the values of inductance and
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capacitance in the circuit.

Thus

if

the reactive components

of the oscillator tank circuit are properly selected, the circuit
can be tuned to oscillate at the desired frequency. These
components may be in the grid circuit, the plate circuit, or
both. The oscillations are generated in the tuned circuit
and the vacuum tube functions as a switch that automatically
controls the release of energy into this circuit to maintain

the oscillations.
Principle of Oscillations

A-c

oscillations can

be produced in a tuned L-C circuit by

from an external d-c
A. The resonant tank deter-

periodically charging the capacitor

source as

shown

in figure 5-1,

mines the frequency of the output voltage developed across
the unit. The reactance of the inductor increases and the
reactance of the capacitor decreases as the frequency in-

If the capacitance and inductance are fixed there
is one fundamental frequency at which a resonant interchange of energy occurs between the inductor and the capwiccreases.

itor.

At

this particular frequency the inductive reactance

of the inductor
capacitor.

If switch

C

The

^

is

equal to the capacitive reactance of the

circuit resonates at this frequency.

(fig.

5-1,

A)

is

charges negative at plate

shown

closed momentarily, capacitor

B

and positive

at 0° in figure 5-1, B.

A, as
represented by
at plate

This charge is
the capacitor voltage curve, Cc, which is positive
at this instant.

When

the switch

discharges through inductor

Z

is

maximum

op>ened, the capacitor

at a rate determined

by the

values of inductance and capacitance in the tank circuit.

The discharge

current,

i,

establishes a magnetic field

around

the inductor. The rate of change of current is maximum at
0° and thus the induced emf, f?/,, in the coil is maximum.

When

the capacitor becomes fully discharged, as

shown

at

90° in figure 5-1, B, this magnetic field collapses as the current decreases, inducing in the inductor a voltage that maintains the current flow in the original direction.

This action

charges the capacitor in the opposite direction, as shown at
180°, so that plate A is negative with respect to plate B.
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When

the field has collapsed, the capacitor discharges

again through the inductor, this time in a direction opposite
to the original direction of current flow. The capacitor
voltage is zero when the current is maximum at 270°. This
current establishes a magnetic field of opposite polarity
around the inductor. Thus, a current oscillates back and
forth, alternately charging the capacitor in one direction

and

then in the other. The alternating voltage developed across
the tuned circuit is of sine waveform.
The alternating current has a certain frequency that is
determined by the length of time required to charge and
discharge the capacitor through the inductor. The larger
the values of capacitance and inductance, the longer is the
time required and, therefore, the lower the frequency.
If there were no losses in the resonant circuit, the oscillations would continue indefinitely at the same amplitude because there would be nothing to impede the flow of alternating current. However, all circuits and circuit elements

have some
that

is

effective resistance.

A

portion of the energy

and in the inductor
resistance and represents a

alternately stored in the capacitor

transformed into heat in this
loss of energy.
Therefore, the amplitude of the alternating
current decreases with each succeeding cycle, and eventually
the current ceases to flow. The smaller the value of the
effective resistance in series with the inductor and capacitor
is

the greater

is

the

number of consecutive

impulse of energy introduced to the
the circuit resistance

is

cycles for a single

circuit.

Conversely, if

too great, oscillations cannot be sus-

tained.
Oscillator Circuit

The energy

necessary to sustain oscillations can be sup-

plied to the tank circuit

the switch
5-2, A.

is

(fig.

replaced with a

The energy

5-1,

A) more

vacum

tube, as

conveniently if

shown

in figure

to supply the tank circuit losses

comes

from the battery periodically when the grid signal causes

vacuum tube to conduct. The frequency of this signal
the same as the resonant frequency of the oscillating tank

the
is
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circuit so that the tube permits the battery to furnish energy

to the tank circuit at the correct time.

A)

A

serves as an amplifier.

voltage across the tank

by coupling grid

coil

is

L2

This circuit

(fig.

5-2,

part of the amplified output

fed back to the grid of the tube
to the tank coil

LI

(fig.

5-2, B).

B
Hgur* 5—2.—Simpl*

etcillcrter.

A, Amplifier

circuit;

B, r«9«n«rativ«

omplMcr

circuit.

Thus no external signal is necessary to sustain oscillations.
The tube is grid-leak biased to limit plate current to the desired value and to make the oscillator self -starting.
If the polarity of the feedback
self -excited

ply

is

and continues to

connected.

the oscillations

is correct,

oscillate as

the oscillator

long as the d-c sup-

If the polarity of the feedback

may be started by

If the plate circuit

is

is

incorrect

reversing the leads to L2.

opened, oscillations cease.
15S

is

If the cir-

cuit is closed again, oscillations start because

variations,

any random

no matter how small, are rapidly amplified

to a

greater degree at the start because of the correspondingly

low grid-leak

bias.

Methods of Biasing

As

an amplifier
in which a portion of the amplified output is fed back from
the plate circuit to the grid circuit (fig. 5-2, B). Vacuumtube oscillator circuits usually operate with a high negative
grid bias, which permits plate current to flow only during
previously stated an oscillator

is in reality

the small part of each cycle when the alternating grid voltage is near its positive peak. Also, the grid of the tube is

allowed to draw current. The energy for the grid circuit
must be supplied by the tank circuit. However, the disadvantage of supplying grid-circuit losses from the oscillating tank is more than balanced by the high values of
tank current that result and the increased efficiency in the
conversion of d-c energy into a-c energy.

Frequency of Oscillations

As mentioned

previously, the frequency at which oscilla-

tions take place in a vacuum-tube oscillator is determined

the resonant frequency of the tuned circuit.

mate frequency of

oscillations

is

by

The approxi-

the frequency at which the

inductive reactance equals the capacitive reactance.

Thus,

(5-1)

where /

is

the approximate frequency of oscillation in cycles

per second,
in farads.

L

the inductance in henrys, and

If the value of either

Z

or

C the capacitance

6' is

decreased, the

frequency of oscillations increases. Conversely, if the value
of either Z or (7 is increased, the frequency of oscillations
decreases.
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TYPES OF OSCILLATORS

Vacuum-tube

— (1)

classes

divided

are

oscillators

two main

into

8Elf-cx)Ntrolx.ed, or self-excited, oscillators

crystal-controlled oscillators. A further subdivision is the method of coupling the feedback, such as in-

and

(2)

ductive coupling, external capacitive coupling, or interelec-

Most

trode capacitive coupling.
the person

oscillators are

who first demonstrated

named

after

the practical use and oper-

ation of the oscillator.
Self-Controlled Oscillators

Tickler-coil

shown

oscillator.

—The

tickler-coil

oscillator

in figure 5-3 is the simplest type of self-excited os-

cillator.

circuit.

The tank circuit consists
The feedback from plate

Figur* 5—3.

—

of

Zl and C

in the grid

to grid is accomplished

Tickler-coil oscillator.

by means of transformer action (mutual inductive coupling)
between the tickler coil, Z2, and the grid coil, L\. As mentioned previously, because the tube normally introduces a

phase shift of 180°, the feedback network must provide
another phase shift of 180° so that the feedback voltage is
in phase with the initial grid voltage.
Grid-leak resistor

Rg and capacitor C\
pacitor 6^2

When

is

bias the tube for class-C operation.

Ca-

an r-f bypass around the plate supply, Eb-

the oscillator

is

placed in operation, the bias

is

slightly positive because of the position of the grid in the
electric field existing

the amplification

is

between the cathode and the plate, and

at its

maximum.
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The

plate current rises

very rapidly to a high value limited by the plate voltage.
The rising plate current causes an expanding magnetic field
that induces a voltage in LI. If the coils are connected so
that the polarity of this voltage drives the grid positive, the
increase of plate current is

C

made

During

larger.

this brief

and CI

is

charging due to the voltage induced in Zl,
charging due to the flow of grid current while

the grid

is

positive.

interval,

is

As

a result of the reduction in plate voltage previously
described, the plate current is limited to a maximum finite

As

the current nears this limiting value it increases
C
less rapidly and the voltage induced in LI is reduced.
begins to discharge through LI and the voltage across the
value.

Therefore, the grid starts to go
negative and thus reduces the plate current. This action
causes the magnetic field of L2 to start collapsing and con-

tank begins to decrease.

sequently induces a voltage of reversed polarity in LI.
This voltage accelerates the change in voltage across the

tank ; the plate current falls to zero and the collapsing magnetic field causes 0 to charge in the opposite direction. When
the magnetic field has collapsed completely, C again discharges but the direction of current flow is reversed, and the
grid is driven in a positive direction so that the plate current
again flows and the cycle repeats.
Cl charges when the grid is positive and discharges
through Rg when the grid is negative. If Rg and Cl are
selected so that the R-C time constant is relatively long with
respect to the time for one cycle, a steady voltage is established on Cl. This steady value is the bias voltage that
determines the operating point of the tube.
;

The amplitude

of oscillation becomes stable

when the

en-

ergy fed back from the plate circuit to the grid circuit
is sufficient

to

supply the circuit

losses.

Plate current flows

for only a small part of the cycle but the flywheel action of

the tank maintains the cycle of oscillation.

When

an oscillator circuit is operating, grid current flows
during a part of each cycle. Thus, a test for the proper
158

operation of an oscillator

is

measure the grid current or

to

the grid-bias voltage across Rg.

—

Hartley oscillator. The
shown in figure 5-4, A, is very

Hartley

oscillator

similar to the tickler-coil cir-

In the Hartley oscillator circuit
used instead of the transformer coupling be-

cuit previously described.

a single coil

is

circuit

Figur* 5—4.

—

B

Hartley oscillator.
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A, Series-fod; B, shunt-foci.

tween the plate and grid
SERIES-FED

circuits.

This circuit

HARTLEY OSCILLATOR bccausc

is

called a

the plate voltage

is

and with the part of the coil that is
in the plate circuit. The single-tapped coil, which is part
of a resonant circuit, forms a voltage divider with one section
in the grid circuit and the other in the plate circuit. The

in series with the plate

ratio of a-c plate voltage to a-c grid voltage is equal to

Capacitor G is connected
across the entire coil. Magnetic coupling thus exists between the two sections of the coil. The resonant frequency
The voltage
is determined by the values of 6^, Zl and Z2.
induced in the grid section by the plate section is the feedback
voltage and is applied to the grid of the tube to maintain osThe amount of feedback can be varied by changcillations.
ing the position of the tap on the coil. Bias is developed by
the same method as that used in the circuit shown in figure
the voltage gain of the amplifier.

5-3.

connected as shown in figure 5-4, B, the osCapacicillator is called a shunt-fed Hartley oscillator.
tor C2 couples the variations in plate voltage to Z2 of the
If the circuit

is

tuned circuit but blocks the direct current from the tank.
The r-f choke provides a low resistance path for the direct
current and a high impedance to r-f current.
Colfitts oscillator. The Colpitts oscillator shown in
figure 5-5 is essentially the same as the Hartley oscillator ex-

—

cept that the tank circuit employs a voltage divider consist-

ing of two series-capacitors, one in the grid and the other

r.f

L

Figur*

5—S.

—

Celpiltt oscillator.
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CHOKE

in the plate.

Tlie feedback is called capacitive feedback

obtained from the voltage drop across the tank
capacitor in the grid circuit. Tuning usually is accomplished by varying the inductance L. Shunt feed must be
used because the cathode is connected between the two tank

because

it is

capacitors and there

is

no d-c path from

this point in the

Therefore, grid-bias resistor Rg must be connected directly between the grid and cathode to provide a

tank

circuit.

and the plate supply is returned diThe a-c component of plate voltage

d-c path for grid current
rectly to the cathode.

coupled to the tank by capacitor 6'4.
The a-c component of output voltage appearing between
plate and cathode is coupled through plate blocking capacitor C4t in the form of an electron movement. This electron
movement in turn produces a movement in the plate excitation capacitor 6'2.
Because of inductance Z, this action also
causes a current to flow in capacitor (71. This current reis

sults in a potential difference across
tial difference

across

Cl

02 and C\,

The poten-

excites the grid with the correct

phase and oscillations are sustained.
Tuned-plate tuned-grid oscillator. The tuned-plate
tuned-grid oscillator has a tuned tank circuit in both the grid
and plate circuits, as shown in figure 5-6. This oscillator is
often referred to by the initials "TPTG." Because of their
locations, there is no inductive coupling between the plate
and grid coils. The feedback energy from the plate to the

—

GRID-PLATE

Figure

5-6.—Tun»d-plat«
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tun«d-grid oscillator.

grrid,

necessary to sustain oscillations,

is

fed from the plate to

the jrrid throiip:h the interelectrode capacitance of the tube.

In order

have the feedback voltage of the correct phase,
the plate tank circuit is tuned to a frequency slightly higher
than the grid tank circuit. The tank circuit having the
highest Q determines the frequency of oscillation. This is
usually the grid tank circuit. Varying the tuning of either
tank circuit varies the amount of feedbank. The correct
phase shift of feedback voltage is accomplished by causing
the plate tank to present inductive reactance to the circuit
made up of the grid-plate-tube capacitance and the tuned
to

grid circuit in

series.

Electron-coupled oscillator.

—The load

cillators previously described is

any of the oseither in the form of an
in

amplifier input circuit or of an antenna coupling device.

Any

variation in these external circuits changes the oper-

ating conditions in the plate circuit of the oscillator, and

consequently changes the frequency of oscillations.

An

electron-coupled oscillator circuit having a relatively

high frequency stability

Figure 5—7.

is

shown

in figure 5-7.

The cathode,

—

Electron-coupled oscillator.

control grid, and screen grid

form a

series-fed Hartley os-

with inductive coupling to supply the feedback
energy. The screen of the tube acts as the plate of the oscillator circuit.
The oscillator portion of the circuit is connected to the plate circuit, without external coupling devices,
by means of the electron stream which flows through these
cillator
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elements from cathode to plate. The electron stream actually couples the energy from the oscillator to the plate.
The
control grid determines the amount of current that flows
from the cathode to the plate and the voltage developed
across the parallel resonant plate tank circuit is an amplified
voltage.

Both amplification and

oscillation take place in the

same
from

Because of the isolation of the oscillator section
any load variations, the frequency stability of the electroncoupled oscillator is superior to that of other types of osciltube.

lator circuits previously discussed.

An

increase in screen

voltage decreases the frequency of the oscillations, while an
increase in plate voltage increases the frequency.

There-

tapped down on resistor
the effect of voltage variations in the B-supply will be
counteracted and the oscillator frequency will be unaffected.
Frequency stability is best when the ratio of the plate-toscreen voltage is about 3 to 1.
fore, if the screen grid is properly

Crystal-Controlled Oscillators

The

crystal in a crystal-controlled oscillator is used to

hold the frequency of an oscillator to an exact value. This
type of oscillator depends for its action upon a crystal, usually quartz.
Certain crystalline substances (such as quartz,
Rochelle salt, and tourmaline) exhibit an interesting property.
If a mechanical force is applied to one of these substances, a voltage is developed.
Conversely, if a source of
alternating voltage is applied to such a substance, a change in
the physical shape of the substance results, accompanied by
mechanical vibrations.

This relation between mechanical

and

known

electrical effects is

as the piezoelecttric effect,

Although many substances exhibit
properties, quartz is the most suitable for crys-

previously explained.
piezoelectric

tal oscillators.

Quartz crystals are usually cut into plates from the original crystal. Electrical contact with the crystal plate is
obtained by mounting the crystal between two metal plate
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holders.

A

slight mechanical pressure is exerted

on the

metal plates by a spring device.
When a crystal starts vibrating at its resonant frequency,
only a small force of the same frequency is necessary to
obtain vibrations of a large amplitude. The mechanical
resonant frequency of a crystal depends chiefly upon its
thickness.
When an alternating voltage is applied to a
crystal that has the same mechanical frequency as the applied
voltage, it vibrates. Only a small voltage is necessary to
keep it vibrating and the crystal generates an appreciable
voltage at its resonant frequency.
If a crystal is placed between the grid and cathode of a
vacuum tube and a small amount of energy from the plate
circuit is fed back to it, the circuit acts as an oscillator. The
natural resonant frequency of the crystal is critical. At a
slightly higher or lower frequency, the amplitude of the
crystal vibrations is almost zero, and whisn the crystal stops
vibrating it produces no voltage. Thus, the frequency of a
crystal-controlled oscillator

must be the same as that of the

crystal.
I

.J.-

Figwr* 5—8.

A

-t

—

Cry«tal-controll«<i oscillator.

crystal-controlled oscillator

This circuit

is

the same as the

is

shown

in

figure 5-8.

TPTG oscillator circuit

(fig.

5-6) except that in the crystal -controlled oscillator the crys-

tuned-grid circuit.
to a high-^ resonant tank circuit.

Thus, a crystal is similar
The feedback takes place
through the interelectrode capacitance within the tube from
tal replaces the

plate to grid.
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Oscillations occur at the resonant frequency of the crystal,

and the plate
quency.
circuit is

circuit is

tuned approximately to this fre-

Erratic and unstable operation results if the plate
tuned exactly to the crystal frequency. During

oscillation, the crystal vibrates at its resonant frequency.

The strength of
voltage.

these vibrations depends

If the feedback

is

upon the feedback

too great, the vibrations

may

become strong enough to crack or break the crystal. The
use of a tetrode or a pentode overcomes this difficulty because
the interelectrode capacitance is reduced by the screen grid,
thereby reducing the magnitude of the feedback voltage.
Oscillations are still generated because tetrodes and pentodes
are more sensitive than triodes and require less grid voltage
for satisfactory operation.
If a d-c milliammeter

placed in the battery lead to the
plate-tank circuit (fig. 5-8), and the tuning capacitor now
changed from a low value to a high value (from above to
is

below resonance), the plate current is seen to decrease slowly
to a minimum and then suddenly jump to a maximum. At
this point oscillations
This action is illustrated by
the plate-current tuning curve in figure 5-9.
There is a pronounced rise in plate current at point A when
the crystal oscillator goes out of oscillation that is, going

—

z
lii

a:
q:

D

O

a-

Ui

<
-I
Q.

B

A

TUNING CAPACITANCE INCREASE
Figur* 5—9.

—

Crystal oscillator plato-cwrront tuning curvo.
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from minimum

to

maximum

capacitance the plate circuit

is

tuned slightly above the resonant frequency of the crystal,
and the output of the plate tank circuit becomes maximum
as plate current dips to the minimum at point A. Although
maximum output occurs at this point, a crystal oscillator
should be o{)erated between points B and C on the tuning
curve because the point of maximum output, J., on the curve
produces unstable operation.
The crystal frequency is slightly below the natural resonant frequency of the plate tank. Therefore, the tank looks
like an inductor. The feedback circuit is a series connection
of the plate tank, grid crystal, and plate-to-grid capacitance
of the tube.

As long

as the feedback

is positive,

tor operates at the crystal frequency.

increased beyond

As

the oscilla-

the capacitance

is

the tank suddenly looks like a capacitor

and the feedback becomes negative
Therefore, oscillations cease and plate

instead of an inductor
instead of positive.

current rises rapidly.

Thus

if

the plate tank circuit

—

oscillator becomes very erratic

is

it

A

operated at point

the

may operate intermittently
when cathode

or stop after a brief oscillation.

Also,

used the plate current under load

may rise during tuning and

exceed the nonoscillating value of current.
dition, the oscillator should

Under

bias is

this con-

be operated between the equiv-

B

and C on the corresponding rising plate-current curve (not shown in the figure).
As mentioned previously, the crystal frequency is slightly
below the natural resonant frequency of the plate tank.
Thus, the tank resembles an inductance. The feedback ciralent points

cuit is a series connection of the plate tank, the grid crystal,

and the grid-plate interelectrode capacitance of the tube.
The feedback is positive and the oscillator operates at the
sudden increase

when

the plate tank

is

inductive.

in plate current at point

A

(fig.

crystal frequency

The

5-9) occurs

because the natural resonant frequency of the plate tank

swings from above to below the crystal frequency at this
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Thus, the tank resembles a capacitance instead of an
inductance and the feedback is negative instead of positive

point.

and therefore oscillations cease.

—

Pierce crystal oscillator. ^The Pierce crystal oscillator
is a special type of crystal-controlled oscillator that requires
no tuning control. The circuit for a Pierce crystal oscillator
is shown in figure 5-10. The crystal is connected effectively

Figwr*

5— 10.—^krc*

crystal escilloter.

from plate to grid. The circuit can be considered the equivalent of a Colpitts oscillator with the tuned circuit replaced by
the crystal and the voltage division accomplished through
the plate-to-cathode and grid-to-cathode capacitance of the
tube. This capacitance is represented in the figure by the
broken

lines.

The amount of feedback depends upon

the grid-to-ca-

thode capacitance. A fixed capacitor, 6', is sometimes required between the grid and cathode to provide the proper
amount of excitation for the tube because excitation is not
otherwise capable of adjustment except by a change in plate
voltage. This capacitance is not critical and ordinarily it
is

not necessary to change the capacitor

and provides an

Resistor

the bands are

Capacitor Cl keeps the direct voltage off the crys-

changed.
tal

when

Rg

capacitor

6',

is

r-f

path between the crystal and plate.

the grid-leak resistor which, together with

supplies the grid bias.

of this type of oscillator

is

The chief disadvantage

low output.
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RESISTANCE-CAPACfTANCE OSCILLATORS

Many

oscillators use resistance-capacitance

networks to

provide regrenerative coupling between the output and input
circuits

and

Such

to determine the oscillation frequency.

{R-C) oscillators.
Examples of R-C oscillators are the saw-tooth generator, PHASE SHIFT OSCILLATOR, WIEN-BRIDGE OSCILLATOR, and
free-running mi ltivibrator.

oscillators are called resistance-capacitance

Saw-Tooth Generator
Voltages having saw-tooth waveforms are widely used in
television, radar,

and

test

equipment.

devices for developing this type of

relaxation oscillator,

shown

R

of the simplest

waveform

in figure 5-11,

charged through resistor

is

One

is

A.

the gas-tube

(^apacitor

until the potential across

C
C

reaches a value high enough to ionize the gas in the tube.

Until this time the tube had a high impendance, but

now

impendance drops to a low value and C discharges rapidly through it. "When the voltage across C falls below the
its

ionizing potential, the initial high impendance across the

tube

is

reestablished

and the capactor stops discharging.

Since the voltage across

(' is less

than the value required to

ionize the tube, the capacitor again charges up.

The frequency of

the saw-tooth voltage depends upon the

R-C time constant and is varied by

A consideration

adjusting R.

of figure 5-11, B, indicates that the output

voltage (solid curves) varies between the deionizing potential

and the

ply voltage

firing potentiol of the gas tube.
is

not applied across

the firing potential

is

C

tential is reached,

C

when

stops discharging.

up across the ouput follows

a

full

B-sup-

(broken curves) because

a nuich lower value.

not completely discharge because

The

Likewise

C

does

the deionizing po-

The voltage

built

normal R-C charging curve.

The discharge

follows a similar curve except that the dis-

charge time

only a small fraction of the charge time, be-

is
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SAW-TOOTH
VOLTAGE OUTPUT

NEON SAW-TOOTH GENERATOR

B+ VOLTAGE

UJ

o

FIRING POTENTIAL

_l

O
>

output voltage
Waveform

O

DEIONIZING POTENTIAL

2

DISCHARGE

TIME

WAVEFORMS
cause the resistance of the discharge path

is

only a small

fraction of the resistance of the charging path.

The output voltage curves

for increased

R-C

time constant

and for increased B-supply potential are shown in figure
6-12.
For example, in figure 5-12, A, increasing the resist3179&3

0— 55

12
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B+ SUPPLY VOLTAGE

^

^

FIRING

^

POTENTIAL

/

/)

DEIONIZING POTENTIAL

1/
/

1

1/
1/

TIME

r

A
R-C TIME

CONSTANT INCREASED— FREQUENCY REDUCED
INCREASED B +

^^^^

"

J
/ /

/

^!

/

INITIAL B

^

+

FIRING POTENTIAL

yV

\

DEIONIZING POTENTIAL

/

//
If

f

TIME

B
SUPPLY VOLTAGE INCREASED -FREQUENCY INCREASED
Figure 5—12.

—

Curvet resulting from a variation
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in circuit constants.

increases the time necessary for

ance,

ionizing potential, and the frequency

is

C

to charge to the

correspondingly de-

Increasing the supply voltage (fig. 5-12, B) decreases the time necessary to charge C to the firing potencreased.

tial,

and thus the frequency

increased.

is

The thyratron, or gas-filled triode,

is

generally used to pro-

duce saw-tooth waveforms and has certain advantages over
the simple neon-tube saw-tooth generator. It is more stable
changes in the applied voltage or frequency do not alter its
characteristics so readily; also the deionizing time is re-

duced.

The thyratron

operates

much

the same as the neon

tube except that the ionizing potential

is

controlled by the

The deionizing potential is affected very little by the
grid bias. The more negative the grid with respect to the

grid.

cathode the higher is the ionizing potential and the lower the
frequency.
simple thyratron saw-tooth generator circuit
and the output waveforms with high and low values of grid

A

potential are

shown

The approximate

in figure 5-13.

quency of the saw-tooth voltage

is

fre-

given by the following

equation
1

2.302 i2C log10

— E2
Ed — El

El,

the frequency in cycles per second, R the total
charging resistance in megohms, C the total capacitance in

where /

is

microfarads. Eh the plate supply E2 the deionization potential, and
the ionization potential in volts.
In this circuit the B-supply voltage of course must be
larger than the ionizing potential of the tube.

If a low po-

have greater nonlinearity in
other words, a longer time will be required for the capat'itor,
to become charged, and therefore the full charge curve is
used. On the other hand, if a high voltage is used, only the
lower more linear portion of the curve is utilized before the

tential is used the output will

ionization potential

A

is

;

reached.

gas-tube relaxation oscillator does not produce oscilla-

tions that are stable in frequency.
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It

can be synchronized

+
o—

B

SAW-TOOTH
OUTPUT
VOLTAGE

C

THYRATRON SAW-TOOTH GENERATOR

B+ SUPPLY VOLTAGE
FIRING

UJ
CD

POTENTIAL
LARGE Er.

O
>

FIRING

POTENTIAL
^ SMALL Eg

cc

o
o

DEIONIZING

<

/

^

POTENTIAL

TIME
B

OUTPUT WAVEFORMS
Figure

5— 1 3.—Thyratron saw-tooth

generator.

with a constant frequency, however, by injecting a small
saw-tooth
voltage of the desired frequency on the grid.
oscillator stabilized in this manner is shown in figure 5-14, A.

A

The

oscillator is adjusted until its natural frequency is

somewhat lower than that of the synchronizing

signal, as

indicated by the broken saw-tooth curve (without sync signal ) in figure 5-14, B.
at points

C,

and so

Without the sync signal the tube
forth.

With

fires

the sync signal the firing

potential varies according to the instantaneous value of the

grid potential.

sync signal

is

In other words, when the positive half of the
applied to the grid, the firing potential is re172

points 5, Z>, and so forth. When
the negative half of the sync signal is applied, the firing po-

duced and the tube

fires at

By

applying the synchronizing voltage
the time for each oscillation is reduced from ^6' to BD^ and
the oscillator is locked to the frequency of the sync voltage.
The oscillator may also be locked to a multiple or submultiple of the sync voltage.
The vertical and horizontal sweep oscillators in television
tential is increased.

SAW-TOOTH
OUTPUT VOLTAGE, e

SYNCHRONIZED THYRATRON SAW-TOOTH GENERATOR
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receivers are typical circuits controlled

by sync pulses sent

out by the transmitter.
Phase-Shift Oscillator

The
plifier

phase-shift oscillator circuit consists of a single

am-

As

pre-

tube and a phase-shifting feedback circuit.

viously explained, the conventional feedback oscillator re-

from the plate to the grid be
shifted 180° in order to sustain oscillations. In phase-shift
oscillators this function is accomplished by three resistancecapacitance networks, as shown in figure 5-15, A.
The oscillations are started by any slight circuit changes,

quires that the signal fed back

such as variations in the plate supply, or random tube noises.

OUTPUT

FIgur* 5-15.

—

Phai*-thift oscillator.
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A,

Circuit;

B, vtcter

diagram.

When such disturbances occur, the slight change is amplified,
inverted 180° at the plate, and inverted another 180° by the

R-C network from which

returned in phase with the
original grid excitation voltage of the tube for reampliit is

fication.

When

an alternating voltage is applied to the first R-G
network consisting of capacitor C\ and resistor ^1, a current
flows in this circuit. The magnitude of this current is determined by the total impedance. In this example the impedance is capacitive, and (71 is chosen so that the current, t,
leads the impressed voltage, Ci, by 60° as shown by the vector
diagram in figure 5-15, B. The voltage drop,
which occurs across R\^ is in phase with the current that flows through
it.
Therefore, the voltage, Cn also leads the impressed voltage by 60°.
When the output of this R-C network is applied to the
second and similar R-C network, another shift of 60° of the
output voltage occurs, making the output voltage of the second R-C network 120° ahead of the voltage applied to the

R-C

network.
TMien the output of the second R-C network is applied to
the third and similar R-C network, another shift of 60° ocfirst

curs,

making the voltage applied

the voltage at the input to the

voltage at the grid

is in

to the grid 180° ahead of

first

R-C

network.

Thus, the

the correct phase to sustain oscil-

lations.

The phase-shift

when a

fixed

desired because the three resistors ^1, -ff2, and
must be set to obtain the final phase shift of 180°. To

frequency
iff3

oscillator is used principally

is

increase the oscillation frequency

it is

either the resistance or capacitance.

necessary to decrease

To

decrease the oscil-

lation frequency, it is necessary to increase the resistance or

capacitance.

If the bias on the tube

is

adjusted to a value

that barely allows sustained oscillations, the output wave-

form of the phase-shift

oscillator is almost sinusoidal

and the

frequency stability of the circuit with respect to voltage

changes

is

very good.
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Wten-Bridge Oscillator

The Wien-bridge

5-16) employs a frequency-selective Wien-bridge circuit as the resistance-capacioscillator

tance feedback network.

(fig.

The feedback circuit shows

phase-shifting element of the circuit

Tube Fl

bridge.

that the

a frequency-selective

is

serves as an oscillator

and

amplifier,

and

tube F2 serves as an inverter. This circuit would oscillate
without the R-C bridge because of the 180° phase shift produced by tubes Fl and F2. The voltage fed back to the grid
of Fl then must reinforce the initial signal that causes oscillations to be set

would

up and maintained.

However,

this system

over a very wide range of frequency. Voltages of any frequency or any combination of frequencies can
oscillate

Figure 5—16.

—Wien-bridge

A, Actual

oscillator.
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circuit;

B,

simplified circuit.

The bridge

used to
eliminate feedback voltages of all frequencies except that
frequency desired in the output, and thus provides a stable
output frequency.

cause oscillation.

circuit, therefore, is

A simplified circuit of the Wien-bridge oscillator is shown
in figure 5-16, B.

For

discussion, this circuit

shows the

feedback paths more clearly than figure 5-16, A. The bridge
allows a voltage of only one frequency to be effective in the
circuit because of the degeneration and phase shift provided
by this circuit. Oscillation can take place only at the frequency, /o, that permits the voltage across
(the input
signal to Fl) to be in phase with the output voltage of F2,
and for which the positive feedback voltage exceeds the
negative feedback voltage. Voltages of any other frequency
cause a phase shift between the output of F2 and the input
of Fl and are attenuated by the high degeneration of the
circuit so that the feedback voltage is not adequate to maintain oscillation at any frequency other than /o.
The degenerative feedback voltage is provided by the
voltage divider which consists of resistor

^3 and lamp

The function of / is to compensate automatically

/.

for changes

in the circuit so that sufficient feedback is always applied to

F2. When the current in the circuit increases, the resistance
of the lamp filament increases. A greater negative feedback
voltage is developed across the increased resistance. Thus,

more degeneration is provided which reduces the gain of Fl
and thereby holds the output voltage at a nearly constant
Because there

amplitude.

is

no phase shift across

this volt-

age divider, and because the resistances are practically in-

dependent of frequency, the amplitude of the negative
feedback voltage is constant for all the frequencies that may
be present in the output of F2.

The

regenerative feedback voltage

age divider, which consists of
frequency

is

almost zero.

is

i?l, 6'1,

provided by the volt-

^2, and

6'2.

If the

very high, the reactance of the capacitors
Conversely,

if

the frequency

zero, the current that can flow
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is

is

reduced toward

through either

6'2 or

^2

is

reduced to almost zero by the very high reactance of (71.
Therefore, the voltage between the grid of Fl and ground
falls almost to zero.
At some intermediate frequency the
positive feedback voltage is a maximum but the phase shift
that occurs in the positive feedback circuit permits only a
single frequency to be generated.
The resistance of ^1 is equal to R^. When R10\ equals
the voltage across R2 is in phase with the output voltage of F2. If the frequency of the output of V2 increases,
the voltage across R2 tends to lag the voltage at the plate of
V2. If the frequency decreases, the voltage across R2 leads
the output voltage of F2.
The frequency at which the circuit oscillates is

^^^^

•^"^2tV(^;co'^2^^'
At

this frequency the regenerative feedback voltage

on the

grid of Fl just equals or barely exceeds the degenerative
feedback voltage on the cathode, and the regenerative feed-

back voltage is of the proper phase to sustain oscillation.
At any other frequency, the degenerative feedback voltage
is larger than the regenerative feedback voltage so that resultant

degeneration

of

the

amplifier

suppresses

these

frequencies.

The Wien-bridge

oscillator has

other types of audio oscillators.

It

many advantages over
can be made to produce

a wide range of frequencies; the waveform

is

very nearly a

and the
output- voltage amplitude is nearly constant over a very wide
true sine wave; the frequency stability

is

excellent;

frequency range.
Multivibrator Oscillator

The free-running multivibrator

is

a two-stage resistance-

coupled amplifier with feedback. The plate of the second
stage is coupled to the grid of the first and the plate of the
first to the grid of the second, as shown in figure 5-17.
If plate current rises more rapidly and to a higher value
in Fl than in F2, Epi falls and C2 discharges, making the
^
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grid of

now

Ept

positive.

F2

and blocking F2 so that /pa
charges C\ to i^s and biases Fl

negative,

equals ^Cb,

When

is zero.

slightly

grid bias on

6^2 stops discharging, the

approaches zero and the plate current of

F2

rises.

F2
The

F2 falls and C\ discharges making the grid
Fl negative. Thus the plate current of Fl is cut off.

plate voltage of

of

Figure 5—17.

—

Multivibrator oscillator.

A,

Circuit; B,

voltage and current

relationi.

The

Fl

charges 6'2, and makes the
grid of F2 slightly positive. Hence the plate current of F2
goes to saturation. When C\ stops discharging, the bias on
Fl approaches zero and the plate current of Fl rises. The
plate voltage of Fl falls, and (72 again discharges making
the grid of F2 negative. The plate current of F2 falls to
zero and the plate voltage of F2 rises to Eb. Cl charges to
Eb and biases Fl positive so that the plate current of Fl
again goes to saturation. When C2 stops discharging the
cycle continues to repeat.
plate voltage of

rises,
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The frequency,

/,

of the multivibrator oscillation

termined principally by the grid-leak resistances
and coupling capacitances CI and C2. Thus,

is

de-

Rl and R2

1

/=
The frequency

(5-3)

some extent by the
remaining circuit constants, tube characteristics, and electrode voltages. The three main advantages of the multiis

also influenced to

vibrator oscillator are: (1)

The multivibrator

oscillator can

be adjusted to generate frequencies that range from about
1

cycle per minute to 100,000 cycles per second; (2) the mul-

tivibrator

is

useful because

it

generates a wave that

is

very

rich in harmonics; and (3) because its frequency of oscillation

is

readily controlled.

QUIZ
1.

How

2.

What

are oscillations sustained in a vacuum-tube oscillator?

determines the frequency of the output voltage of an

oscillator?
3.

Name two main

4.

How

classes of oscillators.

the feedback from plate to grid accomplished in a tickler-

is

coil oscillator?
5.

For what class of operation

6.

Under what condition does the amplitude of

is

the tickler-coll oscillator biased?
oscillations

become

stable in an oscillator?
7.

8.

9.

10.

11.

What

How
Why

are two types of plate-voltage feed for Hartley oscillators?
is

the feedback voltage in a Hartley oscillator obtained?

is the feedback in a Colpitts oscillator called capacitive
feedback?

How is the feedback
TPTG oscillator?
Which tank

Q

energy fed from the plate

circuit in a

TPTG

oscillator usually

and determines the frequency of

w

is

has the highest

oscillation ?

the correct phase of the feedback voltage obtained in a

oscillator?
\

to the grid in a
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13.

How

Is

How

is

the oscillator portion of the circuit in an electron-coupled
oscillator connected to the plate circuit?

14.

the frequency of the electron-coupled oscillator
dependent of small variations in the supply voltage?

15.

For what purpose are crystals used

16. In

which

made

in-

in oscillators?

circuit of a crystal oscillator is the crystal included?

17.

How

18.

What advantage

obtained by the use of a tetrode or pentode
in place of a triode in a crystal oscillator when the feedback
voltage becomes excessive?

19.

Explain

unstable operation results in a crystal oscillator
when it is oi)erated at the point of maximum output on a platecurrent-frequency curve.

20.

What

feedback accomplished in the crystal oscillator?

is

is

why

condition must exist between plate and grid to provide posi-

tive feedlmck for a crystal oscillator to operate at the crystal
frequency?
21.

How

the feedback voltage division accomplished in a Pierce

is

crystal oscillator?
22.

What

23.

Name

24.
25.
26.

27.
28.
29.

type of networks are used in audio oscillators to eliminate
L-C tank circuits and to provide regenerative coupling?

How
How
How
How
How
How

four examples of R-C oscillators.

is

the frequency adjusted in a saw-tooth generator?

is

the output voltage of a saw-tooth generator

linear?

the sync voltage applied to a saw-tooth generator?

is
is

made

the output voltage of a saw-tooth generator increased?

are oscillations started in a phase-shift oscillator?
is

30. Is the

feedback accomplished

in phase-shift oscillators?

output frequency of a phase-shift oscillator normally fixed

or variable?
31.

What

is

the puriwse of the

Wien bridge

in the

Wien-bridge

os-

cillator?
32.
33.

Name
Name

main advantages of the Wien-bridge oscillator.
the three main advantages of the multivibrator type of

the four

oscillator.
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CHAPTER

1

ELECTRONIC TEST EQUIPMENT
Electronic test equipment

values of

is

designed to measure the

many unknown quantities

in electric

and electronic

These measurements are used to determine the
operating conditions of electric and electronic equipment.
The accuracy with which they are made depends upon the
type of instrument ^that is, the sensitivity, rated accuracy,
and useful range. The test equipments most commonly used
by I. C. Electricians are the multimeter, tube tester, audio
oscillator, and cathode-ray oscillograph.
circuits.

—

ME-25A/U MULTIMETER
The ME-25A/U multimeter,
volt-ohm-milliammeter,

is

also

known

as an electronic

a combination electronic d-c

and

and milliammeter. It is capable
of measuring direct voltages up to 5,000 volts, alternating
voltages up to 1,000 volts, resistances up to 1,000 megohms,
and direct currents up to 1,000 milliamperes.
a-c voltmeter, ohmmeter,

The multimeter

(fig.

6-1)

contained in a portable metal

is

case provided with a removable hinged cover.

The

meter,

and jacks are mounted on the panel.
The panel is colored gray and the controls are clearly
marked with green and white designations for identification.
switches, connectors,

Operation

The ME-25A/U multimeter
drcuits:

(1)

basic

meter,

(2)
182

consists of the

d-c

voltmeter,

following
(3)

a-c

183

voltmeter, (4) ohmmeter, (5) milliammeter, and (6)
supply.

power

—

is

Basic meter circuit. The basic meter circuit (fig. 6-2)
an electronic bridge. The meter is connected across on©
B+

Figure 6—2.

—

Basic meter circuit.

pair of diagonally opposite corners and the d-c supply volt-

connected across the other pair. These connections
are similar to those of a Wheatstone bridge. The two lower
arms contain the triode elements of twin triode VlOl. The
resistance of these arms is essentially the effective resistance
of the triodes. Grid bias determines the effective resistance
of the twin triode.
The two upper arms of the bridge contain resistors that
terminate in potentiometer R109. This potentiometer is
used to adjust the meter deflection to zero with no input.
Under a condition of balance, the voltage drops across the

age

^

is

114

two lower arms

are equal and there

is

no difference

in poten-

the meter circuit.
When the multimeter is being used as a d-c voltmeter, a
portion of the voltage being measured is applied to one of

tial across

the grids, thus changing the effective resistance of that

and unbalancing the

The

bridge.

arm

difference in potential de-

veloped across the meter circuit causes the meter to deflect
in proportion to the magnitude of the voltage being
measured.
In operation, one of the grids is always grounded and a
voltage is applied to the opposite grid.
If grid G2 is grounded and negative voltage is applied to
grid (xl, a decrease in plate current through triode Tl results. This decrease in current causes the plate voltage of T\
to increase with respect to ground. At the same time, the
voltage across common cathode resistor i?140 decreases.

When the voltage across ^140 decreases it also effectively

de-

causing triode T'2, to draw
more current. When triode T2 draws more current its plate
voltage decreases with re>spect to ground. The increase in
plate voltage of T\ and the decrease in plate voltage of T2
creases the grid bias on triode

7^2,

are additive and the current flow through the meter deflects
the needle up scale.
On the other hand, if the grid of Gl is grounded and a
positive voltage is applied to the grid of <x2, the same action
occurs in Tl and T'2 and the current through the meter increases in the same direction as before and the needle deflects
up scale. However, if a positive voltage is applied to grid

Gl with

(72

grounded, or a negative voltage

grid <x2 with
reverses

Gl grounded,

and the

Resistor

RX

is

applied to

the current through the meter

deflection is in the opposite direction.

is

an adjustable calibrating

arate potentiometer

is

resistor.

used in place of resistor

A sep-

RX for cali-

brating rms and peak-to-peak alternating voltages, direct
voltages,

and

resistances.

—

D-c voiyrMETER CIRCUIT. The d-c voltmeter circuit is
shown in figure 6-3. Voltages up to 1,000 volts are applied
317993

O—55

13
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directly through the d-c probe containing isolating resistor

This isolating resistor in the probe tip inserts 3.3
megohms and prevents capacity loading of the circuits under

^112.
test.

For

measurements a high-voltage extension
screwed onto the end of the regular d-c probe.

5,000- volt d-c

adapter

is

so

Figure

6—3.—D-c

voltmater

circuit.

This high-voltage adapter contains an isolating and voltagedropping resistor of 53.2 megohms. Voltages to be measured
are applied from the adapter to the high end of the voltagedividing network on range selector switch SlOl. Voltages
from this network are fed to grid pin 7 of FlOl for measurements of d-c voltages that are positive with respect to ground,
and to grid pin 2 of FlOl for measurements of voltages that
are negative with respect to ground.
The voltage-dividing network of SlOl is shunted to ground
by a 20-megohm resistor, ^116, in order to effect proper
calibrations of the measuring networks. An additional section is used on selector switch SlOl and comprises resistors
^114, R120, and ^125. These resistors are used respectively
on the

1-, 2.5-,

resistors is to

and

10-volt ranges.

The purposes

of these

permit a small amount of contact potential to

1M

187

be developed on the grid that

not being used in connection
with the main voltage-dividing network section of /S'lOl.

The

is

inactive grid is connected to the slider

arm on

this sec-

Both grids (pins 2 and 7) are bypassed
to ground respectively by capacitors 6^105 and ClOQ. These
capacitors effectively ground the grids to any stray a-c voltages that might be picked up in the input circuits and thus

tion of the switch.

affect the calibration of the

equipment.

The nominal input impedance

for d-c measurements

up

to

megohms. If the voltage being measured is large enough to be read on the 5,000- volt range, highvoltage adapter ^114 can be used to provide for an input impedance of about 66.5 megohms.
A-c VOLTMETER CIRCUIT. The a-c voltmeter circuit is
shown in figure 6-4. Two inputs are provided for a-c voltage measurements. One input for measurements up to 250
1,000 volts is about 13

—

volts is through the voltage-doubling probe circuit using

twin diode F103 and has a frequency range from about 20
cps to more than 100 megacycles. The other input for
measurements up to 1,000 volts has a frequency range from
50 cps to about 3,000 cps. At 12,000 cps the error is 5
percent.

When

peak-to-peak voltage switch

xS'104 is

pressed, the

meter indicates peak-to-peak a-c volts. When /iS'104 is released the meter calibration is in rms volts. Peak-to-peak
voltage measurements are taken with the same a-c probe as
for

rms

values, except for the 1,000- volt range.

Simplified circuits for the voltage doubler used with the
250-volt a-c probe are shown in figure 6-5. In this example
the voltage being measured has an rms value of 10 volts and
a peak value of 10 X 1.4, or 14 volts. During one alternation

A) the probe is positive with respect
Tube F103^ conducts momentarily and charges
(fig.

6-5,

On

to ground.
6^107 to 14

the next alternation (fig. 6-5, B) it is assumed that C107 holds its charge. The probe is now negative with respect to ground.
Tube F103^ conducts and 6'101
charges up to 28 volts, which is the sum of the peak source
voltage and the voltage across 6'107 in series.
volts peak.

1st

The

voltage across ClOl in figure 6-4

is

applied through

decoupling resistor ^101 across the voltage-divider network
associated with range selector switch SlOl. Unless compensated for, the contact potential developed on the plate (pin
7) of F103 will alter the zero position of the meter when
xSlOl is changed. ^103 is adjusted so that the voltage from

VI03B

(B)VI03B CONDUCTING
Figure 6—5.

—

^Voltag*

B+

dowbUr

anQlysit.

supply cancels this contact potential. Thus, it is
usually not necessary to move zero adjust control ^109 when
ranges are changed.
Because a-c voltages are measured between the probe and
ground, rectified voltages from F103 are tapped from the
voltage-divider network by range switch ^S'lOl. This voltage is applied between the grid (pin 2) and ground of FlOl.
The grid bias is thus altered and the bridge is unbalanced.
Meter MlOl deflects as a result of the unbalance and the a-c
voltage at the probe is indicated on the meter scale.
the

1S9

As mentioned

when switch

previously,

the PEAK-TO-PEAK position, the meter

is

operated to
calibrated in terms
xS'104 is

of the peak-to-peak value of the applied voltage. This value
is twice the peak value and 1.4 X 2, or 2.8, times the rms value.

In the PEAK-TO-PEAK position of aS'104 the negative side of the
meter is connected through range switch -S'lOl to one of the
range calibration resistors (^113, /?119, i?124, or ^129) in
series with calibration rheostat /?149.
When switch xS'104 is
in the RMS position, resistor /?150 is connected in series between the negative terminal of the meter and ^149. The
range calibration resistors are not in the meter circuit.
When using the 1,000- volt probe, the meter deflection is
proportional to the average value of the applied alternating
voltage, but is calibrated in terms of its rms value. This
voltage is applied through a dividing network consisting of
resistors ^105 and ^107 (fig. 6-4) and through blocking
capacitor 6'102 to crystal rectifier C^lOl.
voltage from the anode of

CRIOI

^106 between grid pin

is

The

rectified

fed through decoupling

and ground of tube FlOl.
This grid is returned to ground by resistor ^108.
Two charts showing the relation between decibels and
voltages are provided with the meter (fig. 6-6). One chart
is based on the relation that 0 decibel equals 0.001 watt at
600 ohms and the other chart is based on the relation that 0
decibel equals 0.006 watt at 600 ohms. A voltage reading on
the meter can be converted to its relative decibel value by
means of the appropriate chart.
For example, to convert a meter reading of 40 volts (rms)
to its relative decibel value based on the 0.001-watt level:
(1) Locate the 40- volt value on the abscissa; (2) read vertically upward to the intersection of the 600-ohm diagonal
line; and (3) read horizontally across to the ordinate, which
has a value of -I- 35 decibels.
resistor

7

Similarly, the relative decibel value of this 40-volt meter

reading, based on the 0.006- watt level,

Ohmmeter
figure 6-7.

+27

decibels.

ohmmeter circuit is shown in
pin jacks on the meter panel are used for

circuit.

Two

—The

is

190

connecting external resistances to the resistance-measurement
Pin 7 of tube FlOl is opercircuit of the ohmmeter section.
ated at ground p>otential and grid pin 2

is

fed from the 1.5-

BTlOl, through a series of calibration resistors
on the OHMS section of the range selector. With no extervolt battery,

nal resistance connected, grid pin 2

O
Figure

is

operated

*

'

6—7.-—Ohmmeter

a negative

a,t

VA » t-

circuit.

potential of 1.5 volts with respect to ground irrespective of

the range being used.

The ohms adjust, ^144,

adjusted
so that the meter reads full scale, or infinity ohms. With
the

ohms input

is

circuit short-circuited, the zero

adjust

is

adjusted so that the meter reads at the extreme left, or zero
ohms. With an unknown resistor connected across the in-

put terminals marked ohms and gnd and with the range
selector operated to the proper range, the voltage is altered
between grid pin 2 of tube F 101 and ground. Meter MlOl is
calibrated in terms of the

unknown

resistance because the

voltage appearing between the grid and ground

is

propor-

tional to this external resistance.

MiLLiAMMETER
in figure 6-8

is

CIRCUIT.

—The milliammcter circuit shown

a conventional type and measures direct cur192

Figwr* 6—8.

circuit.

The shunt resistance varies
inversely with the range. Always start with the highest
range to avoid possible damage to the meter.
Power supply circuit. The power supply circuit is shown
in figure 6-9. Except for the 1.5-volt battery, BTlOl (fig.
rents

up

MllliamiwfT

to 1,000 milliamperes.

—

6-7), all voltages for the operation of the multimeter are

obtained from the power supply.

Tube F102

connected as
a full- wave rectifier to power supply transformer TlOl. The
primary of this transformer is connected to the power supply
line cord through fuse FlOl and power on-off switch /S'103,
both of which are located on the meter panel.
The transformer has a 350-volt and a 6.3-volt secondary

Figwr* 6-9.

—Power
193

supply

circuit.

is

winding. The 350-volt winding is center-tapped and is returned to ground through resistor ^151. Capacitor (7109
acts as a filter across ^151. Capacitor 6^108 and ^147 filter
the rectified output of F102. The d-c output is applied to
the network consisting of resistors ^146 and ^148 in series
to
between
and ground, and resistor ^151 from
ground. The voltage developed across this network is

B—

B+

approximately 150

The

volts.

for the operation of

all

6.3-volt

winding

is

provided

heaters of the tubes.
Controls

Refer to the schematic diagram of the ME-25A/U multimeter, figure 6-10, and the photograph in figure 6-1 to identify the controls.

Switches and

selbctfors.

—Power switch SIOS

the internal circuits of the equipment.
is

energizes

The power-line cord

connected to a single-phase, 125-volt, 60-cycle power sup-

ply.

The FUNCTION

SELECTOR,

/S'102,

conuects the internal cir-

measuring (1) alternating voltages, either
through the a-c probe or from the 1,000-VAC jack (2) direct voltages, either positive or negative with respect to
ground; (3) resistances in ohms; or (4) direct currents in
cuits to permit

;

milliamperes.

The RANGE SELECTOR, SlOl, sclects the various measurement ranges as determined by the function selector.
The PRESS FOR PEAK-TO-PEAK switch, aS'104, is a springloaded switch that provides for measuring peak-to-peak

When

ternating voltages.
sition the voltage

measured

to zero for

rect voltages,

and

is

in terms of the

full scale,

the adjustment of the

measuring alternating voltages,

di-

resistances.

The OHMS ADJUST,
t-o

normal porms value.

this switch is in the

The ZERO ADJUST, ^109, permits
meter pointer

al-

/?144, provides adjustment of the

meter

or infinity, with the test leads open-circuited.

Connectors and jacks.

—Connector
194

/lOl, marked a-c

195

PROBE,

is

the input connector for alternating-voltage meas-

urements when the a-c probe is used.
Connector e/103, marked d-c volts, is the input connector
for direct- voltage measurements when the d-c probe is used.

marked — mii^s,
are the input jacks for use with two unshielded leads when
Jack

e/104,

marked

-I-

mils, and jack e/105,

direct currents are measured.

marked ohms, is the ouput jack for the red
unshielded lead when resistances are measured.
Jack e/107, marked ond, is the common ground connection
input jack when alternating voltages, direct voltages, and
Jack

e/106,

resistances are measured.

Jack

when

e/102,

marked

1,000

VAC,

is

the input jack for use

alternating voltages are measured with the 1,000-volt

range.

TV-3/U TUBE TESTER
Electron tubes do not last indefinitely. The end of the
useful life of a tube is usually preceded by a reduction in
electron emission

—that

is,

the cathode no longer supplies

number of electrons necessary for proper operation of
the tube. However, a tube may show normal emission and

the

not operate properly because the tube efficiency depends
on the ability of the grid voltage to control the plate curstill

rent.

The dynamic mutual conductance

test is the

curate method for testing electron tubes because

it

most acmeasures

the grid-plate transconductance and indicates the actual operation of the tube and not merely the condition of the emitting surface.

The terms "mutual conductance" and "transconductance"
are used interchangeably.

When

the prefix "dynamic" ac-

companies these terms as in "dynamic mutual conductance"
or "dynamic transconductance," the meaning includes the
effect of load impedance in the plate circuit of the tube being

The dynamic

not the same as the
static characteristic because, when a load impedance is present, the voltage at the plate of the tube differs from plate
supply voltage by the drop in the load impedance.
tested.

characteristic

196

is

The static

change in two
of three quantities, the third being held constant. Thus, the
transconductance of a triode is the change in plate current
divided by a given change in grid voltage while the plate
voltage is held constant. On the other hand, the dynamic
transconductance is the change in plate current divided by a
given change in grid voltage, when a plate load impedance
exists in the plate circuit, and the plate voltage is allowed
characteristic of a tube involves a

to swing.

Very often the prefix "dynamic" is omitted for the sake
of brevity. If "dynamic" is omitted, the meaning can be
identified by looking for the plate-load impedance in the
plate circuit of the tube being tested.

pedance

is

If the plate-load im-

dynamic.
6-11) is contained in a porta-

included, the characteristic obtained

The TV-3/U tube tester

(fig.

is

aluminum case with a built-in compartment for accessories and is provided with a removable hinged cover. The
ble

Figure 6-1

1

.

—TV-3/U
197

tub* tester.

meter, switches, connectors, and controls are mounted on the

meter panel and are clearly marked for identification.
The tube tester is of the dynamic transconductance type.
It is designed to test and measure the values of transconductance of receiving tubes and many small transmitting tubes.
In addition to the tube tester section, this equipment includes
a multimeter section using the same indicating meter. The
tube tester is capable of measuring transconductances up to
15,000 micromhos, direct and alternating voltages up to 1,000
volts, resistances up to 100 megohms, capacitances up to 50
microfarads, and direct currents up to 200 milliamperes.

Tub* Tester Section Operation

The TV-3/U tube tester
(1)

power supply,

(2)

consists of the following circuits

line- voltage test,

(3)

short-circuit

test,

(4) rectifier test, (5) transconductance test, (6)

test,

(7) noise test, (8) voltmeter, (9)

ohmmeter, (10) ca-

and (11) milliammeter.
PowEK SUPPLY ciRcurr. The power supply

pacity

gas

test,

—

circuit

is

shown

All voltages for the operation of the tube
tester are obtained from the power supply transformer, TlOl.
The primary of this transformer is connected to a singlephase, 105- to 125-volt, 50- to 1,600-cycle source through
in figure 6-12.

power switch SlOQ, line adjust control ^113, and fuse lamp
^102. When the line adjust control is oi)erated in conjunction with the line test circuit, it standardizes the voltage at
93 volts across the primary of transformer TlOl.

Secondary winding 1 of power transformer TlOl consists
of a multitapped winding designed to supply the various
filament voltages for the tubes being tested, and also for
rectifier

emission

tests.

The

voltages indicated in figure

6-12 are for the condition of rated load. The no-load voltages are somewhat higher. For example, the no-load voltage measured from point
to point / is approximately 124
volts with 93 volts on the primary.
Secondary windings 2 and 3 supply approximately 170

H

volts to the plates of tube FlOl,
19t

which supplies plate voltage

to the tube being tested. Secondary winding 2 is also tapped to the tube being tested. Secondary winding 2 is also
tapped at 20 volts to supply voltage for diode emission tests.

Secondary winding 4 is a center-tapped 5-volt winding,
which supplies filament voltage for rectifier tube FlOl.
TO Rice
TO
SI 12

TO

RIOI

a

5)02-2

•TO SI03- SELECTED FlLAMEha VOLTAGE
FOR TUBE UNDER TEST

SEC#1

RC3
|

lOOKV-CT

—O^+

vwvwv

COMMON FILAMENT CONHeCTION
sio4;ai2^K Scmot

TO

'TO

a.

SII3

>T0 CENTER ARM R1I2 B SIOe-2
OtOOE PB SW SI02-I

TO

(D

RI06

SEC #2 I2K

®
TWI

TO RI09,SI02-4 a SII2
TO GM Pe SW SI02-4,CK>2,R120 S RI24

—O

OFF
c

r^o-ON
SOS

TORIII,Rl28.Sll2aSK32-3

TO

RIIO

T0RI04a SK)2-6

TO SI07

106

TO 129 VA.C.

TO SI02-4 a SI02-3

Figur*

6— 12.—Power
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supply

circuit.

Secondary winding 5 supplies an a-c signal of 5 volts for
transconductance

tests.

Secondary winding 6 is a center-tapped 320-volt winding
which supplies the plates of screen voltage rectifier F102.

Tube F102 supplies a

of the
applied across a voltage

rectified voltage for the screen

tube under test. This voltage is
divider which consists of resistors ^114, ^115, ^116, and
^118. Bias control resistor ^116 and adjustable resistor
^118 provide the bias for transconductance tests.

Secondary winding 7 is a center-tapped 5-volt winding
which supplies the filament of tube F102.
LiJfE-voLTAOE TEST. Pressing the hue adj push switch
P7 (fig. 6-11) connects meter MlOl through resistor ^101
and / of the
and copper oxide rectifier CRIOI to points
power supply (fig. 6-12). A simplified schematic of the

—

H

line-voltage test circuit is

shown

in figure 6-13.

MlOl

TO POINT® ON
POWER SUPPLY

Fifwa 6-1 3.

Resistor

200 VOLT
AC RANGE

—

SimpliflMl lin*-voltag«

tMt

circuit.

^101 is in series with the meter and its rectifier. Resistors
^131 and ^133 are in series across the meter. The calibration is such that when the secondary voltage across points
ff and / of winding 1 is 124 volts (rms) the meter indication is 100 volts or line test. With 93 volts across the primary of noi, the secondary voltage across winding 2 (points

H and

line adj push switch
P7 is held down, and line adjust control ^113 is turned
until the pointer of meter MlOl is over the line test mark.
/)

is

124 volts.

Therefore,

200

if

a standard voltage of 93 volts (rms) is applied across the
primary of T^lOl.
Short-circuit test. An alternating voltage of 93 volts
is applied from the primary of transformer T'lOl to the
circuit for testing shorts in tube elements. The circuit (fig.
6-14) includes capacitor (7105, the various elements of the

—

TO TERMINALS OF TUBE
BEING TESTED THROUGH
SELECTOR SWITCHES AND
SHORTS TEST SWITCH
TO PR!
OFTIOI

JI07

o

NOISE

I03TEST
JACKS
TOPRI.
OFTIOI

^

SBS"
Figure 6-14.

—

^^'"^

^Siiert-circwil t«t».

tube under test, a neon lamp, and shorts test switch S113.
The SELECTORS must be set correctly for the tube being tested.
Any shorts that develop between the tube elements will complete the circuit from capacitor (7105 to the neon lamp and
cause the lamp to glow.

Figure 6-15.
3 1 7993

O— 55

14

—

RectMar ftt
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circuit.

—

Rectifier test. The rectifier test circuit (fig. 6-15) is
used for making emission tests only, of diode tubes and diode
sections of multipurpose tubes because these tubes have no
transconductance characteristics.
Push switch PS (fig. 6-11) is used for testing regular
power rectifier tubes such as the type-5Y3. Pressing this
push switch applies an a-c potential of 35 volts between the
cathode and plate of the tube being tested and through resistor ^102 and meter MlOl in series, causing the tube to
rectify.
The rectifying action of the tube being tested causes
a direct current to flow through the meter. The current indicated by the meter is proportional to the electron emission
of the tube. Good tubes cause the meter pointer to indicate
above the point in the center of the scale marked rectifier

Tubes reading below this line should be rejected.
Push switch P2 (fig. 6-11) is used for checking coldcathode rectifiers such as the type OZ4. Pressing this
OK.

switch establishes a circuit similar to that shown in figure
6-15 but applies an a-c potential of 287 volts between the

cathode and plate of the tube under test. This voltage is
sufficiently high to ionize the tube and start conduction.
Good tubes cause the pointer to indicate above the point in
the center of the scale

Push switch PI

marked rectifier

ok.

used for testing detector
diodes.
Pressing this switch establishes a circuit similar to
that shown in figure 6-15 but applies an a-c potential of 20
volts to protect the delicate cathodes of these tubes. Good
tubes cause the pointer to indicate above the point marked
(fig.

6-11)

is

rectifier ok.

Transconductance

test.

cuit (fig. 6-16) is used to

—The transconductance

test cir-

measure directly the mutual con-

ductance of amplifier- type vacuum tubes because the emission test is not sufficient.
ffm, is

The value

expressed in micromhos and

tion of the tube because it

is

of transconductance,

a performance indica-

shows how

effectively a tube is

converting a small change in grid voltage to a large change in
plate current.

The

propjer d-c grid bias for the tube being
202

tested is supplied

by

trol potentiometer

rectifier

^116

tube F102.

Setting bias con-

at the value indicated

on the

test-

data chart adjusts this negative bias voltage to the correct
value for the particular tube being tested.
An alternating potential of 5 volts rms from secondary
winding 5 of power transformer T'lOl is applied in series

with the grid

bias.

This voltage alternately swings the grid
HSOVOC

Figura 6—16.

—

Trantconductanc* test

circuit.

in positive and negative directions from the d-c bias, thereby

producing the grid-voltage change ( A
namic transconductance test.

The

e^)

,

required for a dy-

plate voltage for the tube being tested

is

supplied by

another full-wave rectifier tube, FlOl. The meter that measures the plate-current change ( A ^) , is in the return circuit
of the rectifier supply. The meter circuit consists essentially
of a dual potentiometer formed by resistors ^112 and R117
shunted across the meter. Setting dial 7102 (fig. 6-11) on
certain points adjust the dual potentiometer for the three

ranges of micromhos (3,000; 6,000; and 15,000) for the
NORMAL HIGH SIGNAL of 5 volts and for the two ranges of
;

micromhos

(6,000

and

16,000) for the
203

low signal of

1 volt.

Gas

test.

—Pressing

gas 1 push switch

P6

{fig.

6-11)

applies definite values of plate voltage and grid-bias voltage
to the tube under test, causing a definite value of plate current
to flow.

shown

The

plate current is indicated on meter

MlOl

as

in the simplified circuit for the gas test (fig. 6-17).

RIOT

<
TO CONNECTION

1800

PUSH BUTTON

THROUGH RII2 10-^9
CONNECTION
ON POWER ^ ^
4 ARROWS INDICATE
SUPPLY
\ ELECTRON FLOW

®

X X

MlOl
Figwra 6-1 7.

—Oat tMt

circuit.

Pressing gas 2 push switch PQ inserts a 180,000-ohm resistor,
^104, in the grid circuit. If reverse grid current flows from
the bias source through the grid circuit to the cathode because
of gas in the tube, this current develops a voltage drop across

This voltage drop reduces the negative bias
on the grid, causing a corresponding increase in the plate
current being measured by meter MlOl. If the tube contains gas, the pointer of the meter will move up scale. This
increase in meter reading should not exceed 1 scale division.
Noise test. The short-circuit test (fig. 6-14) is also used
for making noise tests of electron tubes. Noise test jacks
/106 and /107 are connected to the antenna and ground posts
of any radio receiver thus shunting the neon lamp across the
receiver input.
Shorts test switch SllZ is then turned
resistor RlOi.

—

204

tfirough positions
is lightly

An

tapped.

and

while the tube being tested
intermittent short between tube eleo

1, 2, 3, 4,

5,

trodes applies alternating voltage from the power trans-

former to the neon lamp. The intermittent oscillations that
occur in the neon lamp when the circuit is completed by the
short are reproduced by the loudspeaker or headphones as
an audible signal similar to static
Multim«t»r Section Operation

The TV-3/U tube tester includes a multimeter section
which may be used to measure direct or alternating volts,
ohms, d-c milliamperes, or microfarads. When the multimeter section is used, the ll-position master switch, S112
(fig. 6-11), is the range selector switch which connects the
indicating meter in the appropriate circuit, depending on
the type of measurement and magnitude of the quantity
involved.

Voltmeter
(fig.

ciRCurr.

—^The

6-18) consists of meter

in series with i?133.

and ^139)
the series

is
is

d-c

and

a-c voltmeter circuit

MlOl shunted by

A series of resistors

tapped to provide range
connected to the

resistor

(i?132,

selection.

common

CRIOI

6— It.—0-c and
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i?138

One end of

connection between
1000 V

Figwre

RlSl

a-c voltmttvr

circuit.

TO(@lCT

0NS£C#4
OF POWER
SUPPLY.

70 JUNCTION
OF RII2 AND
RU7.

A Ohms -XI

TO
ON
OF POWER

RANGE

,RI24

RI20

:40K

390

SUPPLY

O.
J 104

RI30

RII9

;i900

390K

RI26
172.2

RI27
35.92

(

jMIOI

RI28
3-98

TO JUNCTION
OF RII2 AND

J 103

RII7

B OhiM-XIOORANGE
Fi^ur* 6—19.

—Ohmmatcr
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circuit.

^133 and ^131.

Master switch

aS'112

connects jack /104 to

the proper tap of the series resistors for the selected volt-

meter range.

When direct voltages
6'^101

is

are measured, copper oxide rectifier

disconnected by switch Slli.

When

alternating

voltages are measured, copper oxide rectifier 6'^101 acts as

a full-wave rectifier conducting current through the meter
in the same direction on both alternations of the input voltage. The meter sensitivity for both direct- and alternatingvoltage measurements is 1,000 ohms per volt. The ranges
for both direct and alternating voltages are 0-20, 0-200,0-500,

and

0-1,000 volts.

Ohmmeter

—The

ohmmeter circuit (fig. ^19)
consists of the ohms-2!'l range and the ohms-XlOO range,
shown respectively in figure 6-19, A and B. Each range has
cibcdit.

a voltage-divider network that is selected by master switch
>S'112 (fig. 6-11) which also connects meter MlOl across part
,

of the voltage divider. No batteries are used in this circuit.
The power to operate the meter is obtained from the built-in
power supply. Therefore, when resistances are measured,
power switch SIOQ (fig. 6-11) must be turned on. The unknown resistance is shunted across a portion of the voltagedivider network including the meter, so that the deflection
varies with the unknown resistance.
When master switch S112 is set on the ohms-XI range,
the ohms scale reads directly. The center of the scale is
2,000 ohms and can be read from 10 ohms to 1 megohm.

When
the scale

master switch
is

aS'112 is set

multiplied by 100.

on the ohms-XIOO range,

The

center of the scale

ohms and can be read from
megohms.
CAPAOmr TEST ciHCurr. The capacity
200,000

—

in figure 6-20.

A

1,000

test circuit is

standard a-c potential

the capacitor which

is

ohms

is

is

to 100

shown

applied across

connected to jacks /103 and e/104 in

RV65 or ^136, depending upon
the range selected by master switch S112. The current
through the resistors varies with the unknown capacity.

series with either resistor
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RI35-e5

TO POINT ON
POWER SUPPLY
I

VOLTMETER ACROSS RESISTOR
JI03

TO POINT D ON
POWER SUPPLY

J 104

-9

CAPACITY

I

;

^--Hr-'
Figur* 6—20.

The voltage drop

—

Capacity

test circuit.

across either series resistor

RIS5 or ^136

measured by meter MlOl which is calibrated directly in
microfarads. Capacity is measured in two ranges, 0-5 and
is

0-50 microfarads.

MiLLiAMMETER

—The

milliammeter circuit (fig.
6-21) is of the conventional type for measuring d-c milliamperes. This circuit consists of a 0-20 and a 0-200 milliCIRCUIT.

200 JU A
2365 OHMS

RI27

20 MILS
SII2

JI04
Figure 6—21.

—

Milfiamm«ter

208

circuit.

ampere

When

taking readings always use the
highest range first to avoid possible damage to the meter.
Range switch aS'112 changes the range from 200 mils to 20
mils without removing the shunt from the meter movement
range.

during the

transition.

Controls

All controls for the TV-3/U tube tester are shown on the
control panel (fig. 6-11).
Toggle swrrcHES. Power input to the equipment is controlled by oN-OFF switch aS'106.
Toggle switch
marked normal-low signal, provides

—

for the selection of either 5 alternating volts or 1 alternating
volt for exciting the grid of the tube under test.

marked meter-revebse-normal, reverses the polarity of voltage applied to meter MlOl when
Toggle switch

*S'lll,

certain types of tubes are tested.

Toggle switch >iS'114, marked cap a-c and d-c, connects
copper oxide rectifier CRIOI in the analyzer circuit for
measuring alternating voltage and capacity only.
Selector swrrcHES. Master switch aS'112 sets up the
proper internal circuit connections either for the tube tester

—

section or for the multimeter section.

marked filament voltage, provides
for the selection of filament voltages from 1.1 through 117
alternating volts in 17 steps. The position marked blst
Selector switch

aS'IOI,

provides for testing ballast tubes.
Selector switches aVIOS and

-1^104,

both marked filament;

S105 marked grid SlOS marked plate yiS'109 marked screen
SllO marked cathode; and <S'115 marked suppressor provide
;

;

;

proper switching of the internal circuits to apply correct test
voltages to the various pins of the tube under
Selector switch

aS'113,

test.

marked shorts, has five test positions

which connect the various elements of the tube under test to
the short test circuit containing neon indicator lamp ^103.
A sixth position, marked tube test, connects the tube to the
test circuits after the short test is completed.

209

Line adjust ^113 controls the input voltage to

(1)

power

transformer TlOl for proper standardization of the tube
tester section,

and

(2) the

Bias control ^116

ohms and capacity

circuits.

used to adjust to the proper value the
bias voltage applied to the tube under test.
The SHUNT control is a dual potentiometer consisting of
resistors

is

^112 and ^117, and

meter circuit to the proper

Push

switches.

—Push

controls the sensitivity of the

level for the tube

under

test.

switches actuate the final circuit

selector switches for the type of test to be

made.

Push switch PI, marked diode, is used for low-power
diodes such as type-6H6 tubes.
Push switch P2, mailed 0Z4, is used for cold-cathode
rectifiers

such as type-0Z4 tubes.

Push switch PS, marked rect, is used for rectifiers such as
types 5Y3, 6X4, and 83.
Push switch P4: (red), marked Gm, is used for testing the
transconductance of amplifier tubes only.

Push switch P5, marked gas 1; and push switch PQ,
marked gas 2, are used for testing the gas content of tubes.
Push switch P7y marked line adj, is used for adjusting
the

line.

For more

detailed instructions refer to the appropriate

manufacturer's instruction book furnished with the equip-

ment

in use aboard

your ship.

LAJ-.2

The LAJ-2 audio

AUDIO OSCILLATOR
oscillator is a resistance-capacitance

type of equipment that generates audio frequencies.

It is

used to check the performance of audio amplifiers.

The audio

oscillator (fig. 6-22) is cx)ntained in a portable

The controls
clearly marked for

metal case provided with a removable cover.
are mounted on the front panel and are
identification.

mum

The equipment

is

designed to deliver a maxi-

of 250 milliwatts (12.2 volts)

with the attenuator control

into a 600-ohm load

set to full gain.

210

Higher im-

FLgura 6—22.

—LAJ—

2 audio

oscillator.

pedances increase the maximum available output voltage
without appreciably altering the output waveform. Lower
impedances lower the maximum available output voltage and
cause a distortion of the output waveform.
Operation

A

schematic diagram of the LAJ-2 audio oscillator is
shown in figure 6-23. This equipment consists of (1) twostage resistance-capacitance oscillator, (2) two-stage amplifier, (3) attenuator, and (4) power supply.
211

212

—

Oscillator circuit. The oscillator circuit (fig. 6-23) is
basically a two-stage amplifier coupled to a Wien bridge.

The Wien bridge

oscillator is discussed in chapter 5.

portion of the output of tube

F 102

is

A

fed back to the grid of

tube FlOl as positive feedback. In addition, negative feedback is employed in the proper phase relation to stabilize
the operation of the oscillator and keep the output constant
over a wide range of frequencies.
The FREQUENCY -DETERMINING NETWC«K (fig. 6-23) COnsistS
of two banks of variable capacitors and two groups of reThe resistor group consistors wired to range switch aS'101.
sisting of resistors ^102, ^104, and ^106 is in series with the
associated variable capacitor bank, 6^102. The resistor
group consisting of resistors ^101, ^103, and ^105 is in
parallel with the associated variable capacitor, bank, C7101.

The

values of the series group of resistors and the parallel

group of

resistors are fixed for each range.

The system

is

designed so that the voltage applied to the

control grid of oscillator tube FlOl

is in

phase with the

voltage applied to the entire frequency-determining net-

work.

Also, the grid voltage

is

always one-third of the

volt-

age applied to the entire network.

The

resonant frequency of the network

is

inversely pro-

portional to the product of the resistance and capacitance.

Large changes

in resonant frequency are possible for a given

components by adjustment of capacitors ClOl and 6^102
(fig. 6-23). A frequency change of more than 10 to 1 is accomplished with each set of resistors and the ^udio frequency
range is covered by using three separate sets of resistance
set of

values.

The frequency

of the oscillator

is

determined by the equa-

tion

Resistors ^101, /?104, and

Rg when
Resistors ^101, ^103, and

^106 are designated

used in the circuit one at a time.
213

as

^105

are designated as

time.

Resistor

in the circuit one at a

in series with variable capacitor

is

for a given range.

Rp when used

Resistor

Rp

is in

parallel with variable

The capacitance of

capacitor C\0\ for the same range.

C102
(7102

designated as C, and the capacitance of (7101 as Cp.
Tuning capacitors ClOl and C102 are ganged together so
that Cp is equal to C,. The values of Rg and Rp are equal for
is

a given range.

The frequency

of the oscillator

is

determined by the sim-

Rg

in

ohms, and Ct'm farads.

plified equation

where /

is

in cycles per second,

The NEGATIVE FEEDBACK

voltage in the oscillator

tained from the output oscillator tube F102 and

is

is ob-

fed back

The magnitude

to the cathode of oscillator tube FlOl.

of

determined by the resistor network
consisting of variable resistor ^108, resistor ^107, capacitor
(7104, and incandescent lamp ^109. The lamp has a positive
temperature coefficient but has sufficient thermal inertia so
that its temperature is substantially constant at all audio

the negative feedback

frequencies.

is

Because of

its

positive temperature coefficient,

the oscillations cannot build up to a value in excess of the

power rating of tube FlOl.

The

creases with increased current.
circuit of tube

FlOl

resistance of the

lamp

in-

Degeneration in the cathode

increases, causing less amplification in

the oscillator with increased plate current.

Hence, the lamp

serves as an automatic amplitude limiter.

Amplifier circuit.

—^The

amplifier circuit

(fig.

6-23)

is

a two-stage, negative- feedback power amplifier using out-

put tube F104 as a cathode follower. The output is taken
from autotransformer T\Q% in the cathode circuit of tube
F104.

Capacitor (7110 couples the autotransformer to the

from which negative feedback is coupled
through resistor ^122 to the grid of tube F103. The negaoutput

circuit,

tive feedback in this circuit provides a
214

minimum

distortion

and maintains the gain of the amplifier substantially constant over a wide range of frequencies.
Attenuator circuit. ^The output of the amplifier is fed
into a 600-ohm constant-impedance attenuator circuit (fig.

—

The range

6-23).

from less than

1

of the attenuator

is

continuously variable

The

decibel to almost complete attenuation.

attenuator maintains the load on the amplifier and oscillator
Therefore, the oscillator frequency

constant.

does not

change with different settings of the amplifier control.
Power supply circuit. All voltages for this equipment
are obtained from the power supply circuit (fig. 6-23), which
utilizes transformer nOl. The primary of this transformer
is connected to the power-line cord through fuse FlOl and on-

—

off switch S102.

The transformer has a 550-volt and a 6.3-volt secondary
winding. The 550-volt winding is center-tapped and is fed
to rectifier tube F105, which

The output of

is

connected for full-wave

which

recti-

287 volts, is filtered by the pi filter consisting of capacitor ^'lll, inductor
ZlOl, and capacitor C112 and then is fed to the plates of the
tubes. The rated voltage across output capacitor (7112 is
fication.

274

this tube,

is

volts.

The

6.3-volt

winding

is

provided for the operation of

all

a-c heaters of the tubes.

Controls

Frequency control

dial.

(1) basic frequency scale

frequency (XI) scale
second.

The

is

—The frequency control dial has

and

The

(2) linear scale.

calibrated

from 20

to 200 cycles per

linear scale, located beneath the frequency

scale, is calibrated

from 0 to

100.

This scale

is

for the con-

venience of the operator for reference purposes.

quency control knob,

6^101, provides a

means of

frequency indicated on the frequency control

Range switch.
range
range

XI

basic

The

fre-

selecting the
dial.

—The range switch, SlOl, consists of

(1)

from 20 to 200 cycles per second; (2)
XIO calibrated from 200 to 2,000 cycles per second;
calibrated

215

and

(3) range
per second.

XlOO

calibrated

from 2,000

to 20,000 cycles

—

Attenuator control knob. The attenuator control knob,
^128, varies the power output of the equipment. Rotating
the control knob clockwise increases the power output to its

maximum

value.

Terminals.

—The output voltage

obtained from the two
terminal posts, one marked output and the other marked
OND. The terminal post marked ond is grounded to the
chassis but

it is

is

not connected to the incoming power source.

The LAJ-2 equipment

is

through an audio amplifier
section or stage.

The

often used to trace a signal

in order to locate the defective

oscillator supplies the audio signal,

which can be detected at various test points by means of a
sound-powered telephone, cathode-ray oscilloscope, or highimpedance voltmeter. A vacuum-tube voltmeter can be used
for this purpose but it will not indicate any distortion that

may

be present.

The audio

and the sound-powered telephone require the insertion of an isolating capacitor in series with the
test probes to protect them from d-c voltages present in the
amplifier.

oscillator

A

suitable rating for such a capacitor is O.Olfi/

at 600 volts for

No

most amplifier

circuits.

attempt should be made to trace signals on high-power

output stages having direct voltages in excess of 500

The audio

oscillator

may

volts.

be used in connection with trac-

ing a signal through a resistance-coupled audio amplifier,

The audio oscillator is connected
between grid and ground of Fl through an isolating capacitor.
One side of the sound-powered telephone being used
to pick up the audio signal is grounded and the other is connected through a capacitor to the numbered test points. The
Then the
oscillator is turned on and allowed to warm up.
as

shown

in figure 6-24.

output frequency

is

adjusted to about 1,000 cycles per second.

The

signal should be heard

test

probe

is

when

the ungrounded earphone

touched to test point
21*

1.

If

it is

not heard,

the circuit

may

be open at the input jack or the grid of

may be grounded.
When the earphone test probe is touched to

VI

point 3 the sig-

nal should increase in amplitude compared to test point

Rgwr*

6-24.—Tracing a

If the signal

may be

weak, Cl

is

may

an owdie

ompliflcr.

be open or shorted, or

Fl

defective.

If the signal

is

Cl may be open.
point 3 and is not heard

heard at point

2,

normal at
C2 may be open or the grid of F2 grounded.

If the signal
4,

signal through

1.

If the signal

is

is

weak or distorted

at point 4,

at point

C2 may be

Coipling capacitors should have an insulation resistance of at least 50 megohms.
If C2 develops a leak, part of the B-supply voltage is apshorted or leaky.

plied to the grid of

F2 and

the bias

is

reduced thus causing

and possible overloading of F2.
If the signal is normal at test point 7 and below normal at
the trouble is probably in F3, R7y or C6.
If the signal is normal at 9 and no sound emanates from

distortion

9,

the loudspeaker, the voice coil

rf there

is

former Tl

is

is

probably open.

no signal at 10, the secondary of output transprobably open or grounded.

The LAJ-2 equipment

is

used advantageously for com-

paring waveforms, checking values of inductance and capacitance, comparing and calibrating frequencies, and many
other applications.
317998

O—56
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Figura 6—25.
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1

cathed*-ray etcillograph.

OBL-1 CATHODE-RAY OSCILLOGRAPH

The OBL-1 cathode-ray

oscillograph

(fig.

6-25)

is

a spe-

type of circuit using a cathode-ray tube in which a fastmoving stream of electrons is formed into a narrow beam
and allowed to strike a fluorescent screen. When the electrons strike the screen they cause it to fluoresce, or glow, and
cial

thus to produce an instantaneous visual trace.
indicating element

is

an electron beam,

has practically no

and therefore responds to rapidly changing elecvalues that cannot be detected by a mechanical indicat-

inertia
trical

it

Because the

ing system.
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This equipment

used principally to measure direct voltages, alternating voltages, phase relations, frequencies, and
is

the amplitudes and durations of waveforms.
The cathode-ray oscillograph is a self-contained portable
unit housed in a metal cabinet provided with a carrying

handle.

The

controls necessary for the operation of this

equipment are mounted on the front panel and are clearly
marked for identification. A 115/230- volt power selector
switch,

located at the rear of the chassis.

is

Operation

The OBL-l cathode-ray

an
indicating device designed to show the relation between an
unknown quantity plotted along the F-axis and a known
quantity plotted along the X-axis. This equipment conoscillograph

is

essentially

of (1) cathode-ray tube, (2) time-base (sweep-frequency) generator, (3) y-axis amplifier, (4) X-axis amplisists

fier,

cuit,

The

power supply.

sweep cirgenerates a saw-tooth voltage waveform which is ap-

and

(5)

plied to the X-axis so that the

time-base, or

unknown quantity can be plot-

ted as a linear function of time.

Cathode-ray tube.

—The

consists of a cathode, grid,

ANODE

Figur* 6—26.

two anodes, and two

I

VERTICAL
DEFLECTION
PLATES

—

Elactrottalic d*fl»ction
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(fig.

6-26)

sets of de-

HORIZONTAL
DEFLECTION
PLATES

ANODE 2

GRiD

CATHODE

cathode-ray tube

FLORESCENT
SCREEN

cathod**ray tub*.

flection

plates enclosed within an evacuated glass tube.

These elements permit the electron beam to be changed in intensity, focused, and deflected either horizontally or vertically.

The

electron

gun

(fig.

6-27), which shoots a stream of

toward the screen, consists of the cathode, control
grid, and two anodes.
electrons

CONTROL GRID

.FIRST ANODE

/

^

-CATHODE
Figure 6—27.

The cathode

OXIDE COATING

SECOND ANODE'

—Cutaway vi«w

of

an alcetron gun.

of the indirectly heated type. It is a small
nickel sleeve having an oxide coating on the end adjacent
to the anodes, and a filament enclosed within the sleeve.

When

is

the cathode

the tube.

is

heated, a space charge forms within

Practically all the emission

is

limited to the end

of the cathode having the oxide coating.

The grid is a cylindrical shield that covers the cathode.
The flat end of the grid adjacent to the anodes has a small
hole through its center. The grid effectively controls the
emission from the cathode and at the same time concentrates
the electrons into a

narow beam

as they pass through the

hole in the grid.

Anode

operated at a positive potential with respect
to the grid and anode 2 is operated at a still higher positive
potential with respect to the grid. Thus, the electrons emitted from the cathode are directed and accelerated toward the
anodes. When the electrons leave the grid they pass through
anode 1 which trims the edges of the beam and then through
anode 2 which increases the speed of the beam.
1 is
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The

difference in potential between the

two anodes

sets

up

an electric field between them. The action of this field
bends the electron beam, thus producing a converging, or
focusing, action on the beam. The beam continues on between the vertical and horizontal deflection plates and strikes
the screen which fluoresces at the point of impact.
With no potential applied to the deflecting plates, the
electron beam appears as a bright spot on the center of the
screen.

In order to produce a pattern on the screen, the electron
beam is deflected by two forces that act at right angles to
each other. If a positive charge is applied to the right horizontal deflection plate, the spot will

move

to the right in

proportion to the applied voltage because the stream of
electrons is electrostatically attracted to the plate having an
opposite charge. Likewise, if a negative charge is applied
to the same plate, the spot will move to the left in proportion to the applied voltage because the stream of electrons
is electrostatically repelled from the plate having a like
charge. Hence, an alternating voltage applied to the horizontal deflection plates cause the spot to move to one side
from the center (along the X-axis), to return to center, then
to move to the other side and return. This motion is continuously repeated until the voltage is removed from the
deflection plates.

Except at very low frequencies, the

and the

i>ersistence of vision

persistence of the fluorescent screen cause the pattern

on the screen to have the appearance of a straight line. Deflections representing time are usually produced by applying
a saw-tooth voltage to the horizontal deflection plates. Horizontal circuit connections are designated as X-axis terminals.

Likewise, an alternating voltage applied to the vertical

move up from the center
center, then move down and

deflection plates causes the spot to

(along the F-axis), return to
return.

Deflections representing amplitude are usually pro-

duced by applying voltage to the
221

vertical deflection plates.

Vertical circuit connections are designated as F-axis ter-

minals.

The amount of

deflection

depends principally upon (1)

the amplitude of the voltages applied to the deflection plates
and (2) the speed of the electrons in the beam. The de-

depends to some extent on the distance of the deflection plates from the screen.
If the plates are moved
farther from the screen the deflection is greater for a given
voltage. Because the spacing of the deflection plates in a
given tube is fixed and the speed of the electrons as they
flection

gun is fixed for a given accelerating pothe movement of the spot on the screen depends only

leave the electron
tential,

on the voltage applied to the deflection plates.
The amount that the electron beam is moved by a change
of 1 volt across the deflection plates

SENsmviTY of the
flection plates are

tube.

is

called the deplectign

For increased

made longer

sensitivity the de-

so that the electrons remain

in the electric field for a longer time.

When

the plates are

lengthened, they are usually bent out toward the glass envelope.

This bending of the plates

the electron

beam from

condition of

maximum

The

is

necessary to prevent

striking the deflection plates at the
deflection.

by

intensity, or brightness, of the spot is controlled

varying the bias on the grid. Therefore, when a negative
charge is placed on the grid, a relatively small number of
electrons can reach the screen, thus resulting in a spot of

low

intensity.

Conversely, as the negative charge

is

re-

duced, the number of electrons permitted to pass the grid

is

increased, thus resulting in a spot of high intensity.

The

intensity modulation of the spot or trace is controlled

by applying a signal voltage of known frequency to the
grid. The variations of this signal voltage modulate the
emitted beam causing the spot or trace to become brighter or
dimmer. This principle is used to provide reference points
on the trace or pattern. The terminals connected to this
circuit are designated as the Z-axis terminals.
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A

schematic diagram of the cathode-ray tube circuit is
shown in figure 6-28. The necessary voltages for operating
this tube are obtained from the power supply through the
voltage-divider network consisting of resistors

^38.

The

intensity of the

beam

is

-ff33

through

adjusted by moving the

potentiometer arm on ^33. This action changes the grid
Focusing to the desired sharpness is obtained by movbias.
to provide the correct
ing the potentiometer arm on
potential for anode 1. Anode 2 is grounded and is thus at
a high positive potential with respect to the cathode.

um

tmn
9

Figwr*

6-21.—Circuit diagram
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MRi

9

of tht cathed«-ray fub«.

A voltage-divider network is provided for positioning the
spot on the screen.

Dual potentiometer R25 controls the

and ^28 controls the horizontal position.
When the arms of both R26 and B2S are in their midpositions, the d-c voltages across both sets of plates are zero and
the spot is centered on the screen.
When the arms of ^28 are set to give zero voltage on the
horizontal deflecting plates, the spot appears somewhere
along the F-axis, depending on the position of the arms of
Moving the arms of R25 from the extreme left position
to the extreme right position moves the spot along the vertical axis from the lower to the upper edge of the screen.
Conversely, when the arms of R25 are set to give zero
vertical position

voltage on the vertical deflecting plates, the spot appears

along the X-axis, depending on the position of the arms of
^28. Moving the arms of ^28 from the extreme left position to the extreme right position moves the spot along the
horizontal axis from the right to the left edge of the screen.
The vertical and horizontal positioning controls apply d-c
voltages across corresponding pairs of deflection plates.
These voltages establish the static position of the spot on the
screen. At the same time the circuits permit the application
of a-c signal voltages across the plates with the formation
of various screen patterns. Adjusting the positioning control then changes the position of the pattern on the screen.
Time-base generator. When the cathode-ray tube is used

—

waveforms the test signal is applied
to one pair of deflecting plates at the same time a voltage that

to investigate voltage

varies linearly with respect to time

pair of plates.

The

is

applied to the other

screen pattern then shows the instan-

taneous values of a-c voltage occurring over a period of time.

The

time-base voltage

is

produced by an

R-C

ing a saw-tooth output voltage waveform

The

oscillator hav-

(fig.

6-29).

employing a thyratron discharge tube across capacitor bank CIO to C16. Varying the capacitance from 0.2 (if to 100 fifif varies the output
frequency from a low to a high value. With one capacitor
oscillator is of the relaxation type
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selected, the voltage across

to time.
plate.

it

rises exponentially

with respect

Thyratron F6 receives this rising voltage on

When

its

the voltage increases to the ionization value

the tube conducts and the capacitor discharges rapidly

through the tube from cathode to

plate.

Thus the output

fStOv

Figure

6—29.—Tlm*-bot*

TO tt

gciMrater.

voltage consists of a gradually rising voltage over a period
of time, at the end of which the voltage drops quickly to a

low value.

The

Thus the output waveform resembles a saw tooth.

ionization potential of

F6 depends on

the grid bias deoutput frequency depends on the

veloped across R21. The
time required to charge the capacitor shunted by VQ.
Capacitors 6^10 through 6^15 are selectively connected in
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makes the period of the signal and the period of the sweep
equal. Thus the signal pattern appears stationary
on the
screen.

This condition

is

called synchronization.

In operation, the linear saw-tooth output voltage
plied to the horizontal plates of the cathode-ray
tube.
voltage is used to deflect the spot or trace along
the

is

ap-

This
X-axis of

the screen from left to right at a constant
velocity, then to

CAPACITOR
VOLTAGE

SYNC
VOLTAGE
GRID
BIAS

—

Figor* 6-30.

Synchreniiotien of a

swMp

voltag*.

return the spot almost instantly
to its original starting position from which the cycle
This
is repeated continuously.
action is called the sweep
voltage, or sweep signal, and the
rate at which the cycles are
repeated is called the svrRt^ fre-

quency.

That

portion of the wave during which the spot
carried along the horizontal axis
is located between points
A. and
(fig. 6-30) thus
representing the sweep time. That
portion of the wave between
points B and C represents the
return time, or flyback time—
that is, the period during
which the voltage decreases
from maximum to minimum
and during which the spot is
returned to its original starting
IS

B

position.

237

parallel with tube F6, through switch 84, so that individual

sweep
frequency. Resistor R20 limits the peak current drawn by
tube F6 when the capacitor discharges through it. The plate
voltage is obtained through resistors ^23 and

selections can be obtained for coarse adjustment of the

Potentiometer R24:

is

used to select the correct value of re-

and thus allows for fine adjustment of the sweep frequency. As selected by cx)arse preQUENCT switch aS'4, the capacitor {CIO to 015) is allowed to
charge to a relatively low potential determined by the ionization potential of tube F6. This voltage is set by a fixed negative bias obtained from the bleeder consisting of resistors
R21 and R22 on the low-voltage power supply.
Capacitor 07 blocks any external direct voltage from the
grid of tube F6 when an external synchronizing signal is
sistance in the plate circuit

used.

If the frequency of the sweep generator
ferent

from that of the

is

slightly dif-

signal, the pattern will drift slowly

one way or the other across the screen. To stabilize the
pattern, the frequency of the sweep generator is made equal
to, or a multiple of, the signal frequency.
The sweep frequency is then controlled automatically by applying a portion of the signal voltage to the grid of tube F6 so that the
tube fires at a particular voltage. The synchronization relies on the influence that the grid exerts on the ionization of
the tube. The frequency of the sweep generator varies with
the ionization potential of the tube. The higher the ionization potential, the lower is the frequency, if the R-0 time
constant is unchanged.
The relation between the sweep generator voltage and a
signal voltage of sine waveform, shown in figure 6-30, represents a condition in which the two frequencies are not quite

the same.

The sync

an ionizes the tube.

signal lowers the grid bias of tube

The sweep frequency

made equal

F6

to
the signal frequency by injecting a portion of the signal
frequency as a sync signal in series with the grid-bias supply.
When the signal voltage has a positive peak, the sync voltage
also has a positive peak and the tube ionizes. This action
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is

makes the period of the signal and the period of the sweep
equal. Thus the signal pattern appears stationary on the
This condition

screen.

is

called synchronization.

In operation, the linear saw-tooth output voltage

is

ap-

This
the spot or trace along the X-axis of

plied to the horizontal plates of the cathode-ray tube.

voltage

is

used to deflect

the screen from left to right at a constant velocity, then to

CAPACITOR
VOLTAGE

SYNC

Figur*

6-30.—-Synchreniiatien

of a

twMp

voltag*.

almost instantly to its original starting position from which the cycle is repeated continuously. This
action is called the sweep voltage, or sweep signal, and the
return the

s{>ot

sweep freThat portion of the wave during which the spot

rate at which the cycles are repeated

QUENCT.
is

carried along the horizontal axis

A

and

B

(fig.

is

is

called the

located between points

6-30) thus representing the sweep time.

That

portion of the wave between points B and C represents the
return time, or flyback time that is, the period during

—

which the voltage decreases from maximum to minimum
and during which the spot is returned to its original starting
position.
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Y-AXIS AMPLIFIER. The F-axis amplifier (fig. 6-31) increases the amplitude of the test signal from the external
circuit before it

is

applied to the vertical deflection plates.

It is a video amplifier with

good frequency response ranging

from a few cycles to more than 2 megacycles.
SI-S2

TO SI-SZ

Figure 6—31.

The incoming

—

Y-axis ampliflar.

examined is applied to
the y-axis terminals marked input and ond. These terminals are connected through capacitor Cl so that only the a-c
component of the signal appears across gain control potentiometer ^1. Capacitor C2S compensates for high-frequency phase shift when the contact arm of ^1 is at a posisition near the grounded end of the resistor.
This compensation improves the frequency response of gain control ^1 so
that the signal applied to the grid of VI has the same waveform as that applied to the input terminals.
The signal variations appearing on the grid of tube Fl
signal that

is

to be

cause variations in the plate-current flow.

The

signal-volt-

age variations appear in opposite phase and are greatly amplified across the plate load of tube Fl, consisting of resistor
R4: and inductor LI in series.
Inductor LI improves the
228

frequency response of the circuit. The value of this inductance is such that its reactance at higher frequencies causes
an effective increase in the plate load. This increase compensates for the shunt loading effect of normal circuit capacities that would otherwise cause a loss of gain at the higher
frequencies.

Tube F2

acts as a phase inverter,

making

it

possible to

apply the output signals to the vertical deflecting plates so
that their effect on the electron beam is additive.
A signal applied to the grid of Fl also appears across
cathode resistor Ii2 because of the variations in plate current through Fl. When the grid voltage of Fl swings in
a positive direction, the voltage applied to the grid of F2
swings in a negative direction because the two grids are connected in opposite phase with respect to the applied signal.
The signal on the grid of Fl undergoes a 180° phase inversion when it appears at the plate of Fl. Likewise, the signal applied to the grid of
sion

when

it

F2 undergoes

a 180° phase inver-

Because the two

appears at the plate of F2.

inputs are 180° out of phase, the two outputs are also 180°

out of phase.

The

plate of

tical deflecting plates

Fl

is

coupled to one of the ver-

and the plate of F2

to the other.

as the signal swings the plate voltage of

plate voltage of
is

F2 swings

Fl

Thus

positive, the

negative and the electron

beam

attracted by one deflecting plate at the

repelled by the other.

DEFLECTION.

The

This action

amplifier

is

is

called

same time it is
known as push-pull
a cathode-coupled

PARAPHA8E AMPLIFIER.
X-AXIS amplefier. The X-axis amplifier increases the
amplitude of the signal applied to the horizontal deflection
plates.
The horizontal amplifier must handle a wide range
of frequencies to keep the sweep linear.
The X-amplifier circuit and the y-amplifier circuit pre-

—

viously described are identical.
cuit

makes provision

for connection to

A

switch in the input cir-

from the X-axis terminal or
the output of the sweep generator.
for input
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Power supply

—The

power supply circuit (fig.
6-32) consists of a low- voltage section and a high- voltage
Power transformer Tl is provided with a double
section.
primary winding that can be connected either as a series or
as a parallel winding by means of selector switch S5 so that
the equipment can be operated either from a 115-volt or a
circuit.

Figur* 6—32.

—Power

supply

circuit.

230- volt single-phase power supply.

In addition to the filatubes, two filament second-

ment secondaries for the rectifier
aries marked X-X' and Z-Z are provided.
The X-X' connection supplies the heaters of the amplifier
and sweep generator tubes. One side of this winding is
grounded. A lead connecting the other side of this winding through a limiting resistor to a test sig jack on the front
panel provides a convenient connection to a source of powerline frequency.

The Z-Z winding is connected
230

to the heater of cathode-ray

Power

tube VS.
switch

The

to transformer

Tl

is

controlled by

power

through fuse Fl.

low- voltage section provides the power for operating

Tube F7

the amplifiers and the sweep generator.

wave rectifier the output of which

is filtered

input network consisting of capacitor
capacitor ^16.

The high-voltage

6^17,

is

a

full-

by the capacitorinductor Z5, and

section provides the voltages necessary

for operating the cathode-ray tube.

The

high- voltage sup-

ply is negative with respect to ground because it facilitates
the application of voltages to the deflection plates, which
are nearly at ground potential. Tube F8 is a half-wave
high-voltage rectifier, the output of which is filtered by capacitor 6720, resistor ^33, and capacitor ^19. This output
then fed to the cathode-ray bleeder network from which
the various potentials are obtained for cathode-ray tube F3.
is

Controls

The efficient operation of the OBL-1

oscillograph depends

upon the

correct selection of input terminals

positions,

and the proper adjustment of the various controls

(fig.

6-25).

Beam

controls.

and switch

—power swttch SQ, which energizes the
by the intensfty control knob. The
knob is in the extreme counterclock-

oscillograph, is operated

power

is

off when this

wise position.

The INTENSITY

control,

iff 33,

adjusts the intensity, or bril-

liance, of the pattern

on the screen of the cathode-ray tube.

When

is

the equipment

energized, this control

midposition until the trace app>ears, and then

is set
is

at the

adjusted

until the trace has the desired intensity.

The Foous

control,

iff35,

adjusts the clarity and sharpness

of the pattern appearing on the screen.

Because the focus

and INTENSITY controls are independent of each other, there
is an optimum setting of the focus control for each position
of the INTENSITY coutrol.
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The Y-AXiB

position, ^25, adjusts the spot or trace along

the F-axis of the cathode- ray tube screen.

When the control

turned clockwise, the spot is moved upward and when
the control knob is turned counterclockwise, the spot is moved

knob

is

downward.
The X-AXIS position, ^8, adjusts the spot or trace along
the X-AXIS of the cathode-ray tube screen. When the control knob is turned clockwise, the spot is moved to the right
and when this knob is turned counterlclockwise, the spot is

moved

to the left.

Time-base controls.

—The coarse frequency rotary

selec-

provides a means of selecting the approximate
frequency range for the time-base generator. This switch
has seven contact positions marked on the front panel. The
tor switch,

aS'4,

sweep circuit is inoperative when

this switch is in the

counterclockwise position marked off.
pointer

is

When

extreme

the control

turned to any of the other six positions, the time-

base output

is

when the
The sweep-

applied to the horizontal amplifier

X-axis INPUT switch knob points to time-base.
frequency range is determined by the pointer position of the
COARSE FREQUENCY Switch.

The FINE FREQUENCY

coutrol, i?24, provides a

means of

adjusting precisely the frequency after the range has been

by the coarse frequency switch. As the control
knob is turned clockwise, the frequency becomes higher.
The SYNC SELECTOR, SS, is a single-pole, double-throw
selected

toggle switch which selects the source of the synchronizing
signal applied to the time-base generator.
is in

When this switch

the ext position, the synchronizing signal

to the EXT

SYNC terminal.

When

position, a portion of the signal

is

applied

this switch is in the

from the plate

int

circuit of the

vertical amplifier is used to synchronize the time-base generator.

The SYNC AMPLITUDE, Rl7^

adjusts the value of the syn-

chronizing signal applied to the time-base generator.
the control knob

is

As

turned clockwise, the signal amplitude
232

is

This increase in signal amplitude increases the

increased.

synchronizing voltage, resulting in a proportional increase
in the degree of control over the time-base generator. When
in the position marked "0," the time-base generator is in a
free-running condition.
Amplifier gain controls. The F-axis gain control, ^1,
provides a means of adjusting the proportion of input signal
that is applied to the grid of the vertical amplifier tube.
Turning the gain clockwise applies greater signal amplitude, thereby increasing the amplifier output, and resulting

—

in

a greater vertical beam deflection.
The X-axis gain control, ^10, provides a means of ad-

justing the proportion of input signal that

grid of the horizontal amplifier tube.
clockwise

applies

greater

signal

is

applied to the

Turning the gain

amplitude, thereby in-

creasing the amplifier output, and resulting in a greater
horizontal

beam

This gain control

deflection.

to regulate the time-base signal amplitude

base circuit

is

also used

when

the time-

in operation.

is

Input switches.
typ>e of input

—The

F-axis input switch selects the
to be applied to the

(direct or amplified)

vertical deflection plates of the cathode-ray tube.

the switch

is

in the position

plifier is disconnected

signal

is

is

from the

dir, the vertical

circuit

is in

fed to

am-

and the F-axis input

fed directly to the vertical deflection plates.

the switch
signal

marked

When

When

marked amp, the F-axis input
the grid of the vertical amplifier and the

the position

output of the amplifier

is

then fed to the vertical deflection

plates.

The X-axis input switch

selects the

type of input (direct

or amplified) to be applied to the horizontal deflection plates
of the cathode-ray tube.

marked dir, the horizontal
circuit

When

amplifier

is

and the X-axis input signal

horizontal deflection plates.
sition

the switch

When

disconnected from the

0—55

16
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fed directly to the

is

the switch

marked amp, the X-axis input

317993

the position

is in

signal

is
is

in the po-

fed to the

grid of the horizontal amplifier and the output of the ampli-

This switch
has an additional position marked time-base which is used
when it is desired to connect the time-base generator output
to the X-axis amplifier.
Input terminals. The F-axis input terminal provides
a means of connecting an external signal to the Z-axis input
switch from which the signal is applied either directly or
fier is

fed to the horizontal deflection plates.

—

through the vertical amplifier to the vertical deflection
plates.

The X-axis input terminal provides

a means of connecting

an external signal to the X-axis input switch from which
the signal is applied either directly or through the horizontal
amplifier to the horizontal deflection plates.

The TEST

means of connecting a
sinusoidal test signal of power-line frequency (from transformer secondary winding marked X-X') and applying it
8IG terminal provides a

along either the F-axis or the X-axis.

The EXT SYNC terminal provides a means of connecting an
external synchronizing signal to the sync selector switch

from which

this external signal can be applied to the time-

base generator.

The Z-axis input terminal provides a means of connecting
a modulating signal to the control grid of the cathode-ray

The modulating voltage

tube.

varies the intensity of the

beam.

The GND terminals provide convenient grounding points
for establishing

common grounds between

and the equipment that

is

the oscillograph

being tested.

Detailed instructions concerning the installation, operation,

and maintenance of the oscillograph are contained

in

manufacturers' instruction books.

Before operating this
equipment, refer to the appropriate manufacturer's instruction book furnished with the equipment in use aboard

your

ship.
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QUIZ
What

electrical

2.

What

six basic parts

3.

What

is

4.

How

1.

5.

measurements can be made with the multimeter,
or volt-ohm-milliammeter, when testing electronic circuits and
components?

the basic meter circuit?

the basic meter circuit connected ?

is

When

comprise the multimeter?

taking direct voltage measurements,

how

are voltages up

to 1,000 volts applied to the multimeter?
6.

When

taking direct voltage measurements,
1,000 volts applied to the multimeter?

how

are voltages above

7.

When

taking alternating voltage measurements,
up to 250 volts applied to the multimeter ?

how

are voltages

8.

When

how

are voltages

9.

taking alternating voltage measurements,
above 250 volts applied to the multimeter?

Define the prefix "dynamic" as used In the expression "dynamic
mutual conductance," or "dynamic transconductance."

10.

Why is the dynamic mutual conductance test preferred to an
emission test?

11.

What

eleven electrical circuits comprise the tube tester?

12.

What

is

13.

What

test Is

14.

What

is

the purpose of the transconductance test?

15.

What

is

the principle of operation of the tube gas test?

What

indication is reproduced by the loudspeaker or headphones

16.

the purpose of the line- voltage test?

used to indicate the condition of a diode?

when conducting a

noise test on a tube?

17.

Name

three

18.

Name

four measurements that

ways

of using

an audio

oscillator in electronic testing.

may

be

made with

a cathode-ray

oscillograph.
19.

Name five principal

20.

What

21.

What

22.

What

parts of a cathode-ray oscillograph.

elements comprise the electron gun of the cathode-ray tube?

are the polarities of anodes
with respect to the control grid?

1

and 2 of the electron gun

are the functions of anodes 1 and 2 of the electron gun?
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23.

What is the appearance of the electron beam on the screen of a
cathode-ray tube if no deflection potentials are api^ied?

24.

What

is

the appearance of the electron

of a cathode-ray tube

when an

beam

(spot) on the screen

alternating voltage is applied only

to the horizontal deflecting plates?
25.

What

is

the appearance of the electron

of a cathode-ray tube

when an

beam

(spot) on the screen

alternating voltage

is

applied only

to the vertical deflecting plates?
26.

Name two factors

27.

How

is

that affect the magnitude of the

beam

deflection.

the Intensity (brightness) of the spot on the screen of a

cathode- ray tube controlled?
28.

What

is

the function of the time-base generator of an oscillograph?

29.

What

is

the purpose of the Y-axis amplifier?

80.

What

is

the purpose of the X-axis amplifier?
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CHAPTER
ALARM AND WARNING SYSTEMS
Alarm and warning systems

are provided in naval vessels

to indicate abnormal or dangerous conditions in time to pre-

vent casualties to machinery and personnel. The lubricating-oil low-pressure alarm system, for example, must provide an audible signal to indicate improper operation of the
lube-oil system for a particular engine before dangerous conditions occur.

The

principal components of shipboard alarm and warn-

ing systems are: (1) switches, (2) relays, (3) push switches,
(4) thermostats, (5) audible signals,
or indicators.

and

(6) visual signals

SWITCHES

The various alarm and warning systems used aboard ship
are usually the simplest type of I. C. circuit. The majority
of these systems consist of one or more switches that complete an electric circuit to various types of audible

and

visible

alarm equipment. There are many kinds of switches in use
and the type depends upon the circuit in which it is installed.

Manual Switch

The most commonly used type of manually operated

switch

an enclosed, watertight, base-mounted, lever-operated
switch (fig. 7-1). The interior is usually a JR-type switch
that is operated by a lever. Two interiors, each containing
is

three

2JR

sections, are available.
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The JRM-300

interior

has a spring return mechanism and the JR-304 interior has
a positive detent mechanism. Five types of switches can be
obtained by using slightly different arrangements of pins,

Manual

Figur* 7—1

lever,

and locking

plate.

switch.

Three of these types have two posi-

tions as follows
1.

spring return to
—momentary
M-22S—same as M-21S except furnished with a locking plate to lock the lever in either position.
no spring
both
M-23S— positive action

M-21S

left

action,

position.
2.

3.

in

positions,

return.

Two of these types have three
1.

positions as follows

M-24S— single section, momentary action, spring return
to center position.

2.

M-25S

— three sections, positive action in

no spring return.
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all positions,

Each

provided with eight uniformly spaced stationary contacts and two diametrically opsection of these switches

The movable

posite movable contacts.
cuit between

is

contacts close the cir-

two adjacent stationary contacts

The

tion of the rotor.

in each posi-

stationary contacts are silver-plated

brass and the movable contacts are silver-plated copper.

Manually operated switches are used

as the actuating de-

vices for
1.

Boiler- feed signal system.

2.

4.

Diving alarm systems.
Elevator-warning and control-signal systems.
Fireroom-emergency signal system.

6.

Flight-crash signal system.

6.

Flight-deck landing observer's signal system.

7.

Flight-deck warning signal system.

8.

General and chemical-attack alarm system.

9.

Sonar alarm system.

3.

10.

Collision-alarm signal system.

11.

Rocket- warning signal system.

12.

Steering emergency signal system.

13.

Tank-stowage alarm system.

14.

Barrier ready-light systems.

15. Traffic-control ready-light system.
16.

Turret emergency alarm system.

17.

Whistle-operating system.

18. Life-buoy-release system.

Pressure Switch

Pressure-operated switches are normally single-pole, sin-

These switches contain
either a bellows or a diaphragm that works against an adgle-throw, quick-acting switches.

justable spring

(fig.

7-2).

The spring causes

the contacts to

when the operating pressure falls below
The pressure at which the switches oper-

close automatically

a specified value.

ate is adjustable within the ranges of 0-15, 15-25, 25-50,
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and

These switches can be used
also to indicate an increase in pressure above a predetermined
50-180 pounds per square inch.

point.

Pressure-operated switches are used with the lubricatingoil

low-pressure alarm system, air-pressure alarm system,

and booster-feed pressure alarm system.

Figure

7—2.—^rastwr*

switch.

Thermostatic Switch

Thermostatic,

or

temperature-operated,

switches

are

normally
open switches. These switches contain a bellows that works
against an adjustable spring (fig. 7-3). The spring causes
the contacts to close automatically when the operating temperature exceeds a specified value. The bellows motion is
produced by a sealed-in liquid that expands with rising temperature. The sensitive element containing this liquid may
be built into the switch or located in a remote space and connected to the switch by means of a capillary tube. The
temperature range at which the switches operate is adjustable between 100° F. and 225° F.
Temperature-operated switches are used with the circulatusually

single-pole,

single-throw,
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quick-acting,

ing-water high-temperature alarm system, cruising-turbine
exhaust alarm system, and generator-air high-temperature

alarm system.

Figur*

7—3.—Thermostatic

twitch.

Mechanical Switch

Mechanically operated switches are of the push-action
type (type A-S) and the cam-action type (types P and Pi).
The push-operated switch is provided for bulkhead mountIt is a single-throw or multiple-throw,

ing.

The push-action mechastraight-line movement of the shaft to operate

action, normally

nism

utilizes a

momentary-

open push switch.

the electrical contacts.

The

cam-action switch consists of two single-pole, doublethrow, micro switches operated by means of two adjustable

cams mounted on the rotor shaft (fig. 7-4). The cam-action mechanism utilizes a rotary motion of the shaft to move
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cams, which in turn operate sensitive switches. The points of
operation of the sensitive switches are varied by adjusting
the angular positions of the cams with respect to the shaft on

which they are mounted.

ADJUSTABLE
CAMS

Fi||ur*

7—4.

—

Mechanical twitch.

Mechanical switches are used with the
1.

Air-lock indicator system.

2.

Carbon-dioxide release alarm system.
Clutch wrong- position indicator system.
Shaft-position alarm system.
Submersible-steering-gear alarm system.
Wrong-direction alarm system.
Barrier-up indicator system.
Clutch-and-brake indicator system, hull-opening in-

3.

4.
5.
6.

7.
8.

dicator system, and valve-position indicator system.
Conductivity Switch

Conductivity switches consist of a pair of platinumsheathed electrodes molded into an insulating base and pro242

damage by a perforated nickelcopper shield. A 5 k-ohm resistor is in parallel with the
electrodes to provide supervisory current. The conductivity switch is mounted so as to extend into pipe lines of the
tected against mechanical

magazine flooding system. When water flows through the
pipe, a circuit is completed by the water between the two
electrodes and sounds an alarm.
Conductivity switches are used principally on the magazine-flooding alarm system.

RELAYS

A relay is an electromechanical device by means of which
a current change in one circuit causes contacts to produce a

change in the

electrical conditions in its

own

or other cir-

cuits.

The most common type
on a

of relay consists of a coil

wound

soft-iron core, an armature, L-shaped heelpiece,

contact

assembly.

A

and

washer of insulating material

is

fastened near each end of the iron core to hold the turns of

wire on the core. The heelpiece is secured to one end of the
core and extends along the side of the coil to the armature
pivot assembly.

When current flows through the coil
up around the

coil.

The magnetic

a magnetic

field is set

circuit consists of the

and the armature. The magnetic field
the armature toward the core against the spring

core, the heelpiece,

attracts

pressure of the contact assembly.

The contact assembly may

consist of an armature lever that operates contact springs,

a lever arm that operates a sensitive switch, or other similar

mechanical arrangement.
lay

is

For

all practical

purposes, the re-

a magnetic switch designed to operate when the cur-

rent through the

coil,

or

when

the voltage across the

coil, in-

creases or decreases to a specified value.

Relays are used in alarm and warning systems to open

and

close circuits that

may

operate indicating lights, an-

nunciator drops, or audible signals.
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Motor Relay
Motor-operated relays consist of a motor, cams, contacts,
and a relay mounted on a panel and enclosed in a splashproof case (fig. 7-5).
When a manually operated general alarm switch at a remote station is closed for a period of 2 seconds, the motoroperated relay is energized and closes and opens the contacts

Figure

7— 5.^-Moter

relay.

of a primary circuit at a prearranged rate. This prearranged rate of closing and opening the contacts is 90 times
per minute (one- third second closed and one-third second
opened) for a period of 15 seconds.
\

When

a manually operated chemical-attack alarm switch
at a remote station is closed, the motor-operated relay holds
the contacts of the primary circuit closed until the manually
operated switch is released.
Motor-operated relays are used in the general and chemical-attack alarm systems

where these systems are not incor-

porated as a part of the battle-announcing system.
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PUSH SWITCHES

Push switches

are of the nonwatertight, watertight, and

pressure-ppoof types.

The nonwatertight type

a single-pole, single-throw,
momentary-action, normally open push switch. It is supported in a molded phenolic enclosure provided for surface
is

mounting.

a single-pole, single-throw, momentary-action, normally open push switch. It is provided with
a single switch or in two, three, four, or five groups. This
push switch is housed in a sheet-steel enclosure provided for

The watertight type

is

surface mounting.

The

pressure-proof type of push switch

is installed

on the

bridge of submarines. It is a single-pole, single-throw,
momentary-action, normally open push switch. It has a

mounted a device that actuates
necessary to distort the diaphragm

metal diaphragm on which
a sensitive switch.

It is

is

Steady pressure against the

to operate the sensitive switch.

diaphragm up

to rated pressure of 550 p>ounds per square

inch causes a uniform inward motion of the diaphragm with-

out distortion and the switch does not operate.
the button distorts the
sensitive switch.

diaphragm

The push switch

slightly,
is

Pressing

and operates the

housed in a bronze en-

closure provided for surface mounting.

Push switches
(2)

are used in the (1) officer's call-bell system,

voice-tube and sound-powered telephone call-bell sys-

tem, and (3) train-warning signal system.

THERMOSTATS

The
stat

mercurial thermostat

is

the principal type of thermo-

The thermostat element is
mercurial thermometer (fig. 7-6). The mercury

used aboard naval vessels.

a glass

expands through a capillary tube as the temperature inConnections are brought into the mercury column
creases.
at three points that correspond to a low value of —16° F
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Figure

7—6.—Mercurial

thermettot.

an intermediate value of 32° F (intermediate contact) and a high value of 105° F, 125° F, or 150° F
(upper contact). The supervisory resistor is connected
across the upper and intermediate contacts. The value of
(lower contact)

;

;

the intermediate contact

is

20°

F in the latest design of ther-

The mercurial thermostat

housed in a molded
phenolic enclosure provided for bulkhead mounting. The
thermostat element contains hydrogen gas at a pressure of
at least 5 atmospheres to minimize separation of the mercury
column under shock. The element is attached to its case with
special shock- proof and vibration-proof mountings.
Mercurial thermostats are installed in the high-temperature alarm system aboard ship.
mostats.

is

AUDIBLE SIGNALS
There are many types of audible signals in use aboard
modern naval vessels. The type of signal used depends upon
24«

the noise level of the location and the kind of sound desired.
Most audible signals are such that a loud and penetrating
noise

is

necessary, but in

some cases

softer, less strident sig-

nals are acceptable.

The

principal types of audible signals are (1) bells, (2)
buzzers, (3) horns, and (4) sirens.

Bdls
Bells of the vibrating clapper type

(fig.

7-7) have three

different types of gongs—^2^-inch diameter

(types

Bl and

B2), 8-inch diameter (types B3 and B4), and cow-bell tone

Figur* 7-7.

(types

B5 and B6).

B7 and B8)

—

^Typ«-B3 b«ll.

Single-stroke bar-chime bells (types

are actuated by a solenoid and contain a reso-

nated bar and an air chamber.
Buzzers

Buzzers are all of the low-intensity type (fig. 7-8) and
Type-Zl buggers for operaare used only in quiet spaces.
tion on direct current are provided with make-and-break
contacts whereas type-Z2 buzzers for operation on alternating current do not have contacts.
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Horns

Nonresonated horns (types HI and H2) utilize diaphragms actuated by vibrating armatures to produce sound
of the required intensity.

Figwr* 7-a.

—

Typ«-Z1

bwnM.

—Typ«-Ht

horn.

/

Rgur* 7—9.

Resonated horns (types H3,

H24H, and H24I)

H3H, H3I, H4, H4H, H4I,

diaphragms to produce the sound
and in addition have resonating transducers to give the sound
a distinctive frequency characteristic. The resonated horn
also use

designed in a variety of types, differing chiefly as to intensity, frequency characteristics, or power supply.
Motor-operated horns as shown in figure 7-9 (types H8,
H9, and H24) utilize electric motors to actuate the soundis

,

producing diaphragms.
Sirens

Sirens (types Si, S2, S3, and S4) are used in very noisy
spaces or to sound very urgent alarms (fig. 7-10). The

Hgur* 7—10.

sound

is

produced by an

rotor past a

The

series

—Typ*-S4

electric

tlnn.

motor driving a multiblade

of ports, or holes,

in

the housing.

by the rotor through these ports gives
a siren sound, the frequency of which depends upon the
number of j>orts, the number of rotor blades, and the motor
air being forced

speed.

VISUAL SIGNALS
Visual signals are used in a great many alarm and warning systems to provide an additional means of identifying
317993

O—65

17
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the alarm being sounded. Audible and visual signals are
often used together. In noisy spaces audible signals are
supplemented by visual signals and in dark spaces visual
signals are supplemented by audible signals. In many instruments the same audible device is used in combination
with several visual indicators. The principal types of visual
signals are lamp-type indicators and annunciators.

Lamp-Type

Indicators

Standard watertight lamp-type indicators are designed as
single-dial, 2-dial, 3-dial, 4-dial, and 6-dial units (fig. 7-11).

Figur*

The

7— 1 1 .—Lamp-type

indicator contains

parallel

two

indicator.

115- volt

and mounted behind each

lamps connected in

dial.

The

use of

two

lamps in parallel provides protection against the loss of
illumination in case one lamp burns out. A colored-glass
disk and sheet-brass target engraved with the alarm identification are illuminated from the rear by the two lamps.
Glass disks are furnished in eight standard colors depending
upon the application.
The 115- volt lamps are in parallel with the audible signal.
250

When

the audible signal sounds, the lamps illuminate the

colored glass and brass target of the indicator and identify
the alarm being sounded.

This indicator
1.

is

used in

Lubricating-oil low-pressure alarm system (single en-

gine installation).
2.

Circulating-water

high-temperature

alarm

system

(single engine installation).
3.

Fireroom-emergency signal system.

4.

Boiler-feed signal system.

5.

Hull-opening indicator system.

6.

Main-ballast-tank indicator system.
Boiler-temperature alarm system.

7.
8.

9.

10.

Flight-deck landing observer's signal system.
Engine-control indicator system.

Airlock indicator system.

11. Traffic-control ready-light system.
12.

Gasoline-compartment-exhaust-blower indicator system.

13. Catapult-control signal system.
14.
15.
16.
17.
18.
19.

20.
21.

22.

Barrier ready-light system.
Barrier-up indicator system.
Air-pressure alarm system.
Booster-feed pressure alarm system.
Carbon-dioxide-release alarm system.
Cruising-turbine-exhaust alarm system.
Generator-air high-temperature alarm system.
Wrong-direction indicator system.
Battery-position order system.

23. Clutch-and-brake indicator system.
24. Valve- position indicator system.
25. Water-level indicator system.
26. Auxiliary low-diving plane tilt angle indicator system.

Auxiliary stern-diving plane-angle indicator system.
28. Auxiliary rudder-angle indicator system.
27.

Standard watertight lamp-type indicators are designed
also as 2-dial variable-brilliancy, 2-dial fixed-brilliancy, and
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The

4-dial variable-brilliancy units.

6-volt

lamps

in

parallel

indicator contains two

mounted behind each

dial.

A

colored-jewel disk and sheet-brass target are illuminated

from the rear by the two lamps.
The 2-dial and 4-dial variable-brilliancy indicators are
installed in the barrier-up indicator system.

The

2-dial

fixed-brilliancy indicator is used with the valve-position

indicating system.

Special lamp-type indicator panels are designed to give

good visibility at all viewing angles. These panels contain rows of prism-shaped red and green jewels.
Each indicator has two 6-volt lamps in parallel. This type of
indicator is used in the main-ballast- tank and hull-opening
indicator system.

Another special lamp-type indicator consists of two indicator (red and green) lights. Six 115-volt lamps in parallel
are provided for each indication. This indicator is used in
the traffic-control ready-light system.

Annunciator-Type Indicators

Annunciators are of the drop type and the drum type.
Drop-type annunciators range in size from 4-drop to 100drop. This type of annunciator is used with the officers'
call-bell system and the voice-tube and sound-powered telephone call-bell system as described in the training course,
/.

C. Electrician 3,

NavPers

10555.

The DRUM-TYPE annunciator consists of an electromagnet
that operates a red drum target (fig. 7-12)
A drum target,
.

actuated by an electromagnet,

provided for each device
target is held mechanically

is

being protected. The red drum
in a nonindicating position. When energized by the signal
circuit, the electromagnet causes the drum to turn to the indicating position.

Each electromagnet

common

actuates contacts for energizing the

audible signal alarm.

deenergized,

it

A nameplate is

When

the eletromagnet is

and removes the signal indications.
provided on the panel to identify the alarm

restores
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DRUM TARGETS

Figure 7—12.

being sounded.

—Drvm-typ*

annunciator.

A key-switch is provided to test the circuit

and to cut off the alarm.
Drum-type annunciators are installed in the hightemperature and magazine sprinking alarm systems, and in
the circulating-water high-temperature alarm and lubricating-oil low-pressure alarm systems.

HIGH-TEMPERATURE ALARM SYSTEM

The high-temperature alarm

system, circuit F,

is

one of

the alarm and warning systems you will be required to
service.
It is an electrical system installed aboard ship to

and warn of fires or overheated conditions in important compartments and spaces.
All alarm systems used in naval vessels are of the closedcircuit supervisory type. Each circuit of the system consists
detect

253

Figur* 7—1

3.—Alarm

pan«l of an alarm switchboard.

primarily of one trouble-alarm relay, one cutout key, one
alarm signal, and one thermostat or group of thermostats.

Alarm Switchboard

The alarm switchboard is installed in a station which is
continuously manned while both underway and in port. The
alarm switchboard operates on 120- volt d-c service supplied
from the main I. C. switchboard. The alarm switchboard
consists of an upper section and a lower section.
The UPPER section comprises the alarm panel as shown
in figure 7-13. This panel contains an alarm bell, a test
light, a trouble buzzer, two ground-detector lamps, a pilot
lamp, a trouble test lamp, a fire test lamp, and a test key.

An

alarm-bell relay, capable of operating
254

up

to four exten-

^1
*

Figur*

7-14.

—

Four 10-lin* pon«it of an alarm switchboard.
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mounted
As long as the power supply

sion fire bells located in other parts of the ship, is

alarm panel.
to the switchboard is maintained, the pilot light at the center
at the rear of the

of the panel glows.

The LOWER

section consists of as

many

10-line or 20-line

panels as are necessary to care for the total number of
thermostatic high-temperature detector stations aboard the

Four 10-line panels capable of taking care of 40 lines
are shown in figure 7-14. The switchboard apparatus for
each two lines is mounted together on a hinged plate called
an ALARM UNIT. Five or ten of these 2-line units are arranged to make up a 10-line or a 20-line panel. Each line
individually supervises one thermostat or one group of
thermostats. Each line is provided with a separate test key
with a trouble light above, and a drum fire-indicator target
ship.

below.

A nameplate located above the test key identifies the

compartment or the spaces served by that

line.

Thermostats

As

previously mentioned, the detection of

fires

or over-

accomplished by means of mercurial
thermostats. These thermostats are installed at selected locations throughout the ship. Thermostats are installed on
the overhead and require a free circulation of air for efficient
operation. Barriers that would obstruct the free circulation of air should never be placed around thermostats in any
compartment. On the other hand, thermostats should not
be installed in the path of supply ventilation.
The thermostats are designed to close their contacts at
temperatures of 105° F, 125° F, and 150° F. These types
are similar except for their respective temperature ratings.
When a thermostat is defective, care must b© exercised to
replace the thermostat with one having the same temperature
heated conditions

is

rating.

The

125°

F and

150°

F thermostats are normally

installed

and similar spaces used to house
The mercury thermostat shown in fig-

in storerooms, paint lockers,

combustible stores.
ure 7-15 is designed to operate at 150° F.
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The supervisory

current path extends from the alarm switchboard to contact
67, through the column of mercury to contact 5, through the
supervisory resistor to contact A, and back to the alarm
switchboard. The resistor provides the necessary supervisory current for the trouble indicator.

When

the tem-

perature of the air surrounding the mercury bulb reaches

MERCURY RISES WITH
TEiNPERATURE INCREASE
Figur* 7—15.

—

Mercury thcrmectat.

F, the mercury is driven up to contact A and the resistor
shorted out. This action allows full current to operate the

150**
is

alarm.

The

105°

Because

its

F thermostat is normally
function

is

installed in magazines.

to detect rises in temperature above

the limits that are safe for magazine spaces, the upper contact is located so that the resistor is shorted out when the
temperature reaches 105° F.

The

105° F, 125° F, and 150°

F

thermostats also indicate

a freezing condition. Whenever the temperature of the air
surrounding the thermostat drops below 32° F, the mercury
falls below contact B (fig. 7-15) and opens the supervisory
circuit.
This action sounds the trouble alarm on the switchboard.
As many thermostats as are needed for the prompt detection of a fire can be connected to any one line. If more than
one thermostat is used in a compartment, only one supervisory resistor

is

required, as

shown
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in figure 7-16,

A and

B.

With such a

connection,

when any one of

the thermostats in

These thermostats or groups of thermostats are connected to the alarm
switchboard by means of multiconductor cable. Each circuit on the alarm switchboard is marked to designate one
the group

is

overheated, the alarm operates.

B
Figur* 7—16.

—

^Thcrmettcrt connections.

or

A,

Two

mor* th«rmostatt p«r

thonnettats p«r lin*; B, ritr««
lin*.

compartment, and the thermostat, or group of thermostats,

compartment
marked for that compartment.
installed in each

is

connected to the circuit

Operation

When
flows

conditions are normal, direct current at 120 volts

from the negative power

source,

FF

(fig.

7-17), to

the lower contact of the thermostat, through the mercury
column to the intermediate contact, through the 3 k-ohm

alarm relay, the trouble-alarm relay, and back
to the positive source, F. The current is limited by the 3
k-ohm resistor to a value below that required to operate the
alarm relay, but of, sufficient magnitude to hold the armature of the trouble-alarm relay away from its back contacts.
resistor, the
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SMALL CUMENT
I

r

FF

120 V. O.C

Figwr*

7— 1 7.—Op*ratJen

of a high-l«mp«ratur«

alarm—normal

condition.

FF

F

120 V.

DC

Figuro 7—18.

—

Oporation of a hlgh-tomporoturo alaii n
condition.
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h igh-tomporohiro

In case of a fire or other high-temperature condition (fig.
7-18), the mercury expands in the thermostat bulb and rises
in the tube. When the mercury reaches the upper contact of
the thermostat, the supervisory resistor
the current rises to a

maximum

is

shorted out, and

value in the circuit.

The

and closes its
to the alarm bell and
appear on the alarm

increase in current energizes the alarm relay
contacts.

This completes the circuit

causes a red fire-indicator target to
unit which serves that line.

When

an open-circuit occurs, such as a break in the line
or a broken thermostat bulb, or when the temperature of the
air surrounding the thermostat drops below 32° F (fig.
7-19), the supervisory current no longer flows in the circuit
and the trouble-alarm relay deenergizes. This action closes
its back contacts and completes the circuit to the trouble
buzzer and the trouble light on the alarm unit serving that
line.

Figwr* 7—1 9.—Operation of

a hlgh-tomporatwro
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m

olor

opon-clrcwh condition.

A

provided in each circuit for use in testing the
circuit and for silencing either the fire bells or trouble buzzer
when they sound an alarm. Complete tests and operating
instructions are included in the manufacturer's instruction
book that is provided for the alarm equipment installed in
your ship. The instruction book should be studied carefully
and its procedures followed closely at all times when servicing this equipment.
switch

is

Alarm System

Sprinkling

The
same

sprinkling alarm system, circuit

FH,

is

basically the

as the high-temperature alarm system except that con-

ductivity-type switches are used instead of mercury thermostats.

LUBRICATING-OIL LOW-PRESSURE

ALARM SYSTEM

The purpose of the lubricating-oil low-pressure alarm system, circuits lEC and 2EC, is to sound an alarm whenever the
pressure in the lubricating-oil supply line to the main engine
and reduction gear, or to the turbine-driven or diesel-driven
generators, and other auxiliary machinery falls below a pre-

determined

minimum

Where

limit.

the main engines the circuit

is

the system

designated

is

used for

"lEC" and when

used for either turbine-driven or diesel-driven generators
and other auxiliaries the circuit is designated "2EC." Both
circuits are energized from individual switches on the I. C.
switchboard.
An EC circuit includes one or more pressure-type switches
installed in the lubricating-oil lines of the associated equip-

ment.

A

dial-light indicator,

siren are energized

decrease in

when

oil pressure.

drum-type annunciator, and

the switch

The

is

closed because of a

control panel of the lubri-

cating-oil low-pressure alarm is located near the operating

control board of the machinery on which the switch
installed.
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Schsmatic of 2EC and
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THERMOSTATICAL
SWITCH

2EW

circuits.

INDtCATIHC

LAMPS-REO LENS

Circulating-Wat«r High-Temporatur« Alarm Syst«m

The circulating- water high-temperature alarm system,

lEW and 2EW, provides

cir-

means of automatically indicating when the circulating-water temperature of the main
cuits

a

propulsion diesel engines or the large auxiliary diesel engines rises above a predetermined maximum limit. When
the system is used for the main engines the circuit is desig-

nated "lEW" and when used for auxiliary engines the circuit
is designated "2EW."
The circulating-water high-temperature alarm system is usually combined with the lubricatingoil low-pressure alarm system (fig. 7-20), and consists of
temperature-operated switches located in the circulating
water lines of the engines. The thermostatical switch closes
when a rise in temperature above a predetermined point is
reached and energizes a lamp-type indicator, drum-type annunciator, and siren to sound the alarm.
•

QUIZ
1.

What

is

the purpose of alarm and warning systems provided

aboard ship?
2.

Name

the Ave types of switches used in alarm and warning

systems.
3.

What switch

usually comprises the interior of a manually operated

switch?
4.

Describe the construction and operation of a pressure switch.

5.

Describe the construction and operation of a thermostatic switch.

6.

Name two

7.

What mechanism

8.

Define a relay.

9.

For what purposes are relays used in alarm and warning systems?

10.

Name

11.

What

12.

Which

types of mechanical switches.

comprises a conductivity switch?

the three principal types of push switches.
is

the principal type of thermostat used aboard ship?

of the connections brought into the mercury column con-

nect to the 3 k-ohm resistor?
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18.

What

is

the purpose of the hydrogen gas contained in a thermo-

static element?
14.

What two

factors determine the type of audible signal to be used

aboard ship?
15.

Name

16.

Name the two principal

17.

Why

the four principal types of audible signals.

types of visual signals.

are two lamps in parallel provided with each indicator in a

lamp-type indicator?
18.

Why

19.

Name two

20.

Explain the operation of a drum-type annunciator.

21.

Explain the action of a mercury thermostat alarm circuit at 150* F.

22.

Explain the action of a mercury thermostat alarm circuit at 32" F.

are the two lamps in parallel with the audible signal?
tjrpes of

annunciator indicators.
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CHAPTER
SOUND AND SOUND EQUIPMENT
SOUND
Sound

is

a vibrating disturbance in an elastic

medium

that

produces an auditory sensation capable of perception by
the ear. The basic sources of sound are bodies in a state of
vibration. The media that transmit sound are elastic materials which may be in the form of gases, liquids, or solids.
Sound cannot travel through a vacuum.
Nature of Sound

Sound traveling through a medium must be a wave motion because the sources of sound are vibrating bodies. Most
waves can be classified as either transverse or longitudinal.
A transverse wave is one in which the particles of the medium
vibrate at right angles to the direction of propagation.

longitudinal wave

is

A

one in which the particles of the medium

move forward and backward

in the direction of proptigation.

Gases and liquids offer no sustained resistance to shears
or to changes of shape and thus cannot transmit transverse
elastic waves.
On the other hand, gases and liquids offer
elastic resistance to compression and thus can transmit only
longitudinal waves. Therefore, sound discussed in this
training course
progressively

The

is

considered as a longitudinal wave traveling

from

particle to particle through air.

vibration of a loudspeaker

diaphragm causes the im-

mediately adjacent air particles to execute similar motions.
317993

O— 55

18
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Each forward motion of the diaphragm (fig. 8-1) compresses
the air in front of it so that the momentary pressure of the
air is raised above that at other points in the surrounding

medium.

Because air

is elastic, this

disturbance

is

trans-

mitted progressively in an outward direction from the diaphragm in the form of a compression wave.

Each backward movement of the diaphragm expands the

RAREFACTION

COMPRESSION

WAVELENGTH

PISTON
LIMITS OF

DIAPHRAGM
MOTION

Rgura 8—1 .—Propagation of sound wavot.

momentary pressure is reduced below that
at other points in the surroi^aing medium. This disturbance is similarly propagated in the form of an expansion or
rarefaction wave and follows the compression through the
medium. Hence, these conditions are transmitted outward
from the loudspeaker as a wave disturbance consisting of
alternate compressions and rarefactions in the medium.
The progress of any wave involves two distinct motions.
air so that the

The wave
is,

—

moves forward with constant speed that
the configuration, or pattern, advances equal amounts in
itself

equal periods of time. The particles of the medium that
convey the wave vibrate forward and backward in harmonic
fashion. The locations of the particles at successive moments depend upon the period, amplitude, and phase of

the vibration.
The PERIOD of a vibrating particle in a medium is the
time in seconds, ^, required for the particle to complete one
vibration. The period is the reciprocal of the frequency,
or

t= j»

The FREQUENCY is the number of vibrations completed per
second and may be expressed in cycles per second (cps).

When

expressed in this unit, "cycles" means vibrations per

second.

The AMPUTUDE

of vibration

is

the

maximum

displacement

of the particle from the undisturbed, or equilibrium, position.

Two

same frequency have
These particles are in phase when

particles vibrating with the

definite phase relations.

they continue to pass through corresponding points of their
paths at the same time. For any other condition the particles are our of phase.
The particles are in phase opposition when they reach their maximum displacement in
opposite directions at the same instant.
The WAVELENGTH is the distance measured along the direction of propagation, between two corresponding points of
equal intensity that are in phase on adjacent waves. This
length can be represented by the distance between adjacent

maximum

compression points in the traveling sound wave.
Velocity of

The

velocity with

Sound

which sound disturbances are trans-

mitted through a medium is a function only of the elasticity,
density, and temperature of the medium. Hence for a fixed
temperature, the velocity of sound is a constant for any
167

medium and

independent of the period, frequency, or amplitude of the disturbance. The velocity of sound in air at
0° C (32° F) is 1,087 feet per second and increases by 2 feet
per second for each degree centigrade rise in temperature
(1.1 feet per second for each degree Fahrenheit)
body that is vibrating at a definite rate produces a disturbance that moves away as a wave in the surrounding medium. In any period of a vibrating body, the wave advances
uniformly a distance equal to its wavelength. The velocity
of the wave is the wavelength divided by the period. Because the period is the reciprocal of the frequency, the velocity of sound is
is

A

V

=

(8-1)

/A,

where v is the velocity of sound in feet per second, / the frequency in cycles per second, and A the wavelength in feet.
The wave velocity is determined entirely by the properties
of the transmitting medium and is independent of the frequency of the source and of the wavelength. If the frequency
changes, there must be a corresponding change in the wavelength, as shown by equation (8-1).
Properties of

Sound waves

Wave

Motion

exhibit the usual properties of waves in that

they can be reflected and refracted and can be made to interfere with each other.
Reflection. ^When sound waves pass from one medium

—

to another of different acoustic properties, some of the sound
is

transmitted and some

is reflected

at the

A wave front, represented by line AB

boundary surface.

(fig.

8-2)

is

MN.

traveling

This wave impinges upon,
but cannot penetrate, this surface. If surface
were not
present, the wave would have advanced to position CD in a
certain interval of time without a change in direction. In
the particular time interval, point B of the wave advances
to D. Point A cannot move to
and instead is reflected an
equal distance above the surface to point
on the arc of
radius AC. Any other point,
cannot move to
but ad-

toward

reflecting surface

MN

H

36t

then

vances to

the arc of radius

an equal distance to point / on

is reflected

FG. Line DH^ tangent

to the arcs, is the

wave front at the end of the specified time. Note that the
wave is reflected back into the region above surface MN.
The angles i and r that these directions of wavef ront travel
REFLECTED WAVEFRONT

Figwr*

make with

INCIDENT

8—2 .^-Reflection

WAVEFRONT

of a sound wavo.

the normals to the reflecting surface are respec-

tively the angles of incidence

and

reflection.

AH=AC=BD,
the right triangles ABD and AHD are equal.

Because
Consequently

and r are equal.
Refraction. ^When sound waves pass through a medium
that does not have homogeneous acoustic properties, the direction of wave motion is changed. Such a change in direcangles

i

tion is

known

—

as retraction.

The incident wave, BD^ from wave AB (fig. 8-3) is traveling in direction BD with velocity Fl in medium 1. This
wave encounters surface MN at an angle of incidence, i, and
is partly reflected back into medium 1 and partly transmitted
through medium 2. The velocity of the transmitted portion
In the particular time interval point B
at D in
of the wave advances a distance BD to surface
medium 1. Point A does not move an equal distance, A 6',
of the wave

is

F2.

MN

but moves a distance
to

some point,

AH^

or (F2/F1)A(7, in

on the arc with radius
269

AH.

medium 2
Any other

point on wave
a distance

E advances to F in medium

FK^

or {V'i./Vl)FG^ in

on the arc with radius FK.

and then moves
medium 2 to some point,

The

1

DH,

tangent to the
arcs, is the refracted wave at the end of this time interval.
Angle r that refracted wave
makes with surface
It is the angle between the noris the angle of refraction.
mal to the surface and the normal to the refracted wave.
line

MN

DH

MEDIUM

I

C
MEDIUM 2
Figure

When

8—3.—tcfraction

of a sound

wav*.

a wave travels obliquely from one

medium

other the ratio of the sine of the angle of incidence,
sine of the angle of refraction,

r, is

into ani,

to the

the same as the ratio of

the respective wave velocities in these media and

is

a constant

for two particular media.

—

Interference. When sound waves from more than one
source meet at any point in a medium, interference between
the waves results.
Two sound waves of the same frequency, in phase, and
moving in the same direction, produce constructive interference. These waves produce a resultant wave that is in
270

phase with the component waves and that has an amplitude
equal to the

sum

of their amplitudes.

Two

sound waves of the same frequency, in phase opposition, and moving in the same direction, produce destructive
interference.

If the frequencies are different, the disturb-

ances at some instants are constructive and at other instants
are destructive and a periodic variation in intensity results
at a frequency equal to the difference between the two original frequencies. This difference frequency, referred to as

the BEAT FREQUENCY, produccs a type of pulsating interference that is particularly noticeable with sound waves. The
effect of beat frequency, called beats, produces alternately
loud and soft pulses or throbs. The effect is most pro-

nounced when the individual waves have equal amplitudes.
Stationary waves. When two sound waves of equal frequency and amplitude move in opposite directions through
the same medium, they produce a stationary, or standing,
wave. Such a wave has stationary nodes, or points of zero

—

displacement, with intermediate antinodes, or points of

maximum

amplitude at which the displacement varies between its widest limits.
Successive notes of the standing wave pattern are one-half
wavelength apart and correspond to the instants at which
the sound pressure is zero. Antinodes are inter-spaced onequarter wavelength from corresponding nodes. Successive
antinodes are one-half wavelength apart and correspond to
the instants at which the sound pressure is maximum. Sound
waves of sine waveform comprise pressures which vary with
time according to a sine curve.
Resonance. When a body capable of vibrating is displaced from its equilibrium position and suddenly released,
it executes a series of free vibrations and finally comes to rest.
The frequency of the free vibrations is determined by the

—

properties of the body and

quency of

is

known

as the

natural fre-

the body.

If periodic impulses are applied to the body so that it is
repeatedly displaced from its equilibrium position the vibra271

The frequency of this

tions can be sustained.

vibration

may

may

or

not be the natural frequency of the body. Such vibrations are called forced vibrations. When conditions are
adjusted so that the period of the forced vibration is the same

two

each
other, resulting in larger amplitudes of the vibrating body.
This effect is called resonance.
DoppLER EFFECT. Whenever there is relative motion between the source of a wave motion and a listener, the apparent frequency at the listening position differs from the
frequency at the source. When a source of wave motion is
moving toward a listener, more waves per second are encountered than when the source remains stationary. The
effect at the listening position is an apparent increase in frequency. Conversely, when a source of wave motion is moving away from a listener, fewer waves per second are encountered than when the source remains stationary. The
effect at the listening position is an apparent decrease in frequency. These apparent changes in frequency are called
DOPPLER EFFECT. The amount of the change in apparent frequency depends upon the relative velocity of the listener and
as that of the free vibration, the

effects reinforce

—

the source.

—^Acoustics

Acoustics.

is

the science of sound, including

The performance
of an announcing system or sound system when used in a
room or enclosed space is dependent upon the acoustical
charactistics of the enclosure.
Sound originating in an enits

propagation, transmission, and

closed space

is

effects.

partly reflected and partly absorbed by en-

closing surfaces such as the walls, ceiling, and floor of a

room.

This action introduces echoes and reverberations

which may seriously impair the quality or character of the
sound.

An ECHO

is

the repetition of a sound caused by the reflec-

tions of sound waves.
so that a reflection

When

from

it

room is situated
is outstanding and is heard by the
a surface of a

an appreciable length of time later than the direct
sound, it appears as a distinct echo, and is disturbing. If
listener
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the surface

is

concave,

it

may have

a focusing effect and con-

centrate reflected sound energy at one locality.

Such a

re-

may

be several levels higher in intensity than the
direct sound, and its arrival at a later time may be particularly disturbing. The possible remedies for this condition
are to: (1) cover the offending surface with absorbing material to reduce the intensity of the reflected sound (2) change
the contour of the offending surface and thus send the reflection

;

sound in another direction; (3) relocate the loudspeaker; or (4) vary the amplitude or pitch of the loudspeaker signal. The best method to use depends upon local

flected

conditions.

Reverberation

is

the persistence of sound due to the mul-

sound waves between several surfaces of an
Excessive reverberation is one of the most com-

tiple reflection of

enclosure.

mon

acoustic defects encountered in a large enclosure.

The

time that this residual sound persists varies directly with the
time interval between reflections (the size of the enclosure)
and inversely with the absorbing efficiency of the reflecting
surfaces.
The result is an overlapping of the original sound

and

its

images.

If excessive, this reverberation causes a

general confusion that

is

detrimental to speech intelligibility.

The hangar deck

of an aircraft carrier is an example of an
extremely reverberant area. The volume is large and the

hard

steel interior surfaces offer

very

absorption to

little

sound.
If a single loudspeaker
area, such as a

is

mounted

hangar deck, the

front of the loudspeaker

is

in a large reverberant

intelligibility directly in

satisfactory.

The

intelligibility

decreases rapidly as either the distance from the loudspeaker

or the angle off the loudspeaker sound axis

is

increased.

In

other words, sound from a loudspeaker in a reverberant space

composed of

sound that reaches the listener directly without any reflection and (2) indirect sound that has
received at least one reflection.
is

(1) direct

The direct sound intensity decreases inversely as the square
of the distance from the source as it would in open air. The
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indirect sound intensity, on the other hand, increases because

when multiple rays of sound energy

leave a loudspeaker, each

some point on the surface of the room and is then
reflected again and again, thus building up the amplitude
of the sound. Each point of reflection may be considered
as a new source of sound. Hence, a large number of these
image sources is established so that sound distribution in a
strikes

room tends

remain substantially uniform.
Intelligibility under these conditions is related to the
to

ratio of direct to indirect sound.

Thus

away from the loudspeaker, the

ratio of direct to indirect

as the listener

moves

sound at the listening position decreases, and the intelligibilHence, in a highly reverity decreases correspondingly.
berant space the intelligibility decreases with distance from
the loudspeaker.
Characteristics of

The word "sound"

Sound

used in both the subjective and the
objective senses. When used subjectively it denotes the
auditory sensation experienced by the ear. When used objectively it denotes the vibratory motion causing that senis

The word "sound" is used objectively in acoustics.
Numerous terms are used to convey impressions of

sation.

—such as "whistle," "scream," "rumble," and "hum."

sounds

Most of these are classified as noises in contrast to musical
tones.
The distinction is based on the regularity of the
vibrations, the degree of damping,

and the

ability of the

ear to recognize components having a musical sequence.
The ear can distinguish tones that are different in pitch,
intensity, or quality.
Each of these characteristics is associated with one of the properties of the vibrating source or

of the waves that the source produces. Thus, pitch is determined by the number of vibrations per second or wavelength
intensity by the amplitude of the wave motion ; and quality
by the waveform.
Pitch. The term "pitch is used to describe the frequency
of a sound. The outstanding recognizable difference between
the tones produced by two different keys on a piano is a dif-

—
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The

number

pitch of a tone

proportional to the
of compressions and rarefactions received per sec-

ference in pitch.

ond, which in turn

is

is

determined by the vibration frequency

of the sounding source.
The pitch of a tone is usually measured by comparison

with a standard. The standard tone may be produced by a
tuning fork of known frequency or by a siren whose frequency is computed for a particular speed of. rotation. By
regulating the speed, the pitch of the siren

that of the tone being measured.

is

made

equal to

The ear can determine this

equality directly if the two sources are sounded alternately,

or by the elimination of beats

if

the two sources are sounded

together.

A

sound wave can be described by either its frequency or
its wavelength.
Both the velocity and the wavelength
change when the temperature of the air changes or when
the wave enters a different medium. It is therefore preferable to specify a sound wave by its unchanging frequency.
Intensity. ^When a bell rings, the sound waves spread
out in all directions and the sound is heard in all directions.
When a bell is struck lightly, the vibrations will be of small
amplitude and the sound will be weak. A stronger blow will
produce vibrations of greater amplitude and the sound will
be louder. It is evident that the amplitude of the air vibra-

—

tions

is

greater

when

the vibrations of the source are in-

Hence, the loudness of the sound heard depends
on the amplitude of the vibrations comprising the waves.
As the distance from the source increases, the energy in each
wave spreads out and the sound is weaker. The energy that
falls on the ear is less at greater distance because the amplitude is less.
The intensity of a sound wave is the time rate of transfer
of vibratory energy per unit of sectional area of the sound
creased.

wave.

In a plane wave the energy

—half

is

half kinetic and half

due to the speed of the particles, and half
is due to the compression and rarefaction of the medium.
These two energies are 90° out of phase at any instant. That
potential

is
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when the speed of particle motion is a maximum, the pressure is normal, and when the pressure is a maximum or a minimum, the particles are at the ends of their paths and their
is,

speed

is zero.

The loudness of a sound and its ease of reception depend
upon the intensity, which has been defined as the flow of
energy per unit time per unit area perpendicular to the direction of propagation. The intensity of a sound wave in a
given medium is proportional to the (1) square of the frequency of vibration, (2) square of the amplitude, (3) den-

medium; and (4) velocity of propagation. At
any distance from a point source of sound the intensity of
the wave varies inversely as the square of the distance from
sity of the

the source.

As

wave advances, variations in pressure occur
at all points in the transmitting medium. The greater the
pressure variations, the more intense the sound wave will be.
It can be shown that the intensity is proportional to the
a sound

square of the pressure variation regardless of the frequency.
Thus, by measuring pressure changes, the intensities of
sounds having different frequencies can be compared directly.

—Most

sounds and musical notes are not pure
tones. They are mixtures of tones of different frequencies.
The tones produced by most sources can be represented by
composite waves in which the sound of lowest pitch, the
fundamental tone, is accompanied by several harmonics or
times that
overtones having frequencies that are 2, 3, 4,
of the fundamental frequency. The quality of a tone de-

QuALrrr.

.

.

.

pends upon the number of overtones present, and upon their
frequencies and intensities relative to the fundamental. It
is this characteristic

or difference in quality that distin-

guishes tones of like pitch and intensity
different types of musical instruments.

Measurement

The range

of sounds that the

with the individual.

of

when sounded on

Sound

human

ear can detect varies

The average range extends from about
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20 to about 20,000 vibrations per second. In the faintest
audible speech sounds, the air particles vibrate with an amplitude of only 1 X 10"* centimeter.
sound wave with an
amplitude of from 1 to 2 millimeters is painful, and a wave
having a pressure change of 1 percent would injure the hearing mechanism.
The human ear is a nonlinear unit that functions on a
logarithmic basis. The Weber-French law in psychology,
which applies within limits to all sense organs, states that
"equal increments of sensation are associated with equal increments of the logarithm of the stimulus." Tests indicate
this law applies in general to the hearing sensation so that
loudness is closely associated with the logarithm of intenFor example, assume the amplitude of one sound wave
sity.
is 1 million times that of another, and both waves can be
heard, but neither is painful to the ear. In this case, the
loud sound would not seem to be 1 million times as great in
amplitude as the weaker one, but only about 60 times as

A

great.

10,000 -

PAINFUL

>-

o

0.0001

32

128

512

2048

FREQUENCY
Figure 8-4.

—

Field of audibiliry.
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8192

The pressure changes that
ful are

shown by the graphs

are inaudible, audible, or painin figure 8-4.

Below the lower
Above the upper

curve the sound is too faint to be audible.
curve the sensation is one of feeling rather than of hearing
that is, the sensation of sound is masked by that of pain. At
its low point the graph shows the frequency to which the
ear is most sensitive and at its high point, the frequency
that is least painful. Note that the scales of frequency and
pressure are logarithmic. One space horizontally quadruples the frequency and one space vertically increases the
pressure tenfold.

—

Bel. The loudness of sound is not measured by an arbitrary scale such as measures of length. Units of sound
measurement are used that vary logarithmically with the
amplitude of the sound variations. These units are the bel
and DECIBEL, which refer to the difference between sounds
of unequal intensity or sound levels. The decibel, which
is

one-tenth of a bel,

is perceptible to

the

is

human

describes the ratio of

the power
differs in

is

ear.

two sound

Hence, the decibel merely
levels.

A sound for which

10 times as great as that of another sound level

power

5 decibels

the least change of sound level that

may

level

by

1 bel,

or 10 decibels.

For example,

represent almost any volume of sound, de-

pending upon the intensity of the reference level or the sound
level on which the ratio is based.
In sound system engineering, decibels are used to express
the ratio between electrical powers or between acoustical
powers. If the amounts of power to be compared are Px and

A,

the ratio in decibels (db)

is

db=10logiop-.
If Pi

(8-2)

greater than P2 the decibel value is positive and
represents a gain in power. If
is less than P2 the decibel

value

is

is

negative and represents a loss in power.

SouND-iNTENsriY i^EL.

—^An
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arbitrary

zero

reference

level is

used to accurately describe the loudness of various

This zero reference level is the sound produced
by
watts per square centimeter of surface area facing
the source. This level approximates the least sound perceptible to the ear and is usually called the threshold or
AUDiBiLrrY. Thus, the sensation experienced by the ear when
subjected to a noise of 30 decibels would be 30 times as great
as when subjected to a sound that is barely perceptible.
AcoTJSTiCAL PRESSURE. ^The louduess of sound is sometimes expressed in acoustical pressure instead of soundsounds.

10"**

—

intensity level.

When

expressed in acoustical pressure, the

reference value that corresponds to the standard reference
sound intensity of 10-" watts per square centimeter is 0.0002

dyne per square centimeter.
Typical values of sound levels in decibles and the corresponding intensity levels and acoustical pressures are summarized in table 2. The values in this table are based upon
an arbitrary zero reference level. Note that for each tenfold
increase in power, the intensity of the sound increases 10
decibels.
The power intensity doubles for each 3-decibel
rise in sound intensity.

Table
Sound

level

2.

Values of Sound Levels
Intensity level
(watts/cm')

f decibels)

Acoustical pressure (djTies/cm*)

0

10-"

0.

0002

60
80

10-10

0.

2

io-»

0
0
63. 0
200. 0
632. 0

100
110
120
130

Power ratio.

io-«
io-»
10-*
10-'

—The decibel

2.

20.

used to express an electrical
POWER RATIO, such as the gain of an amplifier, the output of
a microphone, or the power in a circuit compared to an arbitrary reference power level. The value of decibels is often
is
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computed from the voltage ratio squared or the current ratio
squared, since these are proportional to the power ratio for
equal values of resistance.

If the resistances are not equal

a correction must be made.
To find the number of decibels from the voltage ratio, as-

suming that the
and

E

resistances are equal, substitute

'

for Pi in equation (8-2)

for Pi

—

<f6=101og..M=201og|.
To

find the

number of

from the current ratio, asare equal, (A)*^ is substituted

decibels

suming that the resistances
for Px and {I^^R for P^ in equation (8-2)
rf6= 10 logio

The decibel

is

—

1^=20 log ^.

also used to express the ratio of aoooustioal

POWER to an arbitrary reference power level. The acoustical
power ratio is proportional to the corresponding pressure
ratio squared. Because power (P) is proportional to the
square of the pressure, substitute (pressure 1)* for Pi and
(pressure 2)^ for Pz in equation (8-2)

EI^SlEil.
d6= 10 log,, (PJ??5iri^;=20 log
^
(pressure

EiiEOTRiOAii LEVELS.
is

—^The power

often expressed in

pressure 2

2)^

an electrical signal
decibels above or below an arbitrary

power level of 0.001 watt

(

1

level of

milliwatt) , as,

dbm=10 1og,„^,
where dbm is the power level above one milliwatt in decibels
and P is the power in watts.
The VOLUME LEVEL of an electrical signal comprising
speech, music, or other complex tones is measured by means
of a specially calibrated voltmeter called a
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volume indicatob.

The volume

read with this indicator are expressed in
"vu units," the number being numerically equal to the number of decibels above or below the reference volume level.
Zero vu represents a power of 1 milliwatt dissipated in an
arbitrary load resistance of 600 ohms (corresponds to a
voltage of 0.7746 volt). Thus, when the vu meter is connected to a 600-ohm load, vu readings in decibels can be
used as a direct measure of power above or below 1 milliwatt. For any other value of resistance the following correction

levels

must be added to the vu reading to obtain the correct

vu value:

vu=vu reading+lO
where vu

is

log

the actual volume level, and

R is the actual load,

or resistance, across which the vu measurement is made. If
the volume levels are indicated in other than vu units, the

meter calibration, or reference

level,

must be stated with

the decibel value.

SOUND EQUIPMENT
All sound and announcing systems consist basically of an
amplifier, a microphone, and a loudspeaker. The microphone converts the sound energy into electrical energy hav-

ing the same waveform as the sound energy. The output
from the microphone is applied as a signal voltage to the
amplifier. The output power from the amplifier has the
same waveform as the sound energy that is applied to the
microphone. The loudspeaker reconverts the electrical
energy from the amplifier into sound energy at a higher volume level than the original sound. In shipboard installations many loudspeakers are operated from the same
amplifier.
Each loudspeaker produces sound having the
same waveform as the original sound applied to the
microphone.
Types of Microphones

A microphone is a device that converts sound energy into
electrical energy.
317993
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All types of microphones have a metal
19
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diaphragm that responds to the vibrations of the sound
waves, and some means of changing this mechanical vibration into corresponding electrical signals. The most widely
used types of microphones are the (1) magnetic, (2) dynamic, (3) crystal, and (4) carbon types.
Magnetic micbopuone. The magnetic, or moving-arma-

—

ture,

microphone

(fig.

8-5) consists of a permanent

magnet

SOUND

AIR

GAP

ARMATURE
ELECTRICAL

OUTPUT

Figur* 8—5.

—Magnetic

mlcrephen*.

and a coil of wire inside of which is a small armature. Sound
waves impinging on the diaphragm cause the diaphragm to
vibrate.
This vibration is transmitted through the drive
rod to the armature which vibrates in a magnetic field, thus
changing the magnetic flux through the armature.
When the armature is in its normal position midway between the two poles, the magnetic flux is established across
the air gap with no resultant flux in the armature.
When a compression wave strikes the diaphragm, the
armature is deflected to the right. The flux path is directed
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from the north pole of the magnet across the reduced gap at
the upper right, down through the armature, and around to
the south pole of the magnet.

When

wave

diaphragm, the armature is deflected to the left. The flux path now is directed
from the north pole of the magnet, up through the armature
through the reduced gap at the upper left, and back to the
a rarefaction

strikes the

south pole.
Thus, the vibrations of the diaphragm cause an alternating
flux in the armature. The alternating flux cuts the stationary coil wound around the armature and induces an alternating voltage in it. This voltage has the same waveform as the sound waves striking the diaphragm.
The magnetic microphone is the type most widely used in
shipboard announcing and intercommunicating systems because

it is

more

resistant to vibration, shock,

and rough

handling.

Dynamic microphone.

—The

dynamic, or moving-coil,
microphone (fig. 8-6) consists of a coil of wire attached to a
diaphragm, and a radial magnetic field in which the coil is
Sound waves impinging on the diaphragm
free to vibrate.

FIgur* B-6.

—Dynamic
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micrephena.

cause the diaphragm to vibrate.

This vibration moves the

voice coil through the magnetic field so that the turns cut the

This action generates a voltage
in the coil that has the same waveform as the sound waves
striking the diaphragm.
The dynamic microphone requires no external voltage
source, has good fidelity, and produces an output voltage of
about 0.05 volt when spoken into in a normal tone within a
few inches of the diaphragm.
Crystal microphone. The crystal microphone utilizes a
lines of force in the field.

—

—

property of certain crystals such as quartz, Rochelle salt,
sugar, or coal known as the piezoelectric effect. The
bending of the crystal resulting from the pressure of the
sound wave produces an emf across the faces of the crystal.
This emf is applied to the input of an amplifier.
The crystal microphone consists of a diaphragm that is
cemented to one surface of the crystal. Metal plates, or electrodes, are attached to the other surface of the crystal.
When sound waves strike the diaphragm, the vibration of
the diaphragm produces a varying pressure on the surface

—

of the crystal and induces an

emf

emf has the same waveform

as the sound waves striking the

across the electrodes.

This

diaphragm.

most commonly used in crystal microphones because of its relatively high voltage output. The
crystal microphone can produce an output voltage of from
0.01 to 0.03 volt into a load of 1 megohm or more, when subjected to a sound pressure of a normal tone within a few
inches of the crystal. However, this crystal microphone is
seldom used in naval announcing and intercommunicating
systems because of the sensitivity of the crystal element to
high temperature, humidity, and rough handling.
Cabbon microphone. The carbon microphone is the most
common type of microphone. It operates on the principle
that a changing pressure of a diaphragm applied to a ^all
volume of carbon granules changes its electrical resistance
in accordance with the vibrations of the sound waves striking the diaphragm.
Rochelle salt

is

—
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The carbon microphone

diaphragm mounted
against a mass of carbon granules which are contained in
consists of a

In order to produce an output voltage, this
microphone is connected in a series circuit containing a battery and the primary of a transformer.
When a direct current flows through the carbon granules,
the varying resistance changes the amplitude of the current
and produces an alternating voltage in the secondary of
the transformer. This voltage has the same waveform as the
sound waves striking the diaphragm. The current through
this microphone may be as great as 0.1 ampere. The resistance may vary from about 50 to 90 ohms. The voltage developed across the secondary depends upon the ratio of the
transformer primary and secondary turns and also upon the
change in primary current. Normal output voltage of a
typical circuit is from 3 to 10 volts peak at the secondary

a small cup.

terminals.

The carbon microphone

not used in shipboard announcrequires a polarizing current and
is

ing equipment because it
has a tendency to amplify certain frequencies more than
others.
Characteristics of

Microphones

Microphones are rated according to their (1) frequency
response, (2) impedance, and (3) sensitivity.
Frequency response. Shipboard announcing and intercommunicating systems are designed to produce maximum
speech intelligibility under conditions of high background

—

To

frequency
response characteristic of the system is altered by cutting off
the system response at some lower limit, such as 500 cycles,
noise.

achieve this objective the overall

and by employing an emphasized frequency response characteristic which rises with increasing frequency at a rate of
approximately 6 decibels per octave.
pressure

is

The output sound

doubled each time the frequency

doubled for

The emphasized speech
and sometimes harsh, but when the mask-

a constant level input to the system.
tends to sound thin

is
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ing due to background noise is almost as high as the speech
level, the speech appears to cut through the noise.
For good quality, a microphone must convert sound waves
into electrical waves that have the same relative magnitude

and frequency, without introducing any new frequencies.
The frequency range of the microphone must be at least as
wide as the desired overall response limits of the system
with which it is used.
Except in the case of the emphasized system in which it
may be desirable for the microphone to have a rising frequency-response characteristic, the microphone response
should be uniform or flat, within its frequency range and
free from sharp peaks or dips such as those caused by mechanical resonances.

Impedance.

—Crystal

microphones have impedances of
several hundred thousand ohms whereas the magnetic and
dynamic microphones have impedances that range from 20
to 600 ohms. The impedance of a microphone is usually
measured between its terminals at some arbitrary frequency
within the useful range such as 1,000 cycles.
The impedance of magnetic and dynamic microphones
varies with frequency in much the same manner as that of
any coil or inductance that is, the impedance rises with increasing frequency. The actual impedance of the microphone
in shipboard applications is of importance only as it is related to the input load impedance into which the microphone
is designed to operate.
If the microphone is mismatched
with the input impedance, the microphone input is reduced

—

and distortion

occurs.

All specifications and acceptability

naval microphones are based on the designed input
load impedance.
Sensitivity. The sensitivity or efficiency of a microphone
tests for

—

is

usually expresed in terms of the electrical power level that

the microphone delivers to a terminating load the impedance

of which

is

equal to the rated impedance of the microphone,

compared to the acoustical intensity
sound field that is being picked up.
2I«

level or pressure

of the

Most systems

rate the microphone in the electrical

power

below 1 milliwatt) produced by an acousFor examtical pressure of 1 dyne per square centimeter.
ple, a crystal microphone rated at —80 decibels means that
for an input acoustical pressure of 1 dyne per square centimeter, the electrical output is 80 decibels below one milliwatt,
or 10"* milliwatt. Other systems rate the microphone
in terms of the voltage delivered to a specified terminating
load impedance for an acoustical pressure input of 1 dyne
per square centimeter.
It is important to have the sensitivity of the microphone
as high as possible. High sensitivity means a high electrical
power output level for a given input sound level. High microphone output levels require less gains in the amplifiers
used with them and thus provide a greater margin over
thermal noise, amplifier hum, and noise pick-up in the line
between the microphone and amplifier.
level (in decibels

When

a microphone must be used in a noisy location, an
additional desirable characteristic is the ability of the microphone to favor sounds coming from a nearby source over
random sounds coming from a relatively greater distance.
Microphones of this type tend to cancel out random sounds
and to pick up only those sounds originating a short distance
away. When talking into this type of microphone the lips
must be held as close as possible to the diaphragm. Directional characteristics that favor sound coming from one direction only, also aid a microphone in discriminating against

background

noise.

Types of Loudspeakers

A

loudspeaker

is

a device that converts electrical energy

into sound energy and radiates this energy into the air in the

form of waves. All loudspeakers consist essentially of a
driving mechanism for changing electrical waves into mechanical vibrations that are transmitted to a diaphragm
or other vibrating source. This vibrating source is coupled,
either directly or by means of a horn, to the air and causes
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sound to be radiated.

The loudspeakers

in general use in

Navy

are the (1) direct radiator type which radiates
sound directly from a vibrating member into the air and

the

horn type which consists of a driving unit combined with
a horn to couple the unit to the air.
Driving mechanisms. The driving mechanism changes
the electrical vibrations into mechanical vibrations. The
dynamic, or moving-coil, driving mechanism is the basic type
(2)

—

used in

Navy

The design of

loudspeakers.

lar to that of the

dynamic microphone

this unit is simi-

(fig. 8-6.).

How-

ever, the principle of operation is the reverse of that of the

dynamic microphone.

A

coil of

wire

is

attached to a diaphragm and rests in

a magnetic field. AVhen a varying electric current flows
through the coil, a force is exerted on the coil causing it to
move back and forth in the magnetic field. The consequent
motion of the diaphragm causes the radiation of sound waves
which coiTesp>ond to the variations in the electric current.
The electrodynamic and the permanent-magnet types are
the two variations in the dynamic loudspeaker. These types
differ only in the method employed for obtaining the magnetic field.

In the ELECTRODYNAMIC LOUDSPEAKER the magnetic field is
established by passing a direct current through a field coil
that is wound on an iron core. This type requires a source
of filtered direct voltage and two additional conductors to
carry the

field

current to the loudspeaker.

In the PERMANENT-MAGNET DYNAMIC LOUDSPEAKER the magnetic field is established by a permanent magnet. All loudspeakers used by the Navy are of the permanent-magnet

dynamic type.
Direct radiator loudspeaker. The direct radiator loudspeaker, sometimes called a cone loudspeaker, is the simplest form of sound loudspeaker.
In this type of loudspeaker (fig. 8-7), the diaphragm acts directly on the
medium, which is air. Both sides of the diaphragm are

—

open to the air so that sound

is
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radiated behind as well as in

At

the instant the diaphragm is
moving in an outward direction, a compression wave is produced by the front surface of the diaphragm and a rarefront of the loudspeaker.

wave
phragm.
faction

At low

is

produced by the back surface of the dia-

where the wavelength

frequencies,

—

Figure 8—7.

is

large com-

Direct radiator loud*p«ak«r.

pared with the dimensions of the loudspeaker, the rarefaction wave from the back of the diaphragm meets the compression

wave from the front of the diaphragm and
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neutralizes

because the waves are in opposite phase relation. Thus
low frequencies are not reproduced from this type of direct
it

radiator.

At higher
is

frequencies,

where the wavelength of the sound

small compared with the dimensions of the loudspeaker,

from the front of the diaphragm have time
to travel an appreciable distance away from the loudspeaker
(in terms of wavelength) and the phase of vibration of the
diaphragm changes before the interfering wave from behind
can traverse the distance around the diaphragm. Hence, a
BAFFLE is necessary only to reproduce low frequencies from a
the sound waves

direct radiator.

The purpose

of the baffle is to delay the

meeting of the front and back waves by artifically increasing
the distance of the sound-wave path from the front to the
back of the diaphragm.
The simplest form of baffle is a flat board with a hole in
the center to accommodate the loudspeaker. This type of
baffle is effective down to a frequency the wavelength of which
is approximately four times the diameter of the baffle.
If
the loudspeaker is mounted in a wall or is completely enclosed, the baffle is called an infinfte baffle. When a cabinet is used as a baffle, it is desirable to line the inside with a
sound-absorbing material to minimize the effect of cabinet
resonances produced by standing waves within the enclosure.
Horn loudspeaker. The use of the direct radiator loudspeaker is limited because of its low radiation efficiency.
When it is necessary to produce high sound intensities or
to cover large areas with sound, the radiation efficiency of
the loudspeaker must be increased to keep the size of the
amplifier within reasonable limits. Horns with appropriate
driver units provide a practical solution to the problem.
horn may be considered as an impedance matching device
for coupling a relatively heavy vibrating surface at the horn

—

A

throat to a relatively light

of the horn.

A

medium

mouth
shown in

(the air), at the

straioht-horn loudspeaker

is

figure 8-8.

For a horn

to operate effectively, the
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mouth must be

suffi-

ciently large in comparison with the longest wavelength

be transmitted. Lowfrequency horns often are considered to be useful at frequen(lowest frequency) of sound that

is to

above that for which the mouth diameter is about onethird wavelength. The performance of a horn loudspeaker
near the low-frequency cutoflf point depends to a great extent
cies

Figur* 8—8.

upon the

flare

—

Straight-horn loudspeaker.

or shape of the horn.

The function of

the

and continuous increase
in cross-sectional area in progressing from the small throat
to the large mouth. The shape most commonly employed is
the exponential horn in which the diameter increases progressively by a fixed percentage for each equal-distance inhorn contour

Figure 8-9.

is

to produce a smooth

—

Folded-horn loudspeaker.
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A, Single fold;

B,

double fold.

crement along the horn

In order for the horn to be of
a practical size and shape, a foldeikhorn liOUDSPEAKER is employed (fig. 8-9) in preference to a straight horn (fig.
8-8). There is a practical limit to the amount of power
that can be handled by a conventional driver unit. When
extremely high sound intensities must be produced, multiunit
loudspeakers are employed in which the units are coupled to
individual horn sections that are combined mechanically into
a common loudspeaker assembly. Examples of this type are
the Navy superpower loudspeakers and beachmaster announcing loudspeakers.
axis.

Characteristics of Loudspealcers

Frequency response.

—In the majority of cases the fre-

quency response of the loudspeaker is the limiting factor in
the over-all response of a sound system. For direct radiators
the low frequency response is influenced by the (1) baffle or
enclosure, (2) diameter of the cone, (3) ability of the cone
and voice coil to execute large amplitudes of vibration, and
This high(4) strength of the magnetic field in the air gap.
frequency response

is

limited

by the mass of the voice

coil

and diaphragm.
For horn loudspeakers, the low frequency response is influenced principally by the (1) basic horn formula employed,
The high frequency
(2) flare, and (3) mouth dimensions.
response is limited by the (1) mass of the voice coil and
the diaphragm, (2) phase effects caused by differences in
path lengths due to bends, and (3) impedance irregularities
caused by sudden changes in cross-sectional areas at folds
or joints in the horn. Vibrations of the horn walls must be
sufficiently

damped

to avoid introducing irregularities into

the response as well as transient effects.

—The directivity of a loudspeaker

an important factor in determining the efficiency of the sound
radiation over the listening area. All practical forms of
Directivity.

sound radiators exhibit some directional
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effects.

is

If a radia-

placed in free space where the results are not affected
by interfering]^ reflections, the sound pressure at a given distor

is

not the same in all directions. The directivity of a
loudspeaker is a function of both frequency and the size of

tance

is

mouth of the loudspeaker. Thus, a loudspeaker
becomes more directional with increasing frequency because
of the shorter wavelength and a direct radiator or horn
mouth of large size is more directional than one of smaller
the horn

These factors of frequency and size are interrelated in
that the size becomes a factor relative to the wavelength of
the sound being transmitted. Thus the directional pattern
size.

of a small loudspeaker transmitting a high-frequency signal
(short wavelength) is similar to that of a large loudspeaker
transmitting a low-frequency signal (long wavelength)
In
general a horn loudspeaker of a given mouth diameter is more
.

directional than a direct radiator of the

same diameter, par-

ticularly at the lower frequencies.

The

directivity of a

upon the
the flare

is

horn loudspeaker

—that

rate of flare

made more gradual

is,

is also

dependent

the directivity increases as

(longer horn)

If a rectangu-

.

horn having a long narrow mouth (in terms of wavelength) is mounted with the long dimension of the mouth
lar

vertical, the radiation in the horizontal plane corresponds to

that of a small radiator with a broad distribution pattern.

The

radiation in the vertical plane acts as a large radiator

with a relatively narrow beam.

made

relatively

much

In other words, the horn

less directional in

is

the horizontal plane

than in the vertical plane. It is obvious that the reverse is
true if the horn is turned so that the long dimension of the
mouth is horizontal. Thus the sound energy is flattened out
in a plane at right angles to the long dimension of the loudspeaker mouth.

This principle

is

used to obtain the re-

quired directional characteristics for

efficient

high- intensity

reproduction on the flight decks of aircraft carriers.

Capacity.

—The load-carrying capacity of a loudspeaker

usually expressed in terms of the

that would be applied to

it.

maximum

This power
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is

is

power
limited by heatelectrical

'

and the production of nonlinear
distortion which is caused by excessive diaphragm amplitudes or excessive acoustical pressures in the sound passages.
Excessive power causes the diaphragm to strike portions of
the magnet or supporting frame and may produce buzzing or
ing, mechanical strength,

rattling.

Efficiency.

—The loudness of the sound obtainable from

a loudspeaker at any particular listening point is not a factor
of load-carrying capacity alone. Other important factors
are the efficiency and the amount that the sound is spread out.
The definition of absolute efficiency of a loudspeaker is not
subject to simple practical interpretation. However, for
specification purposes and for checking the performance of
naval loudspeakers, a specified voltage is applied to the input
terminals and the output sound pressure is measured at a
given distance from the loudspeaker on the loudspeaker axis
using various test frequency signals. These measurements
are combined with off-axis sound pressure measurements to
evaluate the relative loudspeaker efficiency.
When satisfactory frequency in a loudspeaker is limited
to a small angle about the axis, the absolute efficiency at high
frequencies is considerably lower than at low frequencies.
The use of diffusing arrangements with these loudspeakers
to spread out the high frequencies usually results in spreading out the small amounts of available high-frequency energy
to such an extent that the response is unsatisfactory at all
locations.

—

Impedance. The impedance of a loudspeaker is usually
measured between the voice coil terminals at some average
frequency, such as 1,000 cycles, in the usable range. This
impedance varies with the frequency, rising with increasing
frequency. The usual value of voice coil impedance varies
from 3 to 15 ohms.
In shipboard announcing and public-address systems, a
matching transformer is built into each loudspeaker to transform the low voice-coil impedance to a higher value suitable
for connection to loudspeaker distribution lines. Because
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loudspeakers in a system are connected and operated in parallel, the combined impedance of a large number of low-imj>edance voice coils without matching transformers would be
so low compared with the resistance of the connecting cables
that an appreciable portion of the amplifier output power

would be dissipated

in the cables.

Thus matching

trans-

formers are provided to reduce this loss. These transformers have several taps in order to vary the loudspeaker impedance. Changing the loudspeaker impedance changes the
power absorbed by the loudspeaker from the lines and thus
provides a means of varying the loudness of the loudspeaker.

QUIZ
1.

What

2.

Name two

coDdition must exist in a body for sound to be produced?
classes of waves.

medium

3.

In wliat direction do the particles of the
transverse wave?

4.

In what direction do the particles of the medium vibrate |n a
longitudinal

5.

Why

vibrate in a

wave?

are sound waves in a gas or liquid considered as longitudinal

waves?
6.

What

is

the nature of a sound wave produced by a loudspeaker

diaphragm?
7.

What

is

the period of a vibrating particle in a

8.

What

is

the frequency of vibration?

9.

What

is

the amplitude of vibration?

10.

When

are two vibrating particles in phase?

11.

When

are two vibrating particles in phase opposition?

12.

What

13.

What

14.

What happens when sound waves from more

the wavelength of a sound

wave?

three qualities of a medium affect the velocity with which
sound disturbances are transmitted through the medium?

at
15.

is

medium?

any point

in a

than one source meet

medium?

What

kind of interference is produced when two sound waves, of
the same frequency and in phase, moving in the same direction
meet at a point?

295

kind of interference is produced when two sound waves, of
the same frequency and in phase opposition, moving in the same
direction meet at a point?

16.

What

17.

What

the

is

name given

to the periodic variations in intensity

resulting from constructive

when two sound waves
18.

What

19.

What

20.

What

the effect of beat frequency?

are the apparent changes in pitch called when there
tive motion between the sound source and the listener?

sion,
21.

is

is

the science of sound including

and

What

is

What

is

its

is

rela-

propagation, transmis-

effects called?

the repetition of a sound called that

reflections of
22.

and destructive disturbances produced

of different frequencies meet at a point?

is

caused by the

sound waves?

the persistence of sound called that is due to the multiple
sound waves between several surfaces of an enclosure?

reflection of
23.

What three terms are used

24.

What

determines the pitch of a sound, or tone?

25.

What

determines the intensity of a sound?

26.

What

is

27.

Upon what does

28.

What

to describe the characteristics of

sound?

the sound of lowest pitch called?

unit

is

the quality of a tone depend?

used to describe the ratio of the power of two sound

levels?
29.

What

is

the meaning of the expression "threshold of audibility?"

30.

What

is

the function of a microphone?

31.

Name four

32.

What

33.

What mechanism

34.

What

35.

How

principal types of microphones.

type of microphone

is

used most widely aboard ship?

comprises the magnetic microphone?

three factors determine the rating of microphones?

the over-all frequency response characteristic of shipt)oard
announcing and intercommunicating systems altered to achieve
is

maximum

speech intelligibility under conditions of high-background noise?
36.

In what

37.

Why

38.

Name

way

is

the impedance of a microphone important?

is it important to have the sensitivity of the microphone as
high as possible?

the two kinds of loudspeakers used in the Navy.
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39.

What

40.

How

the basic type of driving mechanism used in
speakers?

Navy

loud-

does the principle of operation of this driving mechanism

from that of the dynamic microphone?

differ
41.

is

Why

is it

desirable in the direct radiator loudspeaker to increase

the length of the sound path from the back to the front of the

diaphragm?
42.

What means

43.

What

44.

How

45.

is provided in the direct radiator loudspeaker to increase the distance of the sound path from the front to the back
of the diaphragm?

What

is

the function of the horn contour?

are extremely high sound intensities produced?
is

the limiting factor in the overall response in the majority

of sound systems?
46.

What two

47.

For a given loudspeaker, how

factors influence the directivity of a loudspeaker?
is

the directivity related to the

frequency ?
48.

What

49.

How

three factors limit the capacity of a loudspeaker?

are the voice coils of loudspeakers matched to audio transmission lines?

317993
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CHAPTER
ANNOUNCING AND INTERCOMMUNICATING
SYSTEMS
Shipboard announcing and intercommunicating systems,
circuits IMC to 31MC inclusive, serve the general purpose
of transmitting orders and information between stations
within the ship by means of amplified voice communications.
This function is accomplished by either (1) a central amplifier SYSTEM or (2) an intercommunicating system.

A

central amplifier system is employed

when

it is

desired pri-

marily to broadcast the orders or information simultaneously
to a number of stations. An intercommunicating system is

employed when

it is

desired primarily to provide two-way

transmission of the orders or information.

Each announcing and intercommunicating system installed
aboard ship

is

assigned an

I.

C. circuit designation in the

MC series. The Chief of Naval Operations authorizes these
MC circuits for each class of vessel, based on size, complement, function, and operational equipment.
I.

C. announcing circuits are listed in table

type, importance,

and

readiness.

All authorized
3,

according to

These systems, however,

are not all installed in any one ship.

A

more

detailed de-

scription of these circuits is contained in chapter 65 of the

Bureau of Ships Manual.
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Table
Announcing
system

General.
Engineers
Aviators..

Damage

control

Announcino Ststems

3.

Type

Circuit

Importance
and
readiness

IMC...
2MC...
SMC...
4MC...

Central amplifier

do
do
Central

amplifier

SV-1.
.-Do.
Do.
SV-2.

(early designs)

Intercom
(recent designs).

Flight deck

Intership

Submarine control

5MC.-.
6MC...
7MC...

Central amplifier

do
Central amplifier

Do.
Do.
V-1.

(early designs);

Intercom
(recent designs).

Docking control

10MC._

Turret

IIMC16MC

Double purpose battery

17MC-.
18MC..
19MC_20MC.-

Bridge

Ready room
Combat information

Central amplifier

do
do
do
Intercom
Central amplifier

SV-1.
SV-3.
Do.

NV-2.
SV-2.
SV-1.

(early designs)

Intercom
(recent designs).

Captain's

command

Radio room
Distribution control

21MC22MC.
23MC.

command..

24 MC.

Wardroom
Machinery operation

25MC.
26MC.

Flag

officers

Intercom
do
do
do

Do.

NV-1.
SV-1.
Do.

Central amplifier.

NV-4.

Intercom

SV-1.

control.

Sonar control
Squadron
Sonar information
Bomb shop
Escape trunk

27MC.
28MC.
29MC.
30MC.
31

MC.
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do

Do.

Central amplifier.

NV-4.

do
Intercom

SV-2.
Do.
Do.

Central amplifier.

CENTRAL AMPLIFIER SYSTEM

A central amplifier system is designed to provide amplified
and alarm signal communications to the various loudspeaker groups aboard ship. The equipment used in a central amplifier system consists of ( 1 ) microphone components,
(2) amplifier components, and (3) loudspeaker components.

voice

Microphone Compononts

Microphone components include
transmitter

control

stations,

all

portable microphones,
talk-back

boxes,

control

and microphone jack boxes.
Portable microphone. A portable microphone, sometimes called a portable transmitter, comprises a magnetic
microphone with a "talk" push switch incorporated in the
same case, and mounted in a transmitter arm or yoke that
forms the upper part of a chest and bracket assembly. The
complete assembly is supported on the user by means of a
neckband or strap. This unit is provided with a length of

switches,

—

The speech

portable cable that terminates in a plug.
dible signal originates at this unit

and

its

output

is

or au-

the audio

input to the amplifier.

—

Transmitter control station. Transmitter control stations are classified as type A and F.
A tyi>e-A transmitter control station installed in an aircraft carrier is shown in figure 9-1. This station is contained in a watertight case provided with a hinged cover.

Under the cover

a magnetic microphone enclosed in a
watertight case and mounted on an adjustable bracket. The
front panel contains the loudspeaker selector switches, required indicator lamps, volume indicator meter, and pressto-talk switch. A microphone input receptacle for a portable transmitter is located on the right-hand side of the case
and is provided with a watertight cap. The type-A transmitter control station is used in circuits IMC, 2MC, and

SMC.
The type-F

is

transmitter control station
300

is

identical to tlio

Figure 9-2.

—

Control box.
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A, Typo D; B, Typo

E.

type-A station except that the type-F station is used in circuit 5MC and, on seaplane tenders, in circuit 6MC.
Transmitter control stations convert speech into electrical
impulses and connect these impulses to the voltage amplifier
in the amplifier rack.

—

Control box. Control boxes are classified as type D, type
E, and type MCT.
A type-D control box is shown in figure 9-2, A. This box
consists of a watertight case without a cover. The front
panel contains loudspeaker group selector switches, a volume
indicator meter, and a press-to-talk switch. A portable
connected to the microphone input receptacle
on the side of the box. The type-D control box is used primarily in circuit 17MC where the system design provides
for individual gun-communications circuit selections at the
transmitter

is

control box.

A type-E control box is shown in figure 9-2, B.

This box
is similar to the type-D box except that it is not provided
with loudspeaker group selector switches. The type-E control box is used primarily in circuit 17MC where communications-circuit selection is accomplished on the fire control
switchboard.

The type-MCT

control box

a splashproof box. It contains loudspeaker group selector switches; a pilot light to
indicate that power has to be made available to the system
is

a volume indicator meter; talk-back disconnect switches to
permit disconnecting the individual talk-back lines from the
amplifier in case of a circuit fault a tie-in switch to permit
connecting the IMC circuit to the loudspeakers; fuses for
;

the power supply to the associated amplifier; and a microphone input receptacle for a portable transmitter. The type-

MCT

control box

IIMC

to

and

16MC

is

used as the master station in circuits

inclusive.

It contains the necessary controls

circuit relays because these controls are not included

with the associated amplifier.

Talk-back switch.

—A

talk-back switch consists of a

watertight box without a cover, as shown in figure 9-3.
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The

Figura 9-3.

—

Talk-bock twitch.

front panel contains an indicator

lamp

to indicate

when the

master control box is in use; a press-to-talk switch; and a
microphone input receptacle for a portable transmitter. The
portable transmitter is used for talking back when the background noise level is too high for satisfactory operation of
the loudspeaker as a microphone. This talk-back switch
is used at remote stations in circuits 11MC-16MC for the purpose of talking back to the master station.

Microphone jack

box.

—A microphone jack box consists

of a watertight box without a cover, as shown in figure 9-4.
The front panel contains two indicator lamps and a micro-

phone input receptacle for a portable transmitter. The
microphone jack box is used in various announcing circuits.
Amplifier

Components

Amplifier components include

all

amplifiers,

amplifier

and control racks. The incoming low-level speech or
signals from the microphones are amplified in these comracks,

ponents to a sufficiently high level for the proper operation
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Figure 9—4.

of the loudspeakers.

—Microphone

lack box.

The

amplifiers include the (1) requisite audio signal generators that serve as the source for alarm
signals; (2) necessary relays, switches, and control circuits
which permit amplifier and signal generator transfer, micro-

phone and loudspeaker circuit disconnects, establishment of
circuit priorities, and proper functioning of indicator lights
and (3) test facilities for checking equipment performance
and for making system adjustments.

Type-MCG

amplifier.

for the combined

—The type-MCG amplifier

IMC, 2MC, and

3MC

circuits.

is

Each

used

MC

circuit is provided with a separate amplifier channel with
facilities for

combining any two or three

circuits

on a single

amplifier channel in case of failure of any channel.

Two

amplifier channels are provided in ships that have circuit

IMC

only, with one channel serving as a standby for the
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other.

General alarm and chemical attack alarm signals

are incorporated in this amplifier.

Dual signal generators

are provided for these alarm signals.

Type-MCF
for circuit

amplifier.

A

5MC.

—The type-MCF amplifier

separate amplifier channel

is

used
provided
is

for each superpower loudspeaker with facilities for com-

bining any two loudspeakers on a common amplifier channel
in case of failure of the other channel of a pair. Flight
deck warning and flight crash alarm signals are incorporated

Dual signal generators are provided for

in this amplifier.

these alarm signals.

—

Type-MCT amplifier. The type-MCT amplifier is used
for circuits IIMC to 16MC inclusive. Operating controls
are not provided because all necessary circuit controls are in-

corporated in the associated

type-MCT

control box previ-

ously described under microphone components.

Type-MCA

amplifier.

—^The type-MCA amplifier

used

is

17MC. A separate amplifier channel is provided
for each gun director. A signal generator is provided for
each amplifier channel for salvo and cease firing signals.
for circuit

Loudspeaker Components

Loudspeakers convert the electrical output from the amplifier back into audible sound. Loudspeakers are classified
as low (L), standard (S), medium (M), and high (H), de-

pending on the power output. The power output depends
on the size of the space to be covered and the noise level in
that space.

L

Types

and S loudspbakebs.

—The type-L

and type-S

loudspeakers are of the direct radiator design

The

(fig.

8-7).

impedance is matched to the voice-coil impedance
of the loudspeaker by shifting the line leads to different taps
on the input transformer.
and
Tyfe
loudspeakers. The type-M and type-H
line

M

H

—

loudspeakers are of the folded-horn design
the types

L

(fig.

8-9)

.

As

and S loudspeakers, the connection of the

in

line

leads

and the voice-coil

leads to the input transformer deter-

mines whether the loudspeaker
type H.

MCG
The MCG
battle

is classified

as type

M

or

General Announcing System

general announcing system, formerly called the

announcing system,

is

the principal announcing sys-

tem in naval vessels. It consists of circuits IMC, 2MC, and
6MC and is designed to provide amplified voice and alarm
signal communications to the various loudspeaker groups

aboard ship.
A complete general announcing system provides means for
(1) transmitting the spoken word or signal at any one of
several stations; (2) amplifying this signal at a central am-

from many loudspeakers.
A large ship has six or eight transmitting stations, two or
more amplifiers, and several hundred loudspeakers.
All Navy general announcing systems have, as part of the
amplifier circuit, one or more signal generators which produce various alarm signals that are amplified and then radiated by the loudspeakers. The types of signals generated by
plifier

;

and

(3) radiating the signal

these generators are (1) general alarm, (2) chemical attack

alarm, (3) salvo, and (4) cease firing signals.
signals are transmitted throughout the ship.

The first two
The salvo and

cease firing signals are transmitted only to the

A block diagram of the MCG general

gun

stations.

announcing system

installed in a cruiser of the Worcester class

is

shown

in figure

This system consists of two interconnected circuits, the
general announcing system (circuit IMC), and the engi9-5.

neers announcing system (circuit
plifier

channels designated

A

2MC), which

and B.

use two am-

Normally, the

IMC

through channel A and the 2MC circuit
operates through channel B. In an emergency, however, both
circuits can use one amplifier channel. Two signal generators in the control rack generate alarm signals. One signal
circuit operates

generator

is

in regular use while the other signal generator
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is

This announcing system

in emergency standby service.

uses 116-volt a-c

power from the

The IMC CIRCUIT

is

C. switchboard.
for general announcing purposes and
I.

IMC transmitter control
stations to loudspeakers of the IMC and 2MC circuits. Cirprovides communication from the

2MC

IMC
OPCN

PlLOT

HOUSE

BMPCK

BRIOCe

DECK
orrtct

MAIN

S£C-

DAMAGE ONOARY
CONTROL conning

ENGINE.

LOG

ROOM

ROOM

(cT)

VISUAL

ALARM

^

IN

IN

CONTROL
RACK

CHANNEL
A

CHANNEL
B
AMPLIFIER

AMPLIFIER
OUT

PRIORITY
RELAYS
...

TO

OFFICERS

—

^

OUT

t"

-le AND I7MC
rOR ALARM

II

n

CREW

TOPSIDE

ENCINCCRS

2MC

IMC
SIGNAL GENERATOR
TRANSMITTER CONTROL STATION
CLASS 0 CONTROL BOX
Figure 9—5.

—

I

CA

I

|

GA

|

Block diagram of an

CHEMICAL- ATTACK CONTACT MAKgR
GENERAL - ALARM CONTACT MAKER

MCG
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general announcing system.

cuit

IMC has four transmitting stations and two class-D con-

The transmitting stations are located at the (1)
bridge, (2) deck office, (3) damage control central, and (4)
secondary conning station. One of two class-D control boxes
trol boxes.

that are used with portable microphones only is located in
the pilot house and the other is located on the bridge. The

IMC

loudspeakers are located (1) in the ofl&cers' country,
(2) in the crew's spaces, and (3) topside.
Manual switches for energizing the signal generator and
for sounding either the chemical attack or general alarm are
located at the pilot house, open bridge, deck

ward

office,

and

for-

Closing an alarm switch energizes one
of the signal generators and relays, and automatically connects the alarm signal generator output to the IMC amplifier
input. At the same time, relays operate to place all loudspeakers of the IMC and 2MC circuits on the IMC amplifier
air defense.

In addition, loudspeakers in the

MCA

system
(17MC circuit) are connected to the IMC amplifier output
to receive the alarm signal. The alarm signals have priority
over all other functions of the IMC, 2MC, and 6MC circuits.
The 2MC circuit provides communication from the 2MC
transmitter control stations to loudspeakers of the 2MC circuit.
This circuit has two transmitting stations which are
located in the (1) main engine room and (2) log room. The
2MC loudspeakers are located in the engineering spaces.
The signal from the 2MC transmitter stations can be reproduced by the IMC topside and crew loudspeaker groups.
The IMC transmitter stations, however, have priority over
the 2MC transmitter stations in communicating with any
loudspeaker groups.
The 6MC circuit provides voice communication from the
bridge transmitter station to the topside bull horn. This
circuit operates from the bridge only and the IMC and 2MC
circuits have priority over the 6MC circuit at all times.
Amplifier rack. The amplifier rack provides facilities
output.

—

for housing two voltage amplifiers and two 500-watt power
amplifiers.

One

voltage amplifier with compressor and one
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500-watt power amplifier constitute a channel, as shown in
figure 9-6u

All tubes in the amplifier rack are paralleled

with a duplicate tube as a protection against interruption
caused by tube failure. Thus, a failure of one tube does not

make the amplifier inoperative.
The voltage amplifier with compressor consists of two chassis

fastened on a subpanel mounted in the amplifier rack.

The voltage amplifier (upper chassis)

consists of three stages

of amplification together with rectifier tubes that supply d-c
plate

power for the voltage amplifier and compressor.

The

compressor (lower chassis) consists of one stage of amplification

and two separate signal

amplifier amplifies voice,

rectifier stages.

command, and alarm

The voltage
signals

and

power amplifier.
A schematic diagram of a voltage amplifier is shown in
figure 9-7. The circuit consists of two stages of voltage
amplification and an output stage. Incoming signals from
the microphone are fed to the primary of the input transdrives the

former, Tl.

The secondary

of the input transformer

nected through the normally closed contacts on relay
the grids of the parallel -connected pentodes

^1

is

con-

RLl

to

VI and F2.

from acquiring a negative charge when relay RLl is operated and the
normally closed contacts are open. Fl and F2 are cathode
biased by resistor R2 which is bypassed by capacitor CI.
These tubes are biased to operate as a class-A amplifier. The
is

a grid leak resistor.

screen-grid voltage
sistor

^3.

The

is

It prevents the grids

obtained through series-dropping re-

screen grid

is

bypassed by capacitor 02.

R4i is the plate-load resistor.

The amplified signal from the plates of pentodes Fl and
F2 is fed through coupling capacitor C3 to volume control
potentiometer Fc. From the volume control the signal goes
to the volume-compressor switch, /SWl. When this switch
is in the off position, the signal is applied directly to the

F3 and

These tubes drive the output
beam power tetrodes F5, F6, F7, and F8. When the compressor switch is in the on position, the plates of Fl and F2
grids of triodes

F4.
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R-C

coupled through resistor ^34 and capacitor Cl3 to
the grids of 79 and FIO in the compressor limiter. The
signal at the plates of these tubes is coupled through capacitor 6'14, switch aSTFI, and relay RL\ to the grids of the
driver stage, Fi3 and F4. The plate potential of F9 and FIO
are

by means of voltage-control rheostat /?39. Cathode bias for F9 and FIO
is supplied by resistor ^40.
Capacitor C15 is a bypass cain the compressor-limiter unit is controlled

The screen grid voltage is obtained
through series dropping resistor ^41 from a voltage-divider
network composed of P2, ^39, ^25, and ^24. The screen
grid is bypassed by capacitor CVl. F3 and F4 are transpacitor for resistor ^40.

former coupled to the parallel push-pull output stage F5,
F6, F7, and F8 and are cathode biased by means of resistor
^5 which is bypassed by capacitor 6^4.
The signal is fed from one end of the center-tapped secondary of transformer 7^2 to the grids of the upper output
tubes F5 and F6 and from the other end of the secondary
to the grids of the lower output tubes F7 and F8. Thus
the signal at the grids of the upper pair of tubes is 180°
out-of-phase with the signal at the grids of the lower pair.
This action results in push-pull operation for the output
The output tubes are biased for class- B operation.
stage.
Upper output tubes F5 and F6 are biased by one-half of
resistor ^10, and lower output tubes F7 and F8 are biased
by the other half of this resistor. Capacitors 6^5 and (76
stabilize the cathode bias voltage across ^10 and bypass the
signal around it.
Series grid-resistors ^6, ^7, ^8, and ^9 decouple the
grids of the four output tubes and provide a circuit across
which a feedback voltage is fed from the plates of these
In other words, these resistors suppress parasitic ostubes.
cillations.
These resistors also limit grid current on the
peak positive swing of grid voltage.

The output

from the plate of each of the output
tubes is fed through resistors /?13, ^14, ^ff 15, and ^16 to output transformer TZ. Although these resistors serve no pur317993

signal

0—55

21
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pose under nonnal operating conditions, they reduce the
tendency of the output tubes to oscillate when the two pushpull sections are unbalanced. Part of the voltage developed
across the output transformer winding is applied to the grid

The

circuits of the output tubes as degenerative feedback.

plate-to-plate voltage of the output tube is applied to a volt^

A

age divider that consists of resistors ^17, ^18, and ^19.
portion of this output voltage from these resistors is coupled
through capacitors <77 and CS and through series resistors
B20, i?21, ^22, and B2Z to the grids of the output tubes.
This feedback signal provides the desired degenerative feedback.

The

B+

power for

the* plates of all of the tubes in

the

supplied by a full-wave rectifier (F13
The alternating voltage supplied to
and F14 in parallel)
the plates of these rectifiers is taken from plate transformer
voltage amplifier

is

.

T6.

Note that

formers,

is

this transformer, unlike

most power trans-

separate from the transformer that supplies the

heater current for the tubes in the amplifier. This use of
two transformers permits filament transformer T6 to be

energized whenever the amplifier is in a standby condition.
Plate transformer TQ is energized only when the amplifier
is in

actual operation or in a ready condition.

The midpoint

on the plate transformer secondary is grounded. Therefore
the B— voltage is at ground potential. The B+ voltage is
obtained from the filament side of the tube circuit and is
filtered by the capacitor input filter which is composed of
inductor LI and capacitor 6'16.
Screen-grid voltage for the tubes in the output stage is
obtained from the power supply through series screen-grid
resistor ^24.
Bleeder resistor R25 is connected from the
screen grid of the output tubes to ground. The screen-grid

dropping

resistor, therefore, carries screen-grid current

a bleeder current.

plus

The bleeder current is constant and there-

fore tends to stabilize the screen-grid voltage.

Plate voltage for the driver tubes
the

B+

output of the

rectifier
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F3 and F4

is

taken from

through a decoupling

filter

The

that consists of resistor J?26 and capacitor C9.

Fl and V2

plate

taken from the platevoltage supply for the driver tubes through a second decoupling filter that consists of resistor ^27 and capacitor CIO.
Screen-grid voltage is applied to the pentodes through series
resistor ^3.
Output impedances of either 15 or 500 ohms are available
at the output terminals of the amplifier. This arrangement
permits the output from the amplifier to be applied to a load
voltage for the pentodes

is

of either 15 or 500 ohms.

The

cx)MPRE880R-LiMiTER CEROuiT, which cousists of a com-

pressor and a limiter,

is

used to

make speech more intelligible

when there is high background noise at the loudspeaker.
The cx)MPRE8S0R ciRCurr acts like an automatic volume conIt varies the output of the voltage amplifier

trol.

by chang-

ing the gain of the amplifier with changes in the input-signal
level.
When the input signal is large, the circuit reduces the
gain and when the input signal is small, the circuit increases
the gain. This action keeps the output signal of the ampli-

a constant level.
The output signal of the voltage amplifier is taken from
output transformer TZ and is connected across potentiometer
PI. The setting of the potentiometer determines the voltage
across the primary of compressor-driver transformer 7^4.
The secondary voltage of this transformer is connected across
a voltage divider that consists of resistors ^28, ^29, ^30,
and ^31. Both the secondary of 7^4 and the center point
of the voltage-divider network are grounded through resist-

fier at

and i?33.
Approximately

ors /?32

15 percent of the total voltage across the

applied to the plates of the right-hand
duodiode signal-rectifier tube F12. The cathodes of this
voltage divider

is

tube are connected directly to ground.
of the a-c voice signal,

first

On

each half cycle

one and then the other of the

plates of the signal-rectifier tube conducts.

flows

from the cathodes

sistors

i?29

and then through reand i?33 to ground. This

to the plates

(or ESQ), i?32,
31S

The current

current charges capacitors Cll and C12 to a negative potential,

the magnitude of which

is

proportional to the magnitude

The negative charge on these

of the voice signal.

capacitors

and control grids of the variable-mu pentodes F9 and FIO. Because the bias voltage is
directly proportional to the output signal of the voltage amplifier, and because the gain of the amplifier varies with this
bias, the gain of tubes F9 and FIO decreases when the output
biases both the suppressor

This action is called compression. The
amount of compression is determined by the setting of compressor potentiometer PI. When the compressor is used, the
triodes F3 and F4 receive their input signal from the plates
of tubes F9 and FIO and not directly from the volume con-

signal increases.

trol Vc.

The LiMrrER circuit keeps the
desired level.

It clips

from exceeding any
off sudden noise impulses and reThis circuit uses F9, FIO, and Fll.
signal

duces the effect of noise.
The entire secondary voltage of compressor-driver transformer T4: is applied directly to the plates of Fll. The voltage applied to this tube is more than six times as great as the
voltage applied to the plates of F12. The cathodes of the
left-hand tube

Fll are made

by a voltage that
tentiometer P2.

positive with respect to

ground

determined by the setting of limiter poConsequently, the tube does not conduct

is

peak signal voltage applied to its plates exceeds
the cathode voltage as set by the limiter potentiometer.
However, when the peak signal exceeds the cathode voltage,
current flows through this tube, through resistors RS2 and
^33, and charges capacitors Oil and 012. This action
biases F9 and FIO as described in the compressor circuit.
until the

The

amplification of this stage

input signal

is

is

decreased as

as the

increased whenever the limiter conducts.

Thus, the output of the amplifier does not
above the value

much

set

rise appreciably

by the limiter potentiometer. This action

cuts off sudden noise impulses, such as static noises.

The POWER AMPLIFIER
the amplifier rack.

It

mounted on a hinged shelf in
consists of a single stage audio amUnit

is
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plifier

with

its

associated

power supply.

The input

signal

obtained from the output of the voltage amplifier.
The output feeds into a coupling transformer or resistance
network in the control rack for distribution to the various
voltage

is

groups of loudspeakers.
schematic diagram of a 500- watt power amplifier is
shown in figure 9-8. The input signal from the voltage
amplifier is fed to the primary of input transformer Tl. The
secondary of this transformer is connected to the grids of
Fl, F2, F3, and F4 operating in parallel push-pull. The
plates of these tubes are connected to the primary of the output transformer. The B+ power for the four amplifier triodes is supplied by a separate plate transformer and rectifier
tubes F6 and F6 that comprise a full-wave rectifier. The
output of the rectifier circuit is filtered and fed to the amplifier tubes.
The output transformer drives a coupling
transformer in the control rack which distributes the signal
to the various groups of loudspeakers.
The SIGNAL. GENERATOR compHscs a chassis on which are
mounted the components to produce the bell-tone signal for
general alarm, and the various audio frequencies for alarm
or command signals aboard ship. These signals can be used

A

also for test purposes.

The

signal generator circuit consists of (1) a rectifier sec-

tion that uses

two

rectifier tubes in parallel

and

(2)

an

oscil-

and amplifier section containing two twin triode tubes.
One triode unit of each tube has an associated R-C network.
These triode units with their associated R-C networks are

lator

connected in parallel to generate the composite signal for
the general alarm bell tone. The other triode units of
these tubes are connected either in parallel as an amplifier to
amplify the composite signal generated for the general alarm
bell tone, or as an oscillator to generate the various audio
frequencies for alarm or

command

signals.

A motor, which runs when any contactor or test button is
depressed, drives the interrupter used in the generation of

the general alarm bell-tone signal and in "coding" various
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alarm or command

signals.

The

interrupter

structed that the connection for the bell tone
contact,

is

a

is

so con-

momentary

and the connection for the jump-frequency signal

is

a contact lasting for one-half revolution of the contactor.
The general alarm signal is an interupted bell tone. When
the external general alarm switch is closed momentarily, the

motor operates.

The bell tone then

is

speakers for a period of 15 seconds.
The chemical attack alarm signal

sounded over

all

loud-

a steady 1,000-cycle
tone generated by the signal generator and sounded as long
as the external alarm contact maker is depressed.
is

In general announcing systems that have a
as well as the

IMC

and

2MC

17MC

circuits, the signal

circuit

generator

produces two additional signals. These are the salvo and
cease firing signals that are connected to the 17MC circuit
only and sounded at the gun stations. The salvo signal is
a steady 600-cycle tone.

The

cease firing signal consists of

two tones sounded alternately for one-third second each.
This signal is a jump-frequency tone composed of a 600-cycle
tone and a 1,500-cycle tone.
Control rack. The control rack provides a mounting for
the necessary switches, meters, relays, and associated equipment for the control and testing of the circuits in which it

—

is

used.

The rack

also contains the signal generators that

produce alarm signals aboard ship. The control rack is a
steel cabinet with two hinged doors, as shown in figure 9-9.
The doors provide access to the equipment inside for routine
Mounted on the front
testing, adjusting, and maintenance.
doors of the cabinet are the (1) type JR rotary switches for
selecting the various amplifier channels (2) toggle switches
for connecting various loudspeaker groups to the amplifier;
;

and

(3)

amplifier-channel,

signal-generator,

and

test

switches.

Mounted on a panel above the doors are two meters and
four rotary switches. The meters are used in testing the
amplifier channels and signal generators. The switches select the unit to

be tested.
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Figure 9-9.

Mounted

—

Control rqck.

inside the control rack

from top to bottom are

two signal generators; one row of seven low-level relays;
one row of seven capacitors; three rows of high-level relays;
one row of five groups of resistors; one row of three timedelay relays one row of two contactors three rows of terminal boards; and two output transformers on the bottom of
;

;

the rack.
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The rotary

on the cabinet doors connect
the IMC and 2MC circuits to either of the two amplifier channels individually, or both circuits to the same channel. Separate switches select the amplifier input and amplifier output.
Three switches connect the transmitting control stations to
the IMC circuit and one switch connects the transmitting
control stations to the 2MC circuit. These transmitter seselector switches

—that

they
connect either one of their two transmitter stations to the
system individually or to both at the same time, as desired.
Eight toggle switches are used to connect the loudspeaker
lector switches are of the either-or-both type

groups and are used also to disconnect faulty

is,

lines that

im-

pair the operation of the amplifier.

The signal generator selector switch places either one of
the two signal generators in operation. Four test push
switches mounted alongside the signal generator selector
switch test the general alarm and chemical attack alarm on

both signal generators.
Five snap switches are mounted at the top of tho two doors.
These switches control the power to the amplifier channels,
to the relays in the control rack, and to the two signal generators.
Also at the top of the doors are two toggle switches
for testing the amplifier channels.

The two line-matching transformers are located at the
bottom of the cabinet. The primary windings of these transformers are connected to the output of the power amplifier.
Each amplifier channel has its associated line-matching
transformer. The use of the line-matching transformer simplifies impedance matching, power distribution, and the
switching arrangement. The lines to the loudspeaker groups
are connected to the line-matching transformer through the
group relay. Variable-impedance taps are provided on both
the primary and secondary of the transformers so that the

impedance of the amplifier and its load can be matched.
Whenever a group or groups of loudspeakers are disconnected from the audio transmission circuits, the group relay automatically inserts a resistor in place of the speakers.
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Thus the

amplifier output is always "looking into" the

same

impedance irrespective of the number of loudspeaker groups
being used at any time.
Details such as the complex wiring of the control rack are
beyond the scope of this training course. For more complete
details, refer to the applicable instruction book provided with
the general announcing system installed in your ship.
Transmitter control, station. ^The microphone on the

—

transmitter control station functions like the cantilever type

sound-powered telephone transmitter. It converts sound
waves into a fluctuating electric current that is transmitted
to the control rack. The press-to-talk switch operates a relay in the control rack that completes the circuit between the
microphone and the voltage amplifier. The loudspeaker
group selector switches also operate relays in the control rack.

When

closed, these selector switches connect the selected

loudspeaker groups to the amplifier output.
When using a type- transmitter control station

A

1.

Open

the hinged cover.

2.

Close the loudspeaker group selector switches for the
desired groups.

3.

Depress the press-to-talk switch.

4.

Speak into the microphone in a normal tone of voice
and hold the microphone approximately one-half inch
from the lips.

At the completion of

the message

1.

Release the press- to- talk switch.

2.

Turn

3.

Close the cover of the transmitter control station.

Control
1.

off

box.

Remove

the loudspeaker group selector switches.

—^AVhen using a type-D control box
the screw cover from the microphone input

jack located on the right-hand side of the box.
2.

Insert a chest plate microphone into the jack.

3.

Close the loudspeaker group selector switches for the
desired groups.
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4.
5.
6.

Depress the press-to-talk switch.
Speak into the microphone in a normal tone of voice.
Release the press-to-talk switch when the message
is

completed.

—

Loudspeakers. As previously explained, a permanent
magnet in the loudspeaker produces a magnetic field.
6.4-ohm voice coil in this field is connected to the low impedance winding of the transformer associated with that loud-

A

The transformer causes currents to flow in the
voice coil. The fluctuating currents cause the voice coil to
move within the magnet. The diaphragm of the loudspeaker
speaker.

connected to the voice coil so that motion of the voice coil
causes motion of the diaphragm. The diaphragm sets up
sound waves that reproduce the original spoken words.
Approximately 163 loudspeakers are used in the general
announcing system installed in the Worcester class cruiser.
is

These loudspeakers are divided into four groups which serve
the following areas Group 1, officers' country group 2, engineering spaces group 3, topside and group 4, crew's spaces.
These groups have about 22, 21, 22, and 98 loudspeakers
:

;

;

;

respectively.

System operation.

—When

a loudspeaker group selector
switch at the control station is closed, a circuit is set up that
energizes the relay associated with that switch. When the
press-to-talk switch at the control station is depressed, the

loudspeaker group relay is energized and closes. This action
connects the loudspeaker group to the output of the amplifier.
The press-to-talk switch also connects the microphone,
through the microphone relay, to the input of the voltage
amplifier.

Also the press-to-talk switch, when depressed,

energizes a relay that lights the indicator (busy)

that circuit at

all

lamp for

transmitter stations and turns on plate

current to the amplifier rack, thus putting the amplifier in a

ready condition.
When sound waves strike the microphone, they are changed
into electrical impulses. These impulses are fed into the
amplifier rack and are amplified first by the voltage ampli323

Figure 9—10.

fier

—Sound-powered

and then by the power

telephone loudspeaker and amplifier.

amplifier.

The

signals are trans-

mitted to the various loudspeaker groups, the relays of which
have been closed by the loudspeaker group selector switches
at the control station. At the loudspeakers, the amplified
electrical impulses are changed back into sound waves that
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are identical to those striking the microphone of the trans-

mitting unit.

Sound-Powered Telephone Amplifier System

Navy telephone

amplifier systems receive, amplify,

and

reproduce speech from a sound-powered telephone line using
a sound-powered telephone headset. The system is designed
to reproduce voice signals that are clear and understandable at locations aboard ship where the noise level is high,
such as gun mounts and machinery spaces.
The equipment used in a telephone amplifier system consists of (1) a loudspeaker and (2) an amplifier, as shown in
figure 9-10. The other components that comprise the overall system
such as sound-powered telephone headsets, jackboxes, telephone line, and ship's power supply are not furnished with this equipment.
block diagram of a sound-powered telephone amplifier
system is shown in figure 9-11. This diagram shows the
telephone circuit, the two telephone amplifiers, soundpowered telephone headsets, and two loudspeakers. The

—

—

A

I

HEAD SET AT BRIDGE

SOUND
POWER
TELEPHONE

ISV AC

60 V LINE

TELEPHONE
AMPLIFIER AT
MAIN ENG. CONTROL

LINE

A

REPRODUCER AT
ENGINE CONTROL
HEAD SET AT
MAIN ENGINE CONTROL

TELEPHONE
AMPLIFIER AT
BOILER CONTROL

REPRODUCER AT
BOILER CONTROL
HEAD SET AT
BOILER CONTROL
Figure 9-1

1

.

—

Block diagram of a tound-peworod tolophono amplilltr tyttam.
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telephone amplifiers amplify the signal from sound-powered
telephones and feed this amplified signal both to a locally
installed

sound-powered telephone and to an external loud-

speaker.

The

telephone amplifier

is

energized from the ship's 115-

and has an input impedance of 500 ohms.
Sound-powered telephone headsets used as microphones are
produced by four different manufacturers and consequently
have different output characteristics. Therefore, a filter is
connected to the input circuit of the system to compensate
volt a-c supply

for the difference in output characteristics of these four types.

A switch in the filter makes it possible to adjust the

fiilter

for

the particular type of headset used with the amplifier.

Loudspeaker.

—The loudspeaker

net, folded-horn type.

A

tegral part of the unit.

is

of the permanent-mag-

matching transformer

The loudspeaker

is

an

in-

horn, base, and

transformer compartment comprise a single aluminum casting.
Input connections to the unit are made on a terminal
board inside the transformer compartment
diaphragm-and-support assembly, carrying the voice

A

coil, is

mounted on the magnet and pole-piece assembly. Lo-

cating pins are provided in the field structure so that, if the

diaphragm-and-support assembly is removed, the voice
is automaticaly centered when replacement is made.

coil

A blast valve is mounted in the throat of the loudspeaker.
Any sound wave

damage the diaphragm, such as a blast due to gunfire, moves the blast valve
so that it closes the opening to the diaphragm chamber, thus
that has sufficient force to

protecting the diaphragm.

—

Amplifies. ^The telephone amplifier is contained in a
watertight aluminum case designed for bulkhead mounting.
The front of the case is a hinged metal panel. The chassis

mounted on the back of this panel and the operating controls are mounted on the front. To prevent damage, the controls are mounted in a recessed section of the front panel
which contains the volume control, an on-off switch, two indicating fuse holders, and an indicator lamp. The panel and
is
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chassis assembly is easily removable for replacement of parts

and for servicing.
A schematic diagram of a telephone amplifier
figure 9-12.

The

amplifier

Each stage operates

is

a two-stage

The

R-C

is

shown in

coupled unit.

from
passes through the com-

in push-pull.

signal received

the sound-powered telephone line
pensating filter to the primary of the input transformer, T\,
The secondary of the input transformer is connected to the

Fl and F2, which are the first amplifier stages. The
grids of Fl and F2 operate in push-pull because they connect

grids of

to the opposite ends of»the secondary of

are returned to the center tap.

obtained across resistors

R\ and

The

T\ and the cathodes

bias for these tubes

The

i?2.

is

positive potential

for the screen grids and plates of these tubes, is obtained
through the voltage-dropping resistors /?3, iff4, ^5, and ^6.

These resistors are connected to relay

K\ which

is

closed

when the amplifier is energized.
The output of the first stage is capacitance coupled to the
grids of F3 and F4 of the second stage. These tubes also
operate in push-pull. They are biased by common cathode
resistor ^9.
The screen grids of these tubes obtain their
positive potential through resistor

iff

10 which

connected

is

This B +
voltage passes through the primary winding of the output
transformer to the plates of F3 and F4. The amplified signals at the plates of these tubes drive the primary of the
output transformer. The secondary of the output transformer is connected to the external loudspeakers.
to the center tap of the output transformer, T1.

Potentials for the plates and grids of

the tubes are obtained from two paralleled rectifier tubes F6 and F6 con-

nected as a full-wave

rectifier.

all

The pulsating

d-c output

of the rectifiers is filtered by the capacitor input filter composed of capacitors (73 and ^74 in parallel, inductor Zl, and
capacitors (75 and (76 also in parallel.

The B +

potential is

fed to the center tap of the output transformer for the out-

put tubes and through the voltage-dropping resistors ^11
and ^12 to contact relay K\ for the first stage.
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32a

varied by means of a noisecompensating volume control in which a portion of the output voltage of F3 and F4 is fed back through the feedback

The gain of

the amplifier

is

network composed of C7, RlS, CIO, and ^14 into the cathodes
of Fl and F2. Because the feedback voltage is 180° outof -phase with the input signal, it tends to reduce the output
of Fl and F2 and maintain the amplifier output at a mini-

mum level.
The volume control
and ^18 in series with
control network

is

consists of resistors R15, /?16, ^17,

This volumeconnected across the cathodes of Fl and
capacitors 6^8 and C9.

F2. When the volume-control switch is open, the entire
feedback voltage is fed directly to the cathodes of the tubes
and the volume is a minimum. When the volume-control

two resistors is connected in
series with the capacitors and both are connected between
the two cathodes. Under this condition, the two cathode
resistors ^1 and R2 are shunted by the volume-control resistance and capacitance and a portion of the feedback voltage is bypassed through this shunt circuit between the two
switch

is

rotated, one of the

This action reduces the

feedback
v^oltage on the signal input and increases the output of the

cathodes.

effect of the

amplifier.

As

the volume control

is

rotated,

it

places successively

smaller values of resistance across the cathodes of

more and more of

the feedback voltage

amplifier output increases.

In the

is

Fl and F2,

bypassed, and the

final position

of the vol-

ume-control switch, all the resistance is shunted out and the
two cathodes are connected together through the capacitors.

The

low at the
opposition to the feedback

capacitive reactance of these capacitors

is

audio frequencies and offers little
signal. For all practical purposes the cathodes of the tubes
are connected directly together. When this occurs all the
feed-back voltage

is

bypassed and the amplifier has maximum

volume.

is

Kl

contains the (1) bucking coil which
in series with the local headset and (2) activating coil

Sensitive relay

317993

— 55

O

22
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which

is

in parallel with the local headset.

When

the am-

energized by turning switch SWl to the on position,
a small amount of current flows between the cathodes of F3
smaller
and F4 and ground through the actuating coil.
plifier is

A

amount of current

flows between the cathodes and

ground

through the bucking coil and the local headset that is in series
with it. The current through the actuating coil is sufficient
to operate the relay and to close the normally open contact.
This action completes the circuit and provides B+ voltage

Fl and F2.
System operation. To transmit

to the plates of tubes

—

over the local headset,

depress the press-to-talk button on the transmitter.

This

button places the transmitter unit in parallel with the receiver units of the headset Because the transmitter imit
has a much lower resistance than the receiver units, it reduces
the total d-c resistance of the headset. This decrease in resistance allows an increased amount of current to flow through
the headset and the bucking coil, which is in series with the
headset. This increase in current through the bucking coil,

along with a decrease in the current through the actuating
coil, causes the bucking coil to neutralize the actuating coil,

and the relay opens.

When

the relay opens,

B+

voltage

is

removed from the

This action silences the loudspeaker connected to the amplifier. Because relay K2 is
energized by the plate current to the first stage, the removal
of this plate current also causes relay K2 to open. The opening of this relay shifts the local headset from the output
transformer of the amplifier to the sound-powered telephone
plates of the

first

stage tubes.

from the local headset is transmitted dithe telephone line and does not appear at the local

line so that speech

rectly to

loudspeaker.

Both relays Kl and K2 are deenergized in case a fuse blows
or the a-c power supply fails. This action automatically
switches the local headset to the telephone
amplifier switch

is

line.

When

the

in the orr position, the local headset is

connected to the telephone line through this switch.
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The

local headset then functions as a

normal sound-powered

headset.

The

can transmit and receive either with the
amplifier on or off by means of switch SWl and relays Kl
and K2. The amplifier does not amplify the speech transmitted over the local headset it amplifies only the incoming
local headset

;

signal received

from the telephone

line.

Portable Announcing Systems

Portable announcing systems for voice projectors serve to
transmit orders and information conveniently by means of
direct amplified voice communications.

The

applications of

these systems are (1) to direct amphibious operations
(2) for topside and intership communications.

Amphibious groups

and

are provided with a high-level audio

sound system, such as the beachmaster announcing system
which is used by the beachmaster during amphibious landings to direct the movement of personnel and vehicles on the
beach. The high output of the beachmaster announcing system can be heard above background noises caused by planes,
tanks, trucks, and gunfire.
Aboard ship the voice- projection system includes the various portable announcing systems for special purposes. These
systems are used within the ship or between ships when (1)
high noise levels are encountered or (2) the power supply to
the installed announcing system fails. All ships are
equipped with at least one of these systems, usually the
portable electric megaphone which is used to communicate
between ships fueling at sea and to control small boats.
Portable announcing systems are designed and packaged
to suit a particular application according to portability,

power output, and effective range. All of these systems are
self-powered and require no external source of power supply.
Type PAE-1 electric megaphone. The type PAE-1
electric megaphone has a variety of applications because it

—

amplifies the voice to

many

times normal strength.

It is

particularly useful for (1) issuing commands from the bridge
to personnel at topside stations, (2) communicating between
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and (3) comand from tugs while maneuvering and

ships while fueling or taking on stores at sea,

municating to
docking.

The type PAE-1
9-13.

It

is

electric

megaphone

is

shown

in figure

a portable announcing system consisting of the

megaphone unit, amplifier, and charging rack.
The MEGAPHONE UNIT (fig. 9-13, A) is a hand-held assembly with the microphone mounted in the small end and the
loudspeaker horn forming the large end. It consists of a
straight-horn type of assembly for directing loud sounds.
The horn assembly contains the (1) permanent-magnet dynamic type of loudspeaker and (2) dynamic type of micro-

phone mounted on the rear of the horn. A pistol-grip handle is attached at the bottom of the horn at approximately
the center of gravity of the unit.
in the handle energizes the system.

A trigger switch located
A multiconductor cable

extends from the pistol-grip handle and connects the megaphone unit to the portable amplifier.
The AMPLIFIER (fig. 9-13, B) is housed in a watertight
aluminum case. It consists of a 3-stage amplifier, a 6-volt
storage battery, and a vibrator-type power supply to furnish high voltage for the plate circuit.

Two

jacks are pro-

accommodate the microphone plug and the
other to accommodate the charging rack plug.
A schematic diagram of an electric megaphone amplifier is
shown in figure 9-14. The signal from the microphone is
fed into the primary of input transformer Tl. The output
from this transformer is connected to the grid of the firststage tube, Fl. The ouput of Fl is R-C coupled to the grid
vided, one to

of

F2

in the driver stage.

The

plate of

F2

is

coupled

through transformer
grids of F3, F4, F5, and F6
which are the power output stages. These tubes are connected in parallel push-pull. The ouput of these powerstage tubes is connected to output transformer 7^3. Bias
7^2 to the

voltage for the grids of the three stages

is

obtained from the

dry-disk rectifier and the voltage divided network
of choke

Ll and

resistors

^9 and
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^10.

made up
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A

portion of the output voltage on the secondary of output transformer
is fed back through the feedback network which consists of resistor ^11 into the input of transformer Tl as a negative feedback. Resistor ^1 functions as
a volume control. This control requires only infrequent adjustment once it is set properly.
The primary source of power for operating the amplifier
tubes is a 6- volt storage battery contained in the lower half

Heater current for filaments is obtained directly from the 6-volt battery through voltagedropping resistors
RIZ, and i?14. These resistors adof the amplifier case.

just the potential to the correct value for the tubes in use.

The

A

filament of tube

Fl has

resistor

portion of the feedback voltage

^15

is

in parallel with

it.

developed across this

resistor.

A

vibrator rectifier and power transformer in the

power

pack step up the direct voltage obtained from the storage
battery to approximately 385 volts d-c for the plates of the

former
disk

T4i

A

secondary winding on power transsupplies about 28 volts a-c which is fed to the dry-

amplifier tubes.

rectifier.

The

28-volt

power

is rectified, filtered,

fed to the voltage-divider network, where

it is

and

used to pro-

vide the correct bias voltages for the tubes.
The vibrator type of power supply consists of step-up

combined with vibrating synchronous type
of interrupter VIB, When the trigger switch on the megaphone unit is closed, relay RLl is energized and closes its
contacts.
One set of contacts completes the circuit between
the battery and the filaments of the tubes. The other set of
contacts completes the circuit from the battery through the
vibrator and power transformer, thereby providing the plate
current for the tubes. The synchronous vibrator power
transformer

7*4

supply changes the 6-volt d-c input to a 385-volt d-c output
for the plates and screens of the tubes.

The CHARGING RACK

(fig.

9-13,

C)

consists of a battery

charger with a time switch and a storage rack to house the
portable amplifier.
cable plugs into the amplifier case and

A
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connects the charging rack with the batteries within the case
for charging.

The timing switch

is

inserted into the charg-

ing circuit and controls the length of the charge. The
charging rack can be connected to a 120- volt a-c supply or to
d-c supplies of 120, 96, 48, 24, or 12 volts.
resistor in the

A

rear of the rack adjusts the charging circuit for any of the

d-c line voltages.

A transformer steps down the alternating

This stepped-down alternating
voltage is rectified by a set of selenium dry-disk rectifiers and
is fed to the batteries to be charged.
Under normal conditions, the amplifier always is stowed in the charging rack
when it is not in use. While in the rack, the amplifier revoltage to the correct value.

ceives a constant trickle charge.

When

is set

is started,

At

is

required, the charging timer

number of hours that the charge is to be
This period may be up to 41/^ hours. When the timer

switch
run.

a heavier charge

for the

the battery

is

placed on charge at the highest rate.

the end of this set period, the high charging rate

continued automatically and the battery

is

is dis-

again placed on

trickle charge.

The SYSTEM OPERATION

sound waves that
strike the microphone located in the small end of the megaphone unit. These sound waves are converted into a pulsating current that is fed to the primary of the input transformer Tl. The output of this transformer is amplified
by the three stages of the amplifier and is fed to the output
transformer TS. The amplified signal returns to the loudcousists of voice

speaker in the megaphone unit from the output transformer.

The

amplified signal power energizes the loudspeaker which

These sound
waves are projected through the highly directional horn of
the loudspeaker. When not in use the complete unit is housed
in a watertight steel cabinet from which the amplifier chassis
and front panel can be removed. The front panel contains
the loudspeaker with the necessary controls, switches, and
produces greatly amplified voice sound waves.

indicator lamps.
336

INTERCOMMUNICATING SYSTEM

An

intercommunicating system contains all the necessary
components to provide two-way amplified voice communica^
tions, supplemented by signal lamps, between any two stations or from one station to any number of other stations in
the system. The system consists of a number of identical
permanently located units that are entirely independent of
one another and of the general announcing system.
Standard intercommunicating equipment consists of the
wired audio reproducing type of unit. These units include
components having type designations 1-A, 1-AT, 1-AS,
lA-TW, and 2-A. The first numeral "1" indicates that the
equipment is designed for use in an 11-station system, and
The first numeral "2" inis fitted with 10 selector switches.
dicates the equipment

tem, and

The

is fitted

is

designed for use in a 21-station sys-

with 20 selector switches.

first letter

"A"

indicates that the equipment

is

of

standard Navy circuit design and can be interconnected in
any system consisting of other 1-A or 2-A types, irrespective
of the equipment manufacturer.
The second letter "T" indicates that the telephone jack
receptacle is provided on the equipment so that a soundpowered telephone handset can be used instead of the loudspeaker for either talking or listening in locations where the

background noise

The second

level is excessively high.

letter

"S" indicates

that, although a telephone

not built into the unit, switching facilities
and terminals for connection to a standard external telephone jack box are provided in the equipment so that a telephone handset can be used.
The third letter "W" indicates that the unit is watertight
and can be installed in exposed or unprotected locations.
An intercommunicating, or intercom, system is more flexible and more reliable than a central amplifier system. The
jack receptacle

is

evidenced by the fact that up to five independent conversations can be carried on simultaneously. The reflexibility is

liability is

evidenced by the fact that
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if

one amplifier be-

comes inoperative,

all

the other stations in the system can

continue to transmit and receive.

Even the

the defective amplifier can receive, although

station having
it

cannot trans-

mit.

The components used
sist

in

an intercommunicating unit con-

of (1) talk-back loudspeaker, (2) amplifier, and (3) con-

trol section.

1A—TW Intercommunicating

The
9-15

is

lA-TW

Unit

intercommunicating unit shown in figure

the latest standard intercom design and

widely installed than any other standard types.

is

more

The opera-

tion of the components of the unit applies in general to other

standard units.

—

Talk-back loudspeaker, ^The talk-back loudspeaker
serves as a microphone to transmit sound from this unit to
others in the system and as a loudspeaker to reproduce sound
transmitted to this unit by any other unit. It has a permaVOLUME
SWITCH

OUTPUT
LAMP.

POWER
LAMP

POWER
SWITCH

CASE
REAR

FRONT
PANEL

if, NAME
J

PLATE

SIGNAL

LAMP

HANDLE

STATION

SELECTOR

.TALK

KET
PHONI

JACK

Figwr*

9— 15.—-1A—TW intorcommunicating
33t

unit.

nent magnet that provides a strong magnetic field within
voice coil
the air gap between the poles of the magnet
is rigidly attached to the center of a molded phenolic diaphragm that is mounted in a circular frame in front of the
magnet. An incoming call can be heard through the loudspeaker with no power applied to the unit because amplification is accomplished by the amplifier of the calling unit.
schematic diagram of a talk-back loudspeaker is shown
in figure 9-16. Normally, the loudspeaker is connected to

A

A

n

NTERCOM UNIT
PRESS-TD-TALK
SWrrCH 60-

INTERCOM UNIT

r-

T4
T2'

Tl'

MVLiriEK

PHES8-T0-

T4'

T2

Tl

m2

AMPtlFIEN

L.

l_.
BOTH ^inTCHES SHOWN
Figure 9—1

6.—Schematic

When

NORMAL POSITION

diagram of a lalk>back iowdtp«alc«r.

line-matching transformer
the other station.

IN

T4

that receives the signal from

the loudspeaker operates as a mi-

crophone, depressing the press-to-talk switch shifts the voice-

from the line-matching
transformer to input transformer Tl of the amplifier. The
sound waves produced by the speaking voice cause the diaphragm with its attached voice coil to vibrate. The movement of the voice coil between the poles of the magnet
produces alternating currents in the voice coil and thus the
sound energy is converted into electrical energy. This eleccoil

leads

trical

of

energy

is

the

loudspeaker

too small to operate the loudspeakers of the

receiving station.

Hence, this signal

is

fed to the input

transformer of the audio amplifier for amplification.

Amplifier.

—The

amplifier

is

mounted on four rubber

shock mountings attached to brackets.

A

detachable con-

nector plug joins the amplifier circuits to the front panel
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assembly.

on a

A
is

The complete

amplifier

is

assembled and wired

can be removed as a unit.
schematic diagram of an amplifier for an intercom unit
steel chassis that

shown

in figure 9-17.

The

amplifier consists of a 3-stage

audio amplifier with its associated power supply. All tubes
are arranged so that if one tube fails, the circuit is not
interrupted.

The amplifier power circuit consists of power transformer
TZ having a 115- volt primary. The 650- volt secondary
winding is center-tapped for the plate supply. The center
tap is grounded through the press-to-talk switch. The two
ends of the 650-volt secondary winding are fed to rectifier
tubes F5 and F6 to provide full-wave rectification. The
full-wave rectified current is filtered by a capacitor input
filter.
The first section of the filter, which consists of capacitors 05 and
voltage to
and resistor ^9, filters the
the plates and screen grids of F3 and F4. The second filter
section, which consists of resistor ^10 and capacitor 6'7, also
filters the B + voltage to the plates of Fl and F2.
The center tap of the secondary of input transformer Tl
is connected to ground and provides the signal return from
the cathodes of the first amplifier stage. Therefore, the a-c
signals at the ends of the secondary are 180° out-of -phase
with each other. One of the secondary terminals is connected to the grid of Fl and the other secondary terminal
is connected to the grid of F2.
Twin triodes Fl and F2 provide two stages of voltage am-

B+

plification.

One

triode section works as the first amplifier

stage and the other triode section works as the second stage.

The plates of

the

first

the second stages.

stages are

Fl

drives

R-C coupled to

the grids of

beam power pentode F3 and

F2 drives beam power pentode F4.
F3 and F4 amplify the signals received from
stage of the voltage amplifier.

The output

the second

of these tubes,

which are also operated in push-pull, is fed directly to output transformer T2. The cathodes of F3 and F4 are biased
through common resistor ^15. The screen grids of the
power tubes obtain their B + voltage from the filter and are
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operated at the same potential as the plates. The plates obtain their B -f voltage from the same filter connection as the
screens.
Because all the stages are in push-pull, failure of
any one tube does not result in a loss of the signal but simply

power output.
The bias voltage for the upper first stage voltage amplifier

in a reduction of

developed across resistor ^11. The bias for the lower first
stage voltage amplifier is developed across resistor ^12.
Cathode bypass capacitors are omitted in order to develop
negative feedback.
Another negative feedback circuit is incorporated in the
amplifier to stabilize the output voltage under extreme varying load conditions of from 1 to 10 loudspeakers and to miniis

mize distortion and hum. The source of the feedback voltage is the tertiary winding of output transformer T2, the
center tap of which is grounded. The feedback voltage is
returned to the cathodes of the second audio stage through
cathode resistors RIZ and ^14 which develop the grid bias
for this stage.

Control seotion.

—The control section of the intercom unit

9-15) consists of (1) a power switch with indicator
lamp; (2) a volume control; (3) an output lamp; (4)
(fig.

a press-to- talk switch; and (5) station selector switches with
associated indicator lamps.

The POWER swrroH

a 2-pole double-throw toggle switch
mounted on the front panel. When the switch is in the
center position power is off. When the switch is in the down
position the unit
a-c supply.
is

is

When

is

connected to the normal ship's 115-volt
the switch is in the up position the unit

connected to the ship's emergency supply.

lamp

indicates that

power

is

The

pilot

available at the unit or that a

faulty condition exists.

The VOLUME CONTROL

used to control the amplitude of
As the
all incoming signals which originate at other units.
knob is rotated clockwise from 1 to 6, the electrical energy
is

passing through variable-impedance transformer 7'4

(fig.

9-16) to the loudspeaker is increased and the volmne of sound
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output to the loudspeaker is correspondingly increased.
This control has no effect on the volume of outgoing sound
from the unit. Thus each unit in the system can control
the incoming volume to the desired level.
The OUTPUT LAMP consists of a neon lamp connected to the
output of the amplifier. The purpose of this indicator is to
immediately show any electrical defect that might interfere
with proper operation of the unit
a sound transmitter.
This indicator lamp flickers irregularly when the unit is
spoken into with the press-to-talk switch depressed. This
flickering denotes that the unit is functioning satisfactorily.
However, if the indicator lamp remains dark, it denotes that
the amplifier is defective and speech is not being properly
transmitted.

The pREss-TO-TALK SWITCH
and serves

mounted on the front panel

to select the function of the loudspeaker.

When

depressed the unit functions as a microphone.
the key is released the unit functions as a loudspeaker.
the key is raised the hand telephone is connected as a

the key

When
When

is

is

microphone. The key has a spring self-return that brings it
back to the listen, or standby, position when finger pressure
is released.

To

carry on a conversation without using the telephone,
the talk key is held down while speaking and is released
while listening.

To

carry on a conversation using the telephone, the talk
key is held up while speaking and released while listening.

When the talk key is in the standby position an incoming call
from any other unit in the system is heard through both the
loudspeaker and the hand telephone.
Two of the contacts on the press-to-talk switch axe arranged to cut off the high voltage supply from the amplifier
tubes

when the

unit

is

in the standby position.

When

the

knob is raised or depressed, this voltage supply is connected
and the amplifier functions.
The STATION SELECTOR SWITCHES are mounted on the front
of the panel. There are 10 unit, or station, selector switches
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each of which

is

controlled

by a lever knob.

To

call

a par-

ticular station in the system, the selector switch correspond-

ing to the desired station is pressed down. If a station is
used to transmit to several other stations at one time, the
selector switches on the transmitting station corresponding
to those of the respective stations called are depressed.

When a selector switch is depressed to call a particular station
and the
becomes

talk key is depressed, the output of the amplifier

loudspeaker of the
station called. After a conversation is completed the selector
switches must be moved up. When a station is called by another station, the selector switch corresponding to that of
the calling station is depressed before replying.
signal lamp is associated with the selector switch corresponding to each unit in the system. When an incoming call
is received, a signal lamp illuminates with a steady light to
identify the calling unit. Before a reply is made, the selector switch adjacent to the lighted signal lamp must be pressed
down. The signal lamp now begins to flash on and off to
indicate that this station and the calling station are engaged
in conversation. When the conversation is finished, the
selector switch must be raised to the upward position. These
signal lamps also serve as busy signals. If, when a selector
switch is depressed to call another unit, the adjoining lamp
instantly begins to blink, the station being called is busy.
System operation. When the unit is used as a transmitter, depress the press-to-talk switch that connects the loudspeakers to the input transformer Tl (fig. 9-16)
The loudspeaker converts the sound energy into electrical energy
which is fed to the input transformer Tl (fig. 9-17) that
drives tubes Fl and F2 connected in push-pull. The first
and second stages of amplification take place in these two
tubes which are R-C coupled. The output of these tubes is
electrically connected to the

A

—

.

R-C coupled

to

power tubes VS and F4.

power tubes

is

coupled through the output transformer to

the voice transmission

line.

The output

The output of the
signal developed in

the secondary winding of the output transformer
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is

fed

first

to the voice transmission line
to receive the signal.

At

and then

to the stations selected

the receiving stations the signal

passes through the line-matching transformer

^4

(fig.

9-16)

and then through normally closed contacts on the press-totalk switch to the loudspeaker which reproduces the spoken
words that originated at the sending station.

QUIZ
1.

What two general-purpose systems are used to transmit orders and
information between stations within a ship?

2.

What

liind of

3.

How

is

4.

Name
fier

5.
6.
7.

8.

9.

10.

communication

is

provided by each of these systems?

each announcing and intercom system designated?

the three basic components that comprise a central ampli-

system.

Name
Name
What

the five devices that comprise microphone components.
the four classifications of loudspeakers.

two factors determine the power
speaker must be operated?

which a loud-

level at

The L and S types of loudspeakers are of what design?
The M and H types of loudspeakers are of what design?

What

three circuits comprise the

MCG

general announcing sys-

tem?
11.

Name

the four types

alarm signals generated

in

an

MCG

an-

nouncing system.
12.

What components comprise an
rack of the

13.

What

is

14.

What

is

MCG

amplifier channel in the amplifier

announcing system?

the purpose of the compressor-limiter circuit in the voltage amplifier?
the function of a sound-powered telephone amplifier sys-

tem?
15.

Where aboard

ship

is

the sound-powered telephone amplifier sys-

tem used?

17.

Name
What

18.

Which

16.

three applications of portable announcing systems.

kind of communications
cating system?
is

more

fiexible

and

is

provided by an intercommuni-

—the central

reliable

amplifier or the

intercom system?
19.

Name

20.

Why

the two functions of a talk-back loudspeaker.

can an incoming call be heard through the loudspeaker of
an intercom unit with no power applied to the unit?
317903

O— 55

23
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CHAPTER
SOUND RECORDING AND REPRODUCING
SYSTEMS
METHODS OF SOUND RECORDING
Sound recording and reproducing systems, circuit VR, are
used aboard ship for monitoring radio and sound-powered
telephone circuits, training personnel, dictation, and many
other purposes. The basic methods of recording and reproducing sound are (1) mechanical, (2) magnetic, and (3)
photographic.

Mechanical Recording

Mechanical recorders are used in the Navy to record voice
or other signals on disks or films. This recording is accomplished by means of a stylus, or cutting needle, that engraves or embosses the sound pattern on the recording medium which is driven past the stationary stylus. The sound
pattern can be engraved on disks and embosed on disks or

Engraving disks are 6%, 8, 10, 12, and 16 inches in
diameter. Embossing disks are 7^ and 16 inches in diamEmbossing films are 60- foot continuous loops that
eter.
films.

are 36 millimeters wide.

The components

necessary to mechanically record

and

reproduce sound are (1) a microphone, (2) an audio amplifier, (3) a recording head, (4) a cutting stylus, and (6) a
recording medium.

The microphone

converts the sound waves produced
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by

the voice into electrical currents that are amplified by a conventional audio amplifier. The output of this amplifier is

fed into the magnetic recording head. The recording head
converts the electrical signal into mechanical energy which
causes a lateral movement of the stylus within the record
groove.

Disk recording.

—In disk recording a vinylite disk

is

ro-

tated at a constant speed and a cutting stylus forms a spiral

groove in the disk. A recording head which contains the
stylus is driven radially across the disk by a positive drive
The lead screw is geared to the
like the lead screw in a lathe.
disk drive so that as the disk rotates, the stylus advances radially at a constant rate. In most cases the recording spiral
groove begins at the circumference of the disk and ends near
the center.

The

by the recording head causes
the stylus to swing from side to side. This lateral motion
cuts or deforms the sound pattern on the walls of the groove.
electric signal received

Thus, the stylus produces a spiral groove that has small
lateral variations which correspond to the audio signals.
The frequency of the sound being recorded determines
the frequency of the lateral swings of the stylus and the
volume of the sound determines the amplitude of the swings.
High notes cause shallow engravings whereas low notes cause
deep engravings that is, the action becomes more pronounced as the notes become lower. Bass notes usually have
greater amplitude than high notes and cause a greater lateral swing of the stylus.
A second head known as tKe pick-up head is used to play
back this type of recording. The pick-up head has a standard phonograph needle. The disk is rotated at the same
speed as that at which the recording is made. As the disk
is rotated, the needle of the pick-up head rests in the groove
and follows the pattern of the sound groove. In the mag-

—

movement causes an
move. This movement

netic type of pick-up this mechanical

armature inside the pick-up head to
varies the air gap between soft-iron pole pieces which are
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polarized by a permanent magnet.

The

principle is similar

The varying
microphone (fig. 8-5)
air gap causes the flux to expand and contract through the
The signal
coil and thus an a-c signal is induced in the coil.
is amplified by an audio amplifier and converted into sound
waves by the loudspeaker. This type of recorder-reproducer
is seldom found aboard ship, but is used occasionally for office
to that of the magnetic

.

dictation in shore establishments.

Film recording.

—The operation of a film recorder

is

simi-

lar to that of the mechanical-disk recorder except the film re-

corder uses a 60- foot endless loop of specially treated 35-mm
cellulose acetate film.
The recording stylus embosses a

groove along the film in the same manner in which sound
grooves are embossed on the vinylite disk in mechanical-disk
recording. An automatic tracking device shifts the recording head sideways across the film at the end of each complete
loop of film so that each loop has many independent sound
grooves. A tracking counter near the recording head shows
which of the available 120 tracks on the film is being used.
The film recorder has a separate playback head which has
its own stylus.
When a film-recorded program is played
back, the tracking counter is set for the track that contains
the desired recording. A log sheet with each length of film
lists a record of the contents of each track.
The film moves
under the pick-up head and the pick-up stylus is moved from
side to side by the sound groove in which it rests. This
lateral movement of the stylus induces a signal voltage in the
coils of the pick-up head.
This voltage is increased by the
audio amplifier and reproduced as sound waves by the loudspeaker. As in mechanical -disk recording, sound recorded
on film forms a permanent record and cannot be erased.

Magnetic Recording

Magnetic recording is similar to mechanical recording in
that the sound waves are picked up by a microphone, converted into an alternating current, and amplified. Unlike
mechanical recording, magnetic recording is based on the
348

orientation of magnetic particles in a tape or wire

by an

The recording head

wound

electromagnet.

consists of coils

on an iron core similar to the electromagnet shown in figure
10-1.

One

half cycle of signal current

is

indicated.

When

current flows through the coils in the direction corresponding to this half cycle, the iron core becomes magnetized and

Figure

1

0—1

.

—

Electromagnet.

and a south pole at the ends of the Ushaped electromagnet. A magnetic field exists in the air gap
between the poles. When the direction of the current
through the coils is reversed, the direction of the lines of force
across the air gap is reversed. If a steel bar were placed
across the gap of the magnet, most of the lines of force would
be confined within the bar and it would become magnetized.
establishes a north
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Wire

recording.

—In magnetic wire recording

(fig.

10-2)

the output signal from the audio amplifier causes an alter-

nating current to flow through the coils of an electromagnet
in the recording head. This current sets up an a-c field of
signal frequency across the

gap between the pole

pieces.

A

WME MOVEMENT

—Wir*

Figure 10—2.

stainless steel wire 4 mils in

recording.

diameter

is

drawn

axially

through the gap at constant speed. The signal constitutes
a varying mmf which orients the molecules in the wire according to the signal pattern. The degree of orientation
is proportional to the magnitude of the signal current. Thus
more energy is stored in the magnetic field of the wire with
a strong signal than with a weak one. After recording, a
succession of magnetic field patterns, differing from each
other in length, intensity, and direction (polarity), exists

throughout the length of the wire.
When a magnetically recorded program

is

played back,

run through a playback head in the same
direction and at the same speed as it was during recording.
In Navy types of wire and tape recorders the recording head
the wire or tape

is

also functions as the playback head.

magnetic

shown

fields

is

a series of

along the length of the recorded wire, as

in figure 10-3.

pole region.

There

The

Each

field

has a north- and a south-

lines of force extend externally
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from a

north pole to a corresponding south pole for that r^on.
The intensity of these magnetic fields is in proportion to
the number of lines representing them.
One of the magnetic fields is shown lying immediately
across the gap between the pole pieces of the playback head.
Note that only a part of the magnetic lines of force extend
out into the space surrounding the recording wire. Most of

NOTt: NEAR SIOC Of THE

SLOT IS CUTMMT
TO SHOW POSITION
OF WIW.

TO AMPLIFIER
INPUT

DIRECTION OF
WINE MOVEMENT

Figur* 10—3.

them are

—Wire

recording pioybock.

directed through the iron core of the head, as indi-

cated in figure 10-3. As the wire moves, these varying lines
of force induce an emf of signal frequency in the coil. Thus,
as the recording wire

is

drawn across the

head, a succession of emf's

is

playback
induced in the coil. These
slot of the

emf's differ from one another in direction, duration, and
intensity and represent the electrical equivalent of the signal

on the

wire.

They are amplified by the audio

amplifier and

converted into sound waves by the loudspeaker.
Tape recx)rding. In magnetic tape recording a

—

flat

paper

or plastic tape is used as the recording medium. The magnetic fields that comprise the sound pattern are established
on the tape which either contains, or is coated with, very
fine steel particles.

The

principles involved are the

same as

those for wire recording, but tape recording has the advantage of being easier to handle and less expensive.
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A-c BIASING. In almost all magnetic recording an a-c
bias is used upon which the audio signal is superimposed
and applied to the recording head. This bias is a relatively
high-frequency a-c signal that is above the audio range and
therefore cannot be heard during playback. A-c biasing is
used to obtain a substantially linear relationship between the
flux density in the recording medium and the magnetizing
force.
Thus the induced signal voltages are related linearly
to the recording fields.
Erasing. The recorded sound track on a magnetic recording medium can be erased and the medium used again for

—

This erasing may be accomplished by
means of a special erase head. This head is located so that
the wire or tape must pass through it before reaching the
recording head.
high-frequency a-c signal is fed to the
erase head and thus cancels magnetic fields from a previous
recording by completely disorienting the magnetic particles
further recording.

A

in the wire or tape.

Photographic Recording

In photographic recording the sound is recorded by exposing a moving photosensitive film to a beam of light that
When
is modulated by the sound pattern being recorded.
the film is developed, it can be reproduced by passing the
sound track, which contains light and dark areas, through
a

beam

of light focused

put of the cell

upon a photoelectric

cell.

The

out-

an amplifier to increase the signal
and then to a loudspeaker. The methods of photographically recording sound are (1) variable-density recording and
is

fed

first to

(2) variable-area recording.

—

Variable-density recording. In variable-density recording the sound pattern comprises varying density images
that are produced by light passing through a special type
of light valve. The light valve consists of a duralumin
ribbon loop suspended between the two pole pieces of
a powerful electromagnet. The two halves of the ribbon
loop form a light shutter.

The
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signal

from the amplifier

is

applied to the two ends of the loop and causes the shutter
to open and close. This action allows varying amounts of

This type of sound track
has a varying density and a constant width along one edge
light to pass through to the film.

of the film.

—

Variable- AREA recording. In variable- area recording the
sound pattern is recorded by a small mirror mounted on a
mechanical oscillograph type of movement. The mirror
suspension is vibrated by the signal from the amplifier acting on the movement. A beam of light falling on the mirror
is reflected to the film and exposes it in accordance with the
movement of the mirror, and thus in accordance with the
sound pattern. This type of sound track has a constant
density and a varying width along one edge of the film.
Designations
Circuit.

—Sound

recording and reproducing circuits are

designated by the letters "VR." The individual circuits are
further identified by numerals prefixed to the circuit designation,

such as IVR, 2VR.

.

.

.

—

Equipment. Record players used in the Navy include all
33%- and 78-rpm reproducers that use commercial disks.
This equipment is designated by the letters "RP." A third
letter "M" or "A" is added to the equipment designation to
denote manual or automatic operation respectively. A numeral is also added to identify the model. For example,
RPA-1 denotes a model 1 automatic record player.
Sound recorders and reproducers other than record players
are based on the VR designation. One of the following designations is added as a third letter to identify the type of
equipment

D—Disk recorders and reproducers

F— Film recorders and reproducers
G—Tone warning generator for telephone recording

K—Modification kit
R—Recorder
S

rack

—Remote station
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T—Tape

recorders and reproducers

W—^Wire recorders and reproducers
A

numeral

ters

is

also

"IC" precede

The

added to identify the model.

these designations to denote interior

let-

com-

munications equipment. For example, IC/ VRT-5 denotes
an interior conununications model 5 sound tape recorderreproducer.

In April 1952 new designations for sound recording and
reproducing equipment became eflfective. These designations, which are in accordance with the joint nomenclature
(AN) system for communications-electronic equipment, are
as follows

RD—Recorders and reproducers
U—General utility (airborne, shipboard,
N— Sound in air

and ground)

A

number following the letters "RD" denotes the number
of the equipment. For example, RD-115/UN denotes sound
recorder-reproducer No. 115 for general utility use.

RD-115/UN SOUND RECORDER-REPRODUCER

The RD-115/UN sound
to magnetically record

recorder-reproducer

and play back audio

is

designed

signals.

It is

used aboard ship for continuous recording applications such
as recording ship-to-shore and plane-to-control-tower conversations.

This recorder-reproducer is a portable device (fig. 10-4)
contained in an aluminum cabinet. It uses a wide slowspeed magnetic tape and a rotating turntable of recording
heads. Recordings can be made from two audio sources at
the same time.

Mechanical Components

The mechanical components

of the recorder-reproducer

drive the magnetic tape and the magnetic head recording
turntable.

motor; (2)

These components consist of: (1) synchronous
recording medium (3) magnetic head turntable
;
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GUIDE

PRESSURE
GATE

ROLLERS

FEED
REEL

SCAN

1

0-4.

MAGNETIC HEAD

TURNTABLE

WORM GEAR
REDUCTION

LEVER

Figure

DRIVE

ROLLER

—RD—

worm

1 1

5/UN

TAKE UP
REEL

r*cord«r-r«pro<iuc«r.

gear reduction (5) drive roller; (6) takeupreel;
(7) end-of -tape contacts (8) pressure gate (9) guide rollers; (10) scan lever; (11) load lever; and (12) tone
(4)

;

;

;

generator.

Synchronous motor.

—A

synchronous motor drives the
magnetic tape and the magnetic head turntable. This motor
has a starting winding that is cut in and out of the circuit
by means of a current relay. The relay coil is in series with
the running winding. When the motor reaches synchronous
speed, the running winding draws less current and causes
the relay to open. This action disconnects the starting

winding from the

circuit.
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—

Rkcordino medium. The recording medium is a magnetically coated paper tape, 3 inches wide and 1,136 feet long,
capable of holding 24V4 hours of continuous two-channel recording. The magnetic tape travels at a slow rate of speed,
making it possible to change the reel of tape without stopping the machine. The tape is wound on a plastic reel 7
inches in diameter with the red oxide magnetic coating
toward the inside. Magnetic sound tracks are recorded lat-

width of the magnetic tape, as shown in
Each sound track is a 90° arc, the diajneter of

erally across the

figure 10-5.

TURNTABLE

MAGNETIC
TAPE

\

SOUND TRACKS

ING

FORMED IN
90* ARC
Figur*

10-5.—Schematic arrangement

of magnetic
recording heads.

tape,

HEAD

sound

track,

and

which is the same as the diameter of the circle in which the
magnetic heads are mounted.
Magnetic head turntabi^e. The magnetic head turntable
consists of eight magnetic heads mounted equidistantly on
a circular turntable, as shown in figure 10-5. The magnetic

—

tape travels over the top of these heads.
rotates as the magnetic tape

The turntable

moves and sound tracks are

formed. The magnetic heads are connected so that there
are two sets of four heads, each set connected in series. One
set of four heads is for amplifier channel 1 and the other
set is for amplifier channel 2.
They are connected so that
every other head in the direction of rotation is for channel
1, and the other four alternate heads are for channel 2.
The four magnetic heads of each channel are mounted 90°
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The first sound

made with

magnetic
head of channel 1 the second sound track is made with the
first magnetic head of channel 2; the third sound track is
made with the second magnetic head of channel 1 the fourth
sound track is made with the second magnetic head of channel 2; and so forth. Thus, every other sound track is the
recording of one channel. Every eighth sound track is made
with the same magnetic head.
The magnetic heads used for recording are also used for
PLAYBACK. When the air gap of the magnetic head is in
contact with the moving tape, the magnetically recorded
variations are induced in the poles of the magnetic head.
The induced magnetism in the poles of the magnetic head
appears as an induced voltage across the coils that are wound
on these poles. This voltage is then fed to the amplifier
which increases the signal suflSiciently to operate the loudapart.

track

is

the

first

;

;

speaker.

—

Worm

gear reduction. The magnetic head turntable is
rotated by a worm gear reduction connected to the motor
shaft through a flexible coupling. The flexible coupling
reduces the motor vibration to the turntable and automatically aligns the

motor

shaft.

Drive roller.—^The drive roller moves the magnetic tape

across the magnetic heads.
train

from the turntable

Takeup

reel.

This

roller is rotated

by a gear

spindle.

—The takeup reel for the magnetic tape

is

rotated by a belt-driven pulley through a friction clutch

from the drive

roller shaft.

friction so that the

takeup

The

magnetic tape

clutch exerts sufficient
is

wound

tightly

on the

without forcing the tape to slip at the drive
roller.
The takeup reel runs faster when the reel is empty
than when it is nearly full. Thus the reel slips more and
more on the friction clutch as the takeup reel becomes full
of tape.
reel

—

End-of-tape contacts. The end-of-tape contacts are silver contacts that slide along the top side of the magnetic
tape. At each end of the magnetic tape, 5 minutes before
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the end of the 24-hour period, an

aluminum

strip provides

These contacts operate
the reload warning lamp and buzzer to indicate that only
20 minutes of recording time remain on the magnetic tape.
Pressure gate. The pressure gate consists of a springpressure hinged plate that holds the magnetic tape against
the magnetic heads. The pressure gate has three guide rollA tuning lever, aters, one of which is mounted off-center.
tached to this oflf-oenter guide roller, provides a means of
shifting the position of the magnetic tape relative to the
magnetic heads in order to line up the sound tracks on the
tape with the heads during playback.
Guide rollers.
system of guide rollers from the feed
reel guide the magnetic tape over the magnetic heads to the
takeup reel. As the tape leaves the reel, the first guide
roller has a metallic tape shoe under the spring pressure that
connection across the silver contacts.

—

—

holds the tape firmly against its surface.
roller is a tapered roller that takes up the
ations in the width of the tape.

The next drive
slsick in

the vari-

The third guide roller posi-

goes under the pressure gate.
Scan lever. The idler pulley and pressure rollers are
mechanically linked to the scan lever. Rotating the scan
tions the tape before

—

it

lever clockwise raises the pressure rollers

and disengages the

Rotating the scan lever counterclockwise lowers the pressure rollers and engages the idler pulley. The
pressure gate, tape shoe, and tapered roller are mechanically
idler pulley.

linked to the load lever.

Load

lever.

—Rotating the load lever clockwise raises the

pressure gate tape shoe and the tapered roller and turns the

scan lever clockwise. Rotating the load lever counterclockwise lowers the pressure gate, tape shoe, and tapered roller.

Tone generator.

—The tone generator develops a low-level
applied to recording amplifier channel

periodic tone that

is

2 to distinguish

from channel

sists

it

1.

The tone generator con-

of a coil located in a permanent-magnetic

field.

A reed

armature located in an air gap containing the field generates
a voltage as the magnetic flux is changed by mechanically
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The armature is moved by a ratchet atrotating shaft. The shaft is driven by a belt

vibrating the reed.

tached to a
interconnecting the drive roller and the takeup reel spindle.
The voltage developed by the generator is applied to the output stage of the recording amplifier of channel 2.
Electronic

The

Components

components of the recorder-reproducer apply the signal to be recorded to the magnetic tape and transmit the sound from the recorded tape to the loudspeaker.
These components consist of (1) a conventional audio amplifier, (2) an oscillator, (3) an amplifier for the oscillator, and
(4) a power supply. These circuits are interconnected to
permit two-channel recording or two-channel playback.
A block diagram of recording and monitoring circuits of
the type RD-115/UN sound recorder-reproducer is shown
in figure 10-6. During recording, the input signal to the
line terminals or to the microphone input plug of either amelectronic

channel is applied to the first voltage amplifier stage
through input transformer TIOO. The signal is amplified
plifier

by two resistance-coupled voltage amplifier stages, FlOO and
FlOl, and applied to output tube F102 and magnetic heads
^100 and ^200. A biasing voltage of 20 kc is simultaneously
applied to the magnetic heads. This high-frequency biasing
voltage is obtained from the oscillator circuit containing tube
F301. This tube provides for biasing both amplifier channels. The a-c bias is amplified by tube F300.
One half of
this tube, F300^, is used for amplifier channel 1 and the
other half, F300^, is used for amplifier channel 2. The combined outputs from channel 1 and the oscillator produce a
modulated signal which is applied to the magnetic tape by
the recording heads.

The

from F102

applied also to electron ray tube
F103 to provide a visual indication of the recording level.
Recording. The a-c bias from tube F300A and F300^ is
signal

is

—

applied to the magnetic heads of the corresponding channel.
The signal for monitoring is taken from the second recording
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voltage amplifier stage, FlOl or 7201, through playback
volume controls R118 or ^218. The monitoring signal from

by playback channel selector
switch aS'303. The signal is fed to output tube V305. This
output tube is connected to output transformer TSOl. The
signal from this transformer is fed to the phone jack and
the desired channel

is

selected

loudspeaker.

—

Playing back. A block diagram of the playback circuits
is shown in figure 10-7.
During playback, the signal of
either channel on the magnetic tape is picked up by the magnetic heads and applied as a signal voltage to input transformers noo and r200. This signal is then amplified by the
first and second voltage amplifiers of the channel. Amplifier
channels 1 and 2 have playback volume controls ^118 and
^218 respectively. Playback channel selector SSOS permits
playback from either or both amplifier channels. The signal
from the first two amplifier stages of either channel is amplified by a third voltage amplifier, F304. This signal is then
applied to output tube F305 and to output transformer r301.
The output from this transformer is fed to the phone jack
and loudspeaker. A feedback voltage is also taken from the
output transformer and applied to the amplifier stage preceding the output stage.

Relay

actuated by the end-of-tape contacts and
operates a warning lamp and buzzer to indicate that only
ifiL'301

is

Relay ^302 operates the warning lamp and buzzer to indicate a power failure in the equipment.
Power supply transformer r300 and parallel rectifier
tubes, F302 and F303, comprise the rectifier.
Demagnetizer. The demagnetizer is furnished as a separate unit. The unit consists of two coils wound on a
U-shaped iron core. The coils are in series with a capacitor
across the incoming power line to provide a series-resonant
5 minutes recording remains on the tape.

—

circuit.

The resonant condition develops

through the

a high current

which in turn develops an intense a-c field
across two pole pieces. The pole pieces protrude from the
317993

coils,
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top panel. The reel of magnetic tape to be erased is placed
between the pole pieces and the a-c field demagnetizes the entire reel.
The reel rests on two rollers that permit easy
rotation of the reel during the process. The demagnetizer
has a momentary on-off switch that automatically returns
to the off position in a short time interval.

—

Control section. The control section for the electronic
components is mounted on the amplifier panel. This panel
contains: (1) on-off p>ower switch; (2) power-on indicator
lamp; (3) on-off motor switch; (4) playback and monitor

phone jack; (5) loudspeaker; (6) reload warning lamp (7)
warning reset switch; (8) amplifier 1 bias indicator lamp;
(9) amplifier 2 bias indicator lamp; (10) amplifier 1 record
volume control (11) amplifier 2 record volume control ( 12)
microphone 1 input plug; (13) microphone 2 input plug;
;

;

;

(14) playback channel selector;

(15) playback record se-

playback volume; and (17) channel

lector; (16) channel 1

2 playback volume.

Wlien

in the

When

in the

record position, the playback-record selector
simultaneously selects the components used in recording for
both amplifier channels. The playback channel selector provides switching between channel 1 and channel 2, making it
possible to listen to or monitor either channel during recording.
This switching does not affect the recording channels
that remain independent.

playback position, this selector selects simultaneously the components used in playing back for both
amplifier channels.

The playback channel

switching between channel

1

and channel

2,

selector provides

or provides mix-

Thus during playback

ing of both channels.

it is

possible

to listen to either channel or to both channels at the

same

time.

MAINTENANCE
In locating troubles in the sound recorder-reproducer or
demagnetizer, the

first

general location.

Then

step

is

to sectionalize the fault into a

locate the defective part responsible
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for the abnormal condition.

Some mechanical and

by sight or smell.
be located by taking measurements with
faults can be located

electrical

Other faults must
test meters.

Faults that occur in the second recorder-reproducer and demagnetizer can be located by resistance and voltage measure-

ments and ground and sensitivity tests.
A volt-ohmmeter having a sensitivity of 20,000 ohms per
volt is used for all voltage and resistance measurements except the magnetic bias voltage. This measurement requires
a vacuum-tube voltmeter for accurate readings. However,
the biasing voltage is not critical. A neon lamp in the circuit of each bias amplifier stage glows when sufficient voltage
is applied.
Test meters should be capable of measuring alternating voltages from 0 to 1,000 volts, direct voltages from
0 to 500 volts, and resistances from 0 to 1 megohm.

Ground

Ground

tests are

Tests

conducted to trace

hum troubles.

If

hum

occurs in one of the amplifiers, short-circuit the grids of the
tubes one at a time to

which stage the
the

is

while listening to determine into
being introduced. Start with the
,

first

stage, then test the second stage,

and so forth.

hum

stops, the trouble is in the stage

immediately

grid of the

When

hum

B—

preceding the

first

grounded grid that stops the hum.
Sensitivity Tests

Sensitivity tests are conducted to locate a dead stage.

Test
the grids of each stage by touching the grid terminal of the
tube socket with a screw driver until a grid is located that
does not produce a hum or click. The dead, stage is the one
immediately preceding the first grid that is sensitive. The
volume controls are turned on full when this test is conducted.
Amplifier Troubles

When

faults occur in the amplifier, test all tubes with a

tube tester or install

new

tubes to eliminate possible tube

trouble.
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If both recording amplifier channels operate properly and
is not possible to monitor or play back, the trouble is in the

components that are common to both monitoring and playing
back. These common components are in the output stage
which contains tube F305 and the output circuit to loudspeaker ZaS'300 and phone jack e/303.
If both recording and monitoring amplifier channels operate properly and it is not possible to play back, the trouble
These components
is in the components used for playback.
are in the third voltage amplifier stage, which contains
tube F304.
If one amplifier channel records properly and both ampli-

channels monitor and play back properly but the second
amplifier channel does not record properly, the trouble is in
either (1) the output stage containing tube F102 and bias
fier

amplifier stage containing tube

F300A, or

(2)

the output

F202 and bias amplifier stage containdepending upon which amplifier channel

stage containing tube

ing tube
is

F300^

—

defective.

If both amplifier channels monitor and play back properly
but both recording amplifier channels do not record, the
trouble

is in

the bias oscillator stage containing tube

F301 or

the bias amplifier stage containing tube F300.
If one amplifier channel records, monitors, and plays back

properly but the second amplifier channel does not record,
monitor, or play back, the fault is in the input circuit including the magnetic heads or in the

first

two amplifier stages

of the defective amplifier.
If neither amplifier channel records, monitors, or plays
back, the fault

is in

the

power supply that

is

common

to both

amplifiers.

An

open cathode bypass capacitor causes

hum and

creases the amplification of the stage, resulting in a
signal.

The best method

is

de-

weak

to shunt another capacitor across

the suspected capacitor and note the effect.

Ix)w screen or plate voltage, which causes the amplifier to
be weak, can result from positive voltage on the grid or from
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no cathode bias voltage. This fault can be localized by
taking voltage and resistance measurements.

When

a coupling capacitor between the plate of one stage
and the grid of the next stage opens, the amplifier is blocked
or does not produce any sound.

This fault can be localized

by taking a sensitivity test. Check the suspected capacitor
by shunting another capacitor across it and note the eflfect.
When a coupling capacitor between the plate of one stage
and the grid of the next stage shorts out or leaks, it causes
hum and makes the amplifier weak. This fault can be localized by a direct voltage reading on the grid.
An open grid resistor or grid circuit causes hum. An open
grid circuit can be localized by taking a ground test and
checked by making resistance measurements.
An open or shorted transformer winding causes the amplifier to be weak or inoperative.
This fault can be localized
by taking resistance measurements.
All naval vessels have at least one sound recorder-reproducer on the ship's allowance list. For more detailed information concerning the operation, maintenance, and repair of
this equipment, refer to chapter 65 of the Bureau of Ships
Mamud and to the appropriate manufacturer's instruction
book.

QUIZ
1.

2.

3.

Name

three basic methods of recording and reproducing sound.

Mechanical recorders use what two kinds of mediums to record
the sound pattern?

Name

five

components necessary to mechanically record and

re-

produce sound.
4.

What

device

is

used to play baclc mechanical disk recordings?

0.

The principle of operation of a pick-up head
what type of microphone?

6.

Can sound recorded on disks or

is

similar to that of

films by mechanical recorders be

erased?
7.

Magnetic recorders use what two kinds of mediums to record the
sound pattern?
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8.

What

9.

After recording, in what three ways do the succession of magnetic
field patterns existing throughout the length of wire differ from
each other?

10.

the principle of magnetic recording?

is

What

device is used to play back magnetic wire and tape record-

ings?
11.

How

is

12.

How

is

13.

Name two methods

14.

What

15.

How many

erasing of the sound pattern accomplished on a magnetic
recording medium?

photographic sound recording accomplished?
of photographically recording sound on film.

used with the

RD-115/UN

amplifier channels are provided in the

RD-115/UN

kind of recording
recorder-reproducer ?

medium

is

recorder-reproducer ?
16.

How

17.

What means

are the four magnetic heads of each channel mounted?
is

provided for playback in the

BD-115/UN

recorder-

reproducer?
18.

What

is

19.

Name

four principal electronic components of the

the purpose of the tone generator associated with recording amplifier channel 2?

BD-115/UN

sound recorder-reproducer.
20.

Name

21.

What kind

four tests for locating faults that occur in the sound recorder-reproducer and demagnetizer.
of tests are conducted to trace

hum

troubles in

plifiers?

22.

What

tests are conducted to locate
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dead stages in amplifiers?

am-

CHAPTER
SOUND MOTION
A

knowledge of light and

PICTURE SYSTEM

lenses, in addition to sound, is

essential for a clear understanding of the theory involved in

sound motion picture projection.

LIGHT
Light is radiant energy that is capable of affecting the eye
to produce vision. Light is also defined as a form of energy
that results when minute particles of a body are set into ex-'
tremely rapid vibration. This vibration is usually caused
by intense heat and is accompanied by extremely high temperature.

The sun and

stars are natural sources of direct radiation,

both visible and invisible; whereas the moon and planets are
natural sources of indirect radiation by reflection. The incandescent electric lamp

is

an

artificial

source of direct radia-

tion that gives off light because of the high temperature of
its

filament,

which

is

heated by an electric current.

Nature of Light

Light is a form of wave motion that is propagated through
uniform isotropic media or through empty space with an
exceedingly great, but finite and measurable, velocity.
light wave is a than verse wave the vibrations of which are

A

perpendicular to the direction of propagation, as shown in
figure 11-1. The amplitude of a light wave, like that of a
368

water wave,
trough.

The

is

the height of the crest or the depth of the

intensity of the

wave depends upon the ampli-

tude.

The wAVEiiENOTH,

A,

is

the distance between successive

points in identical stages of motion of a light wave.

Wave-

Figur* 11—1 .—Propagation of light wavot.

lengths are indicated in figure 11-1 as the distance from the

wave to the crest of the next wave.
The WAVEFRONT is a line connecting particles of the medium
over which the disturbance is momentarily uniform. Wavecrest of one

fronts are indicated in figure 11-1 by the concentric circles.

Thus a wave emitted from
locity in all directions

with equal vesuccession of expanding

a point source,

would have

a

spherical wavefronts.

A light RAY is a line drawn in the direction of propagation
from the light

source.

The term "ray" can be used

to the light itself or to the lines that represent

its

to refer

path.

A

wavefront moving outward is assumed to be perpendicular
to the ray a short distance from the light source.
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A BEAM of light is a bundle of parallel rays

a cone of light
is a narrow bundle of diverging rays and a PENCUi of light is
a narrow bundle of converging rays.
The rays of light from a large source such as the sun diverge very little and for practical purposes are considered to
be parallel. On the other hand, the rays of light from artificial sources such as incandescent and arc lamps spread out
SLLi they are propagated through space and diverge as they
move farther from the source. For practical purposes these
rays are considered as originating from a point source.
;

;

Velocity of Light

Light travels at a definite speed in any one medium. The
speed of light is approximately 186,000 miles per second in
a vacuum and is slightly lower in air, and appreciably lower
in water, glass, and other media. The velocity of light is determined by the same method used to determine the velocity
of sound (equation 8-1)

V

=

f

\,

Characteristics of Light

Each ray must cover

a greater area as

it

moves farther

from a point source

from the source because the

light

spreads out in

Thus, the intensity (bright-

all directions.

ness) of light decreases with distance.

The

inverse-square

law applies to this decrease in intensity with an increase in
distance

— that

is,

the light intensity

to the square of the distance

is

from the

inversely proportional
source.

The eye

can-

not form a quantitative estimate of the degree of brightness
because the pupil opens or closes to receive more or less light

according to the intensity of illumination.
Certain kinds of light produce the sensation of color. The
color of light is produced by the different light frequencies

which have different effects on the optic nerve. The color is
determined by the frequency of vibration and the associated
wavelength of the light wave.
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The

solar spectrum contains the following colors in the

order of their wavelength
*1.

Infrared

Violet

7.

2.

Red

*S.

Ultraviolet

3.

Orange

*9.

X-rays

4.

Yellow
Green
Blue

*10.

Gamma

*11.

Cosmic rays

5.
6.

At one

extreme, red

is

rays

produced by the longest waves

(lower frequency). At the other extreme, violet
duced by the shortest waves (higher frequency).

An

object reflects the light associated with its

Thus an
flects

object

is

red if

it reflects

own

red light, or blue

pro-

is

color.

if it re-

blue light.

Sunlight contains

Thus colored
reflects

all

the colors of the visible spectrum.

objects look natural in sunlight because each

that part of the spectrum associated with its

own

color.

A brilliant red object in sunlight lo<^s gray

when

illumi-

nated by a sodium vapor light because there are no red rays
in

sodium vapor.

The

object loses

its brilliant

color be-

cause it absorbs the yellow light of the sodium vapor lamp
and cannot reflect its natural color in the absence of the red
rays.

Properties of

Reflection.

Wave

Motion

—^Light waves, like sound

waves, can be rea light ray strikes the surface

and refracted. When
of an opaque object, some of the light
verted into heat, and the remainder
flected

is

is

surface of the object reflecting the light

absorbed and conreflected.
If the

is flat

and polished,

such as a plane mirror, the light is reflected without changing the relative arrangement of the rays, as shown in figure
11-2.

The ray from
Not

the source to the mirror

visible to the

naked

eye.
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is

the incident ray.

The point

at

which the ray

strikes the mirror surface is the

POINT OF INCIDENCE. The ray that comes from the point of
incidence is the reflected ray. The line perpendicular to
the surface of the mirror at the point of incidence is called
the NORMAL to the surface. The angle between the incident
ray and the normal to the surface is the angle of incidence, i.

Figure

1

The angle between the
surface

is

—

1—2.

Rtflcctien of

a

reflected ray

the angle of reflection,

light ray.

and the normal

to the

r.

In accordance with the law of reflection angle i equals
angle r. In other words, the incident ray, the reflected ray,
and the normal to the surface at the point of incidence are
all in

the same plane, and the angle of reflection equals the

angle of incidence. This statement is true for both plane
and curved mirror surfaces because the incident and
reflected rays travel in the same medium with the same
velocity.

Light rays reflected from a concave mirror are concentrated into a very small area and are called converging rays
over the distance from the mirror to the point of maximum

I^yond

concentration.

the point of

maximum

concentra-

tion they are diverging rays.

Refraction.

—^^Vhen light travels in one medium and en-

counters a second

of

it is

reflected

medium of

diff'erent optical density,

and part continues
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into the second

part

medium.

shown

Unless the angle of incidence is
zero, the light that enters the second medium undergoes a
change of direction. The ray that enters the second medium
is the REFRACTED RAY.
The angle of refraction, r, is the angle
between the refracted ray and the normal to the surface of
as

in figure 11-3.

MEDIUM

M

I

MEDIUM 2

REFRACTED RAY

NORMAL

NORMAL

INaOENT RAY
Figwrii

the second medium.

1

n

1—3.—Refraction

of a lighr ray.

and refraction both occur
at the boundary surface between the two media. Thus the
boundary serves as a plane surface for one ray and as a reReflection

fracting surface for the other ray.

LENSES

A LENS is a piece of glass that is ground with curved surfaces for the purpose of directing light rays.

If light rays pass

having parallel

from one medium

to a denser

faces, such as plate glass, the rays

medium
emerge

from the denser medium and travel in the same direction in
which they traveled prior to entering the denser medium, as
shown in figure 11-4, A. Thus, light rays are offset slightly
when passing through an ordinary window pane, but are not
changed in direction.
If the faces of the denser

medium

are permanently bent and emerge

and

travel in a direction different

they entered the denser

medium
373

are not parallel, the rays

from the denser medium
from that traveled before
(fig.

11-4, B).

Thus

the

light rays are bent in passing
faces.

through a prism with

flat sur-

If the entering rays are parallel, the emerging rays

are also parallel.

If parallel light rays pass from one

medium having curved

medium

to a denser

surfaces, such as a lens, the

emerging

rays are not parallel but are concentrated, or focused, to a

a CONVEX LENS

D.

Rgwr* 11-^.

small point.

—

CONCAVE LENS

Refraction of light ray*.

The principal focus, F,

of the lens

is

the point

of convergence or of divergence of the light rays.

A

double-convex and a double-concave lens are shown in

figure 11-4,

C

and D,

respectively.

The rays converge to

and diverge from point F in the
concave lens. The distance from the principal focus, F^ to
the lens is called the pocal length, /. Thus it is possible to
concentrate, or to control, light rays by passing them through
point

F

in the convex lens

a dense transparent substance such as glass.
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Formation of Images

The

based on
the principle of the formation of an image by a convex lens.
lens can be used to form an image of an object on a screen
if all the light radiated from each point on the object and
incident upon the lens can be brought to a focus at corprojection of motion pictures on a screen

is

A

responding points on the screen.
The formation by a convex lens of image A'B' of the object

AB

is

shown

in figure 11-5.

Some

of the rays of light
SI

Figure

A

1

1—5.

SO

S3 S2

—

Formation of an image by a convex lent.

and are brought together
at point A' on the opposite side of the lens. For simplicity,
only two rays are shown. One of the rays from point A in
the object passes through the optical center of the lens and
Another ray from point A parallel
strikes the screen at A'
to the axis of the lens is refracted by the lens and also strikes
Any other ray from A^ incident upon
the screen at point
Point A' is the
the lens, also strikes the screen at point A'
image of point A in the object. Similarly, all the light rays

from

are intercepted by the lens

.

.
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from point B in the object strike the screen at point B\
Point B' is the image of point B in the object. Every other
point in the object

is

represented by a corresponding point

in the image.

For a given distance between the

lens

and

object, there is

only one distance between the lens and the screen at which
the image will be sharp on the screen. Light rays from a
point in the object meet at a point on the screen in the plane
SO. If the screen is either nearer to the lens, as /SI, or
farther from the lens, as

not

all

>S'2,

the rays produce a blur because

of them strike the same

tance there

is

poiiit.

For any screen

dis-

a corresponding object-to-lens distance that

produces a sharp picture. It is usual practice to select the
screen distance to provide the desired image size and then
adjust the distance between the object and lens until the
image is the sharpest. This adjustment, which moves the
lens closer to or farther from the object, is called focusing.
To obtain a larger or smaller image for a fixed projection
distance, it is necessary to use a lens of a different focal
length.

The screen should be at right angles to the axis of the lens.
Tipping the screen as shown at •S'S, in figure 11-5, results in
an image that is out of focus at the top and at the bottom,
although it may be sharp at the middle. Note that the rays
cross as they pass through the lens. The image on the screen
is therefore inverted with respect to the object.
Hence, when
motion pictures are projected, the images on the film must
be upside down.
PRINCIPLES OF SOUND MOTION
PICTURE PROJECTION

Motion picture projection is the presentation on a screen
of a series of images taken in very rapid succession by a
motion picture camera. Such a presentation produces an
illusion of moving images.
This illusion results from viewing, in very rapid succession, a series of images each of which
differs slightly from the preceding one.
The eye retains an
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impression of the preceding image, blends it with the succeeding image, and creates an illusion of motion. In motion
picture terminology an image

is

known

as a frame.

Film

A sound motion picture film

— (1)

of records

Figur*

317993

1

1-6.

O— 55

(fig.

11-6) contains two types

a series of photographs taken in rapid suc-

—

Section of

25

a

16mm
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tound motion picture

film.

cession of

moving

objects by a motion picture cameralj^

and

(2) a record of the sounds associated with or appropriate

to the scenes recorded.

When such a film is shown on a screen the pictures are projected in the same order in which they were taken. The
sound reproduced through the amplifier and loudspeaker is
synchronized with the action of the picture.
Sound motion picture film is available in standard 35mm
and 16mm sizes. The 35mm sound film travels through a
35mm projector at the rate of 90 feet per minute and is the
standard size for theatrical projection. The 16mm sound
film travels through a 16mm projector at the rate of 36 feet
per minute and is the standard size used in the Navy. The
16mm film is a strip of cellulose acetate, one surface of which
is coated with photographic emulsion.
A row of perforated
sprocket holes is one side of the film, with one hole to a
frame. These sprocket holes provide a positive feed for
the film through the camera and projector.

Sound Recording on Film

Sound is recorded on film as a continuous photographic
image along a narrow strip at one side of the film called the
SOUND TRACK. As previously mentioned, the two methods
of recording sound on film are (1) variable- area recording
(fig. 11-7, A) and (2) vARiABLE-oENsmr recording (fig. 11-7,

B). Variable-area recording is denoted by zig-zag waves,
whereas variable-density recording is denoted by parallel

vary in spacing and intensity.
In variable area recording the black areas on the sound
track are opaque and the white areas are transparent. The
width of the transparent area can vary from nothing to the
lines that

limits of the

opaque band, depending upon the instantaneous

strength of the sound being recorded.

When

there is no

variation in the width of the transparent area, no sound

is

produced from it. In
variable density recording the variation of density between
recorded on the film and no sound

979

is

successive dark

and

light bands determines the amplitude of

the recorded sound.

When

being recorded by the motion picture
camera, the sound is picked up by a microphone that converts the audible sound waves into equivalent variations in
electric current.
This electric current is amplified and then
photographed on film by a camera sound recorder. This recorder, equipped with a light modulator, converts the electric
the subject

i'i'i

is

'l'ri [•-•[•'if''

ii;ii:iMrr;'ti-;i|i;-

I
a

a

3:
VARIABLE AREA
RECORDING

Figure

!:•

VARIABLE DENSITY
RECORDING

11— 7.—Sound on
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film.

current from the amplifier into equivalent light variations

and photographs these variations onto

The sound and
The two films are

film.

the picture are reproduced separately.

then synchronized so that when they are printed together,
the reproduced sound corresponds to the action of the picture.

The sound

associated with an individual frame is not re-

corded on the sound track directly opposite that frame, but
at a point 26 frames farther ahead. This displacement of
, the sound track relative to the picture is necessary because,
for proper synchronization of sound and picture, the sound
track must pass the scanning beam when the picture is at
the aperture. When the sound track is scanned by the light
beam the motion of the film is smooth and continuous.
loop of film interposed between the aperture and the point
at which the light beam scans the sound track isolates the
intermittent motion from the continuous motion.
IjOop
SETTEa ROLLER is uscd in some sound projectors to form the
proper size of film to produce 26 frames between the picture
in front of the aperture and the scanning beam.

A

A

Projector

Image Formation

A motion picture projector projects each frame of the film
on the screen for a small fraction of a second. Each frame
is immediately followed by the next frame, which is shown
for an equally brief interval. In sound motion picture proHowever, this
jection, 24 frames are shown every second.
does not mean that each frame is held on the screen for one
twenty-fourth of a second. The actual time is about onehalf of this interval because the screen is darkened twice during each frame, once while the film is moving forward and
again while a frame is being held stationary in the projector.
If the light is not cut off while the film is in motion, the picIf the light is
ture on the screen is blurred and streaked.
not cut off at least once while each frame is still, a flicker
The light is cut off by means of a 2- or 3-segment
results.
barrel-type shutter placed between the source of light and
the film aperture. This shutter revolves once for each frame.
380
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or for each complete cycle of the intermittent mechanism.
The segment that interrupts the light beam while the film is
in motion is called the pull-down blade and the other seg-

ment

is

called the antiflickeb blade.
Proi«ction Optical System

The sound motion

picture projector

optical system to project the picture

is

provided with an

on the

screen, as

shown

This system consists of a 750- or 1,000- watt
concentrated-filament projection lamp located behind the
film. This lamp provides the light beam for projecting the
film image on the screen. The condensing lenses concentrate
the light from the projection lamp on the picture area.
reflector placed behind the projector lamp recovers the light
emanating to the rear and directs it forward through the
in figure 11-8.

A

optical system.

To

obtain

maximum

jected picture, an aperture plate
light

and screens

it

off

from

all

brilliance in the pro-

masks the beam of projected
film frames except the frame

positioned in front of the aperture.

The

projection lens

placed in front of the film focuses the image of the film frame

on the screen.

Sound Optical System

The sound motion

picture projector

provided also with
The purpose of the

is

a sound optical system (fig. 11-9).
sound optical system is to convert the variations in the sound
track of the film into sound waves. "When the film sound
track is run through the projector, it passes in front of the
sound optical unit, which focuses a beam of light from the
exciter lamp on the sound track. This beam of light, called
the SCANNING BEAM, passcs through the film to the anode of
the photocell by way of a mirror or prism not shown in the
figure.
In variable-area recording the wave images on the
sound track vary the amplitude of the scanning beam as it
passes through the sound track. These variations in the
scanning beam produce corresponding variations in the electron emission through the photocell. These corresponding
3«2

variations are converted into voltage variations across a resistor
is

and fed

The output of the

to an amplifier.

amplifier

converted into sound wavto at the loudspeaker.
The greater the width of the sound waves, or the greater

the density of the sound bands on the film (depending on
the type of recording used) , the greater are the variations in

FILM

PHOTO
CELL
OBJECTIVE

CONDENSER

[3
SLIT

SCANNING

\
SOUND

BEAM

OPTICAL UNIT

EXCITER

LAMP

TO AMPLIFIER
Figur* 11—9.

—Sound

optical systom.

the amount of light that reach the photocell. The recorded
sound track interposed between the light source and the
photocell determines the variation in the intensity of light
transmitted to the photocell and the rapidity with which
the variations in light intensity occur. The variations in
light intensity thus control the magnitude and frequency of
the electric impulses to the amplifier.

IC/QEB-1D EQUIPMENT

The sound motion

MP,

designed
for use in training, briefing, and entertaining naval personThe IC/QEB-ID motion picture projector and amplinel.
picture system, circuit

313

is

Figure

1

1-10.

—IC/QEB-1D
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projector

and

amplifier.

shown

This equipment can be used
in an average size room, in an auditorium, topside aboard
ship, or in any projection area where a single-phase 115-volt
power supply is available. This equipment consists of (1)
IC/QPB-ID 16mm sound motion picture projector, (2)
fier

are

in figure 11-10.

IC/QAF-ID

20-watt amplifier, and (3)
watt loudspeaker.

IC/QDM-ID

25-

Projector

The IC/QPB-ID
vice contained in an

projector

(fig.

aluminum

11-11)

case.

The

is

a portable de-

right side of the

with a hinged cover to provide access to the
front operating side of the projector. The front of the case

case

is fitted

SPARE TAKE

v.TAKE-UP REEL

ARM

uc-

SPARC PROJECTOR FUSE
Figure 11-11.

AND

^ REWIND BELT

FEED REEL ARM

—IC/QPB-ID

projector.

contains the power-changeover and sound-output recep-

The left side

with a removable cover to provide access to the back of the projector mechanism. The
tacles.

is fitted

rear of the case contains the control panel. The major
divisions of the projector are the mechanical components and
the electrical components.
Mechanical components. The mechanical components
of the projector consist of (1) cooling system (2) feed reel

—

:

;
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arm assembly and
sprockets;

(4)

take

up

reel

arm assembly;

aperture plate assembly;

(5)

film

(3)

intermittent

mechanism;

(6) light optical system; (7) condensing lens;
(8) reflector; (9) projection lens; (10) loop setter roller;
(11) sound lens; and (12) optical light pipe prism.

The oooLiNO SYSTEM

consists of the ventilating

motor with

This system operates at all times when the projector is operating.
The blower circulates cool air around
the projection lamp, the condensing lens, the aperture, and
the film. Intake vents are located in the switch panel, under
the lamp house, in the changeover shutter cover, and in the
left side cover.
Exhaust vents are located in the rear of the
its

blower.

The FEED REEL ARM ASSEMBLY and

the TAKEUP REEL

ARM

AS-

SEMBLY are each provided with a spindle and a lock latch for
holding the reels. Friction is applied to the spindle on the
feed reel arm to maintain tension on the film being run off

The

used for rewinding film. Friction is applied to the takeup spindle to
maintain tension on the film takeup. The pulley attached to
this spindle is used to take up the film after it runs through
the projector.
rewind spring belt drives the film reel on
the feed reel arm when the film is rewound.
takeup spring
belt drives the takeup reel on the takeup reel arm so that
film that has been projected winds up properly on the takeup
the reel.

pulley attached to this spindle

is

A

A

reel.

Three

klm

sprockets that turn with a uniform velocity
help move the film at a constant speed. The upper, or feed,
sprocket unwinds the film from the feed reel and maintains
a loop of film above the film channel. The center, or sound,
sprocket feeds the film to the sound head and maintains a

loop of film below the film channel.
sprocket moves the film

takeup

The

lower, or takeup,

away from the sound head

to the

reel.

The APERTURE PLATE ASSEMBLY is the channel throue:h
which the film is moved in front of the aperture, one frame
at a time,

by the action of the intermittent mechanism.
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The

the rectangular opening in the aperture plate
that limits the illumination from the light optical system to
that portion of the film that is occupied by the picture. The
PRESSURE PLATE contains a rectangular opening slightly

aperture

is

larger than the aperture.

hold the film
focus at

flat

It maintains proper tension to

against the aperture and in a plane of exact

all times.

The INTERMITTENT MECHANISM

consists of a shuttle with

three teeth, a front shaft, and a rear shaft.

moves toward the

As

the shuttle

engage the film perforaThe shuttle then moves down to advance the film one
tions.
frame and back to disengage the teeth from the perforations.
The front shaft actuates the vertical motion of the shuttle
film, the teeth

and the rear shaft actuates the horizontal motion.

The

2-

segment barrel shutter rotates at a speed of 24 rpm to provide 48 interruptions per second.
The LIGHT OPTICAL SYSTEM produces a screen illumination

new 750- watt Mazda lamp and
of 475 lumens with a new 1,000-watt Mazda lamp.

in excess of 320 lumens with a

in excess

The projection

condensing lens assembly consists of
an aspheric condensing lens and a plane-convex condensing
lens.
The aspheric condensing lens collects the greatest
amount of light emitted by the projection lamp. The planeconvex condensing lens converges and concentrates this light
upon the picture frame in the aperture.
The REFLECTOR is positioned behind the projection lamp
to increase the utilization of light by reflecting most of the
light radiation forward to the condensing lens and in the
light

direction of the film.

The PROJECTION LENS forms on
image of the illuminated

The LOOP

film

the screen an enlarged

frame at the picture aperture.

SETTER ROLLER controls the size of the lower loop

of film to maintain synchronism between the picture and the
sound.

The

lever

arm attached

to the loop setter roller can

be directly depressed or operated by a push switch located

on top of the
depressed

is

case.

The

distance that the lever

arm can be

limited to avoid forming a larger loop which
387

would result in a loss of synchronism between the picture
and the sound.
The SOUND IJCN8 (sound optical unit) focuses a beam of
light from the exciter lamp on the sound track.
The OPTICAL LIGHT PIPE PRISM is mountcd on the sound stabilizer assembly.
This quadrangular shaped prism (1)
gathers both the directly reflected and the scattered sound
light beam that is received through the film; (2) concentrates all of the sound light beam into a small area; and
(3) transmits this concentrated sound light beam to the
photoconductive

cell

without

Electrical components.

an

IC/QPB-ID

Figure 11-12.

—

loss.

—A schematic wiring diagram of

projector

is

shown

in figure 11-12.

The

Schematic wiring diagram of an IC/QPB— ID projector.
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components of the projector include: (1) photoconductive cell (2) exciter lamp (3) projector drive motor;
(4) ventilation motor (5) projection lamp (6) two threading lamps; and (7) changeover mechanism.
electrical

;

;

;

The

;

PHorocoNDucmvE cell converts the light
variations that impinge on its surface, into corresponding
lead sulfide

variations in voltage across a resistor.

velops a

maximum

the film signal.

The

photocell de-

signal intensity of 0.2 volt directly

The output of

the photocell

is

from

transmitted

to the amplifier through an audio transformer.

Direct voltage for the photocell
fier to receptacle

is

supplied by the ampli-

SlOl through decoupling filter resistor
capacitor 6^103, and load resistor i?102

^103, shunt filter
across which the audio frequency signal is developed.
Capacitor ClOl blocks direct current from coupling transformer noi. The resistor-capacitor filter network, con-

^101 and capactor ^102, attenuates the
low frequencies and thus compensates for film scanning and

sisting of resistor

Coupling transformer
TlOl matches the photocell circuit impedance of 200,000 ohms
to the line impedance of 150 ohms.
cell

high-frequency response

The ExcriER lamp

losses.

a 6-volt double-contact prefocused
incandescent lamp. This lamp supplies intense illumination
for scanning the sound track. The high frequency for the
filament of exciter lamp Z104 is supplied through SWIOI
by a Hartley oscillator in the amplifier. Switch /S'TFlOl is
actuated by the open solenoid in the changeover mechanism.
Contactors iSWlOZ are located in the motor-lamp switch.
The PROJECTOR drive motor is a series-wound universal
governor type of motor. It operates at constant speed with
changes in voltage of from 100 to 130 volts.
is

The motor speed governor

is

a centrifugally operated

switch mounted on the armature shaft of the projector drive
motor, and shunted by capacitor (7106. If the speed is low,
the governor switch shorts out resistor ^104. If the speed is
high, the governor switch opens and inserts resistor

reduce the motor speed.
389

^104

to

The

projector drive motor

is

supplied through plug SlOi,
and is controlled by projector

which is inserted in socket aS'105
rewind switch SW105 and motor-lamp switch aS'TTIOS. The
drive motor field windings are connected to the center blades
of double-pole double-throw switch

SW105.

When

switch

SW106 is in the rewind position the drive motor is reversed.
When this switch is in the off position, switch SWIOS becomes operative for the drive motor. Switch SWIO^ is the
main control for normal forward projection and connects
the drive motor through contacts 11 and 12 to the a-c power
supply.

The power supply

for the projector drive motor, venti-

lamp is supplied through receptacle xS'103.
The r-f filter, FT, eliminates any radio frequency radiation in the power feed to the drive motor, ventilating motor, threading lamp, and pilot lamp. Such an r-f
filter is not used in the projection lamp circuit because of the
surge-current power required. Contactors 1 and 3 of contactor aS'WIOS comprise the switch lamp circuit. Threading
and pilot lamp sockets aS'106 and aSIOT are connected through
SW102 to the r-f filter power output supply.
The power for the series, universal type of ventilating
motor is supplied through contacts 11 and 12 on motor-lamp
switch SWIO^. Capacitors 67104 and O105 are connected
between the motor armature brushes and ground to prevent
r-f radiation.
The lamp-ventilating motor is energized
lating motor, and projection

simultaneously with the drive motor.

The CHANGEOVER MECHANISM provides uninterrupted
sound-film programs when two projectors are used with one
or more amplifiers and reproducers. It is a solenoid electromagnetic changeover mounted inside the shutter cover assembly.
Sound changeover is effected by breaking the exciterlamp circuit. Picture changeover is effected by a light shield
that drops between the condenser lens assembly and the
picture aperture. The push switch on the switch panel
controls simultaneously the sound and the picture changeover from the outgoing projector to the incoming projector.
390

supplied power from the
amplifier through receptacle aS'102. Interconnection between
projectors is provided by the changeover power cable, which
parallels the "open" solenoid of one projector with the

The changeover mechanism

is

"close" solenoid of the other projector.

The changeover cir-

with a single projector. Depressing
changeover switch aS'W104 energizes the "open" solenoid of
the desired operative projector and, through the changeover
cuit is never used

interconnection cable, also energizes the "close" solenoid of

the desired inoperative projector. Capacitor CllO is connected across switch SW104: to eliminate electrical noise from
the switching operation.
Amplifier

The TC/QAF-lD amplifier is a portable unit contained in
an aluminum case. The front side of the case is fitted with a
removable cover to provide access to the amplifier control
panel.

The unit includes a conventional audio amplifier with pushAlso included are a power supply for the
amplifier and an oscillator to supply filament power for the
projector exciter lamp. The amplifier will deliver 20 watts
of output power to the loudspeaker on full volume when a
pull output.

6-millivolt signal is applied to the grid of the first stage.

A schematic diagram of an IC/QAF-ID amplifier is shown
in figure 11-13.

The

115-volt, 60-cycle, a-c

fed to the amplifier through receptacle
single-throw switch *S'W1

is

power supply

-S'lO.

aS'13

through fuse Fl.

ceptacle provides the

Single-pole

in series with one side of the line

that feeds the primary of power transformer

over receptacle

power

Tl and change-

The changeover

when two

projectors are used.

Power transformer Tl has three secondary windings.
1

(terminals 4,

5,

and

amperes to the plates of
minals

1, 2,

re-

to operate the changeover sole-

noids in each of the projectors

ing

is

Wind-

6) supplies 405 volts at 265 milli-

rectifier

and 3) supplies

6.3 volts to

391

Winding 2 (terpilot lamp LI and

tube F6.

the filaments of

all

tubes except rectifier tube F6.

Winding

3 (terminals 7 and 8) supplies 5 volts for the filament of
rectifier tube F6.

Plate and screen currents are furnished by winding 1 (terminals 4, 5, and 6) of the power supply transformer, Tl.
Rectification of the alternating current is accomplished

by

Terminal 2 of tube F6 is the positive side of the
power supply output. The negative side is center tap 5 of
transformer Ti which is grounded through resistor .^41 to
provide negative bias for the power output stage. The
5-volt filament of rectifier tube F6 is supplied by winding
2 (terminals 7 and 8) of power supply transformer Tl.
The rectifier output is filtered by a pi-section filter made
up of input capacitor ^27, series choke TS, and output capacitor 6'26.
Plate and screen voltages are supplied from the
output across capacitor 6^26 through series resistors and decoupling networks. Reduced plate voltage for oscillator
tube F7 is obtained across capacitor (725 by means of series
dropping resistors ^40, ^42, and ^43. The oscillator operates at a frequency of 112 kc. A decoupling network made
up of resistors ^42, ^43, and capacitors 6'22, C29A,
C29B, CZO, and (731 prevents the 112-kc output from feeding
back into the power supply and causing interference.
Plate voltage for power amplifier pentodes F4 and F5 is
supplied through the primary of output transformer T2, by
way of the center tap connection and the common connection
between filter capacitor 6^26 and choke TZ.
Plate voltage is supplied to one triode plate (pin 2 of F3)
through the decoupling network ^33 and 6^18. Plate voltage for the other half of F3 (pin 5) is supplied through the
decoupling network ^28 and C16. Plate voltage is supplied
to one half of F2 (pin 2) through decoupling filter R26 and
tube F6.

6'13.

Plate voltage

is

supplied to the other half of

F2

(pin

by way of decoupling network R20 and 012. Plate and
screen voltages for tube Fl are supplied through decoupling
network ^8 and 6^4. Positive bias voltage for the photocell
is supplied through decoupling filter i?5 and CI.
5)
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Hartley oscillator, tube F7, furnishes 6
r-f power to the exciter lamp filament by way

series-fed

watts of 112-kc,
of the step-down winding of oscillator coil 7^4, and a shielded
cable terminating in receptacles xS'll and S12. The frequency of the oscillator is determined by the resonant fre-

quency of the tuned tank circuit (724 and 7'4. Grid leak bias
for the oscillator is developed across ^39 and (728. The output coil of T4: reduces the oscillator voltage to obtain the
higher output current for the exciter lamp.
The PUSH-PULL POWER AMPLIFIER (peutodcs F4 and F5)
It has a rated power outis biased for class-AB operation.
put of 20 watts with less than 2 percent distortion. The
output transformer, 7'2, couples the signal from the highimpedance plate circuit to the low-impedance loudspeaker.
The secondary has two windings. Winding 1 (terminals 4
and 5) supplies a 500-ohm line for monitoring the sound output by way of receptacle SS. Winding 2 (terminals 6 and 7)
supplies the 8-ohm voice coil of the loudspeaker through receptacle S9. Grid bias for this stage is developed across
R4:l and is supplied through decoupling resistor ^36. Capacitor 021 acts as a cathode bypass capacitor. Resistors
i?44 and ^45 are in series with the grids of pentodes
F4 and F5 and act as parasitic suppressors. The input sigand ^35
nal is developed across grid leak resistors
through the action of coupling capacitors 019 and O20.
One half of twin triode F3 (pins 4, 5, and 6) is a normal
type of voltage amplifier. The other half (pins 1, 2, and 3)
is a self-balancing phase-inverter stage used to drive pushpull tubes F4 and F5. One half of the output signal is developed between the plate (pin 2) and ground, and the other
half appears across cathode resistor ^30. Thus the output
signal consists of two components that are 180° out of phase
and have equal magnitudes. Capacitor 017 couples the signal from the plate (pin 5) to the grid (pin 1) of the second
triode section of tube F3.

leak resistor E27.

Resistor

The
^29

signal appears across grid
is

the unbypassed cathode-

bias resistor for the cathode follower section of F3.
317993

0—55

26
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Re-

sistx>r

RS2

is

the plate-coupling resistor for one half the out-

put signal and resistor ^30 is the cathode-follower coupling
resistor for the other half of the output signal.
Negative feedback of 12 decibels is applied to the first
triode section of F3 from the power stage through coupling
This resistor connects terminal 5 of the 500resistor RZl.
ohm winding of ouput transformer T2 and the cathode (pin
6) of the first section of twin triode F3. The first section
provides a limited amount of voltage amplification. Capacitor C15 is a high-frequency bypass capacitor that reduces
parasitical r-f pickup generated by the exciter supply oscillator.
Capacitor 6^14 is the grid coupling capacitor to the
preceding tone-control stage. Resistor R2S is a grid leak
resistor (pin "4 of F3)
resistor ^24 is the cathode-bias re;

sistor (pin 6 of

F3)

;

and

resistor

^26

is

the plate-coupling

F3).
Twin triode F2 provides two resistance-coupled stages of
voltage amplification. Potentiometer ^14 provides volume
control at the grid of the first half of the twin triode (pin 4)
voltage divider network between the output of Fl and the
input of F2, consisting of coupling capacitor (75 in series
with the parallel combination of ^10 and (76 and the series
combination of R12 and C7, provides a means of frequency
resistor (pin 5 of

-

A

selection.

Inverse feedback between the output (pin 2) of the second
half of twin triode F2 and the cathode (pin 6) of the first

provided by the parallel combination of ^11 and 09
in series with (711 and ^18. Additional degeneration control is provided by the series combination of cathode bypass
capacitor (78 and variable resistor ^13. Coupling capacitor
(736 provides high-frequency inverse feedback from the cathode (pin 3) of the second triode section of F2 and the
grid (pin 4) of the first section, thus reducing the sensitivity
of the amplifier to parasitical pickup from the exciter supply
half

is

Adjustment of /?12 and RIS provides treble frequency control and adjustment of ^10 and Rll provides low
oscillator.

frequency control.
394

The INPUT VOLTAGE STAGE

tubc, Fl,

is

voltage amplifier having a gain of 80.

a resistance-coupled

The input

signal

is

developed across grid leak resistor i?4, the transformer termination resistor; resistor ^6 is the cathode-bias resistor;
capacitor 6'2 is the cathode bypass capacitor; capacitor OS is
the screen bypass capacitor; resistor B7 is the screen voltage-

and resistor ^9 is the plate-coupling resistor.
The primary winding of input transformer T5 is
designed to work from either of two 150-ohm sources. The
center tap is grounded to reduce radio frequency and noise
pickup. The secondary is designed to work into a 150,000dropping

ohm

resistor;

load.

The amplifier control panel (fig. 11-14) is a separate
aluminum subassembly secured to the amplifier main chassis
uprights by machine screws. The controls and receptacles
mounted on

this panel comprise

Figure 11—14.

ume

control; (3)

:

(1)

power switch

;

(2) vol-

—

two tone

Amplifivr control panel.

controls (bass and treble)

;

(4)

microphone; (5) phonograph; (6) projector switch (microphono-proj) (7) pilot light; (8) fuse receptacle (9) output
receptacle (monitor) for connecting 500-ohm loudspeaker;
;

;

(10) output receptacle for connecting
395

8-ohm loudspeaker;

(11) changeover cable receptacle; (12) dual projector input

and projector 2)

microphone
receptacle (micro)
(14) record-player receptacle (phono)
(15) two amplifier bridging jacks (in and out)
(16) projector sound balance control (projector balance)
and (17)
a-c power receptacle.
The sound volume is regulated by the volume control
marked "gain." This control regulates the amount of power
that is fed to the loudspeaker from any of the standard
sources, such as the sound track on the film, microphone, or
receptacles (projector 1

;

(13)

;

;

;

;

phono-record turntable.
The TREBLE CONTROL and the bass control are provided to
adjust the frequency response of the sound reproducing astern.
The center position of both controls is marked "normal." This position results in a response characteristic that
closely approximates the design objective of the equipment.
When the treble control (high-frequency) is turned
counterclockwise, it provides high-frequency attenuation
above 700 cycles. Normal adjustment is midway between
the two extremes of the control.

Adjustment of the treble
control improves the intelligibility of films having poor
sound-track definition and reduces background noise due to
dirty or scratched film.

When the bass control
clockwise from the

(low-frequency)

normal

turned counter-

position, it provides attenuation

of the frequencies below 700 cycles.

midway between

is

Normal adjustment

the two extremes of the control.

is

If the

program takes place in a large area having bare walls,
a great amount of reverberation results. The over-all sound
quality is improved by decreasing the low frequencies because
film

these frequencies are most subject to reverberations.

The INPUT circuit jack marked "in" and
OONNECTED JACK marked "out" provide for

the MULTipiiE-

two amplifiers from the input
signal and permit independent adjustment of the volume and
1.

Parallel operation of

tone of the loudspeaker bank.
396

Use of an amplifier with any external sound device, such
as microphones and phonographs that terminate in a telephone plug.
2.

3.

Insertion of auxiliary sound equipment into the input

si>eech circuit
ers,

—such as volume compressors, volume expand-

and special-purpose wave

Jack multiple J\

filters.

connected to input switch
SW2. Inserting a telephone plug
J\ parallels the plug
with the input sound circuit. Inserting a telephone plug in
t/2 disconnects input switch SW2 from the amplifier input
11-13)

(fig.

is

m

and transfers the amplifier input to the equipment that

is

connected to the telephone plug.
marked "pro j -microThe INPUT SELECTOR SWITCH,
phono" is provided for rapid switching from projectors to

This switch must always
in the proj position when sound motion picture film is

phonograph or

to microphones.

be set
being projected.

The PROJECTOR VOLUME BALANCE CONTROL labeled "projector
from two projectors
For single equipment

balance," equalizes the sound output

when dual equipment

is

operated.

operation, set the control in the midposition.

Turn the control, with

a screwdriver, clockwise to decrease

the sound output of projector

1,

and to increase the sound out-

put of projector 2. Turn the control counterclockwise to
decrease the sound output of projector 2, and to increase the
sound output of projector 1.
Loudspeaker

The IC/QDM-ID loudspeaker is a
tained in an aluminum case. The top

A

removable.

movable top

slot is

section of the case is

provided on the right side of the

re-

section to permit the use of the loudspeaker cable

A

with the top in postion.

wound on

portable device con-

a bracket that

is

75-foot loudspeaker cable

mounted

inside the case.

is

The

case acts as a baffle to provide the desired acoustic quality for

sound output.
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The IC/QDM-lD equipment

a direct radiator loudspeaker containing an 8-inch, 25-watt permanent magnet and
a moving voice coil. The loudspeaker provides a means for
converting the amplified audio signal from the amplifier
is

into sound energy.

The

direct radiator loudspeaker has a relatively

wide angle

of sound distribution and therefore is particularly fitted for
use in the proximity of the screen. Direct radiator loudspeakers can perform satisfactorily up to about 100 feet from
the speaker, depending upon the amount of distracting noise
generated by the ship.

The horn loudspeaker has

a relatively

sound distribution and therefore

is

narrow angle of

particularly suited to

away from the screen. Hence,
loudspeaker should be mounted on the top

cover areas of 75 feet or more
the horn type of

of the screen frame and directed so that the focal point of
its

sound converges at approximately 125 feet from the

screen.

The recommended combination of loudspeakers comprises
two direct radiator loudspeakers

(IC/QDM) and two horn

loudspeakers (IC/QHE). To obtain uniformity of the
sound level over the audience area, the sound level of each of
these banks of loudspeakers is adjusted independently.

Both a primary and secondary amplifier (IC/QAF-lD)
are required to obtain this uniform sound distribution (fig.
11-15). All input connections are made to the primary
amplifier. The sound output of this amplifier feeds both
the monitor speaker and the direct radiator bank of two
loudspeakers.

connected to the primary amplifier sound input circuit by means of a bridging cable.
Interconnection is between the primary amplifier bridging

The secondary

amplifier

is

jack labeled "out" and the secondary amplifier bridging jack

This interconnection disconnects all the input
receptacles on the secondary amplifier, making the secondary
amplifier a slave to the primary amplifier input circuits.
The secondary amplifier output is connected to the two horn
labeled "in."

loudspeakers.
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Both the

and the horn loudspeakers have a nominal impedance of 16 ohms. The two
direct radiator loudspeakers have a joint impedance of 8
ohms when connected in parallel. This 8-ohm impedance is
a matching impedance for the primary amplifier. A similar
condition exists for the two horn loudspeakers and the secondary amplifier.
Correct phasing of the loadspeakers is essential otherwise,
dead spots and loss of sound intensity would result. All of
the loudspeakers are mounted in the same plane. Thus all
of the voice coils must be correctly phased that is, they
must be connected so that they move back and forth identically in their air gaps.
If the loudspeaker voice coils are not
paralleled correctly, cancellation of the loudspeaker sound
direct radiator loudspeakers

;

—

output will occur, resulting in distortion with loss of sound.
When the loudspeaker banks are correctly phased, make the
following preliminary adjustments to establish the optimum
amplifier volume- and tone-control settings:
1.

Turn

the gain control to zero on the amplifier that feeds

the horn loudspeakers.
2.

Raise the gain control to position four on the amplifier
that feeds the direct radiator loudspeakers.

3.

Reproduce a portion of the sound
control setting necessary to
a distance 50 feet

4.

from the

and note the gainfurnish adequate volume at
film

screen.

Energize the horn loudspeakers and establish the gain-

same volume level
from the horn loudspeakers.

control setting necessary to obtain the
at a distance of 125 feet

All film that has been run through a projector must be

rewound before
the film

is

it

can be shown again.

wound on

During projection

the taken p reel with the start of the

picture at the hub of the

reel.

rewind the film on another

Therefore,

it is

necessary to

reel to get the start of the picture

on the outside of the reel. A rewinding device can be used
for this purpose, or rewinding can be accomplished quickly
by the projector.

With the

projector
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it is

not necessary to

remove any belt. Rewinding is accomplished by moving the rewinding mechanism knob on the
front reel arm to the in position and turning on the rewind
toggle switch on the projector switch panel. However, rewinding the film with the projector does not permit checking
twist, change, or

the condition of the

Only

film.

qualified personnel are authorized to operate motion

For detailed information concerning the

picture equipment.

operation, care, and maintenance of this equipment, refer to

chapter 85 of the Bureau of Ships Manu<d and to the manufacturer's instruction book furnished with the equipment in
use aboard your ship.

QUIZ
1.

Why

2.

Name two

natural sources of direct radiation.

3.

Name two

natural sources of indirect radiation by reflection.

4.

Are

5.

What

6.

What

does the incandescent electric lamp produce light?

light

waves longitudinal?

is indicated by the height of the crest or the depth of the
trough of a light wave?
is

indicated by the distance between successive points in

identical stages of motion of a light

wave?

7.

What is indicated by a line connecting particles of the
over which the disturbance is momentarily uniform?

8.

What

is

from a

represented by a line

drawn

medium

in the direction of propagation

light source?

9.

What

is

the relation between a wavefront and a ray?

10.

What

is

the relation between the velocity of light, the frequency

of the wave, and the wavelength?
11.

What

12.

Why

13.

Can

14.

What

determines the sensation of color on the optic nerve?

do colored objects look natural
light rays be reflected
is

in sunlight?

and refracted?

the ray from the source to the reflecting surface, or mirror,

called?
15.

What

is

the

name

of the point at which the incident ray strikes a

reflecting surface?
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16.

What

is

the

name

of the ray that comes out of the reflecting surface from the point of incidence?

17.

What

is

the

name

of the line perpendicular to a reflecting surface

at the point of incidence?
18.

What

the angle called between the incident ray and the normal

is

to the surface?
19.

What

the angle called between the reflected ray

is

and the normal

to the surface?
20.

What

the relation between the angle of incidence and the angle

is

of reflection in accordance with the law of reflection?
21.

What

the

is

medium when
one medium and encounters a second medium of

name

light travels in

of the ray that enters the second

dilterent optical density?
22.

What

the

is

name

light rays passing
23.

What

the

is

name

of the point of convergence or of divergence of

through a lens?
of the distance

from the principal focus

to the

lens?
24.

What

25.

How

type of lens

is

used in motion picture projection systems?

a larger or smaller image obtained for a fixed projection

is

distance?
26.

27.

What

is

which

it is

What

is

optical
28.

the displacement between the sound and the picture with

What

associated?

the purpose of the condensing lenses in the projection

system?

is

the purpose of the projection lens in the projection optical

system?
29.

What

is

the purpose of the sound optical unit in the sound optical

system?
30.

Name

the three pilncipal components of a sound motion picture

equipment.
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CHAPTER
DIAL TELEPHONE SYSTEM
The

dial telephone system, circuit J, is primarily

an ad-

ministrative circuit that provides fully selective telephone

communications throughout the ship. This system is also
used to supplement other communications facilities for ship
control, fire control, and damage control. The capacity of
the system varies with the size and needs of the particular
ship.

COMMON-BATTERY TELEPHONE SYSTEM

A common-battery telephone system consists of a group of
telephones the individual lines of which are terminated at a
central point so that they can operate from a common battery located at that point.

The system can be manual or

In the manual system, the connections between
the calling telephone and the telephone being called are completed by operators; whereas, in the automatic dial system
the connections are completed by remotely controlled switching mechanisms.
The switching mechanisms in automatic systems are conautomatic.

by means of a calling device,
has 10 digits, any one of which can be

trolled at the calling telephone

or dial.
dialed.

The

dial

When the dial

is

operated

it

causes a series of inter-

ruptions, or impulses, in the current flowing in the line curcuit.

The number of

impulses, sent out by the dial, cor-

responds to the digit selected.
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These impulses cause the

automatic switches to operate and to select the telephone
being called.
The dial telephone system (fig. 12-1) consists of (1) line
station equipment, (2) automatic switchboard equipment,
(3) power equipment, and (4) accessory equipment.
The LINE 8T.\TioN EQUIPMENT cousists of various types of
telephones for mounting in both protected and exposed locations.
In addition, special loud-ringing, or extension, sig-
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CAHKT
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12— 1.—4lo€k diagram

SUPriY

of a dial talcphen* system.

nals are provided at telephone stations located in noisy
spaces.

The AUTOMATIC SWITCHBOARD EQUIPMENT iucludes the
switching mechanisms necessary for setting up automatically
the connection between any two telephones, and certain miscellaneous equipment used in

The

common by

all switches.

miscellaneous equipment includes ringing machines,

alarm signals, testing equipment and control circuits for the
switching mechanisms, start and stop circuits for the ringing
machines, line disconnect keys, and fuses.
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The POWER EQUIPMENT consists of a motor-generator set
and storage battery connected across the generator. This
equipment supplies d-c service at approximately 48 volts to
operate the automatic switchboard equipment, including the
ringing machines. Power to operate the motor-generator
set is obtained

from the

power supply via the

ship's

I.

C.

switchboard.

The ACCESSORY EQUIPMENT

Includes an attendant's cabinet,

which is a small manual switchboard used to establish
to and from shore exchanges when the ship is in port.

calls

TELEPHONE INSTRUMENT

The telephone instrument

compact unit designed for
transmitting and receiving speech, and for signaling the deis

a

sired station.

The

parts that comprise the telephone instrument are

mounted

in various enclosures to

form

different types of tele-

These are the type-A desk telephone, type-B bulkhead telephone, type-C watertight bulkhead telephone,
type-D intercommunicating telephone, type-E compact telephone for mounting on the side of a desk, and type-F telephone for either bulkhead or side-of-desk mounting.
The component parts of a telephone instrument are (1)
phones.

handset, (2) dial, (3) cradle switch, (4) ringer, (5) capacitors, and (6) induction coil.

Handset

The handset

(fig.

12-2) consists of a conveniently shaped

handle with two mounting cups

—one for the transmitter and

A

mouthpiece screws onto one

the other for the receiver.

end of the handset handle and holds the transmitter in its
mounting cup. An ear cap screws onto the other end of the
handset handle and holds the receiver in its mounting cup.
The transmitter and receiver units are both of the capsule
type and are constructed so that the transmitter unit cannot
be inserted into the receiver mounting cup and vice versa.
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Connections from the cord conductors to the transmitter and
receiver units are completed by means of contact spring clips
that are contained in the mounting cups of the handset.

—

TRANSMriTER vnjT. The transmitter unit consists essentially of a diaphragm and a carbon microphone contained in

—

Figure 12—2.

Handset.

The carbon button microphone is dischapter 8. The diaphragm is mechanically con-

a protective shell.

cussed in

nected to the carbon button microphone so that sound waves
striking the diaphragm cause it to vibrate. The mechanical
vibrations of the
granules.

When

diaphragm are transmitted to the carbon
the carbon granules are compressed by an

inward movement of the diaphragm, their resistance is lowered and more current flows through the transmitter. A
steady direct current flows through the transmitter when no
sound waves strike the diaphragm, and the diaphragm is at
rest.
This current is called transmitter current and is supplied by the common battery at the switchboard.
As long as sound waves strike the diaphragm and cause
to vibrate, the resistance of the carbon granules is constantly changing. This constant change in resistance causes
it

the current through the transmitter to vary accordingly.
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This varying current is called the voice current and is sent
out on the line after being boosted by the action of the induction coil and talking capacitor. The receiver at the other
end of the line converts the voice current back into sound
waves.

Receiver unit.

—^The receiver unit

pf the permanentmagnet type. It consists essentially of a powerful permanent magnet with two soft-iron pole pieces, two coils, and a
is

diaphragm contained in a protective shell. The coils are
mounted on the soft-iron pole pieces. The path for the magnetic flux includes the pole pieces, air gaps, and diaphragm.
The diaphragm is mounted under a slight tension so that it is
pulled toward the pole pieces by the permanent magnet.
Voice currents, flowing through the coils around the two pole
pieces, set up magnetomotive forces that alternately aid and
oppose the magnetic flux of the permanent magnet. This
action causes the receiver diaphragm to be attracted with
alternately greater and less force. Accordingly, the diaphragm moves back and forth, reproducing the original vibrations of the transmitter.
Dial

The dial

(fig.

12-3) enables the calling telephone to control

the automatic switching mechanisms which establish the

telephone connection.

The

principal functions of the dial

are to (1) deliver impulses, (2) short-circuit the parts of the
instrument that introduce unnecessary resistance in the dial-

ing circuit, and (3) prevent the dialed impulses from clicking
the receiver.

The

principal parts of the dial are compactly

on a mounting

plate.

mounted

These parts are (1) finger plate (with

10 holes), (2) number plate, (3) speed control governor, (4)
impulse cam and springs, (5) shunt cam and springs, and
(6)

driving mechanism.

whzn

the dial

is

The

parts are arranged so that

operated, the line

is

opened and closed at

a rate of approximately 10 interruptions per second.
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In operating the

turned in a clockwise direction. When restoring to normal under its own
power in a counterclockwise direction, the speed of the dial
is controlled by the main spring and the governor assembly.
While being turned in a clockwise direction, the tension of
the main spring is increased to give sufficient tension to provide the power required to return the dial to normal.
dial, the finger plate is

B
Figure

12—3.—-Dial.

A, Front' vi«w; B, rear view.
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The main spring

wound spring attached to
main gear (not shown in figure

a helically

is

a shaft that returns the dial

when the dial is turned from normal and reThe main gear does not turn when the dial is turned

12-3) to normal
leased.

from normal because the ratchet pawl slips over the ratchet
wheel (not shown in figure 12-3) which is mounted on the
same shaft with the main gear. However, the main gear
does turn

when

the dial restores to normal, because the

ratchet pawl engages the ratchet wheel

and turns the main

gear.

The governor assembly

consists of a

worm

gear shaft that

mechanically connected to the main gear of the dial through
a gear train. Two flyball wings are attached to the worm
gear shaft. Each flyball wing has a governor weight on
the end of the wing that protrudes into the governor cup.
The rotary motion of the worm shaft causes the flyball
is

wings to fly outward and, due to centrifugal force, cause
friction between the governor weights and the governor cup.

The speed

of the dial

is

therefore regulated by adjusting

these flyball wings to increase or decrease the

amount of

pressure the governor weights exert on the inside surface of

the cup.

The impulse cam

is

geared mechanically to the main gear

through a gear train. The revolutions of the impulse cam
correspond to the angular displacement of the dial. The

cam

forces the impulse springs apart twice for each revolu-

tion of the

cam

shaft except for the last half revolution.

The impulse

springs

are normally

closed.

They are

opened by the impulse cam only when the dial is returning to
normal. An impulse is produced each time the impulse
springs are opened. The travel from any off-normal position

is

one series of impulses.

the series depends on

normal.

The cam

how

The number

far the dial

is

of impulses in

turned away from

in revolving will break

and make the

impulse spring contacts a number of times corresponding to
the digit dialed.
317993

0—66

27
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The shunt springs are used to shunt the receiver and transmitter circuits when the dial is in an off-normal position.
The shunt springs are normally open. When the dial is at
normal, these springs are forced to remain open by the shunt
cam assembly pressing against them. When the dial is

turned off normal, the shunt cam assembly is moved away
from the shunt springs. This action causes the shunt springs
to close and remain closed until the dial returns to normal.
This closure shunts the transmitter and receiver circuits and
prevents the impulses from being heard in the receiver during dialing, and also prevents the variable resistance of the
transmitter from affecting the character of the operating
impulses.

Cradle Switch

The CRADLE SWITCH, sometimcs called the swrrcH hook or
MONOPHONE SWITCH, is an assembly of springs used in completing and opening circuits.

In a telephone set it is not
desirable to have both the talking apparatus and the signaling apparatus connected with the line at the same time.
Therefore, when the handset is in the cradle, the signaling
circuit is connected across the line and the talking circuit is
open. Conversely, when the handset is removed from the
cradle, the talking circuit is connected across the line and the
signaling circuit

is

open.

open view of the type- A desk telephone (fig. 12-4)
shows the arrangement of the components contained inside
the instrument enclosure. These components are the rear
view of the dial assembly, monophone switch, ringer assembly, ringing and talking capacitors, and induction coil.

An

Ringer

The ringer (fig. 12-5) is of the polarized, untuned type
commonly called the straight-line ringer. It is suitable
for use on both individual and party lines,

untuned because

it

of>erates over a

and

is

called

wide range of frequen-

cies.

The

ringer consists of a permanent hard-steel magnet, an

electromagnet having two soft-iron cores, a pivoted soft-iron
410

armature on which is attached a clapp>er rod and clapper, and
a set of two gongs.
The armature is pivoted at its center and lies in front of
the two poles of the electromagnet. The permanent magnet

DIAL

ASSEMBLY

MONOPHONE
SWITCH
RINGING

CAPACITOR

INDUCTION
COIL

TALKING
CAPACITOR

RINGER
ASSEMBLY

FIgur*

1

2—4.

—Op*n view

of a fyp«-A dctk tclaphon*.

used to polarize the armature ends of the electromagnet.
The armature end of each coil has a consequent north polarity
produced by the permanent magnet. The two ends of the
armature have consequent south poles produced by the permanent magnet.
is

The coils are wound on the soft-iron pole pieces so that
when current flows in one direction (fig. 12-5) the mmf of
coil 1 aids the

2 opposes

it.

permanent-magnet

Thus

flux

and the

mmf

coil 1 increases the strength of
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of coil

the north

pole at the armature end of coil 1 and coil 2 attempts to
establish a south pole at the armature end of coil 2. Because
like poles repel

and unlike poles

armature moves

attract, the

clockwise and the clapper strikes the gong at the right.

When

mmf

the ringer current reverses, the

^

m

GONGS

^

_
m
^

J OL

L

of the coils

J
PERMANENT
MAGNET

ARMATURE

ELECTROMAG. COIL

COIL

COIL 2

Figure

Thus

1

2—5.—PoIoHzmI

1

ringer.

2 establishes a north pole at the armature end of coil 2 and coil 1 attempts to establish a south pole
at the armature end of coil 1. The armature moves counterclockwise and the clapper strikes the gong at the left. The
gongs ring once for each half cycle of ringing current. The
reverses.

coil

ringing current is 20 cycles per second.
When no current flows through the coils, the armature
south poles attract the north poles at the armature end of
the coils and the clapper moves either to the right or left
depending on which air gap is shortest
biasing spring is
provided to give the armature a definite position when the

A

gong is silent. This spring holds the clapper against one
gong and prevents the gong from tingling during the dialing
Small pieces of nonmagnetic material are placed
between the core ends and the armature to prevent actual
contact and subsequent sticking due to residual magnetism.

period.
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Capacitors

Two

capacitors

(fig.

12-4) are used in each telephone

one in the ringing circuit and one in the transmission

The

circuit.

capacitor in the ringing circuit allows a-c ringing cur-

rent to pass through the ringer and prevents the flow of
direct current.

The

capacitor in the transmission circuit

improves the transmission output characteristics of the
telephone. If a capacitor were not used, the output would
be very low because of the high impedance of the telephone
circuit and the line circuit.
Induction Coil

The

(fig.

12-4) couples the transmitter and

receiver units to the line.

It also (1) increases the output

induction coil

volume by boosting the voice current variations developed by
the transmitter; and (2) prevents or decreases sidbtone.
Sidetone occurs when a person hears his own voice in his
receiver while talking into the transmitter.
The induction coil consists of three windings wound on
a laminated iron core. The windings are magnetically
coupled by the iron core and its armature which completes
that portion of the magnetic circuit external to the core.
The induction coil serves as a 3-winding autotransformer.
Any change in the current in one of the windings causes a
corresponding induced emf in all three. The core has a highpermeability, low-reluctance path for the magnetic flux. The
magnetic flux is almost completely in iron except for a small
air gap to prevent d-c core saturation.

TELEPHONE CIRCUIT

A typical telephone circuit is shown in

This
is an antisidetone type of circuit employing a 3-winding induction coil. Windings 1 and 2 are used to increase the output volume of the transmitter. Winding 3 is the antisidetone winding. It receives an induced emf from windings 1
and 2 which opposes that part of the voltage change across
413

figure 12-6.
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Because the line
voltage variation component and the induced emf in winding 3 are in opposition and approximately equal, the resultant voltage change across the receiver is almost zero.
This telephone circuit includes (1) dialing, (2) ringing,
In figure 12-6
(3) transmission, and (4) receiving circuits.
the handset is removed from the cradle and the ringing circuit is disconnected. The cradle switch is operated and the
the line that appears across the receiver.

line circuit is in the dialing

and talking

positions.

Dialing Circuit

The

dialing circuit consists of the dial impulse springs,

dial shunt springs,

and the

line wires.

When

the dial

is

operated, the transmitter, receiver, and induction coil are

shunted out so that they will not interfere with the impulses
sent out by the dial.
Ringing Circuit

The ringing circuit consists of the line springs of the cradle
switch, the ringing capacitor, and the ringer. As previously
stated, when the handset is removed from the cradle, the
ringer circuit is disconnected (fig. 12-6) and the capacitor is
transferred from the ringer circuit to the dial impulse springs
to prevent excessive sparking at the contacts.
Transmission Circuit

The transmission

circuit (fig. 12-7) consists of the trans-

mitter, receiver, induction coil,

and capacitor.

The

units

included in this circuit are used in both the transmission and
reception of speech. When these units are used for voice
transmission, the transmitter converts sound waves into corresponding current variations. When these units are used
for reception, the receiver converts the electrical variations
into audible sound waves.

In voice transmission, windings
2 and 3 of the induction coil are used as the primary of the
In voice reception, winding 1 of the induction coil is
coil.
used as the primary of the coil.
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The booster feature is accomplished by means of the induction coil acting in conjunction with the capacitor.

This ac-

tion increases the magnitude of the voice current variations

produced by the transmitter directly in the line.
The antisidetone feature is also accomplished by means of
the induction coil. This action prevents the voice currents
•-LINE

Figur*

1

2—7.—Transmission

circuit.

up by the transmitter from flowing through the receiver of
the same telephone instrument.
During speech transmission, in a circuit of this type, the
two distinct circuits are the main talking circuit and local
talking circuit. The main talking circuit includes the posiset

tive line,

winding

and the negative

1

line.

of the induction

The

transmitter, the capacitor,

duction

coil,

the transmitter,

local talking circiut includes the

and windings 2 and 3 of the

in-

coil.

The d-c path through the telephone

(indicated by the solid

arrows in figure 12-7) is from the negative line, through
the transmitter, through winding 1 of the induction coil,
and to the positive line. Because the capacitor is connected
across the transmitter in series with windings 2 and 3 of the
induction coil, it acquires a charge and its voltage rises to
a value proportional to the voltage across the transmitter.
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Talking into the transmitter causes two sets of current
variations to be set up
(1) those produced directly in the

—

line because of the variations in the resistance of the trans-

mitter; and (2) those produced in the local talking circuit
by the charging and discharging of the capacitor due to the

varying potential drop across the transmitter.

The current

variations in the local talking circuit are

mind that the capacitor is
the transmitter on one side and through

best understood by keeping in

connected directly to
windings 2 and 3 on the other
difference across the capacitor

side.

is

Hence, the potential

varied by potential varia-

tions across the transmitter terminals.

Alternating currents

flow in the local circuit as the capacitor adjusts

the varying difference of potential across

its

charge to

its

own

terminals.

The resultant alternating currents flowing in windings 2
and 3 induce a voltage in winding 1 of the induction coil.
This induced voltage is equal to the difference between the
voltage induced by winding 2 and the voltage induced by
winding 3 because the induced voltages of these two windings
are in opposite directions. The induced voltage in winding
1 aids and increases the voice voltage directly delivered by the
transmitter to the line. The voltage induced in winding 3
by windings 1 and 2 is of such a value and direction that it
tends to make the resultant voltage across winding 3 equal
to zero. Thus there is no a-c voltage across the receiver and
the circuit

The

is

antisidetone.

inductive balance required for complete neutraliza-

tion of the sidetone depends on the relative impedances

of the local circuit containing windings 2 and 3 of the induction coil, and of the line circuit containing winding 1
of the induction

coil.

Because the line conditions vary with

different lengths of line, the characteristic impedance of a

typical line

is

used as a standard, and the impedance of the

local circuit is arranged to balance

it.

Sidetone tends to in-

crease as the line departs from this standard characteristic

impedance.

However,

this tendency is offset
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by the decreases

due to the reduction in current supply to the
transmitter with increased loop resistance.

in sidetone

Receiving Circuit

The receiving circuit

(fig.

12-7) also consists of the trans-

and capacitor. When the
units are used for voice reception, winding 1 of the induction coil acts as the primary and windings 2 and 3 act as
the secondary. The voice currents are received from the
main talking circuit which includes the positive line, winding 1 of the induction coil, the transmitter, and the negative

mitter, receiver, induction coil,

line.

The currents flowing

in the

main talking

circuit induce

currents in the local talking circuit consisting of the capaci-

winding 2 of the induction coil, the receiver, and the
transmitter. Most of the current flows in winding 2. Only
a small current flows in winding 3 because the voltage induced in this winding opposes the current through it
tor,

AUTOMATIC SWITCHBOARD
The automatic switchboard is the switching center of the
dial telephone system. Mounted on this switchboard are all
telephone switching mechanisms, control circuits, line disconnect keys, part of the testing equipment, and most of the
supervisory alarm signals.

common alarm

signals are

The ringing machines and the
mounted externally

in

most

cases.

However, some switchboard enclosures include the ringing
machines. These switch mechanisms automatically perform
the following functions
1.

2.

Locate a station desiring to make a call.
Respond to dial impulses and extend the calling station
to the called station.

3.

4.

Ring the called station and, if necessary, select between
the two parties on a party line.
Supply various tones, such as dial tone, busy tone, and
ring-back tone as required.
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6.

Provide

"hunt-the-not-busy-line"

quired.

This

is

where

service

a feature whereby

if

the lowest

re-

num-

bered of a consecutively numbered group of line stations
is called, the switchboard will automatically connect the
calling line station to the lowest
tion of such a group.
all line stations
6.

numbered

idle line sta-

A busy signal is returned only if

of the group are busy.

Provide "executive cut-in" service to line stations as
specified. This feature enables such line stations to complete their connection to

any

may

line station they

call

irrespective of whether that line station is busy.
7.

Disconnect the calling and called stations at the completion of the conversation.

8.

Perform certain other operations

in connection with

telephone service.

SWITCHING

Numerous methods of

switching, such as "all relay," "ro-

and "step-by-step" have been devised and are used commercially. The most extensively used
switching equipment for shipboard installations is the
Strowger automatic type. The switch mechanisms used in
this type of equipment operate on a step-by-step basis that
tary," "panel," "crossbar,"

—

is,

the switching functions are accomplished electromagneti-

cally in synchronism with the dial impulses.
Line Grouping

The
100

and Numbering

basic system of grouping provides for a

lines, as

shown

in figure 12-8.

The

represent 100 pairs of metallic contacts.

maximum

horizontal dashes

There are 10 hori-

zontal levels and 10 sets of contacts in each level.
tens digit of the called

of

number represents the

Thus

level

the

whereas

the units digit represents the individual pair of contacts in
the

level.

Numbers beginning with

1 are in
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the

first,

or bottom, level,

numbers beginning with 2 are in the second level, and so on.
This arrangement causes the digit "0" to be used to represent
10 steps so that the 10th, or top, level is indicated by the
symbol for zero. Also, the 10th pair of contacts in each
level is indicated by the symbol for zero. Groups of 10 lines
02

04 05

nt
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i7
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10

WIPERS

(g)
(g
TELEPHONES

CALLING
TELEPHONE
Figure

12—t.

—

Conn«cter-bank numbering.

are referred to as lines 11-10, 21-20, 31-30,

Likewise, lines 11-50

mean a group of 50

lines consist of 11-10,

and the

Each pair of

lines.

and

so forth.

The

first

10

last 10 consist of 51-50.

connected to a pair of
wires that lead to a certain telephone. These contacts are
actually contained in a Strowger switch, arranged in the arc
of a circle with the vertical rows paralled to the axis of the
cylinder.
The entire assembly of contacts is called a
metallic contacts

is

CONNECTOR BANK.

A

pair of metallic wipers mounted on the shaft of the
Strowger switch is shown at the lower left-hand corner of the
connector bank. These wipers are moved under the control

of the dial on the calling telephone.
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For example,

if

the

used to call telephone No. 32, when digit
"3" is dialed the wipers step up to the third level in the
connector bank. When digit "2" is dialed the wipers rotate
IN 2 steps on the third level. This action connects the
calling telephone

is

calling telephone with telephone 32.

Likewise, to connect

the calling telephone with telephone 67, the wipers step

up

6 steps and then rotate in 7 steps.
Basic 100-Line System

The system

described with reference to figure 12-8

is

not

practical because only the calling telephone can originate

The

calls.

basic 100-line system

is

shown

in figure 12-9.

Each telephone is connected to the wipers of its own connector bank. The wiper of each bank can be stepped up and
under the control of the dial of the associated telephone. One connector bank with its wipers and the mechanism necessary to step the wipers up and in constitute a
CONNECTOR SWITCH. A conuector switch is referred to as a
NUMERICAL type of Strowger switch because it operates under
rotated

in,

the control of dial impulses.

The connector bank

described with reference to figure

12-8 has only the 100 pairs of contacts required for the positive and negative lines. In practice, the connector and other
switches have one or more banks, with associated wipers, con-

However, these banks are for control and special purposes and are not considered now.
For simplicity, only 3 of the 100 telephones with these
tained in the same switch.

associated connector switches are

shown

in figure 12-9.

Also,

only 1 wire from each telephone is indicated, and a black
dot represents 1, 2, or as many contacts as are necessary to
complete the circuit.

Telephone 32 is connected to the wipers of connector 32.
Telephone 32 also has an appearance in the bank of each

—

connector that is, it is multipled to contact 32 in all of
the connector banks. Telephone 67 terminates in wiper connector 67 and is likewise multipled to its associated contact

67 in

all

of the connector banks.
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This multiple arrangement

of the connector banks permits any telephone to be used
to call any other telephone in the system.
For example, to call telephone 89 from telephone 32, remove the handset from the cradle at telephone 32 and dial

CONNCCTOR 32
WIPERS

<

CONNECTOR 67

WIPERS

-C

CONNECTOR 09

WIPERS
FIgurt

1

2—9.-~4laslc

100-lin« connector tyttam.
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When

the digits "8" and "9."

"8"

is

dialed, the wipers of

connector switch 32 step up to the eighth level and when "9"
is dialed, the wipers rotate into the bank and come to rest
on the ninth contact of that level. This action completes the
connection to telephone 89. Similarly, any one of the 100 telephones can cause the wipers of its associated connector
switch to step up and in, and connect with any one of the
other 99 telephones.
Line Finding

The

100-line connector system described with reference to

figure 12-9 requires
line in this system.

an individual connector switch for each

As

the connector

is

a relatively expen-

sive switch, this system is not economical because the aver-

age telephone is used for making calls only a short time each
day with the result that the corresponding connector switch
would remain idle during the remainder of the time.
CALLED
TELEPHONE

CALLINS

TELCPMONE

CONNECTOR BANK

FINOCR BANK

jwiPERS

WIPERS
Figure 12-10.

—

LiiM-flnding principle.

Line finding enables a large group of lines to be served
by a smaller number of switches used in common by all
lines in the group.

The

line-finding principle

is

illustrated

by means of the diagram of two 100-point banks shown in
figure 12-10.
One is called the finder bank and the other
The finder
is the previously mentioned connector bank.
bank is similar to the connector bank. Although one telephone is shown, actually there are 100 telephones connected
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One

to the finder bank.

finder

bank with

its

wipers and

the mechanism necessary to step the wipers up and in constitute a FINDER swrrcH.
finder switch is referred to as

A

a

NONNUMERiCAL type of Strowger switch because

tion

opera-

automatic and not under the control of dial impulses.
call telephone 67 from telephone 32, remove the hand-

is

To
set

its

from the cradle at telephone

(fig.

level

The finder switch
12-10) automatically steps its wipers up to the third
and rotates in 2 steps, stopping on contact 32. Thus

the calling telephone

is

the connector switch.

32.

extended through to the wipers of
When the digits "6" and "7" are

dialed, the wipers of the connector switch step

sixth level

and rotate

up to the

in 7 steps, completing the connection

between telephones 32 and

67.

Basic 100-Line Finder-Connector System

The system

described with reference to figure 12-10

is

equipped with one finder switch and one connector switch.
Hence, only one conversation is possible at any one time
because each conversation requires one finder and one connector to complete and hold a connection between the calling

and called telephones.

The

basic 100-line finder-connector system is

Each

figure 12-11.

shown

in

finder switch is permanently tied "stem

stem" with a connector switch. In other words, the finder
is facing backward ready to find any line that originates
a call, whereas the connector is facing forward ready to connect to the dialed line. Such a combination of finder and
to

connector

is

called a finder-connector link.

connector link

is

One

finder-

required for each of the conversations that

are to be held simultaneously.

The links are analagous to the

"cord circuits" in a manual telephone system.
Each of the 100 lines is connected to each finder bank.
Hence, any idle finder is capable of stepping up and rotating
in to locate any one of the 100 lines that originates a call.
Also, each of the 100 lines is connected to each connector bank.
Hence, under control of dial impulses from the calling telephone, the connector tied to the idle finder can step up and
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any one of the 100 telephones. The leads from the connector banks to the 100
telephone lines are called line normals.
To call telephone 89 from telephone 32, remove the handrotate in to complete a connection to

!

'

!

MULTIPLCDTO OTHER FINDER - CONNECTOR LINKS
AS REQUIRED

Figure

317993

1

2—1

O— 53

1

.

—

28

Basic

1

00-line flnder-connector system.
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>

from the cradle

set

at telephone 32.

An

idle finder, such

and stops on contact 32. The
connection is now extended through to the connector associated with the finder, in this case connector 1, and the dial
tone is received by the calling telephone. The dial tone is a
as finder

1,

steps up, rotates in,

making the

signal for the person

number

call to dial the

of the called telephone. When digits "8" and "9" are dialed,
the wipers of the connector switch step up, rotate in, and stop

on contact

89.

The connection

now completed from

telephone 32,
through finder-connector link 1, and back over the line
normal of line 89 to telephone 89. The connector switch

now

is

not in use, ringing current is sent out to operate the ringer at telephone 89. If
telephone 89 is found to be in use, a busy signal is returned
to the calling telephone.
complete 100-line finder-connector system is shown in
figure 12-12. The finder and connector banks are each reptests telephone 89 and, if it is

A

riNOM
COMTMOL
A NO
OlSTmAuToii

CONNKTOM

riNOCM

TtLCm«ONC

CM.LM6
TCLCMWNC

@

(e?:

E

LMt

—

Figure 12—12.

Cemplat* flnd«r-conn«cter tyst*m.

The

resented by 10 horizontal lines.

rectangles at the top

of the finder and connector banks represent the switch mechanisms. One line relay is associated with each line whereas

one finder control and distributor equipment is common to
all lines.
Only one finder-connector link is shown. However, there are many such links provided for each 100 lines.
Older systems have 25 links.
To call telephone 67 from telephone 32, remove the handset from the cradle at telephone 32. Line relay 32 operates

and marks the position of

When

line 32 in the finder banks.

the line relay operates

to the finder control

it

also sends a start signal

and distributor equipment.
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The

signal causes this equipment to start a preselected

idle finder searching for the calling line.

The

finder control

and distributor equipment

at this time

automatically preselect the next idle finder to have

it

ready

to search for the next incoming call.

The

finder searching for line 32 finds it

and extends the

connections through to the connector switch.

At

made busy

this point line 32 is

to guard against intrusion

which

line relay 32,

is

at the connector

from any incoming

a 2-step relay,

now

banks

call.

Also,

operates the re-

mainder of its contact springs, which cut off its own windings from the line. This action is called clearing the line
of attachments. The 2-step relays are sometimes called line
and CUTOFF relays because of this dual function.

The connector switch
telephone and the

call

returns a dial tone to the calling

proceeds as previously explained.

Only one finder control and distributor is shown in figure
12-12.
In practice the finder switches are divided into
groups A and B, with each group equipped with its own
finder control and distributor equipment.
Basic Selector System

The system described with reference
a capacity of 100

rmoin

lines.

It will serve

to figure 12-12 has

any number

less

than

CONNCCTOM
-600"

SCLECTCM

100

TELEPHONES

IN THE
"•00" CROUP

o

CALLING

TCLEPHONC

o

CONNCCTOR
"200
GROUP
•

TCLE PHONES
IN The
"200 " CROUP

100

o

Figur* 12—13.

—

Basic Ml*ctor *y«t»m.
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100, such as 50 or 25.

The number

of lines to be served

is

wired to only the required finder and connector banks.
For systems comprising 200 lines or more a selector is connected between the finder and connector switches, as shown
in figure 12-13. The selector is similar in mechanical construction to both the finder and connector. It has the same
bank, wipers, and 2-motion mechanism.
The selector faces the called line the same as does the

The function

connector.

of the selector

is

to select the

"hundreds" group of lines. From then on, a connector selects both the "tens" group of lines and the "units" line in
that group. Note that the lines are divided into groups of
100.
Two such group>s are shown, the "200" group with
100 lines and the "600" group with 100 lines. Each group
has a corresponding group of connectors having their banks
multipled together.

A

showing the trunks leading
from the selector bank to the two 100-line groups of connector banks is illustrated in figure 12-14. Note that each finder
200-line capacity system

COMNCCTOnS

COtMKTOM
SANK

IN

-MO- CMOU^

CONNKTON
BANK

CONNCCTOM

BANK

SELECTOR
BANK
tip

m
s*

4

•

•
•

-rnuNMS

CONNCCTOnS
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•tOO' ONOU#

I

WIPCIU

CONNCCTOR

nOTAttV STCPPINC
IS

CXMNCCTON

BANK

AUTOMATIC

(TRUNK HUNTINO)

-TRUNKS

Figur* 12-14.

—A

200-line capacity selector system.
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CONNKTOR

switch is tied "stem to stern" with a selector switch, instead
of being tied to a connector switch as in the 100-line capacity
system. However, one finder-selector link is required for

each conversation that is to be held simultaneously. The
connector switch always operates last and selects the "tens"
group of lines and the "units" line within the group.
To call telephone 673, remove the handset from the cradle
at the calling telephone. An idle finder searches and extends
the calling line to the selector switch associated with that

The

particular finder.
calling telephone.

selector returns a dial tone to the

When the "hundreds" digit, "6," is dialed,

the selector wipers step up to the sixth level, and automatically rotate in on that level in search of a contact that is
attached to an idle connector switch. The leads to the con-

trunks and the automatic
idle trunk is called trunk hunting.
nectors are called

A

selection of

an

capable of searching over the 10 contacts, on the dialed level, more quickly than a calling person
can dial the next digit. If all 10 contacts test busy, the
selector switch

is

selector switch returns a busy signal to the calling person.

If the selector finds an idle trunk, the call is extended
through to a connector. When digits "7" and "3" are dialed,
the connector steps up 7 levels and rotates in 3 steps to complete the call.
Because the dialed digits extend the call step
by step, the Strowger automatic telephone equipment is referred to as the step-by-step system.

QUIZ
1.

How are the switching mechanisms in automatic telephone systems
controlled at the calling telephone?

2.

What

action occurs within the dial assembly

when

the dial

is

operated?
3.

Name

five

types of telephones classified according to the type of

enclosure used.
4.
5.

6.

Name the six component parts of a telephone instrument.
What are the principal parts of the transmitter unit of the handset?
What is the name of the steady direct current through the transmitter before this current

is

modulated?
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7.

8.
9.

10.
11.

What is the name of the varying transmitter current caused
voice modulation?
What Is the purpose of the receiver of the handset?
What type of receiver is used in the handset?
Name the six principal parts of the dial.
What is the relation between the digit dialed and

the

by

number of

the impulses?
12.
13.
14.

What is the function of the shunt springs in the dial mechanism?
What circuit conditions exist when the handset is in the cradle?
What circuit conditions exist when the handset is removed from
the cradle?

15.
16.
17.

18.

What type of ringer is used in the automatic telephone instrument?
What is the purpose of the capacitor in the ringing circuit?
What is the purpose of the talking capacitor?
What are the three functions of the induction coil in the telephone
instrument?

19.

20.

Name the four circuits that comprise a typical telephone circuit.
What tsrpe of switching mechanism is used in shipboard dial telephone systems?

21.

How many
bank used

pairs of metallic contacts are contained in a connector

in the basic system?

How

22.

are the connector bank contacts arranged within a Strowger
switch?

23.

What

action takes place in the connector

bank when a calling

telephone dials No. 32?
24.

Why

25.

Why

26.

How many

27.

What

28.

Where is

29.

What

30.

What

is a connector switch referred to us a numerical type of
Strowger switch?
is a finder switch referred to as a nonnumerical type of
Strowger switch?

finder-connector links are required for each of the conversations that are held simultaneously?

the name of the leads that connect the connector banks to
the 100 telephone lines?
is

the selector bank connected with relation
bank in a 200-line capacity telephone system?

to the connector

is the name of the leads that connect the selector bank to the
connector banks?

is

the automatic selection of an idle trunk called?
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CHAPTER
GYROCOMPASS ERRORS
DISTURBANCES

The

read from the
COMPASS CARD, the outer circumference of which is graduated in degrees (fig. 13-1). The graduations start with 0°
direction indicated by a compass

is

LUMCMMM

Figur*

at the north point

1

3—1 .—Gyrocompass card.

and continue clockwise around the card to

360°, which coincides with the 0° point.

which indicates the

As

The index

ship's heading is called the lubber's line.

the ship turns, the lubber's line turns with

the card

is

line

it.

However,

controlled by the compass and remains stationary,
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always indicating north. The card graduation opposite the
lubber's line on an errorless compass indicates the ship's
heading in degrees clockwise from true north. Hence, the
compass reads 90° for a true east course; 180° for a true
south course; 270° for a true west course; and so forth.
If a ship is on a northerly course and turns east, the lubber's line turns clockwise around the card and the compass
card reading changes to a higher number. However, if the
compass is disturbed and an easterly error is introduced, the
card turns clockwise an amount equal to this error and the
reading changes to a lower number. Only in drydock would
this minor turning of the compass card be discernible.
Assume this easterly error is 2° and the ship is on a true
course of 20°. The lubber's line has turned 20° clockwise to
correspond to the true course. However, the card reads only
18° instead of 20° because the card has turned 2° clockwise
with the easterly error.
When an easterly error occurs, the card reading is always
less than the true course. Conversely, when a westerly error
occurs the card reading is always more than the true course.
To correct for an easterly error in the Sperry compass the
lubber's line is moved clockwise the amount of the error,
whereas in the Arma compass the compass card is moved
counterclockwise the amount of the error.

The elementary gyrocompass is described

in the /. C. Elec-

3 training course. This compass seeks and remains
in the meridian as long as it is in a fixed location and is not
subjected to motion relative to the earth. However, a gyrocompass aboard ship is subjected to many motions that tend
to produce errors in the compass. These motions are caused
by the ship's (1) linear speed over the surface of the ocean,
tending to produce constant motion errors (2) changes in
course and speed, tending to produce oscillating errors and
(3) roll and pitch, tending to produce quadrantal errors.
Some errors can be eliminated by designing the compass to
neutralize the influences that cause them. Other errors can
be removed by calculating the amount of the error and correcting the compass to the true reading.
trician

;

;
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CONSTANT MOTION ERRORS
Constant motion errors comprise (1) tangent latitude
error and (2) speed, course, latitude error.

Tangent Latitude

Error

The tangent latitude error is the direct consequence of
the method used in the Sperry compass to damp the horizontal oscillations

of the gyro axle.

settles in the

meridian with

its

At the equator the compass
axle horizontal

and with

equal amounts of mercury in each tank.

In any other latitude a torque must be applied to the gyro to keep it continually precessing or the gyro will leave the meridian because
of its rigidity of plane and the earth's rotation. For the
compass to reach a settling point, the north axle must be
tilted upward in northern latitudes and downward in
southern latitudes.

The upward tilt of the axle in northern latitudes causes
an excess amount of mercury to collect in the south tanks.
As previously explained, the point of connection between
the mercury ballistic and the rotor case

a short distance east of the vertical axis to provide damping. Therefore, the excess mercury in the south tanks exerts a force
through the offset connection that applies a torque simultaneously about both the horizontal and vertical axes. This
action is called compound compression. The downward
precession tending to tilt the north axle below the horizontal
is offset by the earth's rotation tending to tilt the axle upward.
This action just prevents the torque produced by the mercury
ballistic from bringing the axle horizontal and in the
meridian. The north axle lags behind the meridian just
enough to keep the gyro precessing at a constant rate.
In northern latitudes the north axle assumes a settling
position slightly east of the true meridian with an upward
In southern latitudes the north axle assumes a settling
tilt.
position slightly west of the true meridian with a downward
As the angle of latitude increases, the displacement of
tilt.
the axle from the meridian increases. Finally, a position
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is offset

east of the meridian in northern latitudes or west of the

meridian in southern latitudes is reached and the compass
settles.
This position occurs when the turning and tilting
of the compass, caused by the action of the mercury ballistic
through the offset connection, exactly balances the turning
and tilting caused by the earth's rotation. The angle between
the meridian and the settling position is called the tangent
LAirrUDE ERROR.
The tangent latitude error varies from zero at the equator
to a maximum at high northern and southern latitudes. In
any latitude other that the equator the Sperry compass
settles with a slight tilt of the north axle and east or west
of the true meridian. This tilt increases as the latitude
increases.
The tangent latitude error is approximately
proportional to the tangent of the latitude in which the
compass is operating.
Sperry compass. ^When the Sperry compass has settled,
the north axle is at rest in a virtual meridian with an upward
or downward tilt. The small angle between the virtual
meridian and the true meridian represents the tangent latitude error. This error is compensated for by a speed and
latitude corrector that enables the lubber's line to be moved
manually the exact amount of the error and in the proper
direction. The device is calibrated in degrees of north and
south latitude. Setting the latitude dial to the local latitude moves the lubber's ring and the transmitters so that the
compass card and the repeaters indicate the true angle
between the ship's heading and geographical north.
Arma compass. The Arma compass has no tangent latitude error because it does not use compound precession. In
the Arma compass the pendulous weight is in the line of the
vertical axis and there is no offset connection as in the Sperry
compass. Thus, the precession is about one axis only and
the djimping force of the oil tanks causes the Arma compass
to settle in the meridian. Therefore, the gyro units bring
the sensitive element to rest in the true meridian in all
However, the gyros used in the Arma compass
latitudes.
come to rest in the true meridian with their north axles

—

—
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upward

tilted slightly

downward

in northern latitudes

and

slightly

in southern latitudes.

Speed, Course, Latitude Error

The magnitude of the speed, course, latitude error depends
upon the speed, course, and latitude of the ship. The northseeking tendency of the gyrocompass depends upon the fact
that north

is

at right angles to the west-to-east direction

in which the earth's rotation carries the compass.

The

gyrocompass tends to settle with its axle at right angles to
its plane of travel through space at all times.
A compass on the earth's surface is carried from west to

when it is stationary with respect to the
or when it is moving true east or true west.

east only

earth's

surface,

If any

component of the course is north or south, the plane of motion
is no longer west to east. Therefore, the compass will settle
on a line at a small angle from true north. This line is
called the apparent, or virtual, meridian.

The

virtual

meridian is a plane at right angles to the plane containing
the path of the compass travel through space that the compass senses as the true meridian.

A ship

at the equator

is

carried around the polar axis by

the earth's rotation at a velocity of 900 knots. At any other
latitude this velocity becomes 900 times the cosine of that
latitude. If the ship is on a true west course its motion is
opposite to that of the earth and subtracts from the speed
of the earth. Conversely, if the ship is on a true east course
its motion is in the same direction as that of the earth, and
adds to the speed of the earth. The actual rate at which the
compass is carried around the earth's polar axis thus decreases slightly

on westward

and increases slightly
speed on east-west courses

courses,

on eastward courses. The ship's
merely increases or decreases the directive force of the gyro
rotor to cause the compass to settle with its axle in the
meridian.
force

is

The

small

actual increase or decrease in the directive

— about 2 percent

at the equator

and

increas-

ing to about 4 percent at 60° latitude for a ship's speed of
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Thus, the position of the gyro axle is not disturbed by the ship's movement over the earth's surface on
east-west courses. Hence, no error or change occurs in the
resting position of the gyro axle.
However, if the ship travels on any other than a true east
or true west course, the ship's motion and the earth's rotation combine to carry the compass in some direction other
than west to east. In this case the compass seeks a new
resting position away from the true meridian. This position
is at right angles to the plane containing the path of the
compass.
A ship at the equator is steaming true north at 20 knots
Thus, it is carrying the compass in a direction
(fig. 1^2).
20 knots.

—

Figur* 13—2.

that

is

Sp««d, court*,

Icrtitwd* •rrer.

at right angles to the direction of the earth's rotation.

Vector A A' represents the ship's direction and speed which
is 20 knots.
Vector AB represents the direction and speed
of the earth's surface which is 900 knots at the equator.
The vectors are not drawn to scale because
is only about
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2 percent of the length of vector

AB and the resulting paral-

lelogram would be too small to indicate clearly the individual
components. Resultant vector AC represents the total absolute speed of the compass and the direction in which it is
being carried in space around the earth's polar axis (earth's
axis of spin)

The true meridian is along line NS which is perpendicular
to vector AB. The apparent or virtual meridian is along
line N'S' which is perpendicular to vector AC. Vector AC
the plane which contains the path of the compass motion through space. The gyro axle therefore settles on the
lies in

virtual meridian,

N'S\ and not on

The true north is east of the

the true meridian, NS.

indicated north by angle

(ll=^0=°'^22)=

^,

where

1.27°.

Thus, ^=1.27° for a speed of 20 knots on a true north course.
Angle B is purposely exaggerated in the figure to clearly indicate the speed, course, latitude error.

A ship

at 60" north latitude is steaming true north at 20

Vector EE' represents the ship's direction
and speed which is 20 knots. Vector EF represents the direction and speed of the earth's surface which is 460 knots at
60° north latitude. Resultant vector EG represents the total
absolute speed of the compass and the direction in which it is
being carried in space around the earth's polar axis. The
resultant virtual meridian for the ship's speed, course, and
knots

(fig.

13-2)

.

latitude (as indicated in figure 13-2) is at right angles to

vector

EG

and

is

along line

N"S"

.

The compass tends

to

align itself with this virtual meridian.

The

true north

is

east of the indicated north

by angle B\

where

=2.56° for a speed of 20 knots on a true north course.
Angle B' is exaggerated to indicate the error. If the ship's
Thus,
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speed

is

reduced, the error will be

less.

If the ship's speed

is

increased, the error will be more.

steaming true south at 20 knots,
the deviation of the compass axle is toward the opposite side
of the true meridian. In other words, the true north is to the
west of that indicated by the compass. However, in practice
the speed, course, latitude error (SCLE) is determined from
If a ship at the equator

is

the equation

SCLE

Q

where 0.0637

Q^^^X speed

in

knots X cosine of the course
'

cosine of the latitude
is

a constant for converting the error into

degrees.

The

speed, course, latitude error is westerly if any

nent of the ship's course

is

north.

compo-

Conversely, the speed,

any component of the
ship's course is south. The magnitude of this error is proportional to the latitude, the speed, and the course of the ship.
The direction of this error is determined by the ship's vector
course and the magnitude of the ship's speed.
As a ship moves over the earth's surface on different
course, latitude error is easterly if

courses at different speeds in various latitudes, the resting

gyro axle changes accordingly. In other
words, the compass does not indicate true north when a ship
is underway and steering any course other than true east or
true west. The effect is similar for both the Sperry and
Arma compasses. The error is not corrected in the compass
itself, but a means is provided to compensate for this error
so that the compass card indicates the true angle between
the ship's heading and true north.
Sperry compass. ^As mentioned previously, when a ship
is steaming on any course other than true east or true west,
the gyro axle does not point toward true north because of
the combined effects of the earth's rotation and the ship's
speed. Instead, the g3a'o axle settles in a virtual meridian
that is at some angle from true north. The Sperry compass
is provided with a speed and latitude corrector (fig. 13-3)
position of the

—
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to compensate for this error in addition to the tangent

lati-

tude error. This corrector consists of a stationary plate on
which are engraved several speed curves and a movable plate
on which are engraved various latitudes. The movable plate
is controlled by means of an adjusting knob. The speed and

Hgwr* 13—3.—Sp«rry spMd and

latitude corrector is set

by turning

latitwd* corrector.

this

knob

until the

mark

indicating the local latitude intersects the speed curve corre-

sponding to the ship's speed.

and

When

set to the

proper speed

latitude, the correction device automatically shifts the

lubber's line in the right direction and the proper

amount

to

compensate for this error.

The

effect of the ship's course

on the speed error

is

auto-

matically compensated for by an eccentric groove, or cosine

RING

(fig.

13-4), cut into the lower surface of the large azi-

muth gear which

is

located below the compass card.

As

the

ship turns around the compass, the cosine ring moves a follower, or cx)8iNE CAM, forward or aft.

cam

The movement of

operates a system of levers that determines the
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the

amount

of the course correction for the given speed and latitude correction applied to the lubber's line.

On a northerly course, the cam is

most forward position and the maximum correction for speed and latitude is
in its

On

a southerly course, the cam
is in its most aft position and the maximum correction is
again applied but in a direction opposite to that for a north-

applied to the lubber's

line.

erly course.
FORWARD

NORTHEASTERLY COURSE

CASTCRLY COURSE

AFT
FIgur* 13-4.

When

—

Sp«rry cotin* ring.

or west, the cam is in a position
halfway between that for north or south, and no correction is
applied. On an intermediate course, the cam is in a position
between these extremes and the correction applied is of the
proper value for the ship's heading.
the heading

The amount of

is east

correction applied for any heading

is

pro-

portional to the cosine of the angle between true north or
440

true south and the ship's course.
tric

For

this reason the eccen-

ring and the follower are called the cosine ring and cosine

cam respectively.

When

the speed and latitude corrector is set to the proper
speed and latitude combined with the automatic course corrector, the total resultant correction for the tangent latitude

error and the speed, course, latitude error

transmitted to
automatically moved
is

the lubber's line. The lubber's line is
to port or starboard the exact amount of the resultant correction. The lubber's ring shifts the electrical zero of the trans-

mitters so that the rej>eaters and the compass cards indicate

the true heading on all courses.
Arma compass. The Arma compass is equipped with a
speed and latitude correction mechanism to compensate for

—

the speed, course, latitude error. The mechanism consists of
a metal plate on which is engraved the correction in degrees
to be applied for any speed in any latitude. The correction
for the speed and latitude

is

applied to the compass by means

of a correction knob which carries a scale graduated in degrees.
The speed correction mechanism is set by turning the
knob until the scale shows the proper correction as indicated
on the metal plate.
The effect of the ship's course on the speed error is automatically compensated for by the eccentric bearing and fork
(fig. 13-5) which are geared to the follow-up head.
When
the correction due to speed and latitude is introduced by
means of the correction knob, it is applied to the follow-up

system through the eccentric bearing and fork which automatically corrects for the error on

the follow-up coil arms.
voltage in the follow-up

operate and

move

all

Movement
coil,

headings by moving

of these arms induces a

causing the follow-up motor to

the compass card and repeaters to indicate

the angle between the ship's heading and true north.

The

fore-and-aft position of the bearing

the setting of the correction knob.

On

is

controlled by

a northerly or south-

erly course, the motion of the eccentric bearing in a fore-andaft direction rotates the fork about its pivot
317993

O— 55

29
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and applies the

maximum
correction

is

On

an easterly or westerly course,-no
applied because the motion of the eccentric

correction.

bearing in a fore-and-aft direction does not rotate the fork.
On an intermediate course, the eccentric bearing is between
these extremes and the correction applied is of the proper
value for the ship's heading.

NORTHWESTERLY COURSE

WESTERLY COURSE
Figurt

Some models

13—5.—Arma

•cccntric bearing

of the Sperry and

and

fork.

Arma

compasses are
equipped with automatic mechanisms that apply the correc-

These mechanisms are provided
with synchro receivers that receive an indication of the ship's
speed from the underwater log, and a follow-up motor that

tion for the speed error.

applies this quantity to a lever-type multiplier.

OSCILLATING ERRORS
Oscillating errors comprise (1) ballistic deflection error

and

(2) ballistic

damping

error.
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Ballistic Deflection

The

ballistic deflection error is

Error

dependent upon the rate

of change of the ship's speed or course. It is a transient
error that is introduced into the compass only during changes
of speed or course. Because the gyrocompass is a pendulous
body, it is subjected to the action of the forces of inertia when
a ship changes speed or course. The inertia of an object
causes it to resist any attempt to change its position if it
is at rest, or to resist any attempt to change its speed or
direction if it is in motion. This principle is demonstrated

by the manner in which passengers on a street car or bus
are thrown backward when the vehicle starts, and forward
when it stops. The mercury in the Sperry mercury ballistic
and the weight of the Arma compass are subjected to a
similar force

When

when

a ship steaming north increases

cury in the mercury

by the

changed.
speed, the mer-

the ship's speed or course
its

is

ballistic is forced aft, or to

effect of its inertia.

A portion

the south,

of the mercury in the

north container flows to the south the south container becomes heavier and a downward force of gravity is exerted
on the south end of the rotor axle.
similar force acts on
;

A

the pendulous weight of an

Arma compass and

pushes south

bottom of the rotor. This is equivalent to a downward force on the north end of the axle.
In either case, fortunately, the direction of the force is
such as to cause the compass to precess toward its new settling position.
The force is exerted during the time in
which the change is being made and its strength is proportional to the rate of the change. Thus, during a rapid change
at the

of 10 knots in speed, a comparatively large force
for a short time, whereas during a
the same amount, a smaller force

The

is

is

exerted

more gradual change of
exerted for a longer time.

total precession in either case is the same.

The

preces-

sion resulting from such a force is called ballistic deflec-

tion.

When

the ballistic deflection

is

exactly equal to the

change in the speed, course, latitude error for a change
443

in

speed or course, the compass settles quickly in the virtual
meridian and there is no error in its indication. When the
ballistic deflection is not equal to the change in the speed,
course, latitude error, the resulting error is called the ballistic DEFLECTION ERROR. This eiTor cousists of a series of
decreasing oscillations across the normal settling point of
the compass.

Therefore,

it

cannot be corrected by shifting

the lubber's line or the compass card.

The

factors that control the magnitude of the speed,

amount of the ballistic
and the length of the undamped period of the com-

course, latitude error also control the
deflection

If the gyroscope

designed properly, the ballistic
deflection for any change of speed or course can be made
equal to the change in speed, course, latitude error. Such
design results in a normal period of approximately 85 minutes.
Since the period varies with the latitude, a compass
that has no ballistic deflection error in one latitude will have
such an error in another latitude. This condition can be
corrected if one or more of the controlling factors are made
pass.

is

variable so that the period can be adjusted to the same level

for all latitudes.

The combined effect of the speed, course, latitude error and
the ballistic deflection error on the accuracy of the gyro-

compass

is

illustrated in figure 13-6.

A

ship steaming true

north at 20 knots suddenly changes its speed to 10 knots during a 5-minute period. On a northerly course, the gyro will
have a speed, course, latitude error. The gyro axle will
point west of the true meridian by an amount dependent upon
the ship's speed and latitude.

The

angles are exaggerated in figure 13-6 to clarify the

discussion.

and

Line

ON

represents the direction of true north

ON' represents the direction in which the gyro axle
itself when the ship's speed is 20 knots.
Angle NON'

line

aligns

represents the speed, course, latitude error.

Line ON''

represents the direction in which the gyro axle points
the speed has been reduced to 10 knots.

the

new

speed, course, latitude error.
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Angle

when

NON"

is

As the speed

being reduced, the gyro axle tends to move
eastward to its new resting position because of the meridianseeking property of the compass. The ballistic deflection
also causes the gyro axle to precess eastward. Assume that
is

the ballistic action causes the gyro axle to precess to

overshooting

ON".

00,

When the ship has settled to its 10-knot

speed, the acceleration force subsides and the gyro axle begins

O^^yC^pOC eO SPEEDS

Figure

1

3-6.

—

S ftg^;

Speed, ceune, latitude error and

ballistic deflection error.

westward and across 0N'\ It will continue this
oscillation about ON'' with diminishing amplitude and finally come to rest along ON"
Note that the ballistic deflection is always in the same direction as the change in the speed,
course, latitude error for all changes of speed on any course.
Under certain conditions, the movement caused by the
ballistic deflection may cause the compass to move to its
settling position at the same rate as the change in speed,,
to precess

.

If this occurs, the ballistic deflection
will swing the axle to its new settling position, and there
will be no tendency for the gyro axle to oscillate when the

course, latitude error.
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ship assumes a steady speed.
its

new

The gyro

axle will point in

direction in a dead-beat manner.

The

effect of

the

then confined only to the period during
which the speed is being changed.
Once the characteristics of the compass are determined,

ballistic deflection is

the magnitude of the ballistic deflection error

dependent
upon the (1) direction of the ship's course and (2) rate
of change of speed. It is not affected by the latitude. The
acceleration force is the same in all latitudes for a given
course and rate of change of speed. However, the magnitude of the speed, course, latitude error does vary with the
latitude.
If these factors are considered in the design of
is

the compass, the period of oscillation at one particular lati-

tude can be selected so that the ballistic deflection can be made
just equal to the difference between the speed, course, lati-

tude errors for any changes in speed or course at this latitude.
If this selection is accomplished, the error due to ballistic
deflection is compensated for and the period of compass
oscillation maintained at the proper value for the particular
latitude chosen.

Sperry compass.

—Sperry

compasses that are used for
navigation are constructed with a fixed undamped period of
about 85 minutes at 40.7° latitude. Hence, there is no
ballistic deflection error at 40.7° latitude with this period.
In fact, the error at any latitude is small and does not affect
the accuracy of navigation to any great extent.
Compasses that are used for fire control must maintain
a constant and accurate indication of the ship's heading.
This condition is accomplished by maintaining a period of
about 85 minutes in

mercury

all latitudes.

On

these compasses the

ballistic is constructed so that the

tanks can be set

closer to, or farther from, the horizontal axis about

which

At

the equator, the tanks are set in their

innermost position.

For north and south latitudes where the

they operate.

period would normally be longer, the tanks are set farther
out.

This adjustment provides the additional torque neces-

sary to cause a faster rate of precession and thereby shorten
446

the period.

To

mounted on the

set the ballistic for
ballistic

frame

is

any

latitude, a

knob

turned until an attached

scale indicates the correct latitude.

Arma
Sperry,

compass.
is

—The Arma navigational compass, like the

constructed with a fixed

undamped period

of about

85 minutes at 40.7° latitude.

Arma fire control compasses the period

kept constant
at about 85 minutes in all latitudes by adjusting the rotor
speed. The rotors spin at their maximum speed at the
equator, and at lower speeds in north or south latitudes. The
gyro rigidity of plane decreases with the speed. Thus the
relative force of precession caused by the pendulous weight is
increased with respect to rigidity of plane as the gyro speed
The adjustment on the Arma compass is made
is decreased.

In

by

is

knob on the control panel to the desired latitude.
This knob adjusts the rotor speeds by varying the speed of
the gyro supply motor-generator and thus the frequency of
the 3-phase voltage applied to the gyro stators.
setting a

Ballistic

damped

Damping

Error

Sperry and

Arma

compasses by partly suppressing the precession caused by the
action of the mercury ballistic or the pendulous weight. The
slight error introduced by the damping arrangement on
changes in speed or course is called the ballistic damping
ERROR. This error, like the ballistic deflection error, is oscillatory and of a temporary nature.
The Sperry compass uses a mercury ballistic connected
slightly east of the true vertical axis of the gyro to damp the
Oscillations are

in the

oscillations across the meridian, or about the vertical axis.

The Arma compass

uses an oil ballistic to

tions of the gyro about the vertical axis.

damp

the oscilla-

These damping

arrangements cause the gyros to reach a settling point.

However, both systems produce a transient error in the compass when a ship makes a rapid change in speed or course.
Changes in speed produce acceleration forces; whereas
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changes in course produce centrifugal forces.
these forces have a similar effect on the compass.

Both of

A ship steaming true west at 20 knots suddenly executes a
13-7 )
During the turn a centrifugal force is applied to every part of the compass, including
the ballistic. In the Sperry compass this action causes an
excess of mercury to collect in the south tanks of the ballistic
90° turn to the right

(

fig.

.

Because of the offset connection of the mercury ballistic, the excess mercury that has collected in the south tanks
exerts a torque about the vertical axis in addition to the one
taking place about the horizontal axis during the turn. This
torque about the vertical axis produces a downward tilt of
the north axle at ^ as a result of precession. This tilt of the
gyro axle causes an oscillation to start as the centrifugal
force diminishes to zero at C. As a result the gyro precesses
at

A.

and leaves the meridian.

This oscillation on a compass with
a damped period of about 85 minutes becomes maximum at /?,
21 minutes after the change in course is completed, and finally
comes to rest in about 2 hours.
The oil in the oil ballistic of the Arma compass is subjected
to the same centrifugal force on changes in course. An excess of oil collects in one tank.
This action causes a torque
and a consequent movement of the gyro axle from the meridian.
The magnitude of this error is small and averages not
more than 1°.
Sperry compass. The ballistic damping error is eliminated in the Sperry fire control gyrocompass by means of an
automatic damping eliminator. This device automatically
moves the mercury ballistic connection arm from the eccentric
position to the true vertical axis of the gyro whenever a
change in the ship's course is greater than 15° and faster than
40° per minute, or whenever the ship's speed changes at 2

—

knots per minute.

Moving

this eccentric connection to the

true vertical axis eliminates the torque about this axis caused

by the centrifugal force and prevents the compass from going
through a damped

oscillation.

Arma compass. —The ballistic damping error is eliminated
in the Arma compass by closing a valve in the pipe line be-

tween the oil damping tanks. Electromagnetic devices called
damping eliminators are used for this purpose. They are
automatic in their action for changes above an established
minimum which is the same as that for the Sperry compass.
Push buttons are provided for manual operation of the

damping eliminators.

QUADRANTAL ERRORS

A

gyrocompass aboard a rolling or pitching ship is subjected to acceleration forces and centrifugal forces. Accelration forces are caused by the inertia of the gyrocompass
tending to oppose the change in the direction of motion at
the end of a roll or pitch. Centrifugal forces tend to move
the gyrocompass away from the center about which the
ship

is

rolling or pitching.
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When

the gyro axle

is

parallel to the ship's heading (true

north or true south course) or at right angles to the ship's
heading (true east or true west course), the forces of rolling or pitching have no effect on the gyro axle. On all
courses between the cardinal headings (true north, south,
east, or west), or quadrantal courses, the forces of rolling
or pitching affect the gyro axle. Hence, the resulting errors
in compass indications are called quadrantal, or intercardinal, ERRORS.
Acceleration Forces

A gyrocompass

Due

to Roll or Pitch

suspended by means of gimbal rings in
its binnacle so that it is free to take almost any position with
respect to the binnacle. The compass can hang vertically
regardless of the ship's position and it can swing out of a
vertical position when the acceleration forces caused by
rolling or pitching act on it.
A pendulous gyrocompass viewed from the south is shown
in figure 13-8, A. The rotor case,
corresponds to the inner
is

(Al

(C)

(8)

Figure

1

—

3—8.

Effect of rolling

on a

truo north courto.

ring of the gyroscope and supports the bearings on which the

mounted on horizontal bearings in the
vertical ring. A, which corresponds to the outer gimbal ring
of the gyroscope. The entire assembly hangs from the suprotor spins.

It is
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port,

xS,

with freedom to swing in any direction and to turn

about a vertical axis.
When the support, S, is accelerated to the right, or east,
the compass assumes the position shown in figure 13-8, B,
and the weight, TF, is west of the vertical. Conversely,
when the support is accelerated to the left, or west, the compass assumes the position shown in figure 13-8, C, and the
weight, TF,

is

east of the vertical.

The same gyrocompass viewed from

When

figure 13-9, A.

the support

is

Figure

(fig.

1

3—9.

—

Effect of rolling

13-9, B),

shown

in

accelerated to the right,

(C)

(B)

(A)

or south

is

the west

on a true east court*.

and when the support

is

accelerated

to the left, or north (fig. 13-9, C), rigidity of plane prevents

the rotor from swinging out of the vertical. However, the
inertia of the weight, TT, attempts to cause such a swing,

and exerts acceleration

forces,

around the horizontal

axis.

When the ship is rolling on a true north course, the relative
positions of the rotor

and

vertical ring as viewed

from the

south are shown in figure 13-8. All swinging occurs in the
plane in which the rotor is spinning. Because there is no
attempt to change this plane of rotation, there is no precession. Thus, there is no error on a true north or true south
course.
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When the ship

is

rolling on a true east course, the relative

positions of the rotor

viewed from the
In this case torques are

and

vertical ring as

west are shown in figure 1^9.
exerted about the horizontal axis, alternately clockwise and
counterclockwise, by the acceleration forces, F. The natural

period of oscillation of the compass is so large (85 minutes)
in comparison to the period of the ship's roll (5 to 10 seconds), that these torques reverse and cancel each other on
successive rolls.

Thus, there

is

no error on a true east or

true west course.

When

the ship

is

rolling on a northeasterly course, the

compass is subjected to a combination of the effects that
occur on true north and true east courses. When the ship
Conversely,

rolls to starboard, the acceleration is southeast.

when

the ship rolls to port, the acceleration

is

northwest.

During the starboard roll, as viewed from the southwest,
the compass assumes a position that is a combination of those
shown in figures 13-8, B, and 13-9, B. The effect of the
easterly component of the acceleration to the southeast is
represented by the position shown in figure 13-8, B. The
effect of the southerly component is represented by the position shown in figure 13-9, B. The easterly component swings
the weight, TF, out of the vertical. The southerly component causes the acceleration forces, F, to act at a time when
the weight, TF", is out of the vertical, and causes torques to
be exerted about both the horizontal and the vertical axes.

To

visualize the action of the acceleration forces,

the position

shown in

figure 13-9, B, one-quarter turn to

the left about the vertical axis, so that the rotor

from the south as
B.

The

directed

forces,

rotate

it is in

the jwsition

shown

is

viewed

in figure 13-8,

are then rotated through 90° and are

away from the

observer.

A

force acting on the

away from the observer will, when
displaced from the vertical as shown in figure 13-8, B,

weight, TT, in a direction
it is

exert a clockwise torque about the vertical.

It will also

exert a torque about the horizontal, tending to raise the

north end of the rotor axle.
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The torque developed about

the horizontal axis on the

starboard roll tends to raise the north end of the rotor axle,
and on the port roll tends to raise the south end of the rotor
axle.

These

effects are opposite

successive rolls.

The

and cancel each other on

torques about the vertical axis are

clockwise on both the starboard and port

rolls.

Even

if

the

torque produced on one roll is quite small, the successive
impulses on many rolls being in the same direction, are

cumulative and can cause a considerable error.
If a ship is steering a course in the northeast or southwest
quadrant, the deviation is always to the east. Conversely,
if a ship is steering a course in the northwest or southeast
quadrant, the deviation is always to the west. The effect of
pitching on quadrantal courses causes an error opposite to
that produced by rolling. Thus if a ship is both rolling and
pitching the quadrantal error is less than if rolling alone is
present.

Sperry compass.

—If a compass

improperly balanced so
that it is either top-heavy or pendulous, a disturbing effect
results when the ship rolls or pitches on an intercardinal
heading. When the Sperry compass is properly balanced,
the sensitive element is neither top-heavy nor pendulous.
The mercury ballistic is mounted with its center of gravity
coincident with the horizontal axis of the gyro element.
Consequently, it is in neutral equilibrium when the mercury
is equally distributed in each tank.
Therefore, acceleration
forces resulting from the roll or pitch of the ship have no
disturbing effect on the Sperry gyro when it is dynamically
balanced about the horizontal axis.
is

Arma compass. —Acceleration errors cannot be prevented
in the Arma compass by making it nonpendulous because this
compass depends for its operation on the principle of a
pendulous gyro. However, the acceleration forces due to
roll or pitch on intercardinal courses are neutralized in
the Arma compass by east-west stabilization of the sensitive
element. This stabilization is accomplished by using two
gyros mounted on the sensitive element frame at an angle
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of approximately 40° with respect to the north-south axis
(fig.

ia-10).

The two gyros oppose any attempt of the sensitive element to tilt in an east-west direction and a portion of the
directive force of the gyros remains in the north-south plane

so that the sensitive element seeks the meridian.
sitive

element attempts to

Figur*

tilt

If the sen-

in the north-south direction,

13— 10.—Arma arrangement and coupling

of gyfo rotors.

the two gyros precess in the same direction and carry the
sensitive element with them.
sitive

in the

To make

certain that the sen-

element follows the gyros exactly when they precess

same direction and

to prevent the sensitive element

from turning at all when the gyros precess in opposite directions, the two gyros are connected by a linkage.
This
linkage ensures their turning relative to the sensitive element
454

only in equal and opposite angles. The centering springs
hold the two gyros in their normal resting positions from
the north-south plane when there is no disturbing force
tending to deflect them.

The

reason for having the gyros inclined and coupled by
the linkage is to eliminate the intercardinal error by prevent-

ing the sensitive element from swinging in an east-west
direction.
When the frame tends to swing, the gyro units
precess around their vertical axes in equal and opposite
angles. As the ship rolls, the swinging tendency is first in
one direction and then in the other, causing the gyros to turn
back and forth through a small angle. The compass reading
is not affected because this action does not turn the sensitive
element as a whole.
Centrifugal Forces

Due

to Roll or Pitch

Intercardinal rolling or pitching resolves itself partly

These forces act upon the entire
mass composing the movable element of the gyrocompass.
Centrifugal forces are a maximum when the masses cross the
vertical because the masses are then moving with the greatest velocity.
The effect is the same for either direction of
swing. If the mass is not uniformly distributed about every
into centrifugal forces.

perpendicular to the axis of suspension, the
compass tends to turn so that the axis of greatest moment of
inertia is in the axis of swing.
simple demonstration of
axis that

is

A

this
less

phenomenon

swing a watch on its chain. Regardof the position of the watch when it starts swinging,
is to

soon turns so that
swing.
it

When

surfaces are in the plane of

north and south,
more weight in the east-west plane than in the

the axle of a gyrocompass rotor

has much
north-south plane.
it

its flat

force resulting

When

it is

is

subjected to the centrifugal

from the rolling or pitching of a

attempts to align

its

ship, it

east-west plane in the plane of roll or

at right angles to the course.

The attempt

of the gyro rotor to align itself in the plane
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of the ship's roll causes a torque about the vertical axis
and can cause an error in the compass indication. On a true

north or true south course, the east-west plane of the rotor
is already in the plane of the roll.
On a true east or true
west course, the east- west plane of the rotor is at right angles
to the plane of the roll and the torque attempting to turn
it clockwise is the same as the torque attempting to turn it
counterclockwise. These equal and opposite torques cancel
each other. Thus, centrifugal forces can cause compass
errors only on quadrantal courses.
Sperry compass. The effect of centrifugal forces is neutralized in the Sperry compass by compensator weights
mounted on the vertical ring at right angles to the plane of
the greatest moment of inertia. These weights are mounted
in brackets that support one weight opposite each end of the
rotor axle. The moment of inertia is made equal about all
horizontal axes in the plane of the gimbal centers by adjusting the weights to the proper position. Hence, centrifugal
forces have no effect on the Sperry compass. The compensator weights are attached to the vertical ring in order that
the sensitive element will be a truly hemispherical mass.
Arma compass. The effect of centrifugal forces is eliminated in the Arma compass by maintaining a uniform distribution of the masses of the sensitive element about the

—

—

vertical axis.

and
distributed on

In other words, in any plane parallel

including the vertical axis, the same mass

is

to,

each side of the vertical axis and the centers of gravity of the

masses are the same distances from the vertical

This
even distribution of mass in conjunction with the mercury
flotation prevents torque about the vertical axis. Thus, centrifugal forces have

no

effect

on the

Arma

axis.

compass.

QUIZ
1.

What

2.

Which motions

the
obtained?
is

name

of the index line from which a ship's heading is

of a ship tend to produce constant motion errors in

the gyrocompass?
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3.

Which motions

of a ship tend to produce oscillating errors in the

gyrocompass?
4.

Which motions

of a ship tend to produce quadrantal errors in the

gyrocompass?
5.

Name

the two errors that comprise constant motion errors.

6.

Name

the two errors that comprise oscillating errors.

7.

Name

the two errors that comprise quadrantal errors.

8.

What

is

9.

What

is the settling position

10.

What

is

the tangent latitude error?

with respect to the meridian of the
north axle of the Sperry compass in northern latitudes?
the settling position with respect to the meridian of the

north axle of the Sperry compass in southern latitudes?
11.

What

error

is

a direct consequence of the mercury ballistic in the

Sperry gyrocompass?
12.

What

13.
14.

How
Why

15.

What is

the tangent latitude error approximately proportional to?

is
is

the tangent latitude error compensated?

does the

Arma compass have no

the line called that

is

tangent latitude error?

on which the compass settles when a ship
west course?
16.

What

from the true north,
not on a true east or

at a small angle
is

error does the angle between the true meridian and the

apparent meridian represent?
17.

In what direction is the speed, course, latitude error
ponent of a ship's course is north?

18.

In what direction is the speed, course, latitude error
nent of a ship's course is south?

19.

What devices are used to compensate for the speed, course, latitude
error in the Sperry compass?

20.

What devices are used to compensate
error in the Arma compass?

21.

When

is

the ballistic deflection error introduced into the compass?

22.

What

is

the precession called that results from the force exerted

by the Sperry mercury ballistic or
a ship changes speed or course?
23.

What

if

if

any com-

any compo-

for the speed, course, latitude

Arma pendulous weight when

is the error called that results when a ship changes speed or
course and the ballistic deflection is not equal to the change in
speed, course, latitude error?

317993
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24.

What

the period of oscillation of a compass when the ballistic
deflection for any change of speed or course is eqnal to the
is

change
25.

in speed, course, latitude error?

During what period
ballistic deflection is

is

the ballistic deflection effective

made equal

to the

when the

change in speed, course,

latitude error?
26.

How

is

the ballistic deflection error compensated for in the Sperry

compass
27.

How

is

the ballistic deflection error compensated for in the

compass
28.

What

29.

What

30.

What

in all latitudes?

Arma

in all latitudes?

is the error called that is introduced in the compass
the damping arrangement on rapid changes in speed or course?

by

kind of forces are produced on the damping arrangement of
Sperry and Arma compasses by rapid changes in speed?
kind of forces are produced on the damping arrangement
and Arma compasses by rapid changes in course?

of Sperry
31.

How

is

the ballistic damping error compensated in the Sperry

compass?
32.

How

is

the ballistic damping error compensated in the

Arma

compass?

what direction is the deviation caused by acceleration forces
when a ship is steering a course in the northeast or southwest

33. In

quadrant?

what direction is the deviation caused by acceleration forces
when a ship is steering a course in the northwest or southeast

34. In

quadrant?
35.

How

are quadrantal errors caused by acceleration forces com-

pensated in the Sperry compass?
36.

How are quadrantal errors caused by acceleration forces compensated in the Arma compass?

37.

How

are quadrantal errors caused by centrifugal forces com-

pensated in the Sperry compass?
38.

How are quadrantal errors caused by centrifugal forces compensated in the Arma compass?

458

CHAPTER
GYROCOMPASSES
The gyrocompass system, circuit LG^ provides a means of
indicating own ship's course at various stations in the ship.
It also provides own-ship's-course

inputs to

systems, electronic systems, plotting equipment,

fire

control

and naviga-

tional equipment.

Gyrocompasses are identified by means of the mark-mod
system. The Mark, or Mk, number designates a major development of a compass, whereas the Modification, or Mod,
number shows the modification or change to the major
development. For example, the first compass of the Sperry
Mk XI series was the Mod 0. The most recent compass of
this series is the Mod 6. All compasses of the Sperry Mk XI

same except for modifications.
Gyrocompass equipment consists essentially of (1) master

series are essentially the

compass, (2) control system, (3) follow-up system, (4) transmission system, and (5) alarm system.

The MASTER COMPASS
pass equipment.
element,

its

is

the principal unit of the gyrocom-

It includes the north-seeking gyroscopic

housing, and a follow-up mechanism that obtains

the ship's true heading from the sensitive element and trans-

mits this heading to the various repeater compasses.

The CONTROL SYSTEM

iucludes the control panel, battery

throwover panel, and motor-generator with the necessary apparatus for the operation and control of the master compass.

The FOLLOW-UP SYSTEM

includes the follow-up panel
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and

the electrical units that drive the follow-up mechanisms of

the master compass in azimuth.

The TRANSMISSION SYSTEM includes the repeater panel, relay
transmitter repeater panel, and relay transmitter necessary
to transmit the readings of the master compass to the re-

motely located repeater compasses.
The ALARM SYSTEM includes the alarm relays and indicators
necessary to indicate failure of the master compass or of the
ship's

power supply.

SPERRY

The

MK

MOD

XI

6 MASTER

GYROCOMPASS

principal components of the Sperry master gyro-

compass are (1) sensitive element ( gyroscopic element) (2)
mercury ballistic, (3) phantom element, (4) spider, and (5)
binnacle and gimbal rings. The components are identified
,
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Mod

6 master gyrocompass.

by the crosshatched areas in figures 14-1 and 14-2, which
show the views of the Sperry Mk XI Mod 6 master compass
removed from its binnacle. This compass, which is a recent
fire control type, has been adapted for general compass use

and

is installed

in

most U.

S. destroyers.
I'SPEEO

M-SPCCD
COMPASS CARD

COMPASS CARD

LUttER RING
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—
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ILEMIMT - GYRO CASE

South elevation of Speny Ml( Xi

Mod 6

matter gyrocompass.

principal units, excluding the binnacle, are further

grouped into (1) moving, or inner, member and (2)
outer, member.

fixed, or

The INNER MEMBER includes the sensitive element, the mercury ballistic, and the phantom element. This member is
controlled by the gyro unit (item 1 in figures 14—1 and 14-2)
and maintains a north-south position under normal operating
conditions.
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The OUTER MEMBER

includes the spider with

component

its

and 36-speed transmitters, automatic damping eliminator switch, speed and latitude corrector, and
azimuth motor.
The outer member supports the inner member and turns
with the ship. The angle between the inner member and the
outer member is the ship's heading, which is indicated by the
compass card.

parts, 1-speed

Sensitive Element

The sensitive element

(fig.

14-3)

is

the north-seeking gyro-

scopic element of the master compass.

It is suspended

within the phantom ring of the master compass

(fig.

14—1)

susprNsioNi

• •MATURE FOR SIGNAL
PICII-UP

TRANSFORKER

VACUUH CAC(

COHFEHIATIMC
• EICMT

eVROCAiC LEVEL

COmPENUTINC
WEIGHT

VERTICAL RIMC LOCH
I

and

CLA»

I

CTRO CASE LOCK

VERTICAL RING

Figur* 14—3.

OIL SICMT

—

Sperry

Mk

XI

consists essentially of the

Med 6

scnsitiv* •lemcnt.

gyro unit, vertical ring, com-

pensator weights, follow-up indicator, and suspension.

Gyro unit.

—The gyro unit provider the directive force for

the sensitive element that makes the compass north-seeking.

The

unit consists of the rotor

rotor

(fig.

14-^,

A)

is

and case

(fig.

14-^)

.

The gyro

a steel forging 10 inches in diameter,
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41/^

inches wide, and weighing approximately 72 pounds.

It

machined and balanced

is

to rotate on special ball bearings

with a minimum vibration at a normal speed of 11,000 rpm.
The gyro rotor construction includes a laminated squirrelcage rotor fitted inside the rim on both faces of the gyro
wheel.

LAIUNATED
SQUIRREL-CAGE

STATOR

ROTOR

7
4
'i

i
I

STATQR

Figure 14—4.

The gyro

—

Sp«rry

Mk

XI

Mod 6

gyro

unit.

A, Rotor; B and C, caso.

B

and C) construction includes a
3-phase, double-stator winding, one stator being mounted
in each half of the case. Horizontal ball bearings on which
the rotor spins are mounted in both halves of the case. The
case is supported on horizontal ball bearings by means of
horizontal bearing studs mounted in the vertical ring (fig.
case

(fig.

14-4,

14-2).

The

made

and the rotor operates in a vacuum of 26 to 30 inches of mercury to reduce the friction caused
by air resistance. A vacuum gage is mounted near the top of
the north half of the case to indicate the degree of vacuum.
A spirit level (fig. 14—3) is mounted on the lower part of
case

is

airtight

the north side of the case to indicate the

tilt

of the rotor.

has a graduated scale that is numbered from 30 to
70. The entire scale represents two minutes of angle.
A small window is provided in the south half of the case
through which the spinning rotor can be observed.
spiral
stripe painted on the rotor enables the observer to check the

This

level

A
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correct direction of rotation (counterclockwise as observed

through the window).
Vertical ring. The vertical ring (fig. 14—2) is attached
to a wire suspension from the head of the phantom element.
An upper and a lower guide bearing prevent the vertical
ring from moving laterally within the phantom ring.
The upper guide bearing has its outer race secured in the
phantom ring. The inner race is formed by the lower stud of
the suspension. The lower guide bearing has its outer race
secured in the bottom of the vertical ring. The inner race is
formed by a vertical stud that projects upward from the
bottom of the phantom ring.
A gyro case lock (fig. 14-3) is provided to prevent the gyro
case from tilting about its horizontal axis when the compass
is not operating. This latch should be disengaged only when
the rotor is running at normal speed. It is located on the
lower part of the south side of the ring.
A vertical ring lock (fig. 14r-3) is provided to keep the
vertical ring in line with the phantom ring when the compass
is not operating.
This lock prevents the wire suspension
from acquiring a permanent set which would affect the set-

—

tling point of the compass.

—

Compensator weights. The compensator weights (fig.
14^3) are supported by two frames that are attached to the
vertical ring. These frames project out beyond each end of
the rotor axle. The weights are mounted concentrically on
their studs, and their positions can be adjusted in the direction of the axis of the gyro rotor.

weights

is to

The function of the

provide an even distribution of the weight of

the gyrocompass about the vertical axis.

The armature of
former

is

the signal pick-up or follow-up trans-

attached to an

arm

that protrudes horizontally

from the upper part of the south compensator- weight frame
(fig.

14-3).

FoLLOw-up INDICATOR.

—The

follow-up indicator deter-

mines the position of the phantom element with relation to
the sensitive element. This indicator consists of a scale and
464

a pointer. The scale is attached to the phantom element
below the spider table and the pointer is attached to the
north compensator weight frame. The scale is calibrated
in degrees with the center marked "0." Thus, a misalignment between the phantom element and sensitive element
is

indicated in degrees.

Suspension,

—The

suspension

entire sensitive element
sists

suspends the

14-2)

(fig.

from the phantom element.

of a number of small

steel

It con-

wires secured at the upper

end to a support stud and at the lower end to a guide stud.
A nut and check nut are provided to secure the support stud
to the phantom element. This nut is used to adjust the sensitive element vertically within the

phantom

ring.

The guide

stud passes through a hole in the upper part of the vertical

ring and

clamped to the ring by a nut. This stud also
serves as the inner race of the upper guide bearing of the
is

ring.

Mercury

The mercury

Ballistic

ballistic (fig. 14-5)

is

that group of parts

which applies the gravity-controlling force to the gyro unit
and makes it north-seeking. It consists of a rigid frame
supported on bearings in the phantom ring. These bearings
are in line with the horizontal case bearings, E, in the vertical
ring so that the mercury ballistic is free to tilt about the eastwest axis of the sensitive element

(fig.

14-1).

The frame supports a mercury reservoir
four corners. The N and S reservoirs on the

in each of

its

east side of the

compass are connected by a U-shaped tube and the N and S
reservoirs on the west side are similarly connected. The
gravity controlling force of the mercury ballistic is applied
to the bottom of the gyro case through an adjustable offset
bearing stud mounted on the ballistic connection arm
(fig.

14-1).

The connection bearing

from the vertical axis by a short distance to provide the damping adjustment. When it is desired to eliminate damping, a solenoid
is offset
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to the east

is

energized and attracts a plunger which nM)ves the pivoted

connection

arm

until the connection bearing

In

the vertical axis of the gyro.

mercury

tional force of the

is

in line with

is

this position, the gravita-

applied directly about the

vertical axis.

Each mercury

reservoir

is offset

from

its

supporting stem

hcrcurt ballistic
FRAHt
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BALANCING WEIGHT

MERCURT BALLISTIC
SUPPORT STUO

ImERCURT RESERVOIR

HACMET LINK
SPRING

HORIZONTAL BALAMCIMC
WEIGHT

MERCURT TUBE
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Figur*

1

4—5.

—

Sperry

and can be rotated about

Mk

XI

Mod 6

mercury

ballittic.

stem in order to vary the lever
arm of each tank. Thus, the period of oscillation of the
gyrocompass is kept constant in all latitudes by adjustment
of the mercury ballistic deflecting force on the gyro axle.
The reservoirs are arranged with worm wheels and a connecting shaft so that when the shaft is turned the reservoirs
are rotated simultaneously closer to, or farther from, the
This action
horizontal center line of the gyrocompass.
varies the damping effect of the mercury ballistic by varying
its
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the effective lever arms of the respective mercury pots about
the horizontal axis. A knurled thumb wheel is provided
at the center of the shaft for turning the two mercury
reservoirs on the east side of the ballistic.

The two

reser-

on the west side are provided with a similar arrange-

voirs

ment.

An

engraved latitude scale is mounted on top of each
mercury reservoir worm wheel. This scale shows the position of the reservoir with respect to an index pointer attached
to the ballistic frame.

The mercury contained
tubes

is

in the reservoir

and the connecting

equally distributed with respect to the four reser-

voirs

when the spinning axis of the gyrocompass is horizontal.

The

tubes allow the mercury to flow from the north con-

tainers into the corresponding south containers, ot vice
versa,

when the gyrocompass

This action applies

is tilted.

a torque or controlling force about the horizontal axis of the
gyrocompass. As mentioned previously, the gravitational
force of the mercury

normally applied slightly east of the
vertical axis which passes through the center of the gyro
shaft.
Thus, the force of the mercury ballistic is applied
simultaneously about the horizontal and vertical axes and any
gyroscopic oscillation about the meridian is damped out.
The mercury ballistic is so designed that it is nonpendulous when filled with mercury. Adjustable nonpendulous
balancing weights are provided on the ballistic to accurately
obtain this condition. Adjustable horizontal balancing
weights are also provided for accurately balancing about
is

the horizontal axis.

Phantom Element

The phantom element

(fig. 14r-Q)

is

a group of parts that

acts as a follow-up support for the sensitive element.

It

consists essentially of a hollow cylindrical stem (fig. 14-2)

phantom ring, which is
mounted vertically below the central hub of the spider table.
The phantom element supports the vertical ring by means
that projects radially from the
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Figure

1

4-6.

—

Sperry

Mk

XI
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Mod 6 phantom

eloment.

of the suspension. The element is free to turn about a
vertical axis so that as the vertical ring turns under the control of the gyro rotor, the phantom ring can be made to follow. This arrangement prevents the suspension from becoming twisted and provides a practically frictionless support for the sensitive element.
thrust bearing on the top of the stem rests in the hub
of the spider table and supports the weight of the phantom
and sensitive elements. The upper and lower stem bearings
keep the stem in alignment with the vertical axis of the
spider but permit the phantom element to rotate about its

A

own vertical axis.
The phantom ring also carries bearings that support the
mercury ballistic. The axis of these bearings coincides with
the axis of the horizontal bearings of the gyro case when
the

phantom ring

is

aligned with the vertical ring.

relation in azimuth is maintained

This

by the follow-up movement

of the phantom element.

A large azimuth
tom ring and

is

gear

(fig.

14^1)

is

concentric with the

attached to the phan-

phantom

stem.

The

azimuth motor drives the phantom element into alignment
with the vertical ring by means of the azimuth gear. It also
drives the automatic

damping eliminator switch and the

36-

speed synchro transmittter (fig. 14-2)
small azimuth gear is secured directly above the large
azimuth gear and is concentric with the large gear. This
azimuth gear drives the 1-speed synchro transmitter through

A

the rotor gear.

An

14^1) called the cosine cam
is cut into the upper surface of the large azimuth gear.
The
cosine cam operates the speed and latitude corrector and
introduces the necessary corrections for changes in course
of the ship.
eccentric groove

(fig.

A

follow-up transformer (fig. 14-1) is suspended from
the azimuth gear frame on the south side of the phantom
ring. Alarm contacts are located on the phantom ring and
are so situated with respect to the vertical ring that relative
displacement between the phantom and the vertical rings
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above a predetermined value will actuate the follow-up
alarm.

The various electrical circuits are connected from the fixed
moving members of the gyrocompass by means of a
The collector rings are
set of collector rings and brushes.
mounted on, and are concentric to, the upper end of the
phantom stem. The brushes are mounted on a base in the
to the

center of the spider.
Spider

The

spider

(fig.

14—7)

is

aluminum
or moving, member of

a circular table of cast

alloy that supports the entire inner,

means of the hub on which the thrust bearing
The spider is
that supports the phantom element rests.
supported in the inner, or cardan, ring of the two rings

the compass by

A boss in the center of the

that comprise the gimbal system.
table supports the thrust bearing

and the upper and lower

stem bearings.

COLLECTOR-RING
BRUSHES

]«-SPEEO

TRANSMITTER
LEAOS

1-SPEED

TRANSMITTER
LEAOS

TRUNNION
BEARING

TERMINAL
STRIP

CIMBAL-RING

BEARING

Figure 14-7.

—
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spider.

The azimuth follow-up motor (fig. 14-1) and the automatic damping eliminator switch, are mounted on the forward side of the spider table. The speed and latitude correction

mechanism

is

mounted on the after

The 36-speed synchro
the port side and the

transmitter
1 -speed

on the starboard side of the

(fig.

side of the table.

14-2)

is

located on

synchro transmitter

is

located

table.

Azimuth Follow-Up Mechanism

The azimuth follow-up mechanism is a group of units used
to drive the phantom element in azimuth. The follow-up
mechanism is a part of the master compass. It is distinguished from the follow-up system, which includes both the
follow-up mechanism and the follow-up panel. The followup mechanism consists of (1) follow-up transformer, (2)
azimuth follow-up motor, (3) compass cards, (4) synchro
transmitters, (5) automatic damping eliminator switch, and
(6) speed correction

The gearing

mechanism.

for the azi-

muth follow-up mechanism is shown in figure 14-8.
FoLLow-up TRANSFORMER. The follow-up transformer

—

(fig.

14-1) controls the amplifier and the azimuth follow-up

two secondary coils and one primary
coil mounted on the three legs of an iron yoke. The armature, which completes the magnetic circuit of this transformer, is mounted on the sensitive element. Two small
capacitors are included in the transformer mounting to tune
motor.

It consists ot

the secondary coils to resonance.

with the primary

A small resistor is in series

coil.

—

Azimuth

follow-up motor. The azimuth follow-up
motor (fig. 14-1) is a d-c motor that drives the phantom
element through a gear train. The armature is connected in
the rectifier tube plate circuit on the follow-up panel.

The

direction of current flow in the rectifier circuit controls the

direction of rotation of the armature.

element

is

displaced from

its

When

the

phantom

neutral position with respect

to the sensitive element, current flows through the motor
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in such a direction as to drive the
is

phantom ring

(to

which

attached the follow-up transformer coils) into alignment

with the sensitive element.

—

Compass CARD. The compass cards (fig. 14—2) are mounted
on the synchro transmitters. The transmitters are driven
by the phantom element through the azimuth gear and turn
through the same angle, with respect to the lubber's line, as
the sensitive and phantom elements.
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Figure 14—8.

The

^Azimuth follow-up mochanism goaring.

synchro transmitter is calibrated in 10 steps
from 0° to 360° and makes one revolution for one revolution
of the phantom element. The 36-speed synchro transmitter
is calibrated in 0.1 steps from 0° to 10° and makes 36 revolu1 -speed
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tions for one revolution of the

phantom element.

This

ar-

rangement permits accurate reading of the compass headings.

Synchro transmitters.

—The synchro transmitters

(fig.

14r-8) consist

of a 1-speed transmitter and a 36-speed trans-

The

stator of the 1-speed transmitter is geared to

mitter.

the speed and latitude corrector through the 1-speed trans-

mitter stator gear.

When

the corrector gear segment

is

moved, either by the connector setting knobs or by the cosine
cam, its motion is transmitted to the stator of the 1-speed
transmitter. This action causes the stator to move a corresponding number of degrees to compensate the repeater for
the speed and latitude error.
The lubber's ring, which is inscribed with the lubber's line
against which the compass card is read, is attached to the
stator of the 1-speed transmitter. Hence, the lubber's ring
moves to compensate the reading of the master compass for
the speed and latitude error.

The rotor of the
phantom element of

1-speed transmitter

is

the compass in such a

geared to the

manner that

it

makes one complete revolution for one revolution of the
compass. The 1-speed compass card is secured to the upper
end of the 1-speed transmitter rotor shaft (fig. 14r-2).

The

36-speed synchro transmitter

(fig.

14-8)

is

essentially

the same as the 1-speed synchro transmitter except that

it is

driven by the azimuth follow-up motor through a gear train
that gives

it

a speed ratio of 36 to 1 with respect to the

phantom element.

The frame of the 36-speed transmitter is provided with five
on five slip rings on the stator.
Leads from the two upper slip rings supply current to the
single-phase rotor winding through a pair of brushes and
roller contacts that bear

the rotor slip rings.

The

voltage induced in the 3-circuit

winding from the rotor acting as the primary is transmitted to the repeater circuit through the three lower slip
rings on the stator.
The heading of the ship is determined by first reading the
1-speed card to obtain an approximate heading, and then
reading the 36-speed card to obtain an accurate heading.
stator

—31

ATI

—

Automatic damping eliminator switch. ^The automatic
damping eliminator switch (fig. 14-9) cuts out the damping
action of the compass by moving the offset connection of the
mercury

a position under the true vertical. This
action occurs when the ship makes a turn of more than 15°,
at a rate in excess of 40° per minute. In other words, the
ballistic to

CLUTCH
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Hi. IHINATOR
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MA6WET COMTACTi

AZIMUTH MOTOn
T EHMIMAL BLOC

LOST-MOTION
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ELlMINATOfl SWITCH

OF LOST-MOTION

Figure 14—9.

—

Automatic damping eliminator twitch.

automatic damping eliminator switch closes the 115-volt, d-c
supply circuit which energizes the damping eliminator magnet (fig. 14-5). The magnet moves the pivoted connection
arm on the mercury ballistic.

This automatic switch consists of an aluminum housing
that supports a flyball governor, driving gears, and a damping eliminator magnet contact. The governor is driven f rMn
the azimuth follow-up motor through a gear train that speeds

up the governor shaft to approximately 4,300 revolutions to
1 revolution of the phantom ( fig. 14-8)
To eliminate a constant starting and stopping of the governor when the ship is
yawing, a lost-motion mechanism and a helical driving spring
.

(fig.

14—9) are inserted between the switch driving gear in

the azimuth

motor train and the

governor shaft.

As

first

gear in the train to the

the ship yaws, the lost-motion mech474

anism operates so that the motion is not transferred to the
governor shaft. If the ship turns more than 15°, the helical
spring is wound up in one direction or the other until there
is sufficient tension in the spring to set the governor in motion.
As the governor spins, the balls fly out, thus raising
the sliding collar on the governor shaft and moving an arm
which operates the magnet circuit contact. This action
closes the 115- volt d-c supply circuit to the damping eliminator magnet. A friction brake on the governor and a
spring-disk friction clutch in the gear train are provided to
prevent the governor from spinning too fast when the compass is precessed by hand.
Speed correction mechanism. The speed correction
mechanism (fig. 14-10) consists mainly of a large semicir-

—

;ou«»e

'>t*n

AUXILIAKT
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Figure 14—10.

—Speed

J'-

ALE

correction

AUXILiART LATITUDC

COWBtCTOH tfTTIWC HMO*

mechanism.

cular gear which engages, through gear trains, with

two gear

wheels that are fixed to the stators of the two transmitters.
Any movement of the semicircular gear rotates the transmitter stators relative to their rotors and transmits a correction to the repeaters. At the same time, the master compass
readings are similarly corrected because the lubber rings are
fixed to the transmitter stators. The sector is turned by
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a series of pivoted levers operated by the course
in the eccentric groove of the cosine cam.

arm engaged

movement of the sector is controlled by
shifting the central pivot of the mechanism which is adjustable by means of a knurled knob. Turning this knob also
moves the latitude scale over the speed curve plate on which
a number of speed curves are engraved. The setting is accomplished by turning the knob until the curve correspond-

The amount

of

ing to the ship's speed intersects the latitude scale of the
ship's latitude.
This setting can be made automatically by
means of the step-by-step corrector motor which receives
the speed indication from the automatic speed corrector.

Binnacle and GImbal Rings

The binnacle and gimbal rings

(fig.

14-11) enclose

and

support the entire master compass. The compass is suspended in the binnacle by means of a system of gimbal
rings.
The spider is supported on the inner, or cardan, ring
by ball bearings on the athwartships trunnions. This arrangement allows the compass to swing fore and aft in the
binnacle.

supported in the outer gimbal ring by
fore-and-aft studs and bearings. This arrangement allows

The cardan ring

is

The outer gimbal
by a number of coil

the compass to swing from side to side.

suspended from the binnacle
springs. This spring suspension helps to absorb any sudden
shock to which the compass might be subjected.
The combination of the inner and the outer gimbal rings
allows the compass to make any fore-and-aft and athwartship movements with respect to the binnacle and permits the
compass to hang in a vertical position during rolling and

ring

is

pitching of the ship.
The gimbal rings are provided with roll dampers and pitch
dampers to prevent violent swinging of the compass in rough
weather.
The roll dampers are located in the binnacle on
the forward side to reduce any swinging of the compass in its
gimbals about the fore-and-aft axis when the ship is rolling.
The PITCH DAMPERS are located on the port and starboard
476

pivots of the spider to reduce any swinging of the com-

pass in
is

its

gimbals about the athwartship axis when the ship

pitching.

The

roll

secured to

Figura

1

4—1

1

dampers comprise a twin dashpot assembler
the inner side of the outer gimbal ring. One

.—Sperry Mk

XI

Mod 6
gimbal

gyrocomppst, showing binnaci* and
rings.
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plunger of this assembly extends upward on the starboard
side and the other plunger extends upward on the port side
of the forward trunnion bearing. Each dashpot contains
a piston and a quantity of oil. When the roll exceeds a
certain minimum, two studs mounted on the cardan ring
are alternately brought to bear against the pistons. This
action forces the oil through a small opening that resists
the flow of oil and restricts the movement of the pistons,
thereby restricting the swinging of the compass.
The pitch dampers comprise a set of friction dampers
These dampers operate on
secured to the cardan ring,
eccentric friction disks attached to the spider.

The

binnacle consists of a circular sheet steel body bolted

on a cast-aluminum base. The binnacle base is secured to a
round steel mounting plate that is bolted to the deck in such
a position that the compass parts, suspended within the
cardan ring, swing about the athwartship axis which remains
horizontal.
The steel mounting plate is provided with
elongated holes to allow for a ±5° rotational movement of
the binnacle to adjust the compass relative to the fore-andaft axis of the ship.

The body is provided with two pairs of doors and a cover.
Each door is hinged to the body. One door of each pair can
be secured in the closed position by a latch and the other
door locked to it. When the doors are open they can be
lifted off their hinges and removed.

The cover
with a

consists of a sheet metal spinning provided

flat glass

top through which the compass card and

The

provided with
two sets of double-hinged covers both of which can be locked
with the same key. A metal protective cover is provided
to protect the glass top when the compass is not in use.
lubber's ring can be observed.

ARMA MK
The

VIII

cover

is

MOD 3A MASTER GYROCOMPASS

principal components of the

Arma

master gyrocompass are (1) sensitive element, (2) mercury flotation, (3)
spider, (4) azimuth follow-up mechanism, and (5) bin471
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master gyrocompass.

A

cutaway view of the Arma Mk
VIII Mod 3A master compass is shown in figure 14^12. This
compass is a recent type and is used in most cruisers, battleships, and aircraft carriers.
nacle and gimbal rings.

Sensitive Element

The

sensitive element

(fig.

14-13)

is

the north-seeking

gyroscopic element of the master compass.
essentially of a

frame on which are mounted

It consists
(1)

two gyro

an oil damping system, (3) follow-up magnets,
and (4) an emergency azimuth scale.
Gyko units. ^Two gyro units (fig. 14-13) provide the
directive force for the sensitive element that makes the comunits, (2)

—
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Each unit

pass north-seeking.

The gyro

and case.
inches in diameter

consists of a rotor

an alloy steel forging 8
and weighing approximately 24 pounds 11 ounces. It is
machined and balanced to rotate on special ball bearings
at speeds up to almost 12,000 rpm, depending upon the latitude in which the compass is operating. The rotor speed is
rotor

is

figure 14—13.

—Arma Mk

VIII

Mod 3A

sensitive element.

adjusted to keep the period of the compass constant at all
latitudes.

The gyro

rotor construction includes a laminated

squirrel-cage rotor pressed into the gyro wheel, one side of

which

is

machined out around the axle to accommodate the

stator winding.

The gyro

case

construction

includes a 3-phase stator

winding that projects into the center of the squirrel-cage
rotor. The bearings on which the rotor spins are mounted
inside the case. The case is supported on upper and lower
480

spindle bearings so that
axis.

The lower

it is

free to rotate about a vertical

spindle rests on a single steel ball that sup-

ports the weight of the entire unit.

A

vacuum of 26

mercury is maintained
eliminate windage losses and thus

to 30 inches of

within each rotor case to
reduce the heating effect of the high speeds of the rotors.
vacuum gage is mounted on the unit to indicate the degree
of vacuum.
sight glass is provided in the top of the case through
spiral groove
which the spinning rotor can be observed.
turned around the periphery of the rotor enables the observer to check the correct direction of rotation (clockwise
as observed through the sight glass)
The two gyro units are mounted on the sensitive element
at an angle of 40° to the north-south axis. Each gyro is
pivoted on its vertical axis, and the two gyros are connected
together so that they can turn only through equal and opposite angles without turning the frame. The north gyro (fig.
14-13) is coupled by a link to a bell-crank lever arm pivoted
on the sensitive element frame. The south gyro is coupled
by another link to the other end of the bell-crank lever arm.
The gyros are held in their normal positions by light coil
springs located on the side of the gyro units opposite the
links. The rotation of the gyro units is limited by cushioning
springs located near the bottom of the sensitive-element
frame.
The gyros are inclined and coupled by a linkage in order
to eliminate the intercardinal error by preventing the sensitive element from swinging in an east- west direction. As the

A

A

A

ship

rolls,

the swinging tendency

is first

in one direction

and

then in the other, causing the gyros to turn back and forth

through a small angle. The compass reading is not affected
because the turning back and forth of the gyros does not turn
the sensitive element.

—

Oil damping system. The oil damping system (fig. 1413) consisting of two oil tanks and their connecting tubes, is
mounted on the east side of the sensitive-element frame. It
,
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causes the sensitive element to settle

down

in its correct posi-

tion instead of continually oscillating ba>ck

and forth across

the meridian.

The two oil tanks are

and are aligned parallel with the meridian. The tanks, which are partly filled
with oil, are connected at the bottom by an oil pipeline and
at the top by an air pipeline. The proper damping is obtained by restricting the flow of oil b^ween the two tanks by
means of an obstruction inserted in the oil line.
A damping cutout valve is placed in the oil line to prevent
the flow of oil due to the acceleration forces present during a
turn. This valve operates whenever the ship makes a turn
of more than 15° at a rate greater than 40° per minute, or

when

totally enclosed

the ship's speed changes rapidly.

The valve

consists

of a steel ball inside the oil line and an external electromagnet. The electromagnet draws the steel ball up vertically
against a spherical seat to automatically stop the flow of oil.
Thus, the valve is operated without disturbing the equilib-

rium of the sensitive element.
FoLLOW-Tjp MAGNETS.

—Two a-c maguets are mounted

on

the frame for exciting the azimuth follow-up mechanism.

These magnets are located at opjX)site extremities of the eastwest axis of the sensitive element so that their fields are cut
by the adjacent follow-up windings. A third circular a-c
magnet is mounted on the top of the sensitive element for the
gimbal stabilization system.
Emergency azimuth scale. ^The emergency azimuth
scale (fig. 14—13) is mounted on the top of the sensitive element. The scale can be read by opening the forward binnacle
door and sighting the scale across two parallel lines on one

—

of the upper spider covers.

Two spirit levels

(fig.

14^13) are mounted on the sensitive

element at right angles to each other and aligned with respect
to the axes of the gyros.

The north-south level is mounted on

the east side of the sensitive element and

is

graduated in

1-

minute divisions from 40 to 60 minutes. This level indicates
when the gyrocompass has settled on the meridian.
4S2

The

sensitive element also carries the follow-up trans-

former magnet and four adjustable weights for balancing the
element.

Mercury Flotation

The mercury

flotation (fig. 14r-14) provides a practically

frictionless suspension for the sensitive element.
sists essentially

It con-

of a hollow steel sphere that floats in a

slightly larger concentric tank containing mercury.

The

on the floating hollow
and turn about its verti-

entire sensitive element is supported
steel sphere.

Thus

it is

free to

tilt

and horizontal axes.
The upper part of the mercury tank is shaped to conform
to the upper part of the float ball by means of a collar (fig.
14-14) which is a continuation of the spherical part of the
mercury tank. The various parts of the sensitive element
are arranged on the frame so that its center of gravity is
slightly below the level of flotation.
This arrangement
makes the compass pendulous. An adjustable weight is provided for making small changes in the pendulous factor.
The vertical position of the element is governed by the
quantity of mercury in the tank and is indicated by a line
on the contact support tube. The flotation is correct when
this line is level with the topmost machined surface of the

cal

sensitive element.

Mercury contact

parts.

—Mercury contact parts located

at the center of the float ball
electrical

(fig.

14-14), provide four

connections between the sensitive element and

One

through the mercury bowl.
The other three contacts are through a contact pin, an outer
contact ring, and an inner contact cup which dip into three
concentric mercury- filled grooves that are insulated from
each other. These three contacts are suspended from the
contact support tube that extends vertically downward from
the center of the follow-up coil support. Hence, these contacts remain in the same relative position with respect to the
sensitive element except for the very small angle of lag in
spider frame.

contact

is

the follow-up system.
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mercury

flotation.

Electrical connections to the contact pin, outer ring,

inner cup are

made by

tact support tube to

and

up through the conbrushes that bear on slip rings on the
wires that pass

lower side of the spider casting. These contacts supply
power to the damping cutout magnet, follow-up magnets
and transformer, and the gyro units on the sensitive element.
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The

center contact pin, which

fits

loosely into a guide at

the center of the float ball, prevents the sensitive element

from drifting laterally. The contact support tube is held
vertical by a spring that allows a slight lateral movement to
protect the retaining pin.

—

Oscillating mechanism. The oscillating mechanism
causes the mercury tank to oscillate continuously through a
small angle several times per second. These oscillations
eliminate any possible static friction in the mercury that
might tend to reduce the freedom of the sensitive element.
This oscillator assembly is located below the mercury tank
It con(fig. 14—14) which is suspended from leaf springs.
sists of a single-phase induction motor driving an eccentric
and a connecting linkage.
The motor is of the shaded-pole type having a squirrelcage rotor and a 4-pole, series-connected field. It is located
in the circular space within the supporting sleeve for the

mercury tank.

It is geared to a small eccentric carrying

an

A guide member engages with this

eccentric sliding block.

block and transmits the oscillating motion to a pair of spiders

pinned to the lower part of the suspension
plete
in oil

sleeve.

The com-

mechanism below the motor windings is submerged
to ensure quiet and dependable operation.
Spider

The spider

and Bowl

14-15) and bowl form a supporting frame

(fig.

for the sensitive element, mercury flotation, and components
that comprise the azimuth follow-up mechanism.

The BOWL surrounds and supports the sensitive element and
mercury
ring

flotation.

(fig.

It

is

suspended from the inner gimbal

The supporting
springs each. One end

14-12) by 24 helical springs.

springs are divided into 12 sets of 2
of each spring

is

attached to the inner gimbal ring and the

other ends are attached to the bowl to form a V.

Small

damp

out any

damping

felts are inserted in the

oscillations of the

springs to

suspended system.
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The SPIDER supports the components of the azimuth followup mechanism and the speed-course correction mechanism.
upper surface of the bowl and completes
the top of the enclosure formed by the bowl on the bottom.
It is attached to the
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spider.

provided with four removable transparent
covers that fasten between the arms. When the covers are in
place the spider and bowl completely enclose the sensitive
spider

is

element.
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Azimuth Foliow-Up Mechanism

The azimuth follow-up mechanism

(fig.

14-12) drives the

card dials, and controls the repeater compass readings without placing a drag on the sensitive element. The follow-up
mechanism is a part of the master compass. It is distinguished from the follow-up system which includes both the
follow-up mechanism and the follow-up panel. The followup mechanism consists of (1) follow-up coil, (2) follow-up
motor,
(5)

(3)

compass card,

damping cutout

commutator transmitters,
and (6) speed correction

(4)

contacts,

mechanism.

—

FoUiOw-up COIL. The follow-up coil (fig. 14-12) consists
of a winding mounted on a circular bakelite frame that surrounds the sensitive element. The bakelite frame is suspended from the spider by the follow-up coil support which
The winding is connected
is the movable part of the spider.
through slip rings, which are mounted on the spider, to the
Because the

follow-up panel.

coil is fixed in relation to the

turns relative to the ship and spider.
Follow-up motor. The follow-up motor (fig. 14-12)

sensitive element,

it

—

is

a 2-pole d-c motor mounted on the fixed element of the spider.
The armature current for this motor is supplied by the follow-up panel. When the follow-up coil is displaced from
its neutral position

with respect to the sensitive element,

current flows through the motor in a direction that causes the

motor to drive the follow-up

coil into

alignment with the

sensitive element.

—

Compass card. The compass card
on top of the spider assembly and is
the glass cover of the binnacle.

(fig.

14-12)

clearly visible

mounted
through

two concentric

It consists of

having a displacement ratio of 36 to

1.

circumference of the outer, or 36-speed, dial

is

dials

is

The

entire

divided into

10 major divisions to indicate 10° of arc, so that each major
division corresponds to 1°.

The

entire circumference of the

inner, or 1-speed, dial is divided into 36 divisions, each of

which represents 10° of

arc.

When
417

the ship

makes a com-

plete turn of 360°, the inner dial

makes

outer dial makes 36 revolutions, or

revolution and the

revolution for every 10°

Actual bearings are read against the lubber's line

of arc.
fixed

1

1

on the head.

Commutator transmitters.

—The

two transmitters (fig.
14— 15) one for ordnance and one for navigation, are mounted
on top of the spider assembly below the compass card. The
transmitters and compass-card dials are driven, through
gearing, by the follow-up motor to a position that accurately
,

indicates the ship's heading.

The

transmitter

(fig.

Figur* 14—16.

14-16) consists of a transformer,

—Commutator

trantmlttor.

a commutator having 360 radial segments, two sets of trans-

Three
brushes spaced 120° apart, bear on the inner ends of the commutator segments. These brushes are driven by a gear and
turn with the 36-speed dial. They pick up potentials from
the segments energized by the transformer and transmit
mitter brushes, and two sets of collector rings.

these potentials through the lower collector rings to the

36-speed dial of the repeater compasses.

Three brushes, spaced 120° apart, bear on the outer ends
of the commutator segments. These brushes are driven by
a gear and turn with the 1-speed dial. They pick up potentials from the segments energized by the transformer and
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transmit these potentials through the upper collector rings
to the 1-speed dials of the repeater compasses. Hence, the
positions of the 1-speed and the 36-speed dials are transmitted independently to the repeater compasses.
Damping cutotjt contacts. As previously explained, the
damping cutout valve is operated when the ship makes a
turn of more than 15° at a rate greater than 40° per

—

minute.
series.

accomplished by two switches in
One switch operates on rate of turn and the other

This action

is

switch operates on amount of turn.
The RATE OF TURN swrpcH is mounted on the azimuth fol-

low-up motor shaft and
trifugal switch

(fig.

is

centrifugally operated.

The

cen-

14-15) prevents operation of the cutout

on long, slow turns.
The AMOUNT or turn switch is operated by means of a
lost-motion device mounted on top of the ordnance transmitter, and is driven by the 1-speed brush shaft. This switch
prevents the damping cutout from operating due to yawing of the ship, which might momentarily cause a rate of turn

The damping cutout valve is also
during rapid changes in ship's speed. The mecha-

in excess of 40° per minute.

closed

nism for closing the circuit under these conditions is located
on the follow-up panel.
Speed correction mechanism. The speed correction
mechanism (fig. 14-12) is mounted on the side of the spider
frame below the transmitters. This mechanism introduces
a correction into the system because the sensitive element
does not settle on the true meridian when the ship is traveling
on other than a true easterly or westerly course.
The automatic speed correction mechanism is provided
with a synchro receiver that receives an indication of the
ship's speed from the underwater log. A follow-up motor

—

applies this quantity to a lever-type multiplier.

of a manual control, which

is

By means

graduated in degrees of

latitude, the secant of the latitude is introduced into the

multiplier,
317993

and the resulting product
0—55

32
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is

applied to an eccen-

bearing in the correction mechanism. The speed corrector requires manual resetting only for changes in latitude,
whereas the speed variations are automatically cared for.

trie

Binnacle and Gimbal Rings

The

binnacle and gimbal rings

(fig. 14r-17),

respectively,

enclose and support the entire master compass.

The com-

suspended in the binnacle by means of a system of
gimbal rings. The frame, consisting of the spider and bowl,
is suspended from the inner gimbal ring by a number of coil
springs and the inner gimbal ring is supported on athwartship ball bearings by the outer gimbal ring. This arrangement allows the compass to swing fore and aft in the
pass

is

binnacle.

The outer gimbal ring

supported on fore-and-aft ball
bearings by the binnacle. This arrangement allows the compass to swing from side to side. The outer gimbal ring is
also stabilized with respect to the sensitive element by means
of a follow-up mechanism that maintains the outer gimbal
ring in the athwartship plane of the sensitive element.
is

The combination of the inner and outer gimbal rings
allows the compass to make any fore-and-aft and athwartship movements with respect to the binnacle and permits

the compass to hang in a vertical position during rolling

and

pitching of the ship.
To prevent excessive swinging of the compass when the
ship rolls, four steel damping tanks are mounted on the

upper surface of the inner gimbal
2% pounds of mercury.

The

binnacle

ring.

Each tank contains

14^17) consists of a circular sheet steel
body, the upper and lower sections of which are truncated
cones.

(fig.

The lower

section is secured to a flanged ring that is

bolted to the binnacle base.

Slots in the flanged ring are

provided with elongated holes to permit the compass to be
rotated through a small angle relative to the binnacle base,
which is rigidly fastened to the deck. This arrangement
ensures exact fore-and-aft alignment of the compass.
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The midsection

carries the gimbal rings

and

stabilization

Six terminal blocks, for making corrections to the
control panel, are fastened inside the lower section near the
bottom. Access to the terminal blocks, and ventilation of the
compass is provided by openings covered by perforated
removable metal plates.
units.

AUTOMATIC SPEED
F0LLOW4JP ACCESS
COVER

TRANSMITTER
ASSEMBLY

LATITUDE
CORRECTION
KNOB

DAMPING
TANK
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GIMBAL
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MANUAL
INPUT SPEED
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GIMBAL
STABILIZATION
MECHANISM

TERMINAL
BLOCK ACCESS
COVER

BINNACLE

Figure

CANC PLUG
ACCESS COVER

—Arma

14—17.

Mk

VIII

3 A gyrocompau showing binnacU and
gimbal rings.

Mod
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The upper section
by latches. The top

a cover attached to the midsection
of this cover has a glass window protected by a heavy wire screen, through which the compass
card can be read. Two hinged doors are located near the
forward and after sides of the cover for access to the speed
corrector and for reading the emergency azimuth scale.
is

ROUTINE INSPECTIONS

As

long as a gyrocompass operates satisfactorily it should
be left alone except for routine cleaning and oiling. However, certain checks and inspections are made periodically to
ensure the best continuous performance. The items to be
checked and the intervals at which they should be checked

The

are listed in the manufacturers' instruction books.

ship's standing orders or instructions of the navigator or

of the deck may require other checks. Years of experience with compasses have contributed to these procedures.
officer

Follow these instructions meticulously even though the need
for a specific maintenance operation is not immediately evident.

Such instructions are designed to prevent, rather

than to correct, troubles.
If assigned as a gyrocompass operator, you must become
thoroughly familiar with all the maintenance schedules for
your compass. A consistent record of good performance is
evidence that the operator has performed his duty well. In
addition to the compass service record, a rough log is kept
for each compass. This rough log should contain the various operating meter readings, vacuum gage readings, cutting
in or out of repeaters, transfer of motor-generator sets, checks

and adjustments made, periods of cleaning and

oiling,

and so

forth.

Cleaning and Oiling

The

greatest source of trouble with gyrocompasses is im-

proper lubrication.

Most of

this trouble

can be avoided by

each
around a compass can do almost as

intelligent application of the oiling instructions for

compass.

Too much

oil
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much harm
more

as too little

oil.

Intelligent lubrication requires

.than applying the right

amount of

the right
place at the right time. It is also necessary to be certain that
the oil goes where it belongs and lubricates the part for which
oil to

This precaution applies particularly to those
parts that are lubricated by wicks or tubes that conduct the
oil from the place where it is applied to the part to be oiled.
Make certain the oil gets to the bearings at the end of the
wick or tube.
The compass can be cleaned only when it is secured. The
sensitive element is dusted and any excess oil is wiped oflf.
Transmitter contact rings and brushes are cleaned at regular
it is

intended.

intervals.

Starting and securing the gyrocompass

not difficult, but
poor performance and serious damage to the equipment can

from

is

and to exercise
proper care. Complete instructions for starting and securing
each type of compass are contained in the manufacturer's
instruction book furnished with the equipment. Refer to
these instructions and carefully follow the various steps in
the sequence in which they are listed. Certain basic steps are
used for all compasses of one manufacturer, but additional
steps are required depending upon the complexity of the
result

failure to follow instructions

particular compass.

QUIZ
1.

Name

the five principal components of the Sperry compass.

2.

What

is

the sensitive element of the Sperry compass?

3.

What

is

the normal gyro rotor speed of the Sperry

4.

How

5.

What

6.

How

7.

8.

the gyro case of the Sperry

is
is

Is

What
What

the purpose of the

vacuum

Mk XI

Mk XI

compass?

compass supported?

in the rotor case?

the vertical ring of the Sperry

Mk XI

compass suspended?

is

the purpose of the gyro case lock in the Sperry compass?

is

the purpose of the vertical ring lock of the Sperry com-

pass?
9.

How

are the compensator weights supported in the Sperry com-
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10.

What

11.

What Is the purpose
XI compass?

12.

How

13.

What

the function of the compensator weights?

is

of the follow-up indicator in the Sperry

Mk

the sensitive element suspended in the Sperry compass?

is

the function of the mercury ballistic In the Sperry com-

is

pass?
14.

15.

About which axis of the sensitive element
of the Sperry compass free to tilt?

How

the mercury ballistic

is

the gravity controlling force of the mercury ballistic ap-

is

plied to the bottom of the Sperry gyro case?
16.

How

is

the lever

arm

of each tank varied in the

mercury

ballistic

of the Sperry compass?
17.

How

18.

What

is

19.

What

are the three functions of the azimuth motor?

20.

What

does the small azimuth gear drive?

21.

What mechanism

is

damping eliminated

in the

Sperry compass?

the function of the phantom element?

operates the speed and latitude corrector in the

Sperry compass?
22.

What

23.

Name

is

the purpose of the spider in the Sperry compass?

the five mechanisms mounted on the spider table in the

Sperry compass.
24.

Name

25.

What two elements

the six units that comprise the follow-up mechanism.
of the Sperry compass are driven through the

same angle as the transmitters with respect
26.

What

is

the purpose of the automatic

in the Sperry
27.

Name the

28.

What

29.

Why

damping eliminator switch

compass?

five principal

components of the Arma compass.

angle relative to the north-south axis

units of the

to the lubber's line?

is

formed by the gyro

Arma Mk YIII compass?

are the gyro units in the

Arma compass

inclined

and cou-

pled by a linkage?
30.

On which

frame is the oil-damping
VIII compass?

side of the sensitive-element

system mounted in the

Arma Mk

31.

What is the purpose of the damping cutout valve in the oil line
connecting the two oil tanks in the Arma compass?

32.

What is

the purpose of the mercury flotation in the

494

Arma compass?

33.

How

are the various parts of the sensitive element arranged on
Arma compass in order to make it pendulous?

the frame of the

How

34.

are the electrical connections
element and spider frame?

35.

What

is the

made between

the sensitive

purpose of the oscillating mechanism of the

Arma

compass?
36.

What

37.

How

38.

What two mechanisms

is

the function of the bowl of the

are the spider and bowl of the

Arma compass?

Arma compass suspended?

are supported by the spider of the

Arma

compass ?
39.

The bowl

40.

Name

is

attached to what element of the

Arma compass?

the six components that comprise the azimuth follow-up

mechanism of the Arma compass.
41.

How

42.

What

43.

is
is

the follow-up coil supported in the

Arma compass?

the function of the follow-up motor of the

Arma compass?

The commutator transmitters are mounted on what element

in the

Arma Mk VIII compass?
44.

switches operate the damping cutout valve in the Arma
VIII compass when the ship executes a rapid change in

What two

Mk

course?
45.

Why is the speed
Mk VIII compass?

correction

mechanism necessary
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in the

Arma

CHAPTER
SHIP

CONTROL ORDER AND INDICATING
SYSTEMS

Ship control order and indicating systems include the engine order system, propeller order system, rudder order system, and rudder angle indicator system. The majority of
ship control order and indicating systems are electrical, although mechanical systems may be installed in some small
noncombatant ships. Mechanical systems will not be discussed because of their limited use.

Instruments comprising the engine order, propeller order,

rudder order, and rudder angle indicator systems are of
watertight construction and are designed for mounting on

depending upon the stations
in which they are located. Windows are provided in the instrument covers where required for viewing the dials,^ The
internal units can be withdrawn individually from the houspedestals, bulkheads, or panels

ings.

Dowel pins

.serve as

locate the units within the housings

and

supports after the units are removed.

The incoming

cables are brought through watertight ter-

minal tubes into the instrument housings and the leads are
connected to terminal strips or female connectors.

The

leads

for the synchros, bell circuits, and other components are con-

nected to corresponding terminal strips or male connectors

within the housings.
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ENGINE ORDER SYSTEM

The engine order

system, circuit

MB,

is

used to transmit

the desired engine orders from the pilot house, open bridge,

or secondary conning station to the enginerooms, firerooms

and superheat operator

(boiler operating stations),

and

stations

Separate circuits are installed
for the starboard engines (circuit 1MB) and the port engines
located in firerooms 1
(circuit

2.

2MB).

A typical

engine order system installed in a large ship is
shown by the block diagram in figure 15-1. This system

and indicators installed in
enginerooms, and firerooms. A com-

consists of various transmitters

the conning stations,

bined port and starboard engine order transmitter-indicator
is installed in the pilot house, secondary conning station, and
sometimes in the open bridge. This instrument is electrically
connected to a single transmitter- indicator with wrong-direction signal contacts in each throttle station. The wrongdirection signal contacts sound an alarm at the throttle station if an order is incorrectly acknowledged.

A

double engine order indicator is installed in throttle
station 1 and in each fireroom operating station. The indicator in throttle 1 receives and answers orders for the port
engines only. The indicators in the fireroom operating stations receive the repeat-back orders for both port and starboard engines. A single engine order indicator is also installed in throttle stations

The
tion

1.

1

and 4.

main engine control is invested in throttle staHowever, throttles 1 and 4 located on the starboard

entire

sides respectively in the forward engineroom are
called LEADING throttle stations; whereas throttles 2 and 3
located on the starboard and port sides respectively in the

and port

after engineroom are called following throttle stations.
An engine order is originated at one of the conning stations
by turning the handle of the double transmitter-indicator
until the transmitter pointer

is

over the selected order on

the instrument dial. The transmitted order is received on
The order is answered by tumall indicators in the circuit.
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OPEN BRIDGE

2MB
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f1

ing the handle of the transmitter-indicator at the following
throttle station until the reply pointer of the transmitter is

over the received order on the instrument dial. The reply is
received on the single engine order indicator at the leading

The leading throttle station then replies in
manner and this reply is received on the double

throttle station.

a similar
transmitter-indicator in the conning station that originated
the order, and also at each fireroom operating station. Thus,
the conning station

is

assured that the transmitted order has

been correctly received and interpreted at both leading and
following throttle stations.

The instruments

enginerooms and boiler operating
stations are provided with bells that ring each time the transmitted order is originated at the conning station. An audible signal is not provided on the circuits between the forward and after enginerooms.
A selector switch is installed on the A. C. O. switchboard
for selecting the double engine order transmitter-indicator to
control the circuit. The after engineroom can answer directly to the conning station in an emergency.
Cutout
switches are installed on the A. C. O. switchboard for indicators in all instruments except those between the after engineroom and the forward engineroom. Cutout switches and
transfer switches are combined for circuits 1MB and 2MB.
in the

Double Engine Order Transmitter-Indicator

The double engine order

transmitter-indicator installed in

each conning station is frequently combined on one pedestal
mount with the propeller order transmitter-indicator. These
instruments are used to transmit and indicate engine orders
and propeller orders respectively.
The double engine order transmitter-indicator is of the
drum type (fig. 15-2) and forms the top section of the comThe instrument housing is made of cast
plete assembly.
brass and

is

bolted to the cast

by means of

aluminum

A

section of the

mount

rubber gasket between the flanges
provides watertightness and galvanic insulation between the

two

flanges.

sections.
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Figure 15-2.

—Double

engine order transmitter-indicator.

soo

This instrument consists of two type-5G synchro transmitters and two type-lF synchro repeaters indicating on two
fixed dials (port and starboard) by means of concentric revolving pointers. The transmitters and repeaters are
mounted on individual base plates to form two complete and

mounted in
(starboard) and

identical transmitter-indicator units that are

each side of the housing for circuits

2MB

1MB

(port).

Each transmitter
extension of which

is

is

driven by a side operating handle, an
the transmitter pointer (fig. 15-2, A).

The operating handle with

pointer

connected to the
transmitter shaft by means of a dovetail coupling and gears.
starwheel secured concentrically to one of these gears
its

is

A

actuates a microswitch through a ball-bearing roller and
lever

arm

to close the alarm-bell circuit

when

the operating

handle is moved (fig. 15-2, B). This action causes a bell on
the engineroom instrument to ring. A lever-operated stop
is provided in the operating handle to lock the transmitter
pointer in the selected position.

The

indicator pointer in this instrument

is

secured directly

This pointer indicates the reply from
the engineroom instrument by matching the transmitted
order on the dial.
The dials are attached to the sides of the drum housing and
are made of a translucent material having a dull black background. The markings are engraved through this background and painted a flat white. The dial markings are
arranged so that a forward movement of the transmitter
operating handle selects ahead orders and an aft movement
of this handle selects backing orders on either the port or
to the repeater shaft.

starboard dial.

lamps located around
the perimeter of a light-conducting panel mounted behind
Dial illumination

each

dial.

Two

is

provided by

five

115/6-volt transformers inside the

supply the port and starboard dial-lamp

circuits.

mount

A

vari-

able resistor in series with this circuit controls the intensity

of illumination.

A

neon pilot light
501

is

provided in each

two windows placed in
the top of the housing) when the 1MB and 2MB

internal unit to indicate (through

covers at

circuits are energized.

Two push switches are provided on the aft side of the drum
housing for manual signaling to the port and starboard
indicators.
These push switches close microswitches that
are in parallel with the microswitches operated by the starwheels and cause bells on the engineroom instruments to ring.
Two vibrating bells are mounted externally on the aft port
and aft starboard sides of the housing. These bells ring
when the reply is received from the engineroom instruments.
The combined circuits for the engine order transmitterindicator and the propeller order transmitter-indicator are

shown

in figure 15-3.

Engine Order Transmitter-Indicator With Wrong-Direction
Contacts

The engine order

transmitter-indicator with wrong-direc-

tion signal contacts, circuit

DW,

installed in each throttle

used to transmit and indicate engine orders and
to close an alarm-bell circuit when the reply from any
station

is

^

I

Figwr*

1

5-3.

—Combined •ngine

order trantmittor-indicator

transminor-indicoter.
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and

propollor ordor

Figure 15—3.

—Combined

throttle station

engine order trantmirter-indicater
transmitter-indicator
Continued.

is

in the

—

wrong

direction

and propeller order

(fig.

15-4).

This

instrument consists of a type-5G synchro transmitter and
a type-lF synchro repeater mounted on a common base plate
to form a complete transmitter-indicator unit that is enclosed within the housing.
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Figure 15-4.

—

Engine order transmitter-indicator with wrong-direction contacts.

The

driven through gearing by a handle
attached to a shaft that extends through a watertight stuffing
gland in the cover below the dial (fig. 15^, A). The transmitter pointer is connected to the transmitter shaft through
two gears and is secured to a bearing housing supported on
transmitter

is

This pointer indicates
the transmitted order from the conning station. A starwheel
secured concentrically to one of the gears on the transmitter
shaft actuates a microswitch through a ball-bearing roller
ball bearings at the center of the dial.

and lever arm

when

to close the alarm-bell circuit

mitter operating handle

is

moved

(fig.

15-^,

B)

.

the trans-

This action

causes a bell on the conning station instrument to ring.

The

connected directly to an extension
of the repeater shaft and is concentric with the transmitter
pointer at the center of the dial. This pointer indicates the
indicator pointer

is

reply to the conning station.
The dial is mounted on four posts that are secured to the

base plate. It is made of sheet brass having a black background with white markings. Dial illumination is not
provided.
push switch located on the cover is used for manual signaling to the conning station. This push switch closes a
microswitch that is in parallel with the microswitch operated

A

by the starwheel and causes a

on the conning station
instrument to ring. A vibrating bell, which is provided with
this instrument, rings each time the engine order setting is
originated at the conning station.
The wiring diagram for this instrument is shown in figure
bell

15-4, C.

The transmitter is provided with controls in the ahead and
BACK positions of the operating handle (wrong-direction
signal contacts)

contacts on the

.

These contacts are connected

main

throttle valves.

in series

A cam attached to the

starwheel on the transmitter shaft operates a lever
controls the wrong-direction microswitches.
direction order

is

consists of a vibrating bell

O— 35

arm that

If the engine

misinterpreted at the throttle station these

This warning
and a single dial (2-lamp) indi-

contacts are actuated to provide a warning.

317993

with

33
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cator containing a red glass dial located at each throttle
station.

Double Engine Order Indicator.

The double engine order

indicator

(fig.

15-5) installed in

throttle station 1 is used to indicate the transmitted

2MB

order from the conning station to the port throttles and the

answer from throttle station 4, after throttle station 3 has
acknowledged the transmitted order.

(
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Figur* 15—5.

Or

—Deubl*

cngin* erd*r indicator.

This instrument consists of a type-6F and a type-lF
synchro repeater mounted on a common base plate to form
a complete double indicator unit that is enclosed within the
housing. The two synchros indicate on a common fixed dial
506

by means of two concentric revolving pointers. The pointer
marked answer is connected to the type-lF synchro shaft
through two gears and is secured to a bearing housing supported on ball bearings at the center of the dial. This
pointer indicates the reply from throttle station 3. The
pointer marked ordeb is connected directly to an extension of
the type-5F sjmchro shaft and is concentric with the answer pointer. The order pointer indicates the transmitted
order from the conning station.
The dial is mounted on the base plate by four supporting
studs.
It is made of a translucent material having a black
background with white markings.
Dial illumination is provided by four lamps located around
the perimeter of a light-conducting panel mounted behind
the dial. A transformer inside the mount supplies the diallamp circuit. A knob located on the housing controls a variable resistor in the lamp circuit for varying the intensity of
illumination.

A

vibrating bell on this instrument rings each time the
engine order setting is changed at the conning station.
Single Engine Order indicator

The

single engine order indicator installed in throttle sta-

and 4 is used to indicate the reply from throttle stations 2 and 3 respectively after the transmitted order has
been acknowledged by these stations. This instrument consists of a type-5F synchro repeater indicating on a fixed dial
by means of a revolving pointer. The repeater is mounted on
a base plate to form a complete internal unit that is enclosed
tions 1

within the housing. The indicator pointer is connected directly to the repeater shaft and indicates the reply from
throttle stations 2 and 3.
The dial is mounted on four posts that are secured to the
base plate. It has a black background with white markings
and is not provided with illumination. A vibrating bell on
this instrument rings each time the transmitted order is
•acknowledged.
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The leads for the synchro and bell

are connected to a 6-point

connector attached to the back of the base plate.
Action Cutout

The operation of

and Transfer Switches

the engine order system

(fig.

15-6) de-

pends on the setting of the action cutout switches and transfer
switches. For simplicity, switches 2, 3, and 4 are not shown,
as they are only for cable selection.

Transfer swrrcH 1 is labeled "engine order transmitters
and indicators." It has 3 positions marked (1) open bridge,
Posi(2) pilot house, and (3) secondary conning station.
tion 1 energizes the transmitter and indicator in the open
bridge and the indicator in the pilot house. Position 2
energizes the transmitter and indicator in the pilot house
and the indicator in the open bridge. Position 3 energizes
the transmitter and indicator in the pilot house and disconnects the indicator in the open bridge.
Transfer switch 6 is labeled "engine order transmitters
and indicators, port (2MB)." It has 3 positions marked
Posi(1) engineroom 1, (2) normal, and (3) engineroom 2.
tion 1 connects the engine orders to the double indicator

without reply in throttle 1. Position 1 also connects the
repeat-back from throttle 4 to the forward conning stations
and to firerooms 1, 2, 3, and 4. Position 2 connects the
engine orders to throttles 3 and 4 and to the double indicator
without reply in throttle 1. It connects the repeat-back
from throttle 3 to the single indicator in throttle 4 and to the
indicators in firerooms 3 and 4. Position 2 also connects the
repeat-back from throttle 4 to the forward conning stations

and to the indicators

and 2. Position 3 connects the engine orders to throttle 3 and the repeat-back from
throttle 3 to the forward conning stations and to firerooms 1,
2, 3, and 4.
Transfer switch 6 is labeled "engine order transmitters
and indicators, starboard (1MB)." It has 3 positions
marked (1) engineroom 1, (2) normal, and (3) engineroom
2.

Position

1

in firerooms

1

connects the engine orders to throttle 1
SOS

and

I

PAGE NOT
AVAILABLE

5 stalls the

-back
jO

the

peat-

nd
:s

to

the

rottle
2, 3,

n the
"

It

room
0 the
indi-

cator
"

It

om 4,
0 the
indi-

cator
ors
ttle 1

Posiingle
idica3

3 to

both

ed in
beled
1 (1)

Po-back
jition

The
conne<

ii

•W

Ml

!1
repea

and

t

engin
witho

l-H
1

from
indict

repea

and

t

nects
throtl
2, 3, a

Tr.

and
mark'
-

2.

P

»

-

t

f4

C

I

the repeat-back from throttle
tions

and

to firerooms

to the

and
and 2.

1, 2, 3,

engine orders to throttles

from

1

1

forward conning

Position 2 connects the

4.

It connects the repeat-back

throttle 2 to the single indicator in throttle 1

indicators in firerooms 3 and

back from throttle

1 to

sta-

and

to the

It also connects the repeat-

4.

the forward conning stations and to

the indicators in firerooms 1 and

Position 3 connects the

2.

engine orders to throttle 2 and the repeat-back from throttle
2 to the forward conning stations and to firerooms 1, 2, 3,

and

4.

Action cutout switches 7 through 9 are installed on the
A. C. O. switchboard.
A. C. O. SWITCH 7 is labeled "engine order indicators." It
has 4 positions marked (1) fireroom 1, (2) off, (3) fireroom
2,

and

Position

(4) both.

indicator in fireroom

1.

1

connects the repeat-back to the

Position 2 disconnects both indi-

Position 3 connects the repeat-back to the indicator

cators.

in fireroom 2.

Position 4 connects both indicators.

A. C. O. SWITCH 8 is labeled "engine order indicators." It
has 4 positions marked (1) fireroom 3, (2) off, (3) fireroom 4,

and

(4) both.

Position

indicator in fireroom
in fireroom 4.

throttles 1

(1MB),

and

4."

is

labeled "engine order indicators

marked (1) throttle 1
4 (2MB), and (4) both. Posi-

It has 4 positions

(2) otf, (3) throttle

connects the repeat-back from throttle 2 to the single

indicator in throttle
tors.

Position 2 disconnects both indi-

Position 4 connects both indicators.

A. C. O. SWITCH 9

1

connects the repeat-back to the

Position 3 connects the repeat-back to the indicator

cators.

tion

3.

1

1.

Position 2 disconnects both indica-

Position 3 connects the repeat-back from throttle 3 to

the single indicator in throttle

4.

Position 4 connects both

indicators.

Transfer switches 10 through 13 inclusive are installed in
firerooms 1, 2, 3, and 4 respectively and are each labeled
"engine order indicator." Each has 3 positions marked (1)
secondary conning station, (2) off, and (3) pilothouse. Position 1 connects the fireroom indicator to the repeat-back

when

the secondary conning station
509

is

in control.

Position

2 disconnects the indicator.
indicator to the repeat-back

Transfer swrrcH 14

Position 3 connects the fireroom

when the pilot house is in control.

installed in throttle 1 is labeled "en-

gine order transmitter and indicator." It has 3 positions
marked (1) secondary conning station, (2) normal, and (3)
pilot house.

Position

1

connects the engine orders from the

secondary conning station to throttles 1 and 4 and repeats
back to the secondary conning station via switching on the
auxiliary I. C. switchboard. Position 2 is the same as position 1 but also repeats back to the secondary conning station
via switching on the auxiliary I. C. switchboard. Position
3 connects the engine orders from the pilot house to throttles
1 and 4 and the repeat-back to the pilot house via switching
on the A. C. O. switchboard.
A. C. O. SWITCH 15 installed in throttle 1 is labeled "engine
order double indicator." It has 2 positions marked (1) on,
and (2) off. Position 1 connects the 2MB order and answer
to the double indicator at throttle 1.
Position 2 disconnects
the indicator at throttle 1, giving the order and answer of
the 2MB system for the port shafts.

Transfer switch 16

installed in throttle 2 is labeled "en-

gine order transmitter and indicator."

It has 3 positions

marked

(1) secondary conning station, (2) normal, and (3)
pilot house.
Position 1 connects the engine orders from the

secondary conning station to throttles 2 and 3 and the repeatback to engineroom 1 or to the secondary conning station via
switching on the auxiliary I. C. switchboard. Position 2 is
the same as position 1 but also repeats back to the secondary
conning station via switching on the auxiliary I. C. switchboard. Position 3 connects the engine orders from the pilot
house to throttles 2 and 3 and the repeat-back to engineroom
1

or to the pilot house via switching on the A. C. O. switch-

board.

A. C. O. SWITCH 17 installed on the auxiliary

I.

C. switch-

—throttles

board

is

It has

4 positions marked (1) throttle 4 (2MB), (2)

labeled "engine order indicators

throttle 1

(1MB), and

(4) both.
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1

and 4."
off,

(3)

Position 1 connects the

repeat-back from throttle 3 to the single indicator in throttle
4.

Position 2 disconnects both indicators.

nects the repeat-back
throttle

1.

from

Position 3 con-

throttle 2 to the single indicator in

Position 4 connects both indicators.

A. C. O. SWITCH 18 installed on the auxiliary I. C. switchboard is labeled "engine order indicators." It has 4 positions

marked
Position

room

2.

(1) fireroom 2, (2) off, (3) fireroom 1,

and

(4) both.

connects the repeat-back to the indicator in firePosition 2 disconnects both indicators. Position 3

1

connects the repeat-back to the indicator in fireroom

1.

Po-

sition 4 connects both indicators.

A. C. O. SWITCH 19 installed on the auxiliary I. C. switchboard is labeled "engine order indicators." It has 4 positions

marked
Position

room

4.

(1) fireroom 4, (2) off, (3) fireroom 3,

and

(4) both.

connects the repeat-back to the indicator in firePosition 2 disconnects both indicators. Position 3

1

connects the repeat-back to the indicator in fireroom
tion 4 connects both indicators.

3.

Posi-

Transfer switch 20 installed on the auxiliary I. C. switchboard is labeled "engine order transmitters and indicators."
It has 3 positions marked (1) engineroom 2, (2) normal, and
Position 1 connects the engine orders to
(3) engineroom 1.
throttles 2 and 3 and the repeat-back to the secondary conning
station and to firerooms 1, 2, 3, and 4. Position 2 connects
the engine orders to throttles 1, 2, 3, and 4. It connects the
repeat-back from throttle 2 to the single indicator in throttle
Position 2 also connects the re1 and to firerooms 3 and 4.
peat-back from throttle 3 to the single indicator in throttle 4
and to firerooms 3 and 4. It connects the repeat-back from
throttles 1 and 4 to the secondary conning station and to firerooms 1 and 2. Position 3 connects the engine orders to
throttles 1 and 4 and the repeat-back to the secondary conning
station and to firerooms 1, 2, 3, and 4.
Normal operating conditions are obtained by setting the
action cutout and transfer switches to the required positions.
For example, if the pilot house is in control of the circuit
the following switches would be in the positions indicated
511

Position

Sicitch
1

(2) pilothouse

and 16
7, 8, and 9
10, 11, 12, and 13

(2)

20

(2)

5, 6, 14,

A 1MB

normal

both
(3) fwd conning station
(4)

order from the pilot house

normal

is

transmitted to the

engine order transmitter-indicators in throttle stations 1 and
2.
Throttle station 2 replies to the single engine order indicator in throttle station 1, and also to the double engine order indicators in firerooms 3 and 4. Throttle station 1 then
replies to the pilot house and firerooms 1 and 2.
2MB order from the pilot house is transmitted to the engine order transmitter-indicators in throttle stations 3 and 4.
Throttle station 3 replies to the single indicator in throttle

A

station 4,

and

and
house and

also to the double indicators in firerooms 3

Throttle station 4 then replies to the pilot
firerooms 1 and 2.
4.

Emergency operating conditions are obtained by setting
the action cutout and transfer switches to the required positions. For example, if engineroom 1 is inoperative the following switches would be in the positions indicated
Switch

Position

and 6
7 and 8

(4) both

9

(2) off

5

10, 11, 12,

15

(3)

and 13^

(3) pilothouse

and 17

(2) off

16
18

engineroom 2

and 19

20

(3)

fwd conning station

(4)

both

(1)

engineroom 2

A 1MB

order from the pilot house is transmitted to the
indicators in throttle station 2 with repeat-back to the pilot
house, secondary conning station, and firerooms

1, 2, 3,

and

4.

A 2MB

order from the pilot house is transmitted to the
indicators in throttle station 3 with repeat-back to the pilot
house, secondary conning station,
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and firerooms

1, 2, 3,

and

4.

PROPELLER ORDER SYSTEM

The

propeller order system, circuit

M,

used to transmit
the desired changes in the number of propeller revolutions
from the pilot house, central station, or secondary conning
station to the enginerooms.
As previously mentioned, inis

struments of this system are combined with instruments of
the engine order system in the conning stations and enginerooms. This system provides a means of transmitting small
CHANGES in speed to the throttle stations.
A typical propeller order system is shown by the block
diagram in figure 15-7. This system, consists of a transmitter-indicator in each conning station and in throttle sta-

and 2. A single indicator is installed in throttle stations 1, 3, and 4.
The control engineroom receives the order
and answer from the aft engineroom and repeats the orders
back to the conning station.
A propeller order is originated at the conning station by
tions 1

turning the handle of the transmitter-indicator until the
selected digits are indicated in the transmitter sections of the

three

windows provided

in the instrument cover.

The

trans-

mitted order is received on all indicators in the circuit. The
order is answered by turning the handles of the transmitterindicator at the following throttle station until the digits in
the transmitter sections of the three windows correspond

with those in the indicator sections of these windows.
reply

is

The

received at the single propeller order indicator at the

The leading throttle station then
manner and the reply is received on the

leading throttle station.
replies in a similar

transmitter-indicator at the conning station that originated

the order.

Thus, the conning station

is

assured that the

transmitted order has been correctly received and interpreted
at all throttle stations.

A

selector switch

is

installed

on the A. C. O. switchboard

for selecting the transmitter-indicator to control the circuit

and a cutout switch

is

provided at each engineroom instru-

ment.
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block diagrQm.

Propeller Order Transmitter-Indicator

The

proi^eller order transmitter-indicator installed in each

connin^r station and in throttle stations

and 2 is used to
This instrument is
1

transmit and indicate propeller orders.
designed for panel mounting and is set into a recess in the
pedestal

mount

directly below the engine order transmitter-

This instrument consists of three
type-5G synchro transmitters and three type-lF synchro
repeaters.
The transmitters and repeaters are mounted on
individual base plates to form three complete and identical
indicator

(fig.

15-8).

transmitter- indicator units. The circular dials,
through "9" are attached to each synchro shaft.

marked "0"

The

units

are arranged in the housing so that the three indicator dials

are directly above the three transmitter dials, each showing

one numeral through its associated window in the front cover.
These numerals form a 3-digit number (units, tens, hundreds) for the indicators and transmitters resp)ectively.

Each transmitter is driven by an operating handle attached
to a shaft that extends

through a watertight stuffing gland in

the cover below each dial

window

mitter dial, the center of which

is

(fig.

dial.

A

A)

.

The

trans-

fastened to the transmitter

shaft, indicates the transmitted order

of the

15-8,

on

its

associated section

starwheel secured to each transmitter shaft

actuates a microswitch through a ball-bearing roller
lever to close the

alarm

bell circuit

and

when the operating handle

moved.

This action causes a vibrating bell on the engineroom instrument to ring.
Each indicator dial is secured to an adapter that is conis

nected directly to the repeater shaft and indicates the reply

from theengineroom instrument by matching the transmitted
order on the tissociated dials.
The dials, which are of the rotating disk type ( fig. 15-8, B )
are provided with segregated digit control so that any desired number from 0 to 999 can be set up on the transmitter
manually and on the indicator by a remote transmitter.

They

are

made of

a translucent material having a black

background with white markings.
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internal vi»w; C, circuit.

Dial illumination

way between each

is

provided by three lamps mounted mid-

transmitter-indicator unit.

A

trans-

former mounted behind the base plate supplys the dial-lamp
circuit.
A variable resistor controls the intensity of
illumination.

A

push switch located on the cover below the center
window is used for manual signaling to the instruments in
the enginerooms. This switch closes a microswitch that is
in parallel with the microswitch operated by the starwheel
and causes bells on tlie engineroom instruments to ring. A
buzzer for the ringing circuit is located externally on the aft
side of the mount between the port and starboard bells for the
engine order circuit. This buzzer sounds an audible signal
when the reply is received from the engineroom instruments.
516

The wiring diagram

for this instrument

is

shown

in figure

15-8, C.

The

propeller order transmitter-indicator installed in

and 2 is the same as the instruments installed in the conning stations except that a vibrating bell is
provided instead of a buzzer. This instrument has no illumination and is mounted on the gage board.
throttle stations

1

Propeller Order Indicator

The

propeller order indicator

and 4

(fig.

15-9)

installed

at

used to indicate propeller orders.
This instrument consists of three type-lF synchro repeaters
mounted on individual base plates to form three complete and
throttle stations 3

is

The

identical indicator units.

units are arranged in the

housing so that each dial shows one numeral through
associated window in the cover to form a 3-digit number.

SI

Each indicator dial
connected to
ord'^r

SI

SI

Figur* 15—9.

its

is

its

—

Propeller order Indicator.

secured to an adapter that

is

directly

repeater shaft and indicates the transmitted

from the conning

station.

The

dials are similar to

those of the propeller order transmitter-indicator
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(fig.

15-8,

B

)

.

However,

dial illumination is not provided.

A vibrat-

ing bell on this instrument rings each time the propeller order
is

changed

at the

conning

station.

RUDDER ORDER SYSTEM
The rudder order system,

circuit L, is used to transmit

rudder orders from the pilot house, central station, and secondary conning station to the after steering station. InstruCENTRAL

PILOT

STATION

HOUSE

THROTTLE

SEC. CONN.

STATION

AFTER STEERINGi STATION

1'

I

I

COUPLED
TO RUDDER
HEAD

J

Figur* 15—10.

—Combined

rudder order, rudder angle indicator, and (teering

emergency signal systems.

Sit

ments of this system are combined with instruments of the
rudder angle indicator system in the conning stations and
after steering station to indicate the positions of the rudder
and thus serve as a repeat-back indicator for the rudder order
system.
A single rudder angle indicator is installed in
throttle station 1.
The rudder order system is also interconnected with the steering emergency signal system to provide an audible signal in the after steering station for this
station to take over the steering control locally.

A

block diagram of combined rudder order, rudder angle

indicator,

and steering emergency signal systems

is

shown

in

figure 15-10.

The rudder order system

consists of a double rudder order

transmitter-rudder angle indicator installed in the pilot
house, central station, and secondary conning station. This
instrument is electrically connected to a combined rudder order indicator-rudder angle indicator in the steering gear
room.

A

rudder order is originated at the conning station by
turning the handle of the double rudder order transmitterrudder angle indicator until the transmitter pointer marked
RUDDER indicates the desired order on the instrument dial.
The transmitted order is received on the rudder order indicator in the after steering station and in throttle station

A selector switch

1.

on the A. C. O. switchboard
for selecting the combined rudder order transmitter-rudder
is

installed

angle indicator to control the circuit.

DoubU Rudder Order Transmitter-Rudder Angle

Indicator

The double rudder order transmitter-rudder angle
cator installed in each conning station

indi-

used to transmit
steering orders and to indicate rudder angle positions (fig.
15-11). This instrument consists of a type-5G synchro
transmitter and a type-lF synchro repeater indicating on a
is

by means of two concentric revolving pointers.
The transmitter and repeater are mounted on a common base
plate to form a complete internal unit.
fixed dial

519

c

CIRCUIT
Figur*

The

1

5—1

1

Rudder order transmitt*r-rwdd«r angi*

indicator.

driven through gearing by a handle attached to a shaft that extends through a watertight stuffing
gland in the bottom of the housing (fig. 15-11, A). Tbe
gear ratio between the input shaft (handle) and the transmitter shaft is 1:4 that is, 1° of movement of the input
transmitter

is

—
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on the transmitter shaft. The transmitter
pointer marked rudder is connected to the transmitter shaft
through two gears and is secured to a bearing housing supported on ball bearings at the center of the dial. This
pointer indicates the transmitted rudder order to the after
steering station and throttle station 1. A friction brake
shaft equals

4^^

.

holds the transmitter shaft in the selected position (fig. 15This instrument is not provided with automatic
11, B).
ringing.

The

indicator

pointer

marked steering

is

directly to an extension of the repeater shaft

centric with the transmitter pointer.

The two

ports turn concentrically about the same axis.
indicates

the

connected

and

is

con-

pointer sup-

This pointer

from the rudder angle transmitter

reply

(coupled to the rudder head) to the transmitted rudder order
from the conning station. This reply is also indicated on
instruments in throttle station 1 and the after steering
station.

The

dial is

base plate.

mounted on four posts that are secured to the
It is

made

of a translucent material having

a black background with white markings. The dial is
graduated in degrees to read from 0° to 35° left rudder and

from 0° to 35° right rudder.
Dial illumination

is

provided by four lamps located in the

corners of a light-conducting panel mounted behind the

The dial-lamp

by a transformer.
The intensity of illumination is controlled by means of a
variable resistor. A neon pilot light is provided to indicate

dial.

circuit is supplied

(through a window in the cover)

when the

circuit

is

energized.

A push switch is provided on the cover for manual signaling to the after steering station.

This push switch closes

a microswitch that causes a bell on the after steering station

instrument to ring.

The wiring diagram

for this instrument

15-11, C.
317998

0—66

34
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is

shown

in figure

Double Rudder Order Indicator-Rudder Angle Indicator
I

The double rudder order indicator-rudder angle indicator
(fig.

15-12) installed in the after steering station

is

used to

from the conning station and
the answer from the after steering station when the position
of the rudder is changed to correspond with the transmitted
order. The instrument consists of a type-5F and type-lF
synchro repeater mounted on a common base plate to form
a complete double indicator unit that is enclosed within the
indicate the transmitted order

housing.

Figur* 15—12.

—

Rudder order indicator—rudder angle indicator.

by means of two
concentric revolving pointers. The pointer marked port is
connected to the type-lF repeater shaft through two gears
and is secured to a bearing housing supported or^ball bearings at the center of the dial. This pointer indicates the
transmitted port rudder order on the after steering station

The two synchros

indicate on a fixed dial

instrument.

The pointer marked starboard
522

is

connected directly to an

extension of the type-5F repeater shaft and

The starboard pointer

the port pointer.

is

concentric with

indicates the trans-

mitted starboard rudder order on the after steering station
instrument. The two pointer supports turn concentrically

about the same axis.

The

rudder order transmitterrudder angle indicator (fig. 15-11, A). No dial illumination
is provided.
A vibrating bell on the instrument rings each
time the rudder order is changed.
dial is similar to that of the

RUDDER ANGLE INDICATOR SYSTEM
The rudder angle

indicator system, circuit N,

is

used to

transmit rudder angle positions to the after steering station;
throttle station

1

;

and the

pilot house, central station, or

secondary conning station.
The rudder angle indicator system (fig. 15-10) consists of
a transmitter coupled mechanically to the rudder head in
the after steering station. This instrument is electrically
connected to a double rudder order transmitter-rudder angle
indicator in each conning station, a double rudder order indicator-rudder angle indicator in the after steering station,
and a single rudder angle indicator in throttle station 1.

When

a rudder order

is

received on the instrument in the

changed
to correspond with the transmitted order from the conning
station. As the position of the rudder is changed, the rudder
after steering station, the position of the rudder

is

angle transmitter transmits the angular position of the rud-

der to the rudder angle indicators.

Rudder Angle Transmitter

The rudder angle

transmitter coupled to the rudder head

in the after steering station is used to transmit

rudder angle

positions to indicators in the conning stations, after steering

and

This instrument
consists of a type-5G synchro transmitter mounted on a
bracket that is secured inside the housing (fig. 15-13, A).
The transmitter is driven through gearing by a shaft that
station,

throttle station

1 (fig.

523

15-13).
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extends through a watertight stuffing gland in the bottom of
the housing (fig. 15-13, B). This shaft is coupled mechani-

head by means of a lever and an adjustThe gear ratio between the input shaft and

cally to the rudder

able linkage.

the transmitter shaft

is

4

:

1

transmitter shaft equals 1°
mitter

is

—that

4° of

movement of the
on the input shaft. The transis

connected electrically to indicators in the conning

stations, after steering station,

The wiring diagram

and

throttle station

for this instrument

is

shown

1.

in figure

15-13, C.

Rudder Angle Indicator

The

single rudder angle indicator (fig. 15-14) installed

used to indicate the positions of the
This instrument consists of a type-lF synchro re-

in throttle station

rudder.

1 is

peater indicating on a fixed dial by means of a revolving
pointer.

The repeater

is

complete internal unit.

Figur*

1

mounted on a base plate to form a
The pointer is connected directly

5— 1 4.—twdd*r anglm
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indicator.

to an extension of the repeater shaft at the center of the dial.

This pointer indicates the rudder angle positions transmitted
by the rudder angle transmitter coupled mechanically to the
rudder head.
The dial is similar to that of the rudder order transmitterrudder angle indicator (fig. 15-11, A). Dial illumination is
provided by four lamps located in the corners of a lightconducting panel mounted behind the dial. The dial-lamp
circuit is supplied by a transformer. A variable resistor in
series with this circuit controls the intensity of illumination.

The

leads for the synchro

and transformer are connected to

a 7-point connector attached to the back of the base plate.

STEERING EMERGENCY SIGNAL SYSTEM

The

steering emergency signal system, circuit

LB, pro-

vides an emergency signal in the after steering station for

shifting the steering control to the trick wheel in the steer-

ing-gear room.

The
sists

steering emergency signal system

of a contact

maker

(fig.

15-10) con-

installed adjacent to the double

rudder order transmitter-rudder angle indicator in the pilot
house, central station, and secondary conning station. These
contact makers are electrically connected to a siren in the
after steering station.

When

steering control

maker

is lost at

the conning station the

manually operated to complete the circuit
to the siren in the after steering station. This signal is an
emergency warning to the steering motor room to take over

contact

is

the steering control locally.
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QUIZ
1.

What two

2.

What

circuits comprise the engine order

system?

are the locations of throttle stations 1 and 4 within the

forward engineroom?
3.

What

are throttle stations 1 and 4 called?

4.

What

are the locations of throttle stations 2 and 3 within the

after engineroom?
5.

What

are throttle stations 2 and 3 called?

6.

What

feature

is

provided In the transmitter-indicators located
warn the operator when an order is

at the throttle stations to

answered incorrectly?
7.

Where

8.

How

9.

Where

is

the reply from the following throttle station received?

10.

Where

is

the reply from the leading throttle station received?

11.

What two

12.

What

13.

Why

14.

What

are transmitted engine orders received?

are transmitted orders acknowledged?

instruments are frequently combined on one mount
in the conning stations?
is

the purpose of the propeller order system?

are instruments of the rudder angle indicator system combined with instruments of the rudder order system?
is

the purpose of the double rudder order indicator-rudder

angle indicator installed In the after steering station?
15.

What

is

the purpose of the steering emergency signal system?
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APPENDIX

I

ANSWERS TO QUIZZES
CHAPTER

1

ORGANIZATION
1.

Machinery, Boiler, Electrical, Repair, and Auxiliary Divisions.

2. OfiBce

of the Engineering Department.

3.

Power, lighting, and

4.

Equipage Custody Record cards.

5.

Watch, Quarter, and Station

6.

The

I.

and

their quar-

recommendations.

7.

Ship's Allowance List.

8.

Stub Requisition.

10.

Bill.

Instruction received from senior petty officers

terly

9.

C. groups.

A comprehensive listing of all machinery and equipment, other
than electronic equipment, installed in each ship.
Machinery History, Electrical History, Electronics History, and
Hull History Cards.

11.

Repair Record Card, Alteration Record Card, and Record of Field

Changes Card.
12. Official

NavShips forms and individual

ship's forms.

13.

The

14.

Shop records for major overhauls, for inspections and
for lubrication and cleaning.

15.

Ship's

16.

To inform

true condition of a battery.

memorandum work

and

requests.

the Bureau of Ships of

troubles encountered aboard ship.
17.

Once each quarter.

18.

Manufacturers' instruction books.

19.

Bureau of Ships Manual.

20. In the log

tests,

room.
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all electrical

and mechanical

CHAPTER 2
I.

1.

To

C.

AND

energize all

I.

C.

A. C. O.
and

SWITCHBOARDS

F. C. circuits including F. C. electronic

3.

systems in large ships and to supply power to other electronic
equipment in small ships.
Behind the armour belt and below the waterline.
Normal, alternate, and emergency power supplies.

4.

Live-front, semidead-front, dead-front,

2.

and dead-front front-serv-

ice switchboards.
5.

Installation, operation,

6.

To

and maintenance can be accomplished from

the front of the switchboard.

7.
8.

9.

isolate various

C. systems

and

to transfer control of certain
systems from one station to another.
In the I. C. room.
To vital circuits the loss of which might endanger the ship.
By grouping two synchro indicators on each multipole rotary
I.

switch.

"Either or both" selection.
To energize local I. C. circuits.
12. In each steering gear room and in each turret.
13. By means of the letters "A" through "H."
14. A type-JR switch having a 4 JR-type rotor and containing 5 type10.

11.

4JR

sections.

16.

Through a voltage-sensitive relay.
The preferred, alternate, or emergency power

17.

To provide

15.

suiH>ly.

a visible indication to the operating personnel showing

the condition of the circuits supplied by these switchboards.
18.

About 3,000 hours.

19.

The gas used and the spacing

20.

A

21.

To supply power

22.

Once each quarter.

of the electrodes.

fault in the associated circuit.
to the

most important

CHAPTER

ELECTRONIC
1.

2.

I.

C.

and

F. C. circuits.

3

POWER

SUPPLIES

Direct voltage.
(1) Battery; (2) rectified a-c

power sui^ly

;

(3) rectified

output

of a vibrator; and (4) motor-generator set.
3.

(3) filter circuit
(1) Transformer; (2) rectifier circuit
age regulator; and (5) voltage-divider system.
;
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;

(4) volt-

5.

Electron tubes and metallic-oxide rectifiers.
About 15 volts lower than that of the high-vacuum rectifier tube.

6.

Gas-filled tube.

7.

Maximum

pealc plate current

8.

The peak

plate current

9.

10.

times the output current.
Because of the lower voltage drop in the gas-fllled tube.
Copper to copper oxide.

11.

Because when a bridge

4.

12.

;

may

and maximum peak inverse voltage.
reach values of from three to four

transformer secondary voltage is applied to the load circuit, whereas with the conventional rectifier, half of the secondary voltage is applied to the load.
To provide a discharge path when the circuit is deenergized and to
equalize the voltages of the capacitors when they have different
values of d-c leakage resistance.
rectifier is

used the

full

13.

Capacitor-input

14.

Choke-input filter.
For a given shunting eflfect, the capacitance varies inversely with
the frequency. For a given series impedance, the choke inductance
varies inversely with the frequency. For a given transformer, the
exciting current varies inversely with the frequency.
If the line voltage increases, the ballast tube current and temperature increase. Thus, the series resistance increases and checks

15.

16.

filter.

the rise in current.
17.

By introducing any output voltage changes as a changing bias.
The bias varies the opposition to load current through the tube In

18.

About 10 percent.
I'o change a d-c source of power

direct proportion to the voltage change.

10.

to a higher or lower value.

CHAPTER 4

ELECTRON-TUBE AMPLIFIERS
1.

According to frequency, use, bias, and resonant quality of load.

2. D-c, a-f, i-f, r-f,
3.

4.

5.

6.
7.

and

v-f.

(1) Voltage amplifiers amplify only voltage; (2) power amplifiers
amplify both current and voltage.
In order to produce the largest possible amplified signal voltage
across the plate load.
When the plate load impedance is equal to the plate resistance the
power output is maximum.
Class-A, class-B, class-AB, and class-C operation.
Minimum distortion, low power output for a given tube, high-power

amplification ratio, and low eflSciency.
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8.

9.

10.

11.

Medium power

output, medium plate efficiency, and moderate
power amplification.
Because of relatively large power output for a given minimum
distortion and relatively high plate circuit efficiency.
Essentially a compromise below the low distortion of the class-A
amplifier and the high efficiency of the class-B amplifier.

High plate

efficiency,

high power output, and low power am-

plification ratio.
12.

Tuned and untuned

13.

Frequency distortion, phase distortion, and amplitude distortion.

14.

Resistance^apacitance, impedance, transformer, and direct cou-

amplifiers.

pling.
15.

By

replacing the tube with

its

equivalent circuit and analyzing

the circuit.
16.

Resistance-capacitance coupling.

17.

(1) Good fidelity over a wide frequency range; (2) freedom from
undesirable induced currents; and (3) suitability for pentodes

18.

19.

and high-mu triodes.
For a given tube a lower B-supply voltage can be used because
of the lower IR drop in the coil.
Because the high frequencies are bypassed to ground through the
distributed capacitance acting in shunt with the

20.

(1)

Use of a step-up transformer ratio

will

coll.

provide greater

amplification per stage than the amplification of the tube;
d-c isolation is

(2)
provided without the use of a blocking capacitor

match between a high impedance source and a
low-impedance load, or vice versa; and (4) to provide i^ase
(3) to provide a

inversion without the use of special phase-inverting tubes.
21.

(1) Higher cost; (2) more space requirement; (3) necessity for
greater shielding; and (4) possibility of poorer frequency response
at the higher and lower frequencies.

22.

Better low-frequency response.

23.

Require a higher B-supply voltage.

24.

To feed back an in-phase

signal to the input

from the output of

the amplifier.
feed back a 180* out-of-phase signal to the input from the
output of the amplifier.

25.

To

26.

(1)

To reduce nonlinear

distortion; (2) to reduce noises In the
amplifier;
and (3) to make the gain
of
an
high-level stages
independent of the effective load resistance.

27.

(1)

Employing a voltage-divider circuit; (2) current feedback;
voltage feedback; and (4) compound feedback.

(3)
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28.

A

29.

The output

30.

A

single-stage degenerative amplifier the output of which appears
across the unbypassed cathode resistor.

voltage

Is in

phase with the Input voltage.

cathode follower has a high input impedance and a low Input

capacitance.
31.

82.

The output impedance
minimum.
The output waveform

is

low and the amplitude distortion

is

clipped and does not follow the Input

is

a

waveform.
33.

To match

a high impedance to a low Impedance; (2) to
obtain good frequency response; (3) to prevent polarity Inver(1)

sion;

and

(4) to

Improve circuit

stability.

Transformer phase Inverter (2) vacuum-tube phase Inverter
(3) single-tube paraphase amplifier; and (4) two-tube paraphase

84. (1)

;

amplifier.
35. Distortions

36.

and transformer

losses.

Omitting the cathode bypass capacitor.

By

degenerative feedback; and (2) by a voltage divider in
the input circuit.

37. (1)

38.

To

drive class-A push-pull audio power amplifiers.

CHAPTER 5

OSCILLATORS
By

1.

feeding a portion of the output voltage bacic Into the grid
circuit In phase with the input signal and amplifying this signal
beyond a certain critical point so that the feedback energy is
sufllclent to supply the grid-current losses.

2.

The resonant frequency

3.

(1)

of the tuned circuit.

Self-controlled, or self-exclted, oscillators;

and (2)

crystal-

controlled oscillators.
4.

By means

of transformer action

between the tickler
5.

Class-C operation.

6.

When
cuit is

coll

and the grid

(mutual Inductive coupling)
coll.

the energy fed back from the plate circuit to the grid cirsufliclent to supply the circuit losses.

7.

Series feed and shunt feed.

8.

By mutual

coupling between the grid and plate sections of the

tank Inductor.
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9.

Because the feedback is obtained from the voltage drop across
the tank capacitor in the grid circuit.

10.

Through the Interelectrode capacitance of the

11.

The

12.

By

13.

Cathode- to-plate electron stream within the tube.

14.

By

tube.

grid tank circuit.

tuning the plate tank circuit to a frequency slightly higher
than the grid tank circuit.

properly adjusting the tap on

the screen

voltage-divider

resistor.
15.

To hold

16.

The grid-tank

17.

Through the interelectrode capacitance within the tube from

the frequency of an oscillator to an exact value.
circuit.

plate to grid.
18.

The

interelectrode capacitance is reduced by

and the feedback voltage

damage

not
19.

is

the screen grid

thereby limited to a value that will

the crystal.

The tank resembles a capacitance beyond point A instead of an
inductance and the feedback becomes negative instead of positive,
and therefore

oscillations cease.

must be inductive.

20.

The

21.

Through the plate-to-cathode and grid-to-cathode interelectrode

plate tank circuit

capacitance of the tube.
22.

R-C networks.

23.

Phase-shift oscillator; (2) Wien-bridge oscillator; (3) sawtooth generator; and (4) multivibrator.

24.

By
By

25.

(1)

adjusting either the resistance or the capacitance.

increasing the B-supply voltage so that the output voltage
varies along the linear portion of the voltage characteristic
curve.

26.

To the

27.

By
By

28.

grid of the triode.

increasing the grid bias.
slight

changes In electrical quantities In the

circuits.

29.

By using three R-C networks which shift the feedback voltage
60' each, or a total of 180°.

30.

Normally

31.

To eliminate feedback

fixed.

voltages of all frequencies except the

desired frequently in the output to provide the stable output

frequency.
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32.

Can produce a wide range

(1)

of frequencies; (2) the wave-form

nearly a true sine wave; (3) the frequency stability is exceland (4) the output voltage amplitude is nearly constant
over a wide frequency range.
is

lent;

33.

Can be adjusted to generate a wide range of frequencies;
generates a wave that contains many harmonics; and (3)
(1)

quency of oscillation

is

(2)
fre-

readily controlled.

CHAPTER 6

ELECTRONIC TEST EQUIPMENT
1.

Direct

voltages, alternating

voltages,

resistances,

and

direct

currents.
2.

(1) Basic meter circuit

ohmmeter;
3.

4.

An

;

(2) d-c voltmeter

(5) milliammeter

;

and

(6)

;

(3) a-c voltmeter

;

(4)

power supply.

electronic bridge circuit.

The meter is connected across one pair of diagonally opposite
corners and the d-c supply voltage is connected across the other
pair.

5.

Directly through the d-c probe and voltage divider to the grid of a
triode in one of the bridge arms.

6.

Through a high-voltage adaptor screwed onto the end of the

d-c

probe.
7.

Through the

250-volt a-c probe

which employs a voltage-doubling

circuit.
8.
9.

Through the

1,000-volt probe

which employs a crystal

rectifier.

the mutual conductance or transconductance which includes
the effect of load impedance in the plate circuit of the tube being

It is

tested.
10.

Because

this test indicates the over-all condition of the tube in

actual operation by measuring the grid-plate dynamic transcon-

ductance and not merely the condition of the cathode emitting
surface.
11.

(1)

Power supply;

(2)

line-voltage test; (3) short-circuit test;

(4)
(5) transconductance test; (6) gas test; (7)
noise test; (8) voltmeter; (9) ohmmeter; (10) capacity test;
and (11) milliammeter circuits.
rectifier test;

12.

To adjust the

13.

Emission

14.

To determine

voltage to the rated value for the tube.

test.

the effectiveness of
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tlie

grid to control plate current.

15.

Reverse grid current lowers the bias and increases plate current.

16.

Audible signal similar to

17.

(1) Signal tracing; (2) comparing waveforms; and (3) comparing and calibrating frequencies.

18.

static.

Measurements of (1) direct voltages,

(2) alternating voltages, (3)

phase relations, and (4) signal amplitude and frequency.
19.

(1) Cathode-ray tube; (2) time-base (sweep-frequency) generator;

y-axis amplifier; (4) Z-axis amplifier; and (5)

(3)

power

supply.
20.

Cathode, control grid, and two anodes.

21. Positive.
22.

Anode 1 trims the edges of the electron
the speed of the beam.

23.

As a bright spot at the

24.

A
A

25.

26.

beam and anode 2 increases

center.

horizontal line extending across the screen through its center.
vertical line extending across the screen through its center.

(1)

The amplitude

of the deflection voltages

and

(2)

the speed

of the electrons in the beam.
27.

28.

By varying the bias on the grid.
To apply a linear saw-tooth voltage

to the horizontal deflecting

plates in a controlled relation to the signal voltage applied to the
vertical deflection plates so as to present a
29.

To

30.

To

waveform on the screen.

increase the amplitude of the signal before
the vertical deflection plates.

it

is

applied to

increase the amplitude of the signal applied to the horizontal

deflection plates.

CHAPTER 7

ALARM AND WARNING SYSTEMS
1.

2.

To

indicate abnormal or dangerous conditions in time to prevent
casualties to machinery and personnel.
(1)

Manual, (2) pressure, (3) thermostatic, (4) mechanical, and

(5) conductivity switches.
3.

Type-JR switch.

4.

A

bellows or diaphragm that works an adjustable spring which
causes the contacts to close automatically when the operating

pressure fails below a specified value.
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5.

A

sealed-in liquid that expands with rising temperature to oper-

ate a bellows that works against an adjustable spring which

causes the contacts to close
ceeds a specific value.

when

the operating temperature ex-

6.

Push-action type and the cam-action type.

7.

A

pair of platinum-sheathed electrodes molded into an insulating

base and enclosed by a perforated shield.

An

8.

electromechanical device by means of which a current change
in one circuit causes contacts to produce a change in the electrical
conditions in its own or other circuits.

9.

To open and

close circuits that

may

operate indicating lights,

annunciator drops, or audible signals.

and (3) pressure-proof types.

10.

(1) Nonwatertight, (2) watertight,

11.

Mercurial thermostat.

12.

The intermediate and upper contacts.
To minimize the separation of the mercury column when subjected

13.

to shock.

and

14.

(1) Noise level of the location

15.

(1)

Bells;

16.

(1)

Lamp-type indicators and (2) annunciators.

17.

To provide

(2) buzzers;

;

(2) the kind of

(3) horns;

and

sound desired.

(4) sirens.

protection against loss of illumination

if

one lamp

burns out.
18.

To

illuminate the colored glass and brass target of the indicator

and identify the alarm being sounded.
19.

Drop type and drum

20.

Changing current through an electromagnet causes a drum target

type.

to turn to the indicating position.

The mercury

21.

is driven up to the upper contact on the thermostat,
shorting out the resistor and allowing full current to operate the
alarm.

22.

The mercury

below the intermediate contact on the thermostat and opens the supervisory circuit to sound the trouble alarm
on the switchboard.
falls

CHAPTER

8

SOUND AND SOUND EQUIPMENT
1.

A

2.

Transverse and longitudinal.

3.

At right angles

state of vibration.

317993

0—55

to the direction of propagation.

35
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4.

Forward and backward

5.

Because gases and liquids oflfer only elastic resistance to compression and no sustained resistance to shear or change in shape.

6.

A

7.

wave disturbance

longitudinal

and rarefactions

sions

The time

in the direction of propagation.

in the

consisting of alternate compres-

medium.

in seconds required for the particle to

complete one

vibration.
8.

9.

The number of vibrations completed per second.
The maximum displacement of the particle from the undisturbed,
or equilibrium, position.

10.

When

they continue to pass through corresponding points in their

same

respective paths at the
11.

When

they reach their

tions at the
12.

The

same

maximum

displacement in opposite direc-

instant.

measured along the direction of propagation, between two corresponding points of equal intensity that are in
phase on adjacent waves.
distance,

13. Elasticity, density,

14. Interference

and temperature.

between the waves

15.

Constructive interference

16.

Destructive interference

17.

The beat frequency or

18. It

19.

instant.

is

is

results.

produced.

produced.

difference frequency.

produces alternately loud and soft pulses or throbs.

Doppler

effect.

20. Acoustics.

21.

An

22.

Reverberation.

echo.

23. Pitch, intensity,

and quality.

24.

The vibration frequency of

25.

The amplitude

26.

Fundamental

27.

Upon

the

the sounding source.

of vibrations.

tone.

number and frequency of the overtones and

their rela-

tive Intensity with respect to the fundamental.
28.

The

29.

The least sound

30.

To convert sound energy

31.

(1)

32.

decibel.

perceptible to the ear.
into electrical energy.

Magnetic; (2) dynamic; (3) crystal; and (4) carbon types.

Magnetic microphone.
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33.

Permanent magnet and a coil of wire inside of which
armature attached to a diaphragm.

34.

Frequency response, impedance, and

35.

By cutting off the system response at some lower limit and by
employing an emphasized frequency-response characteristic which
rises with Increasing frequency.

36.

Only as
Is

37.

it

relates to the load

a small

sensitivity.

Impedance Into which the microphone

designed to operate.

To

obtain a high signal-to-noise ratio and thus reduce the number
of amplifier stages.

38. Direct radiator type
39.

Dynamic or moving

40.

The operation

41.

is

is

and horn
coil

type.

driving mechanism.

the reverse of that of the dynamic microphone.

To prevent the back wave from

neutralizing the front

wave

at low

frequencies.
42.

A

43.

To produce an impedance match between

baffle.

the loudspeaker driving

unit and the air.
44.

By

coupling Individual horn sections that are combined mechanicommon loudspeaker assembly.

cally into a
45.

The frequency response

46.

The frequency and the horn

47.

As the frequency increases the

48. Heating,

of the loudspeaker.
size of the loudspeaker.

directivity increases.

mechanical strength, and production of nonlinear distor-

tion.

49.

Matching transformers.

CHAPTER 9

ANNOUNCING AND INTERCOMMUNICATING
SYSTEMS
1.

(1) Central amplifier system

2.

The

and

(2) Intercommunicating system.

central amplifier system broadcasts orders or Information

simultaneously to a number of stations. The Intercom system
provides two-way transmission of the orders or information.
3.

Circuit designation in the

MC

series.

539

4.

(1) Microphone components, (2) amplifier components, and (3)
loudspeaker components.

5.

Portable microphones; (2) transmitter control stations ; (3)
control boxes; (4) talk-back switches; and (5) microphone jack
(1)

boxes.
6.

Low, standard, naedium, and high, depending on the power output.

7.

Size of space to be covered and the noise level in that space.

8.

Direct radiator design.

9.

Folded-horn design.

IMC, 2MC, and 6MC.

10. Circuits
11.

(1) General

alarm; (2) chemical attack alarm; (3) salvo; and

(4) cease firing signals.
12.

One voltage

amplifier with compressor

and one 500-watt power

amplifier.
13.

To make speech more

intelligible

when

there

is

high background

noise.
14.

To

receive, amplify,

and reproduce speech from a sound-powered

telephone line using a sound-powered telephone headset.
15.

Where the

noise level

is

high, such as

machinery spaces and gun

mounts.
16.

(1)

To

direct amphibious operations;

(2)

communi-

for topside

cations; and (3) for intership communications.
17.

Two-way
tions or

18.

amplified voice communications between any

from one station

any number of stations

two

sta-

in the system.

The intercom system.

19. It serves as

20.

to

a loudspeaker and as a microphone.

For receiving, the loudspeaker

is

connected directly to the trans-

mitting amplifier.

CHAPTER 10

SOUND RECORDING AND REPRODUCING SYSTEMS
1.

(1) Mechanical; (2) magnetic;

and (3) photographic.

2.

Disks or

3.

(1) Microphones; (2) audio amplifier;

films.

(3) recording

cutting stylus; and (5) recording medium.
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head; (4)

4.

Pick-up head.

5.

A

6.

No.

7.

Tape or wire.

8.

The

magnetic microphone.

orientation of magnetic particles In a tape or wire according

to the signal pattern by

an electromagnet energized by a signal

current.
9.

In length, intensity, and direction (polarity),

10.

The recording head functions

11.

By

feeding a high-frequency a-c signal to the erase head that cancels the magnetic fields comprising the recording.

12.

By exposing
is

as the playback head.

a moving photo-sensitive film to

a beam

modulated by the sound pattern being recorded.

13. Variable-density recording

and variable-area recording.

14.

Magnetically coated paper tape.

15.

Two.

16.

On

17.

Magnetic recording heads are used for playback.

18.

To

19.

(1)

a rotating disk 90° apart.

distinguish channel 2 from channel

Audio amplifier
power supply.

(4)
20.

21.

of light that

;

1.

(2) oscillator; (3) oscillator amplifier;

measurements; (2) voltage measurements; (3)
and (4) sensitivity tests.

(1) Resistance

ground

tests;

Ground

tests.

22. Sensitivity tests.

CHAPTER

SOUND MOTrON

11

PICTURE SYSTEM

1.

Because of the high temperature of

2.

The sun and

3.

The moon and

4.

No

5.

The amplitude

6.

The wavelength.

7.

The wavefront.

;

and

stars.

planets.

they are transverse.
of a light wave.
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its

filament.

8.

A light

9.

They are mutually perpendicular.

10.
11.

12.

ray.

v=fk
The frequency

of vibration or the wavelenprth of the light

wave.

are contained in sunlight and each object reflects
that part of the spectrum associated with its own color.

Because

all colors

13. Yes.

23.

The incident ray.
The point of incidence.
The reflected ray.
The normal to the surface.
The angle of incidence.
The angle of reflection.
The angle of incidence equals the angle of
The refracted ray.
The principal focus.
The focal length.

24.

A

25.

By using a

14.
15.
16.

17.

18.
19.

20.
21.
22.

convex

lens.

lens of different focal length

from the lens to the
26.

27.

reflection.

and changing the distance

object.

The sound track leads by 26 frames.
To concentrate the light from the projection lamp on the picture
area.

29.

To focus
To focus

30.

(1)

28.

the image of the fllm frame on the screen.

a beam of light from the exciter lamp on the sound track.

Sound motion picture projector

;

(2) amplifier;

and (3) loud-

speaker.

CHAPTER 12

DIAL TELEPHONE SYSTEM
1.

By means

of the dial.

causes a series of interruptions, or impulses, in the current
flowing in the line circuit.

2. It

3.

Type-A desk telephone; (2) type-B bulkhead telephone; (3)
type-C watertight bulkhead telephone; (4) type-D intercom telephone; and (5) type-E compact telephone.

4.

Handset; (2) dial; (3) cradle switch
tors; and (6) induction coil.

(1)

(1)
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;

(4) ringer; (5) capaci-

5.

A

diaphragm and a carbon button microphone.

8.

The transmitter current.
The voice current.
To convert the voice current back

9.

Permanent-magnet

6.
7.

10.

into

sound waves.

type.

(1) Finger plate; (2) numl>er plate; (3) speed control governor;

cam and

impulse

(4)

springs; (5) shunt

cam and

springs; and

(6) driving mechanism.
11.

Equal.

12.

To shunt the

receiver and transmitter circuits

and prevent the im-

pulses from beiuK heard in the receiver during dialing.
13.

The

signaling circuit

is

connected across the line and the talking

circuit is open.
14.

The

talking circuit

is

connected across the line and the signaling

circuit is open.
15.

Polarized untuned type of ringer.

allows a-c ringing current to pass through the ringer and prevents the flow of direct current.

16. It

17. It

improves the transmission output characteristics of the

tele-

phone.
18.

To

(1) couple the transmitter

and receiver units to the

line; (2)

increase the output volume by boosting the voice current variations;
19.

(1)

and

(3) prevent or decrease sidetone.

Dialing; (2) ringing; (3) transmission; and (4) receiving

circuits.

20.

Strowger step-by-step type.

21. 100 pairs.
22.

In an arc of a circle with vertical rows parallel to the axis of the
cylinder.

When

digit "3" is dialed, the wipers

23.

on the shaft of the Strowger
switch step up to the third level in the connector bank, and when
digit "2" is dialed, the wipers rotate in 2 steps on the third level.

24.

Because

it

25.

Because

its

operates under the control of dial impulses.
operation

is

automatic and not under the control of

the calling telephone dial.
26. One.
27.

Line normals.

28.

Between the two

29.

Trunks.

30.

Trunk hunting.

100-llne groups of connector banks.
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CHAPTER 13

GYROCOMPASS ERRORS
1.

The

2.

Linear speed over the surface of the ocean.

3.

Changes

4.

Roll and pitch.

5.

Tangent latitude error and speed, course, latitude error.

6.

Ballistic deflection en-or

7.

Acceleration and centrifugal forces due to roll or pitch.

8.

The angle between the true meridian and the

9.

Slightly east of the meridian with an

lubber's line.

12.
13.

and speed.

and

ballistic

damping

error.

settling position of
the north axle of the Sperry compass in any latitude other than
the equator.

10. Slightly
11.

in course

upward

tilt.

west of the meridian with a downward

tilt.

The tangent latitude error.
The tangent of the latitude in which the compass is operating.
By the speed and latitude corrector, which permits manual movement of the lubber's line,

14.

Because the Arma compass does not use an offset connection in
the pendulous weight that would cause compound precession.

15.
16.

The apparent or virtual meridian.
The tangent latitude error or the

17.

Westerly.

speed, course, latitude error.

18. Easterly.
19.

Speed and latitude corrector and cosine

20.

Speed and latitude correction mechanism and eccentric bearing

and
21.

ring.

fork.

Only during changes of speed or course.

22. Ballistic deflection.
23. Ballistic deflection error.
24.

Approximately 85 minutes.

25.

During the period when the speed

26.

By adjusting the mercury tanks to provide the additional torque
necessary to cause a faster or slower rate of precession.

27.

By varying

being changed.

the speed of the rotors to cause a faster or slower rate

of precession.
28. Ballistic

is

damping

error.
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29. Acceleration forces.
30.

Centrifugal forces.

31.

By

a device that automatically moves the mercury ballistic arm
from the eccentric position to the true vertical axis to eliminate

damping.

By

32.

a device that automatically closes a valve In the pipeline
between the oil damping tanks to eliminate damping.

33.

To the east.
To the west.
By dynamically balancing the

34.

35.

sensitive element about the hor-

izontal axis.
36.

By using two gyros mounted on the

an angle
of about 40' and coupled by a linkage to prevent the sensitive
seuBitlve element at

element from swinging in an east-west direction.
37.

By compensator weights attached

to the vertical ring to

make

the sensitive element a truly hemispherical mass.
38.

By maintaining
sitive

a uniform distribution of the masses of the senelement about the vertical axis.

CHAPTER 14

GYROCOMPASSES
1.

Sensitive element;

(1)

ment; (4) spider; and

(2)

mercury

2.

The north-seeking gyroscopic element

3.

11,000 rpm.

4.

By means

ballistic;

(3)

phantom

ele*

(5) binnacle and gimbal rings.

of the master compass.

of horizontal bearing studs

mounted

in the vertical

ring.
5.

To reduce

6.

By

7.

To prevent

8.

a wire suspension from the head of the phantom element.
the gyro case from tilting about

the compass

is

To keep the

vertical ring In line with the

compass
9.

the friction caused by air resistance.

is

Its

horizontal axis

when

not operating.

phantom ring when the

not operating.

By two frames

that project out beyond each end of the rotor

axle.
10.

To provide an even

11

To

.

distribution of the weight of the gyrocompass.

indicate a misalignment between the

sensitive element.
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phantom element and the

12.

13.

By means of flexible wires attached to the phantom
To apply the gravity-controlling force to the gyro
it

14.
15.

Through an adjustable

offset bearing stud

19.

mounted on the bal-

connection arm.

By simultaneously

rotating the mercury tanks closer to or farther
line of the gyrocompass.

By moving the pivoted
is

18.

and make

About the east-west axis of the sensitive element.

from the horizontal center
17.

unit

north-seeking.

listic

16.

Element.

connection arm until the connection bearing
in line with the vertical axis of the gyro.

To provide a follow-up support for the sensitive element,
To drive the (1) phantom element into alignment with the vertical ring by means of the azimuth gear; (2) automatic damping
eliminator switch; and (3) 36-speed synchro transmitter.

20.

The 1-speed synchro transmitter through the

21.

The

22.

To support the

rotor gear.

cosine cam.
entire inner, or moving,

member

of the gyro-

compass.
23.

(1)

Azimuth motor;

and

latitude corrector

(2) automatic eliminator switch; (3) speed
;

(4) 36-8peed synchro transmitter;

and (5)

l-speed synchro transmitter.
24.

Follow-up transformer; (2) azimuth follow-up motor; (3)
compass cards; (4) synchro transmitters; (5) automatic damping eliminator switch; and (6) speed correction mechanism.

25.

The

26.

To automatically eliminate damping when the

(1)

sensitive element

and the phantom element.
executes

ship

rapid changes in speed or course.
27.

mercury flotation; (3) spider; (4)
azimuth follow-up mechanism and (5) binnacle and gimbal rings.
(1) Sensitive element;

(2)

;

28. 40».
29.

To

30.

Bast

31.

To automatically eliminate damping when the ship executes rapid

eliminate the intercardinal error by preventing the sensitive
element from swinging in an east-west direction.
side.

changes in speed or course.
32.

To provide a

33.

So that the center of gravity of the sensitive element
below the level of flotation.

34.

By means

frictionless suspension for the sensitive element.
is

slightly

of mercury contacts located at the center of the float

ball.
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35.

To eliminate any
might tend

36.

mercury that
freedom of the sensitive element.

possible static friction in the

to reduce the

The bowl surrounds and supports

the sensitive element

and mer-

cury flotation.
37.

From

38.

(1)

the inner gimbal ring by 24 helical springs.

The azimuth follow-up mechanism and

(2) the speed-course

correction mechanism.
39.

The

spider.

40.

follow-up motor; (3) compass card;
(4) commutator transmitters; (5) damping cutout contacts; and
(6) speed correction mechanism.

41.

The follow-up

(1)

Follow-up

follow-up coil
42.

soil;

(2)

frame is suspended from the spider by the
support which is the movable part of the spider.
coil

To drive the follow-up coil into alignment with the sensitive element when the follow-up coil is displaced from its neutral position with respect to the sensitive element.

43.

On

44.

(1)

45.

To introduce a

top of the spider assembly.

Rate of turn switch and

(2)

amount

of turn switch.

correction into the gyrocompass because the sensi-

tive element does not settle on the true meridian
is

the ship

traveling on other than a true east or a true west course.

CHAPTER
SHIP

15

CONTROL ORDER AND INDICATING SYSTEMS
1MB

and 2MB.

1.

Circuits

2.

Throttle 1 starboard and throttle 4 port.

3.

Leading throttle stations.

4.

Throttle 2 starboard and throttle 3 port.

5.

Following throttle stations.

6.

Wrong-direction signal contacts, circuit

7.

On all indicators in the circuit.
By matching the reply pointer with

8.

when

DW.

the received order on the

transmitter-indicator in the following throttle station.
9.

10.

On
On

the single indicator in the leading throttle station.
the double transmitter-indicator in the conning station that

originated the order and at each flreroom.
11.

Double engine order transmitter-indicator and propeller order
transmitter-indicator.
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12.
13.

To transmit small changes in speed to the throttle stations.
To provide a repeat-back indicator system for the rudder order
system.

14.

from the conning station and
the answer from the after steering station when the position of the
rudder is changed to correspond with the transmitted order.

16.

To sound an alarm

To

indicate the transmitted order

in the after steering station for shifting

steering control to the trick wheel.
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APPENDIX

II

QUALIFICATIONS FOR ADVANCEMENT IN
RATING
I.

ELECTRICIAN

C.

Rating Cod* No.

(IC)

4200

General Service Rating
Scope
C. Electricians maintain

I.

and repair

interior

communications (IC)

systems, gyrocompass systems, amplified and unamplifled voice systems, alarm and warning systems, and related equipment; stand
I.

C.

and gyrocompass watches.

Emergency Service Rating
( Same as General Service Rating.

Navy Job
For

Classifications

specific

Navy

and Codes

job classifications included within this rating and

the applicable job codes, see Manual of Enlisted Navy Job Classifications, NavPers 15105 (Revised), codes IC-4700 to 10^799.

Qualifications for

Qualifications for

Advanoement

100

PRACTICAL FACTORS

101

Operational

1.

2.
3.

4.
5.

Advancement

in

Rating
Applicable

In Rating

rates

and varnishes
and fittings
Locate and identify I. C. equipment and circuits
Read electrical drawings and sltetches
Operate I. C. and action cut-out (A. C. O.) switchboards:
a. Transfer circuits for normal operation and battle
Identify insulation materials

Identify electrical cables, wiring,

conditions
6.

Use

all electrician's

common hand and small bench

tools,

and electric-powered

tools

including soldering irons

such as

drills

and grinders
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IC

Qualifications for

100
101
7.

Advancement

In

Applicable

Rating

rates

PRACTICAL FACTORS— Continued

—

Operational Continued
Use voltmeter, ammeter, ohmmeter, megger, and tachometer

-

and

dry

and wet

8.

Inspect condition

9.

Extinguish electrical fires using COj extinguishers.
(Simulated conditions)
Rescue a person in contact with an energized circuit;
resuscitate a person unconscious from electrical shock
treat for electrical shock and bums.
(Simulated

of,

install,

cell

cell

batteries

10.

conditions) _

—

_

Energize and start, test for proper operation, operate
(making any external adjustments), and secure ship's
metering and indicating systems, ship's control systems,
alarm and warning systems, amplified voice and projection equipment, and signal system
12. Work from electrical drawings
tube tester, multitester,
13. Use electronic voltmeter,
11.

circuit analyzer, oscilloscope,

and

signal generator

Maintenance and/or Repair

102

hand and bench

1.

Maintain

2.

cluding soldering copper and electric-powered tools
Find and clear short and open circuits, and grounds in

all

electrician's

tools,

in-

and buzzers
Make complete casualty analysis and repair soundpowered telephone hand and head sets
Cross-connect I. C. systems to operate under emergency
cables, wiring, fittings, call bells,

3.

4.

conditions
5.

Renew

section of flexible cable between a junction

and a synchro instrument such

box

as a gyrocompass

repeater
6.

Replace tubes, and handle troubles of starting panel con-

7.

8.

Clean, test, and lubricate dead-reckoning equipment-. .
Tighten connections on switchboards and control panels.

9.

Casualty analysis and corrective maintenance on the

trollers as applied to

following:
a.

b.

I.

C. equipment

—

Alarm and warning systems contact makers, audible signal, and indicators
Voice recorders and record players
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IC

Qualifications for

Applicable

In Rating

rates

PRACTICAL FACTORS— Continued

100
102
9.

Advancement

Maintenance and/or Repair

—Continued

Casualty analysis and corrective maintenance on the
following Continued
c. Sound motion picture projectors (16-mm.)
d. Intercoms and portable announcing equipment
e. Ship control order and indicating system
Repeater units (synchros)
f
g. Motor-generator sets and rotary converters (no disassembly) and control panels as applied to I. C.
equipment
h. Sound-powered telephone circuits except sector con-

—

.

and C. I. C. circuits
103 Administrative and/or Clerical
1. Maintain all required records at watch
trol

2.
3.

Request replacement parts for I. C. devices
Use electrical publications furnished to the
division for selecting materials

4.

200
201
1.

2.

3.

4.
6.

station

ment parts
Take charge of

I.

C.

electrical

and identifying equip-

room while under way

EXAMINATION SUBJECTS
Operational
Procedures and safety precautions involved in performing tasks appropriate to the applicable rates listed
under 100 Practical Factors

Nomenclature and function of I. C. devices and associated equipment
Function and use of voltmeter, ammeter, ohmmeter,
megger, and tachometer
Classifications, markings, and functions of I. C. circuits.
Theory of direct and alternating current; principles and
application of electromagnetic induction; relationship
of current,

voltage,

effects of resistance,

and resistance in d-c circuits;
capacitance, and inductance in

simple a-c circuits
6.

7.

8.

Types and uses

of electron tubes in I. C. systems
Relation between filament (cathode) plate and grid in
electron tube
Transferring circuits on I. C. and A. C. O. switchboards
for normal operation and battle conditions
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IC

Qualifications for

Operational

201

11.

12.

Applicable

Rating

rates

—Continued

Operating principles of power units such as motorgenerator sets, control panels, transformers, and rectifiers

10.

In

EXAMINATION SUBJECTS— Continued

200
9.

Advancement

as applied to

I.

C.

equipment

Procedures for energizing, starting, testing for proper
operation, and securing I. C. systems
Fundamentals of power distribution systems aboard
naval vessels
Function and use of oscilloscope, tube tester, circuit
analyzer, electronic voltmeter, multitester,

and

sig-

nal generator

C. polyphase circuits

13.

Principles of

14.

Typos and uses
in

202
1.

2.

b.

5.

and cathode-ray tubes

and fittings
Sound-powered telephone hand and head
Cables, wiring,

Procedures for cross-connecting

emergency
4.

of gas-filled tubes

C. systems

Maintenance and/or Repair
Care and stowage of I. C. materials
Casualty analysis and corrective maintenance for the
following I. C. equipment:
a.

3.

I.

I.

I.

sets

C. systems under

conditions

Procedures for replacing electron tubes
Corrective maintenance on the following:
contact makers, auda. Alarm and warning systems

—

and indicators
Voice recorders and record players
Sound motion picture projectors (16-mm.)
Intercoms and portable announcing systems
Sound-powered telephone circuits except sector conL
trol and C. I. C. ciVcuits
indicating
system
and
Ship control order

ible signals,
b.
c.

d.
e.

f.

g.

h.

Repeater units (synchros)
Motor-generator sets, rotary converters, and control
panels as applied to

I.

C. equipment
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IC

INDEX
Amplifier(8)

Acoustics, 272

Action

cutout

(A.

C.

0.)

and

transfer switches, 508

system

Action cutout (A. C. 0.) switch-

300-336
telephone,
sound-powered
325-331
telephone, 326
troubles, 364
central, 298,

boards, 28-32

Alarm
and warning systems,

7,

237-

263
high-tem-

circulating-water

tuned, untuned, 103

perature, 263
lubricating-oil

type- MCA, 306

low-pressure,

type-MCF, 306
type-MCG, 305
type-MCT, 306

261
sprinkling, 261
circuit

test,

high-temperature,

vacuum-tube;

17

list,

cir-

voltage, 95

7

Alternating-current
plies,

equivalent

cuit of, 108

switchboard, 254

Allowance

— Continued

push-pull power, 393
R-C coupled, 111-115

X-axis, 229

power

sup-

62-89

Amplifier(s)

lA-TW

intercommunicating
339
cascade, 108
circuit, 214
classes, 96-102
classification of, 94-103
components, 304
control panel, 395
distortion in, 103-107
electron-tube, 94-149
feedback, 130-137
unit,

IC/QAF-ID,

Y-axis, 228
Announcing and intercommunicating systems, 298-345
MCG general, 307-325
portable, 331-336

Annunciator-type indicators, 252
Audible signals, 246-249
Azimuth follow-up mechanism,
471, 487
Ballistic errors

damping, 447
deflection, 443,

Basic
100-line system, 421
finder-connector link, 424
Beachmaster announcing system,

391

paraphase, 146-149
portable announcing
333
power, 96, 316

444

system,

331
Bells,

553

247

Bureau

of Ships

Circuits

— Continued

Bulletin of Information, 21, 22

telephone, 413

Manual,

transmission, 415
voltmeter, 205

6, 21, 22, 298, 401

technical bulletins, 22
Bus-transfer equipment, 37-41

Circulating- water

high-temperature alarm system, 263

Buzzers, 247

Colpitts oscillator, 160

Compass

Capacitors, 413

Arma, 434, 441, 447, 449, 453,
456

Carbon microphone, 284
Cards
field

changes, record (NavShips

card, 431, 472, 487

master, 459

537), 13
history

record book, 18
Sperry, 434, 438, 446-449, 453,

(NavShips 527 A),

electrical

456

11

(NavShips 536), 11
(NavShips 539), 11
machinery (NavShips 527),

Control (s)

electronic

amplifier gain, 233

hull

beam, 231
fine frequency,

11

focus, 231

record
alteration (NavShips 530), 13

megger

test

general, 194, 209, 215, 231

(NavShips 531).

intensity, 231

order and indicating systems,

12
repair (NavShips 529), 13
Catalog of Navy Material, 8

Cathode

followers,

ship,

roll

496-526

panel, 395

137-143

Centrifugal forces due to
pitch,

232

station,

322

systems; ship, 7

or

time-base, 232

455

unit, constant-frequency,

Circuits

56-58

X-axis gain, 233
Coupling methods, 108-129
Cradle switch, 410

amplifier, 214

attenuator, 215
basic meter, 18

capacity test, 207
compressor, 315
compressor-limiter, 315

Crystal

microphone, 284
oscillator, 163-167

415
70-76
limiter, 316
dialing,

Devices and components, switchboard, 35
Dial telephone system, 403-429
Direct coupling, 127-129

filter,

milliammeter, 192, 208

ohmmeter,

190,

207

Direct-current

operation, 139
oscillator, 154,

power supply,
receiving, 418

power

supplies,

89-92

213
193, 198, 215, 230

Distortion

amplitude, 106

caused by limiting, 141

ringing, 415
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Distortion

— Con

Feedback

ti n u ed

phase, 105
Double engine order transmitter2, 5,

positive, 131

Film, 377
recording, 348

indicator, 499

Duties, IC,

— Continued

negative, 132-137, 394

frequency, 104

sound, 378

13

70-76
Frequency, 267
effect of, 76
of oscillations, 156
response, 95
Fuses and fuseholders, 41-47

Dynamotor, 91

Filter circuit,

Electrical

Division, 3

History Card, 15
shops, 3

Electronic

Generators

inventory, 11

61-92
182-234
equipment,
test

power

saw-tooth, 168-173

supplies,

Electron-tube amplifiers,

time-base, 224

94-149

Engine order system, 497
indicators, 506, 507

transmitter-indicators, 499, 502

Engineering Department,

Equipage

Custody

1

Record

(NavSandA Form 306A), 3
Equipment
accessory, 405

sheet, weekly, 15

Grouping and numbering, line,
419
Gyrocompasses, 459-493
errors, 431-456
master
Arma Mk VIII Mod 3A, 478
sensitive element, 479
Sperry Mk XI Mod 6, 460

phantom element,

automatic switchboard, 404
bus-transfer, 37-41
IC/QEB-ID, 383
line station, 404
power, 405
sound, 281-295
switching, 419-429
Errors

460, 467

sensitive element, 462

Handset telephone, 405
Hartley oscillator, 159, 393
High-temperature alarm system,
253-261
History card
electrical, 11, 15

ballistic

damping, 447
deflection, 443,

Ground

electronic, 11

444

hull, 11

constant motion, 433
gyrocompass, 431-456
oscillating, 442
quadrantal, 449

machinery, 11
Horns, 248

Image (s)

speed, course, latitude, 435

formation

of,

375

projector; formation, 380

Feedback

Impedance

amplifiers, 130-137

coupling, 120

capacitive, 161

input, 140
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Iinage(s)

— Continued

Manual

Material

output, 141
Indicating system.

See Ship con-

analysis data form, 18

trol order

history
card, 20

Indicators

annunciator-type, 252
blown-fuse, 47
lamp-type, 250
overload, 49

Induction

coil,

record, 11

Megaphone,

413

baUistic,
flotation,

ship's, 6

Insulation resistance test record

(NavShips 531), 20
Intercommunicating systems, 6,
298, 337-345
lA-TW unit, 338-345
Interior communications (I. C.)
switchboards, 25-28

285
components, 300
crystal, 284
dynamic, 283
magnetic, 282
Motor, 244
relays, 243
Multimeter
ME-25A/U, 182-196
section operation, 205

32

Lenses, 373-376
Light, 368-373
characteristics,

Microphones, 281
carbon, 284
characteristics,

power supply, 52-58

370
Negative feedback, 132-137, 394

370

Line finding, 423
Loudspeakers, 397-401

Oil damping system, 481

292-295
components, 306
groups, 323
IC/QMD-ID, 397
permanent-magnet, 326
talk-back, 338
types of, 287-292

Optical system

characteristics,

projection, 382

sound, 382
Organization, 1-24
circuit,

electron-coupled, 162

Hartley, 159, 393

system, 261

Machinery index, 11
Maintenance
sound recorder-reproducer, 363
switchboard, 58
ship's

project,

151-180
154, 213

Oscillators,

Lubricating-oil low-pressure alarm

Maintenance

465
483

Metering and indicatiuK systems,

Instruction books, 21

of.

type PAEl-1,

Mercury

routine, 492

velocity

electric;

331

Inspections, 18

local,

switch, 237-239

current

(CSMP), 13
556

inductance-capacitance,
156
LAJ-2 audio, 210-217

151—

multivibrator, 178-180

OBI^l

cathode-ray, 218-234
phase-shift, 174
Pierce crystal, 167
resistance,capacitance, 168^-180

Oscillators

— Continued

—

Records Continued
Equipage Custody (NavSandA
Form 306 A). 3
field changes (NavShips 537),

157
tuned-plate tuned-grid, 161
Wien-bridge, 176

self -controlled,

13

Paraphase amplifier, 146-149
Phase inverters, 144-149

insulation resistance test (Nav-

Pierce crystal oscillator, 167
Plans, ship's, 23

Portable

announcing

systems,

33K336
Positive feedback, 131

Power supply

circuit,

193,

198,

215, 230

Projector,

IC/QPB-ID, 385-391

Ships 531), 20
maintenance, 13
storage battery tray record, 14
Rectifier tube, gas-filled, 64
Rectifiers, alternating current, 62
circuits, 66
Reflection, sound, 268
Refraction, sound waves, 269
Regulators, voltage.

Propeller order system, 513
indicator, 517

transmitter-indicator, 515

Repair parts, 9
Reports, 10

Publications, 21-24
references to.

R-C

See

Reproducing system, sound, 346,
353-366
Request for Repair Parts (Nav-

titles

coupling, 111-119

Recording, sound, 34&-366
disk, 347
film, 378
magnetic, 348
maintenance, 363
mechanical, 346
medium, 356
methods, 346
photographic, 352
tape, 351
variable-area, 353
variable-density,

352

SandA Form

490

Rudder systems
angle indicator, 523-526
order,

518-523

Saw-tooth generator, 168-173
Selector system, basic, 427
Selectors, 194

function, 194

350
Records, 10
card
alteration (NavShips 530), 13
test

(NavShips 531),

12

range, 194
Ship control order and indicating
systems, 496-526
Signal systems, 7
Signals

repair (NavShips 529), 13

compass book, 18

and
Electrically Operated Auxiliaries with Performance

Electrical

302), 10

Resonance, 271
Reverberation, 273
Rings, binnacle and gimbal, 476,

wire,

megger

See Voltage

Relays, motor, 243

Installations

Data, 22

audible, 246

249-253
249
Sound, 265
and sound equipment, 265-295
characteristics, 274
visual,

Sirens,
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Sound

—

Continued
equipment, 281-295
measurement of, 276
motion picture system, 368-401
projection, principles of, 376
nature, 265
recorder-reproducer,

Switches

press-to-talk, 343

pressure, 239

push, 210, 245
range, 215

RD-115/

relay

UN, 354-363

maintenance, 363
velocity, 267
Sperry compass, 434, 438, 446449, 453, 456
Spider, 470
and bowl, 485
Sprinkling alarm system, 261
signal

sys-

transfer, 508, 510, 511

X-axis input, 233
Switching, equipment, 419-429

Talk-back
loudspeaker, 338
switch, 303

Telephone
326
403-429
circuit, 413
common-battery, 403-405
instrument, 405-413
sound-powered; amplifier systems, 325-331

tem, 526
Storage battery tray record (NavShips 151), 14
Stores, general, 8
Stowage, 10
Stub Requisitions (NavSandA

Form 307), 9, 10
Supplies, 7-10
Switchboards
action cutout (A. C. O.), 28-32
local, 32
alarm, 254
automatic, 418
Switches
action cutout, 508-511
alarm and warning systems,
237-263
and selectors, 194
automatic damping eliminator,
474
conductivity, 242
cradle, 410
input, 233
manual, 237-239
mechanical, 241
multiple rotary, 35

control, 52

343
talk-back, 303
thermostatic, 240
toggle, 209

designations, 353

emergency

and

selector, 209,

recording and reproducing systems, 346-366

Steering

—Continued

press for peak-to-peak, 194

amplifier,

dial system,

Tests, 18
gas,

204

ground, 364

200
204
rectifier, 202
sensitivity, 364
short-circuit, 201
line-voltage,
noise,

transconductance, 202

Thermostatic switch, 240
Thermostats, 245, 256

Time-base generator, 224
Transfer switches, 508, 510, 511

Transformers
alternating current, 62
coupling, 121-127

phase inverter, 144-146
Transmission
558

circuit,

415

Transmitter
commutator, 488
synchro, 473

Voltage
amplifier, 95

84

dividers,

Transmitter-indicator, double en-

gain, 139

regulators, 77-83

gine order, 499

Tube

Voltmeter

circuit, 185, 188,

205

cathode-ray, 219
tester,

Warning systems.

TV-3/U, 196

Wave

section operation, 198-205

See Alarm
motion, properties of, 268,

371

Wavelength, 267, 369
Wien-bridge oscillator, 176

Vibrator, 89
synchronous, 90
Visual
intelligence systems, 6
signals,

Work
request,

249-253

ship's

memorandum,

18

Voice

20

sheet, circuit, 15,

and projection systems, amplified,

X-axis
gain control, 233
input switch, 233

6

communication systems, unamplified,

6

o
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