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THE COMMANDER 

* * 
* * Pearl Harbor Naval Shipyard 
* * 
* * 

Rear Admiral R. T. Cowdrey was born in lvfi!tutmkee, Wisconsin on Febm-
ary 4, 1898. Appointed to tbe Naual Academy in 1916 from tbe second Congres-

* * sional District of that slate, be grad11ated with distinction on June 6, 1919 in the 

* * 
Class of 1920 and was commissioned Ensign on that date. He subsequently ad-
vanced to the rank of Rear Admiral on 1 July 1948. 

* * 
Rear Admiral Cowdrey tvas ordered to the USS NEW HAMPSHI RE upon 

* 
graduation in 1919 and sen;ed in that bal!leship until September 1920. The sue-

* ceeding tbree years be was under imtmction in Naval Conslmrtion at the Post 

* * 
Graduate School, Annapolis, Maryland, at the Boston Navy Yard, at the i\'Iassa-
c!JIIsells Imtitll/e of T erbnology, and at the Chemical JIYarfare School, Edgewood 

* * Arsenal, Edgewood, i\faryland. H e received tiJe degree of Bachelor of Science 

* * 
from the U. S. Naval Academy, and tbe degree of Master of Science in Warship 
Comtmction from the Massachmells l mtitule of Technology in 1923. 

* * 
Ft-om 1923 to 1927, R ear Admiral Cowdrey was A ssistant Hull Superin-

*· lendent of tbe. Philadelphia Navy Yard, after which he served as Baltleship Desk 

* 0 !Jicer, Plans and Alteration.r Sec/ion of the Bureau of Comtmcti011 and Repan·, 

* * 
until· June 1931. 

Rear Admiral Cowdrey ser11ed as Assistant to the Su perinlendenl, Mechani-

* * cal Di·vision, Panama Canal Zone, from JNiy 1931 until /Nne 1935 . He then 

* * 
reported for d11ty at PNget SoNnd Navy Yard as Senior Assistant HNil Planning 
0 flicer, and Design Su perintendenl Nntil jNI)' 1939. H e then served in the Final 

* * 
Design Di11ision of tbe BNreaN of Ships, Navy Department, Wasbington, D . C., 

* as Type Desk 0 Jlicer for New Bal!leships and Cmisers until JNne 1942. 

* Rear Admiral Cowdrey sen;ed in the SoNth Pacific with f orces afloat from 

* * 
July 1942 until November 1944, first as Combat Logjstics Officer and Force l\Iain-

* 
tenance 0 !Jicer, Staff, Commander South Pacific Force and South Pacific Area, and 

* finally as Force ll1ainlenance 0 Jlicer on the same staff. Durmg this period he was 

* * 
awarded the Legion of Merit and two gold stars in lieu of tbe second and third 
Legiom of M.erit, and the Commendation Ribbon. 

* * . After about two 1110n1hs duty back in the Bureau of Ships, Rear Admiral 

* * 
Cowdrey was assigned tiS Connlltlllding 0 Jlirer, Indmtrial Com111and, Naval Repair 
Base, San Diego, California, until iHay 1946. He then served as Fleet Maintenance 

* * 
0 Jlicer, Staff, Commander Sen 'ire Force, and Staff, Commander in Cbief, Pacific 

* * 
Fleet, until July 1948. 

Ou July 28, I94R, Rem· Ad111iral Cowdrey assumed commcmd of the Pearl 

0 * Rolj J Cowdrelj * 
Harbor Naval Sbipyard. reliet,ing Rear Admiral Louis Dreller, USN. 
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PE~\~~ #;14\~B~~ 
By LOUIS c. B UTLER 

The present location of the Pearl H arbor Naval 
Shipyard, on the southern side of the island of Oahu 
known to the Hawaiians as W ai A!omi, meaning 
"water of pearl ," was being ccnsidered for a Naval Base 
for several years before the Navy Yard was started in 
1908. As early as 1876 a treaty was concluded which 
gave the United States certain rights in Pearl Harbor in 
exchange for the admission of duty-free sugar, and this 
pact was extended in 1887, g iving the United States 
exclusive righ ts to establish a coaling station for Ameri
can vessels in Pearl H arbor. 

In 1900, two years after the annexation of the Ha
wai ian Islands, the initial attempt to cut a deeper chan
nel through the coral reef outside the harbor was made. 
The gunboat Petrel was the first vessel to enter the har
bor throug h this channel. T he establishment of a Naval 
station and the dredging of the channel at Pearl Harbor 
were authorized by Congress in 1901; in that same year 
the Navy acqu ired 800 acres of land in and around 

Pearl Harbor. 
The present Pea rl Harbor Na,·al Shipyard, which is 

the largest and most completely equipped industria l 
establishment between the West Coast of the United 
States and Japan, had its start in 1908 when Congress 

NAVAL SH.IPY ARD 
authorized the establishment of a Navy Yard and ap
propriated .S700,000 for that purpose. That same year, 
Navy. D epartment engineers surveyed the barren acres 
of k1awe stubble, burnt cane and coral which , .. vere to 
become the Pearl H arbor Naval Sh ipya rd and a contract 
was let for the dredg ing of the channel. Work on D ry
dock # 1 actually started in 1911, the same year that 
the first large vessel, the armored cruiser .Califomia, 
entered Pearl Harbor through the new channel. In 19 13 
two years of labor on Drydock # l became a mass of 
wreckage when the bottom of a crib section failed , but 
after a year's delay work was resumed and by 19 19 
Drydock # t was completed along with the 10- 10 dock 
and a number of the present shops. 

Between World War I and World War JI the ship
yard g rew slowly. Just prior to World War II , how
ever, a large expansion in facil ities was authorized. 
This expansion, wh ich included the construction of 
dry docks :tt2, :tt 3 and :tt4 and the erection of many new 
build ings, was not yet completed when the bombs fell 
on Pearl H arbor on that fatefu l Sunday morning of 
December 7, 194 1. From that date un til the end of the 

war production stepped up constantly and facilities were 
ex panded as the shipyard became the cente r of al l major 
ship repair activity in the Pacific. 

Employment kept pace with expansion. In 1925 there 
were only. about lOOO workers employed in the shipyard 
and up to 1938 this number never exceeded 2000. As 
the work load increased, however, and facilities ex
panded, the number of employees increased. In M arch 
1945 there were 26,000 men and women working in 
the shipyard. Since the war this number has shrunk to 
the current employment of about 6400. 

The organization which was the forerunner of to
day's Electronics Office and Electronics Shop in the 
shipyard had its origin at the start of World War I, 
on Apri l 6, 1917. At that time, the organization con
sisted of one officer known as the Rad io Officer, whose 
headquarters were located in the Administration Build
ing at Pearl H arbor. One half of his office was shared 
with a five-kilowatt spark transmitter which was used 
for communicating with the ships of the Navy and also 
for emergency communications. 

With the declaration of World War I, the communica
tion stations belonging to the Marconi Wireless Com
pany at K ahuku and Koko H ead and the H eeia station 
of the old Federal Telegraph Company, all on the island 
of Oahu, as well as the Mutual Telephone Company 
stations located on the islands of Oahu, H awaii, Kauai, 
Maui, and Molokai were all taken over by the Navy. 
They were actually manned by Naval Reserve personnel, 
most of whom were already employed at these stations. 

Shortly after the declaration of World War I, addi
tional officers were assigned for radio duty to handle 
the additional work load. At this time there were only 
two civi lians employed in the office; one was known as 
the rad io a ide to the Radio Officer and the other was 
ass igned as a radio draftsman. These civilian ass istants 
helped the Radio Officer in his day-by-day work and they 
also assisted in the maintenance of the stations in the 
district taken over by the Navy at the start of the war. 
They acted in an advisory capacity in connection with 
the installation of the new Pearl Harbor high -power 
radio station located near Hospital Point in the shipyard. 

This station was one of a chain of high-power radio 
stations which the Navy D epartment decided to establish 
and began building during the period from 1914 to 
1917. The Pearl Harbor station was to function as a 
relay point between the mainland of the United States 
and the Orient, and between the Navy D epartment and 
the units of the fleet in the Pacific. 

The transmitter was a hig h-powered arc transmitter 
rated at 500 kilowatts and was constructed for the Navy 
Department by the Federal T elegraph Company. It was 
the first super-high-power arc converter built for the 
Navy in the United States. The actual installation at 
Pearl Harbor was completed du ring July 1917 and was 
accepted by the Navy after the required tests were suc
cess fu lly accomplished duri ng the last part of October 

19 17. 
The Pearl Harbor arc converter unfortunate ly was a 

source of radio interference on various frequencies em
ployed for communication by ships and commercial sta
tions on the island of Oahu during the last part of its 
life, for the converter was not actually decommissioned 
until 2 January 1931. At this time all of the equipment 

--
comprising and associated with the arc converter was re
moved from the station in the shipyard to make room 
for the new installation of the Model TAW, 300-J...-w 
tube transmitter manufactured by the General Electric 
Company and accepted by the Navy in January 1933. 

At the close of World War I , the officer assigned to 
Pearl Harbor for radio duty was known as the District 
Radio Materia l Officer. H e was responsible to the Pacific 
Coast Communication Officer in San Francisco for the 
proper maintenance and operation of all radio stations 
in the 14th Naval District. In addition to his radio 
aide, his office force then consisted of three civilians, 
one stenographer, and two radio electricians who were 
employed for sh ip inspection work and repairing rad io 
equipment. D uring this period there was no shop under 
the District Radio Mate rial Officer available for making 
radio repairs; it was necessary to set up a work bench in 
the Electrical Shop, Shop 51 , in order to accomplish 
radio repairs. This same space was maintained con
tinuously by the District Radio Material Officer in Shop 
51 until 1923 when the Bureau of Engineering set up 
a project for the construction of a one-story wooden 
building to house radio inspectors and such delicate in
struments as might be required for repairing and testing 
the various types of transmitting and receiving equip
ment in use. This bui ld ing was designated as the Rad io 
Laboratory and was located adjacent to the present Ad
ministra tion Building. It was known as Building No. 65. 

Shortly after the Radio Laboratory was completed the 
work load started to build up, and it became necessary 
to employ three electricians, one rigger, and two joiners. 
The electricians were used in the laboratory for making 
repairs to radio equipment from ships and from the three 
radio stations in this district, namely H eeia, W ail upe, 
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and the Pearl high-power station. The rigger and the 
two joiners were employed part-time in the laboratory 
and the balance of the time at Heeia or Wailupe. In 
addition to these employees in the Radio Laboratory, it 
was necessary to employ a force of riggers and joiners 
for the radio station at H eeia for the maintenance of the 
three wood-lattice towers, two of which were 440 feet 
high and built in 19 12 by the Federal Telegraph Com
pany and the other, built in 1914, 608 feet hig h. This 
extra tower was found necessary in order to carry on 
daylight communication between the island of Oahu 
and the Federal Station located in South San F rancisco 
Calif. These three towers were dismantled in 1933 whe~ 
they were no longer required. 

The Radio Laboratory continued to g row under the 
direct supervision of the Radio Material Officer as radio 
developed and increased in use aboard sh ip and ashore. 
By 1927, the technical force consisted o f one associated 
radio engineer, one radio draftsman, and six assistant 
radio inspectors. The inspectors and eiectricians con
tinued their work in Building 65 until 193 7 when all 
of the personnel and equipment of the hig h-power radio 
station in the shipyard were transferred to the new sta
tion located at Lualualei, a distance of about thirty miles. 
By this time the organization had outg rown the Radio 
Laboratory and permission was obtained f rom the Navy 
Department to move all of the personnel and equipment 
comprising the shipyard radio organization into the 
buildings that formerly housed the arc transmitter and 
the newer electron tube transmitters of the high-power 
radio station adjacent to Hospital Point. T his· move was 
made during the early part of 1938, just prior to the 
start of the large pre-war expansion of the shipyard. In 
1939 and 1940 the work load steadily increased and 
additional electricians and mechanics were employed to 
handle the ship repair work and maintenance upkeep 
of the stations at Lualualei, Wailupe and H eeia. 

By December 7, 194 1, the Radio l aboratory was well 
organized with a nucleus of trained civilian personnel 
on whom to build the la rge organization that was to be 
required to hand le the terrific e lectronic work load 
which World War II placed upon the Pearl H arbor 
Naval Shipyard. U nder the leadersl_1 ip of the presen t 
Assistant Chief of the Bureau of Sh1 ps for Electronics, 
Captain A. L. Becker, who was the Radio Material 
Officer of the Pearl Harbor Naval Shipyard f rom October 
1942 until September 1944, t_he Electroni~s. Organiza
tion reached its peak expansiOn. In add ition to the 
manyfold increase in shipboard work as such, new fields 
in radar sonar and radio countermeasures brought many 
new typ~s of equipments to ships of t~e navy; the shore 

Co · t" · the Islands for wh1ch the N avy Yard mmun1ca 1ons m , 
had the maintenance responsibility, increased in magni-
tude. A new receiving station was completed at Wa
hiawa at the beginning of the war and a _new v-~-f, 
high-power radio station was completed at H a1ku durmg 

ELECTRONICS OFFICER 

Commander W illiam l. Bull graduated f rom the U. Sf 
Naval Academy in Ju ne, 1932. During hi s first toWurtol 

d h d . · ac1 sea uty e serve a year as a CommuntcatiOn f 1 Officer w ith the Staff of Commander Scouting Force 0 
-

lowed by duty in the Barry and R(//llfi /JO. Post 
In 19 ) 9 Commander Bull was assigned to the e 

Graduate School of the Naval Academy for the c?u ~s e 
in radio engineering . After two years a t Annapolt:o~
spent o~e year _at Ha rvard University taktng the of 
mu~ucatton e_ngtneering course, upon completton 
whtch he recetved the Master of Science degree. d radar 

. After complcttng a short cou rse in advance he 
gtven by the Massachusetts Institute of TechnologY In 
was ordered to the Semmes as Executive officcf the 
January 1943 he ~ec:une Commanding Officer 0 

43. 
Sem~nes and serv_ed 10 that capacity until Decen~ber i~ 9 in 
Dunng thts penod the ship was engaged pnmar Y · 

• 1 expert-sonar ex pen menta work but accomplished other · f t 
men~ a! and develop~len ta l work in radar and rad io . A ~f:e~ 
year s duty as Asststant Officer in Charge of the ered 
Sonar School at. Key West, Commander Bu ll was _ord He 
to the Electrontcs D ivision of the Bureau of Slups. elcc
was destgnated as an Engineer ing Duty Officer . ( I 
tron ics ) in D ecember 1944. In the Bureau of Sh_q>Sti~~ 
served as h_ead of the Components and Stan?ard•z: be
Sectton unttl the end of the war at which tttnC .h cot 
came head of the Equ ipment Branch (now the Equ•pm 
Division). 1 

In March 1948 Commander Bull was ordered to ~1i~ Pearl H arbor Naval Shipyard, where he assumed 
present duttes as Electronics Officer. 

the war. Ai r stations were constructed on the islands of 
Hawaii, Maui, and Molokai, as well as on O ahu. Addi
tionally the shipyard had maintenance responsibi li ty ~or 
the shore communication stations on Kwa jalein, Mtd
way, and Johnson Islands. 

To handle th is wartime load at one t ime the organiza-

., 

CHIEF CIVILIAN ASSIST ANT 

~red ~- Mason was born June 20, 1905 at H ealdsburg, 
Caltfor~ ta. !fe completed his education at the University 
of _Calt fomta. H e was successively employed by the 
Pact~c Telephon~ and Telegr~ph Company, Seismograph 
Servtce CorporatiOn , the Phtlli ps Petro leum Company, 
and W~stern . Elec~ric Company, in different phases of 
elect~ontc eng~neer~ ng. During the war he was in charge 
of fteld Engmeertng for Western Electric Company in 
the Pacific Ocean Areas. In November of 1947 he left 
the employ ?f \'<fester~ Electric Company to accept his 
present appotntment Wtth the Pearl Harbor Nava l Ship
yard Electronics Office. 

tion had about 100 officers, 17 5 en I is ted men, 50 con
tract eng ineers, 75 IVb engineers and clerks and 600 
mechanics. 

T he Electronics Office of the Pearl H arbor Naval 
Shipyard today follows the standard shipyard organiza
tion recently placed in effect. Commander W. I. Bull, 
ED, U.S.N. is the Electronics Officer; Co.mmander 
N. W. Gambling, ED, U.S.N. is the Assistant for 
Shore Electronics. T he civilian organization is headed 
by a Chief Civi lian Assistant to the Electronics Officer, 
Mr. fred l. Mason. Heading up the three sections o f 
the office are Mr. Louis C. Butler, the head of the Serv
ices Section, Mr. R. H . Worrall, head of the Ship 
Section and Mr. Vance Vaughan, head o f the Shore 
Section. 

The personnel of the Electronics Office carry out the 
technical control, inspection and final testing o f all elec
tronics work and equipment but the actual production 
work both at shore stations and aboard shi p is accom
plished by the mechanics of the Electronics Shop, Shop 

67 whid1 was established as a full-fledged shop of the 
shipyard on March 22, 1948. The shop is entirely 
housed in Building 9 and is headed up by a foreman, 
Mr. P aul M. Walker. The Electronics Office organiza
tion is also housed in the same building making for the 
closest possible cooperation between the two related 
organizations. The shop today has a complement o f 
188 mechanics but, as in many simi lar activities, it is 
a constant struggle to keep up to complement due to the 
heavy demand for personnel tra ined in electronics both 
by the services and industry, and the shortage of those 
men truly qualified in this fie ld . 

The electronics work of the post-war shipyard lacks 
the volume of World War II bu t not the variety. The 
different types of electronics work increase rather than 
decrease as the science ad vances. 

The shore communication stations comprising the per
manent communication installation are now concen
t rated on the Island of Oahu. I t is thes"e large naval 
communication stations which are our most important 
main tenance responsibility, for these stations are in
dispensable to the efficient exercise of command func
tion in the Pacific. The stations are cont rolled from the 
communication center, located in the Administration 
Building of the N aval Shipyard. From this center are 
keyed the transmit ters at Lualualei, H aiku and H eeia. 
Also to this center is relayed the output of the receivers 
from the receiving station at Wahiawa. The control and 
relay of information is handled by means of unattended 
communication control links on Mauna Kapu and Haiku 
Peak. Backing up these links are cables mainta ined by 
the Army Signal Corps but allocated to the Navy for 
th is purpose. At these stations are receivers and t rans
mitters operating on frequencies from 15 kilocycles to 
400 megacycles. Most interesting and important of this 
eq uipment is the large v-1-f transmitter at Lualualei, the 
model TAW-a modified recently to put 565 kilowatts 
into the antenna, and the two 200-kilowatt A lexander
son alternators at H aiku. In addition there are more 
than 100 high-power, hig h-frequency t ransmitters in
stalled at lualualei. 

The g reater percentage of shi pboard \vork performed 
at Pearl H arbor today is genera lly confined to the smaller 
types of ships. At this crossroads of the Pacific, how
ever, all classes of vessels, rang ing from such frequent 
visitors as the PCE's used for weather station vessels 
to such large but Jess-frequent visitors as th: Iowa and 
the la rge aircraft carriers, are constantly passmg through 
and afford ing an interesting if at times h~avy workload 
for the eng ineers of the office and the mamtcnance per-

sonnel of the shop. . 
In such an important and expandmg fi eld as elec-

tronics the personnel are hard-put _to keep up-to-d~te _on 
new equipments and new techn1_ques. A con tmumg 
training program is therefore c~meJ on to ~ccomplish 
this. From a practical standpomt, both eng1neers and 
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mechanics specialize in certain fields and at the same 
time maintain a familiarity with all types of equipment. 
The shop is divided into six sections: teletype, sonar, 
radar, radio, internal security and shore. So today, whi le 
the enormous wartime organization has dwindled to 188 

mechanics in the shop and 35 Group IVb personnel 
and two officers with the Electronics Officer, in these 
personnel the shipyard has the nucleus of a large elec
tronics organization if the need should ever a rise again 
for a rapid expansion in time of emergency. 

ABOUT THE AUTHOR 

Louis C. Butler was employed by the Federal Tele
graph Company as Radio Operator at H eeia, Oahu, when 
World War I was declared. Being enrolled in the Naval 
Reserve he was called to active duty as Chief Radio Elec
trician and was placed in charge of the station. Ul?o~ 
his discharge from the Navy in 1919, he entered <;:t_vii 
Service at Pearl H arbor NaV}' Yard as radio electnCJan 
and was later promoted to Assistant Radio Insp~tor. H e 
has been continuously employed in the Electrontcs OFfice 
up to the present time, advancing tlw;>U,gh t~1e vanous 
grades to his present position of Admtmst rattve Officer 
in the Electronics Organization. 

* * * * * * * * * * * * * * * * 

By P. M. wAL KER 

The following is quoted from a letter written by 
direction of the Joint Chiefs of Staff and indicates the 
importance of Electronics in the defense of our country. 

"There is no phase of modern warfare in which elec
tronic equipment does not p lay a vital role. There a re 
certain electronic equipments without which fighting 
ships do not sail , aircraft do not fly and tanks do not 
roll in battle. They are not permitted to do so. The odds 
against them would be too g reat." 

JACK PANELS being wi red in the Shore Section 

PEARL HARBOR 
NAVAL SHIPYARD. 

The Navy Department has been in timately associat.ed 

w ith Electronics since 1902 when the ir Bureau of Equ•p· 
ment indicated that "Wireless T elegraph Apparatus" 
was to be installed on vessels of the Navy and that shore 
stations were to be erected in order to communicate 

with vessels at sea. 
During the years that followed g reat progress . was 

made in equ ipping vessels and in erecting shore statiOn~. 
This work was accomplished by a hardy g roup of eng•· 
neers, machinsts, electricians and other trades. T hese 

groups for the most part did not have permanent :hop 
f ·1 · · d et1mes aCJ 1 t1es an were moved from shop to shop so~ . 
with meager or no f acilities to accomplish thetr dtffi· 
cult tasks. 

This condi tion continued until 1935 when the Bure~u 
of Engineering ordered the establishment of "Radto 
Laboratories." 

At the advent of World War II in 1941 these labora

tories were functioning with comparatively small organi-
. I · h h d b meet the zattOns w 11c a to e greatly expanded to 

war-time requirements of new electronic equ ipment. 
T he advent of radar in particular added greatly to the 
job to be done, and rad io and sonar were greatly ex
panded. Teletype equipment used by the Navy a lso in
creased by leaps and bounds both on ships and in shore 
stations. The shore stations themselves had to be en
larged and new stations established to maintain com

munications with the greatly increased number of ships 
in operation. 

As an example, the Radio Laboratory at Pearl Harbor, 

; 

originally manned by a force of approximately 20 
people, expanded to a force of approximately 1000. 
Working space g raduated from one small building to 
the present large build ing in addi tion to many tem
porary buildings throughout the shipyard. 

After the close of World War II this force was re
duced greatly as ships went out of commission. Due to 
the great advances in the art made during the war, how
ever, it was found necessary to maintain a much larger 
permanent group than was requi red previously. 

An illustration of the advances made is the tre
mendous increase in amount of equipment requi red 
on only one ship. Before the war this would have 
from ten to fifteen types of transm itters of various 
powers and frequencies and from twenty to twenty-five 
receivers with customary direction fi nder and fathometer. 

A modern ship of the same type requires approximately 
the following eq uipment: 16 transmi tters, 43 receivers, 
1 loran, 1 fathometer, 1 direction finder, 4 1 radars, 21 

radar remote positions, 7 types of special equipment, 
and many accessory items s'uch as publ ic address systems, 
remote controls for transmitters and receivers, teletype 
equipment both for intra-ship and ship-to-shore opera
tion. A similar situation exists with regard to shore 
installations. A station which before the war had 12 

transmi tte rs now has more than 80 transmitters. 
The Bureau of Ships as a result of experience during 

the war years found it desirable to establish permanent 
facil ities for electronics work and establ ished electron ics 

shops in all Naval sh ipyards as production shops with 
the same status as other, older, established shop organi-

ELECTRONICS SHOP and office, showing 
the radar antennas mounted on the roof. 

CI RCUIT CONTROL PANELS of a recently installed 
communication center made by the Pearl Harbor 

Naval Shipyard. 
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TEST EQU IPMENT Maintenance Section. Here test 
~quipment of_ all descriptions is repaired and placed 
tn good worktng order for forces afloat and outlyi ng 

stations . 

FREQUENCY MODULA~ED e quipment mounted tn 
a 1eep. 

zations. This new shop is known m all shipyards as 

Shop 67. 
O n adjacent pages are pictures of th is new shop at 

Pearl H arbor and of the work it performs. 
T he present Shop 67 at the Pearl Harbor Naval Ship

yard occupies a floor space g reater in area than that of 
an average city b lock and represents an investment of 
several millions of dollars in plant equipment and tools 

QUARTZ CRYSTAl Processing Section. The primary 
frequency standard is located in the shielded room 

in the rear. 

AER IAL VIEW of the shipyard, showing the repair 
basin in the foreground and the drydocks in the 

middle distance and backg round. 

of the trade. Approximately 200 people utilize this 
space. and eq uipment in the performance of all types of 
electronics work for sh ips of the N avy and on Navy 

shore stations. 

The shop is organized in sections each covering specific 
phases of the work such as radar, sonar, radio, tele

type, and others. In the Radar Section complete equip
ments are set up and are in operating condition at all 
times. A p icture of the building and the antennas 
mounted on the roof of the shop accompanies this article. 

The principal reason for having operating equipment 

set up is fo r the familiarization of the mechanics and 

also to provide an emergency supply of adjusted and 

tested equipment for sh ips requiring emergency repatr. 

In the Radio Section a similar arrangement exists. 
This section handles all types of radio repair work; 
receivers and transmitters for operation on from 10 kc 
to 400 Me at powers from a few watts to 50 J...-w. There 

is both a-m and f-m equipment; the latter is in wide 

use in mobile units. This section also handles radio 

teletype, direction fi nders, loran, radiosonde and other 

communication equipment. There is also a complete 

plant set-up for p rocessing quartz crystals from the 
mother quartz to the fini shed product. Accuracy in this 

RADAR EQUIPM ENT under repair in the Radar Sec
tion. Note the permanently installed wave guides. 

TELETYPE REPA IR SECTION 
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work is checked by means of a primary frequency stand
ard w~ich is compared with the standard frequency 
transmitted by the National Bureau of Standards to 
maintain a frequen:r accuracy of less than 5 parts in 
lD_,ooo,ooo. Some of the special equipment used in 
th1s work includes X-ray equipment for determining axis 
of ~t ; analyzers f~r checking of flaws; plating baths; 
etchmg baths; refn?erators and ovens for making tem
perature checks; osc.Illators for checking operation of the 
crystals wh1ch duplicate the actual circuit in which they 
are to be used. 

. Ther~ is also a section whose primary duty is to keep 
m repair and calibration all the many types of test equip
m~nt used . throughout the shop. This section has a 
Wide selection of test equipment from simple portable 

:;etes~s to h1ghly precise star:~~r~~ a~d includes all types 
. gnal generators, Q-meters, Impedance bridges, 

rrucro-ohmmeters and megohmmeters, cavity oscillators, 

Portion of the TRANSDUCER REPA IR SH O P. The 
transducers repaired here are used on sonar equipment 

for underwat~r detection. 

RADIO SECTION, showing frequency-modulated 

equipment under repair. 

Part ial view of a recently installed COMMUNI CATION 
BOARD made by t he shipyard. 

field strength measuring equipment, various types of 
oscilloscopes, and many others. 

The teletype section repairs, overhauls and maintains 

some 800 units of printing telegraph equipment in the 

area and is equipped with an elaborate test board for 

making · all types of tests and measurements on tele

graph equipment and li nes. This section not only 
handles ordinary page printers but also such items as per

forators, reperforators, multiplex equipment, transmitter 
distributors, keyers, recorders, etc. Regular maintenance 
schedules are followed for both routine main tenance and 

periodic overhauls as it has been found that prevention 

of trouble is more economical than circui t outage and 

post repair. 

The Shore Section has roving maintenance crews to 

take care of major electronic repair for all Naval activi

ties in the 14th Naval District. Some of the equipment 
handled by this section are transmitters of all frequen

cies ranging f rom the very-low to the radar frequencies, 

and with power outputs ranging from 50 watts to 656 

RADIO REPAIR SECTION, showing equipment being 

operated for test purp~ses. 

• 

kilowatts. It also maintains various types of N aval 
receivers, radio link equipment, and aircraft location 
equipment. 

The Shore Section also has installation crews for elec
tronics installations in the 14th N aval District covering 
the aforementioned equipments. The higher power 
t ransmitters in use are of the electron tube type, with 
the exception of a few 50 kw alternators. The antenna 
system of one of · the higher-powered transmitters is 
suspended between 7,600-foot towers using '%-inch 
cable for the flat-top. Another station uses five flat-top 
center-fed antennas approximately 1 lj,j miles long each 
and suspended between two mountain peaks about 3000 
feet above sea-level. [ See article entitled "Haiku Cate
~ary Antenna System" in this issue-Ed.] This sec
twn maintains several sing le-side-band transmitters, radio 
~hoto transmitters and receivers, large shore-based direc
tiOn .finders and other equipments too numerous to 
mention. Antennas on one station cover a 360° receiv
ing pattern for diversity operation. 

This sect ion also maintains a shore-based under-water
sound system, operating on the triangulation principle, 
f~r locat.ion of ships at sea. One of the apexes of the 
tnangle IS located in the United States and one in Alaska. 
The third apex is in the 14th Naval District. 

To supply the various sections with parts and material 
necessary in their work a complete Shop Store is main
ta.ined which carries in stock approximately 40,000 
d ifferent items ranging from microscopic screws to large 
power t ransformers. An elaborate card index system is 
necessary to keep the large stock in order and to supply 
information for replenishment of stock. 

The personnel of the shop consist of Radio Mechanics, 
Electronic Mechanics, Electricians, Machinists and their 
helpers and have been drawn not only from local island 
sources but from practically every part of the mainland 
a.s well. These people are highly trained and are con
tmuously being given additional training in new de
velopments of the electronic art. In order to maintain 
a future supply of trained personnel an elaborate ap
prentice training program is conducted. These appren

tices are given a four-year course, not only in the trade, 
but in al lied subjects as well. Included is a thorough 
academic education. On successful complet ion of these 
courses they become qualified journeymen mechanics. 

ABOUT THE AUTHOR 
Paul 1vf. Walker has been in the communication and 

electronic fie ld. since · 1922. H e was employed by the 
\X'estern Electnc Company and its subsidiary Electrical 
Research Products, Inc. , for sixteen years in various posi
tiOns. Mr. W~lker was first empiOj•ed in Civil Service at 
Pearl H arbor tn March 1941 as an electrician. H e had 
charge of the Radio Laboratory from April 1943 as 
Quart<nman Radto Mechanic and from N ovember 1943 
as Foreman Radio Mechanic. Since the establishment of 
Shop 67 as a separate product ion shop, Mr. Walker has 
been tn charge as Foreman Electronics Mechanic. 

ANTENNA TRAIN 
MOTOR FAILURE 

A recent letter to the Bureau of Ships from a Naval 
vessel reported the fai lure of the an tenna train motor 
of its Model SR-3 radar. In view of the considerable 
difficulty experienced in locating the cause of the failure, 
the following information, quoted f rom this letter, is 
given. In the event that other SR-3 equipped vessels 
experience a similar failure, it is hoped that this in
formation will permit it to be remedied expeditiously. 

"Considerable difficulty has been encountered in the 
antenna drive motor of the Model SR-3 Radar Equip
ment installed on this vessel. On applying power, the 
antenna started normal rotation in automatic train, but 
immediately reduced to a low speed. In manual opera
tion the same action was observed. From past experience 
the brushes were immediately suspected of being worn 
down and making poor contact. O n checking they were 
found to be pitted but only moderately worn. On re
placing them, the condition was not improved. Voltage 
checks were then made of the output of the train con
trol ampli fier. It was found that the voltage was far 
below normal. The field terminals 70 and 71 on ter
minal strip E-1108 showed 20 volts at 5 rpm, and the 
armature terminals 168 and 169 on terminal strip E-1108 
showed 15 volts output. Continuity checks were made 
of the enti re circui t but no trouble was found . The 
Rectox unit (CR-1102) supplying d-e voltage to the 
drive motor armature was suspected of causing the trou
ble. Considerable time was spent in checking this uni t 
but it was found to be satisfactory. Finally the motor 
was removed from the pedestal and disassembled. Re
sistance checks. of the series and shunt fields proved them 
normal. Upon complete cleaning of the motor it was 

found that one of the plastic brush holders had been 
considerably burned and charred. It had escaped detec
tion because the charring had occurred inside the metal 
casing that surrounds the brush holder. This charring 
had formed a resistance path to ground. After replace
ment of the holder, the motor was reinstalled and satis

factory operation resulted." 
The maintenance personnel of th is vessel are to be 

congratulated on the logical and straightforward manner 
in which they traced down this trouble. Too much em

phasis cannot be placed, however, on the importance 
of routine preventive maintenance and periodic checks 

of all antenna pedestals. 
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1=/:;!41/lflf CATENARY ANTENNA SYSTEM 
By FRED L. M ASON 

A g reat many ELECT-RON readers had an active part 
in the installation of th.e catenary antenna system at 
N.C.S. Haiku . After more than five years in the weather 
this antenna is being lowered, span by span, for inspec
tion and replacement of cable or hardware as required. 
It occurred to the Electronics Staff of Pearl Harbor Naval 
Shipyard that you might be interested in knowing how 
the "guinea pig" has fared in its battle with the elements. 

You old-timers please bear with us while we bring the 
unfamiliar ones, who have little or no prev ious knowl
edge of this installation, into focus with our report. 

Before \'(forld W ar II started it was realized by our 
high command that the Pacific Ocean Areas could not 
be adequately covered by the single very-low-frequency 
installation at Lualualei. Consequently, BuShips engi
neers were working on surveys for an additional v-1-f 
installation. The rugged volcanic terrain of the island 
of O ahu offered several possibilities for long-span an
tennas strung between natural support and over an open 
valley resulting from a long-extinct volcanic eruption. 
A test span was strung over one such location at H aiku 
Valley and excited with relatively low power. Field 
strength patterns produced by this " jury rig" arrange
ment produced amazing ly good results. As result, plans 
went ahead and N .C.S. Haiku was born, at least on paper. 

Actual construction started early in 1942 on what was 
to be the Navy's fi rst station using a la rge and com
p letely catenary antenna system. Plans called for fi_ve 
spans across H aiku Valley. Four of the spans, each With 
separate downlead f rom the center of th: ~pan, were 
connected in parallel and used as the rad1atmg system 
for a 200-kw Alexanderson A lternator. The fifth span 
was connected to a 50 kw Model TCG t ransmitte r as 
standby for the alternator. 

Each of these spans approach 7000 fe~t in length, con-
sisting o f approximately 5000 feet of 1-1nch copperweld 
cable as radiator, an insu lator assembly 18 feet long on 
each end of the radiator, and approximately 1000 feet 

f I . d i e rope pendan ts fastened to each of the o ga vamze w r . 
. 1 d d to secure each end o f the span to 1ts msu ators an use 

. h Tl e down leads from the center of respective anc or. 1 d · 
I. 1 t l over l 300 feet long an cons1st each span are s 1g 1 y 

f 
. .,.. ld conductors secured around b rass o e1ght -8 copperwe . . 

. . . h . d . meter with a nng spao ng of 20 n ngs s1x tnc es 111 ta . 
feet for the total length of the down l ea~- :II ~f tl_liS 
made a tremendous antenna by any stan ar · 1e tn -

d by anchors moun ted on the divid ual spans are secure . 
. W 1 II t ttempt to descn be the anchors-crater nm. e s 1a no a 

h 11 Our o nly comment t e photographs do that very we · 
is a note that the anchors are so constructed that the load 

ANCHORAGES (Nos. 2 and 3), showing steel 
wa lkway which provides access to them. 

is not a pull but is, due to the antenna sag and the 
mounting angle, largely compression. 

Because of the inaccessible location of the anchors it 
was first necessary to construct a cable li ft up each side 
of the crater so the area could be reached and material 
and labor brought to the anchor site. The lifts were left 
in place afte r construction was completed to allow main
tenance personnel access to the anchors. A f ew details 
on the cable car lifts may be of interest. These are the 
details on the short one up the south wall. The total 
run is slightly over 3000 feet and takes approximately 
10 minutes. The cable car rides on a one-inch cable and 
is pulled up and down by a 200-horse-power diesel en
g ine located on the va lley floor by means o f a % -inch 
cable. The car is an eight-foot-square metal framework 
covered with ex panded-metal sides and mounted on the 
rider cable with two pulley wheels. Loads around 1600 
pounds can safely be hauled . I am sure a g reat many o f 
you reading this w ill never forget you r fi rst ride up 
Haiku Peak, nor wi ll you forget that first step from the 
car to the landi ng platform, wi th about a foot between 
them through which you looked straight down the 1600-
odd feet to the valley floor- remember ? Quite a step, 
wasn' t it ? 

That is a brief backg round on the Haiku antenna in
stallation. Now we will return to the subject of thi s 
article. 

By viewing the downleads with field g lasses from the 
valley floor for the past two years we have been aware 

~ 
I 

that the downleads were gradually going bad. The situa
tion became critical about a year ago \vhen it was apparent 
that one of the downleads had seven strands broken in 
at least one spot and six strands broken in other places. 
Material was on order to replace the downleads and 
the Bureau had provided sufficient project money to 
accomplish the job. In August of this year the first of 
the spans was actually d ropped to the floor of the valley. 
There was no way short of an inspection to determine 
how the spans and hard,vare had stood up under their 
more than five years of exposure to sun, rain and a more 
or less constant wind, at times practically · saturated with 
sea water. The only possible means of inspection was 
to lower them to the valley floor. 

To lower the spans for inspection, a procedure similar 
to the method used in erect ing the antenna has been 
adopted; that is, two winches have been located on the 
\·a lley floor approximately under the center of the span, 
so that both ends can be lowered simultaneously. This 
allows the downlead to be stretched out in a prepared 
roadway in line with the span center as the span is 
lowered. Because of the lateral spacing of the spans 
these winches will have to be relocated at least three 
times to handle the five spans. Remembering our mis
take in attempting to use inadequate winches when the 
spans were raised, this time we have obtained winches 
large enough for the job. As a tip to someone who may 
be faced with a similar problem, LST ~nchor winches 
have ample power and, in addition, have adequate drum 
capacity to hold sufficient cable to handle the j_ob. The 
photographs show in detail the winch mountmgs and 
roadway prepared for the downlead. 

It may come as a surprise to some of you that the 
cleared areas orig inally prepared when the spans were 

LST ANC HO R WINC H used to lower and 
ra ise the spans. 

TRANSM ITIER BUILDING. showing lead-in bushings 
for alte rnator and TCG. 

raised had g rown over so completely w ith ball trees and 
other tropical growth that it was impossible to tell that 
the g rowth in this area had ever been disturbed. In 
another year the cleared area shown in these photographs 
will also have disappeared. 

Inspection of #5 span, the only one lowered to ~ate, 
shows the effects of weather and time. The galvamzed 
hardware used to support the downlead shows only 
normal weathering , and after being regalvanized will 
be reemployed. The hardware used to secure the down
lead electrically to the radiator span shows obvious ac
celerated deterioration. \Xfe formerly used three bolt 
clamps of the fami liar power-line material type at this 
point. To obtain the best possible electrical connect ion, 
16-gauge sheet copper was formed around the two halves 
of the clamp before it was bolted in place. The sheet 
copper no doubt performed very well electrically, but 

CABLE CAR which travels up the inside of the 
crate r. Showing I" rider cable a nd Sfa" 

pulling cable . 
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the dose association of the three dissimilar metals, steel, 
zinc and copper, aided by a salt-laden atmosphere, set 
up a galvanic action which caused serious deterioration 
of these parts. The deterioration was so bad that the 
threads had completely d isappeared on some of the bolts 
and the nuts were Baking away. These clamps will be 
replaced with a solid copper clamp of the type found 
in power sub-station material and will be hard-so ldered 
in place. 

The radiator span was in excellent cond ition ; in fact 
its appearance is such that it is difficult to believe it had 
been in the ai r for five years. No replacement will be 
required on :¢5 span. The end insulators show what is 
considered normal weathering; afte r all galvanized parts 
are cleaned and regalvanized the whole assembly wi ll 
again be reused. 

The galvanized wire rope pendants used between the 
insulators and the anchors showed very bad deterioration. 
At first g lance these pendants looked in about normal 
condition, but a close inspection revealed that the bottom 
side of the cable was badly corroded and not in condi
tion for reuse. Apparently the salt from the atmosphere 
had collected on the bottom side of the cable and the 
whole bottom side showed greatly accelerated deteriora
tion. In replacing the pendant cable we are using stain
Jess steel cable, and we feel by so doing this corrosive 
effect can be avoided. 

O rig inally these pendants were not treated with any 
preservative ; to have used some form of cable preserva
tive would no doubt have slowed down the weathering 
effects, bu t the effects were so severe that it was decided 
to use the stainless steel replacement cables. For added 
precaution we are treating the new cable with :=506 
T ectyl. 

The vibra tion dampeners and other hardware near the 
cable ends showed normal weathering; these will all be 
regalvanized and reemployed. The metal in the anchors 
is in excellent condition, because they are accessible and 
have been kep t pain ted and protected from weathering. 

The downleads, which largely broug ht about the lower
ing of the spans, were in extremely poor condi tion, as 
we knew. On .=5 span it was impossible to determine 
the number of breaks that existed in the downlead before 

DOWN LEA D CONSTRUCTIO N, t he new method , 
showing p reformed spring s used to p reve nt move of 
downlead wires at point o f a ttachment and re su lting 

crysta llization. 

C LEARED AREA into which downleads are 
lowere d. This a rea is in line with the center 

of the spans. 

lowering started, because due to their poor condition 
the necessary handling incident to lowering caused many 
more than the original number of breaks. Most of the 
breaks were apparently due to crystallization at the points 
where the individual downlead wires were fastened to 
the spacer ring~. To dampen the movement which causes 
this crystall ization, preformed springs of #8 copperweld 
wire wi ll be used on the replacement down lead as shown 
in the photograph. 

The orig inal downleads were fabricated as the spans 
were ra ised. This method of construction caused many 
" nicks" and small breaks in the copper coating of th.e 
down lead wires. In order to avoid a repetition of th1s 
damage, which may have been to a large exten t responsi
ble for the rapid deterioration of the downleads, the 
roadway shown in the photograph was p repared and the 
downleads fabricated as a complete unit before erection. 
If experience shows that even this method has not 
avoided damage to the w ires and rap id breakage resu ~ ts, 
the only other solution is to use the more expensive 
copperweld wire ·with a non-corrosive core for the next 
clownlead replacement. 

In concl usion we feel that the changes we are effecting 
in the connections between radiator and down lead and 
the replacement of galvanized wire rope pendants w ith 
stain less steel w ire rope pendants w il l make the top 
spans well able to wage a successful battle wi th the ele
ments for several years. The downleads by virtue of the 
new method of fabrication and the change in phys ical 
construct ion wil l be much improved ; we feel another 
inspection in five years wi ll provide an answer to the 
guestion regarding the possible future use o f non-corro
sive copperweld w ire for downlead material. 

Final adjustme nt of a RADIOSONDE RECEIVER. 

By R. H. WORRALL 

Pearl Harbor Nm~al Shipyard 

W hen a ship en ters the shipyard for regular overhaul, 
it becomes necessary to determine what service is needed 
on its electronic equipment. T he Electronics Office, 
through its Sh ip Section, has the responsibility for o~
taining information as to the condition of the electroniC 
equipment and for recommending what steps should be 
taken to correct existing trouble and fo resta ll future 
trouble by accomplishing p reventive maintenance. 

Shipboard inspections are made by the ship~ard ~n 
accordance with Bureau of Ships directives contained In 
the following references: 

1- BuShips Manual, Chapt. 67, Art. 67-82. 

2- BuSh ips " Instruction for Maintaining Ship Electron
ic Equipment Inventory System (NavShips 900, 
135). 

These eng ineering inspections are usually conducted by 
the Electronics OfT-ice engineers who may be assisted by 
Company contract eng ineers. 

T he word " inspection" is very misleading to the un
initiated. To the average person this word " inspection" 
simply means to g lance over and if it look.s a,l,l rig~t, 
it is all right. One definition by W ebster 1s, a stnct 
and prying examination." For shipboard electronic in-

ELECTRONICS 
INSPECTIONS 

spections, we think Webster very well describes what 
the inspec.tors make every effort to accomplish. . 
The notification sent to a ship that an electronic In

spection is to take place at a certain time is the "open 
sesame" to a golden opportuni ty for the ships' force to 
unload all their troubles and gripes, real and imaginary. 
If personnel on the ships would realize that these in
spections are engineering impections and are made by 
men who are engineers and who actually have the inter
est of the service at heart they would probably ask for 
more assistance to be g iven them d uring the inspection 
period or overhaul. -r:hese e~gineering inspectors are not 
supermen ; yet one m1ght thmk. so, b~cause of th~ large 
number of complicated electronic eqUJpments the mspec
to rs must thoroughly understand. N evertheless, each 
man is an expert on several different types and has work
ing knowledge of many more so t~~t their a~ili ties ov~r
lap. They are in an excellent ~OSI.tiOn to. ~ss1st the sh~p. 

One of the greatest difficulties 10 servJCmg or obtam
ing information leading to servicing is the attitude of 
the ships' personnel, who often will not admit that any
thing is wrong. Finally when an inspection is made and 
it is plainly obvious that the equipment has been cle
f ective for months (and this has been the case many 
times) it reflects back on the personnel worse than it 
would have had he admitted his lack of knowledge at 
the start. The best adv ice to the ships' force is, Don't 
be afraid to confess electronic troubles or admit you 
don't know abO!Itlhe operation of some partimlar eqmp
menl, if you actually don 't. 

VISUAL INSPECTION of radar ante nnas . 
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INSPECTION ROUTINE 
As the first move, an advance notice is sen t to the ship 

via an inspector, that an electronic inspection will be 
made at a specific time and date. The inspector-messen
ger contacts the Captain and gives h im an outline of the 
procedure during the course of the inspection and the 
ass istance the ship is requested to give. On the day of 
the inspection, one or more engineers (depending upon 
the type and size of the ship) are sent aboard. If re
quired, there wi ll be a fire control radar engineer, a 
search radar engineer, a_ sonar engineer and general 
radio engineer. Their routine is as follows: 

1- Make an inventory of every piece of electronic 

CHECKING CALIBRATION on a loran. 

The W EATHER SH IP. 

equipment under the jurisdiction of the E .O. (p ri
vate and government) that is on board . 

2-0 perate each piece of eq uipment, inspect the main
tenance log and ask the operators and main tenance 
men for details on any troubles they have had since 
last overhaul. Ninety percent of the time when asked 
how the equipment is working the answer will be, 
"OK I guess." If you have troubles, tell the in
spector about them, for only then can he help you. 
In plain language, "let the inspector have the 
gripes"; it may save you a future breakdown. 

3-Make a careful physical check of the equipment and 
make recommendations to shipyard or ships' per
sonnel for repairs. 

4-Advise ship ·how to word their work requests and 
how the shipyard electron ic organization f unct ions. 

5-When time permi ts, instruct ship personnel in care 
and operation of equipment either on board or in the 
Electronics Shop as the case may be. 

ASSISTANCE FU RNISHED BY THE SHIP 
W hen the inspection group arrives on board, the 

ship assigns technicians (through previous arrangement) 
t~ ass ist during the inspection period. T hese techni
Cians should assist in locating all equipment which is 
not in plain sigh t. The technicians should have this 
equipment out and ready for inspection. They should 
have the machinery history records at hand to help the 
inspector get a better word pictu re as to w hy certain 
fai lures or troubles occurred. It should be remembered 
that the symptoms of some types of trouble may be ap
parent only when a ship is underway, hence may not be 
observed by a shipyard inspector. Carefully written re-

( 

f 

ports of an equipment's behavior at sea will be invalu
able to the inspector in such cases. T he ships' techni
cians should operate the equipments so the inspectors 
can observe the method used and make suggestions as 
well as study the operation of this particular unit. The 
sh ip should have spare parts and replacements easily ac
cessible for the engineers' use if needed. D uring the 
inventory the ships should take this opportun ity to check 
their own inventory fi les as no copy of the inspectors' 
in:rentory will be g iven the ship. 

It is the ~esponsibil ity of the ships' personnel to ac
quaint the inspectors with anything and everything 
electronic they feel does not function at 100% efficiency. 
If the ships' personnel are wrong, all the more credit to 
them in making sure and eliminating any doubts they 
may have about the equipment. If you do not have full 
confidence in your equipment or in you r abili ty to 
operate it, tell the inspector; he may find a good reason 
for both points. 

SHIPS' RESPONSIBILITY 
A FTER ARRIVAL INSPECTION 

Upon completion of the engineering reports resulting 
from the inspection, a letter is compiled and forwarded 
to the Commanding Officer, giving a l ist of all equip
ment found defective and making recommendation for 
action by the ship or the shipyard. A copy of this Jetter 
also goes to the Type Commander. 

It is the sh ips' responsibility to make sure that : 

1- W ork requests are put in covering all items requi ring 
shipyard work. 

2-That the recommendations for action by ships' per
sonnel are followed through. 

3-W hen repairs to each piece of equipment are com
pleted, that the equipment works to the full satis
faction of the ship. If it does not, the Electronics 
Officer in the shipyard should be notified at once. 

The benefits which a ship derives from its overhaul 
period depend to a large extent on the teamwork d is
played by the ship and shipyard·. The securi ty of the 
country may well depend upon the electronics equipment 
aboard ship. Such equipment must be maintained at peak 
efficiency, so let's all cooperate to get the most out of 
ship overhauls. 
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CAN YOU 
TOP THIS? 

The U.S. Marine Corps Air Station at El Toro (Santa 

Ana) California reports this one. T he G.C.A. at the 
station was alerted and established contact with an F7F 

aircraft at 2145 on 23 Jun e. At the time of contact the 
plane reported 25 minutes of gas remaining, and ' was 

immediately brought around on downwind for a normal 
approach. 

The aircraft was erratic on its headings downwind 

and crosswing; which was attributed to the pilot. W hen 

he refused to follow corrections on final, it became neces
sary to g ive him a wave-off. At this time, with an esti
mated 12 minutes of gas remaining aboard, an imme
diate P.P.I. run was commenced. T his pass was success
fu l and the ai rcraft landed withou t incident at 2208. A 
check with the pilot disclosed that he was newly arrived 

from fl igh t sd1ool, that it was h is first nigh t hop in an 
F7F, that he had never flown G.C.A. before; that the 

p lane had a defective gyro compass, and that the radio 
was operating intermittently! 
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IN THE MODEL 
SR-2 RADAR 

T he March 1947 ELECTRON carried an art icle on the 

p revention of arcing in the Model SR-2 Radar Equip
men t. T he detailed procedure g iven in that article has 
been adopted by the Bureau of Ships and issued as 

"Field Change No. 3-SR-2-Prevention of A rcing." 

Instructions for making this field change can be obtained 

from the Electronics Officer at any Naval sh ipyard . 
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li;$ii. StffT 
FOR ALIGNMENT 

OF SYNCHRO UNITS 
By D. 1. PANG 

Pearl Harbor Naval Shipyard 

Synchro units connected together in a synchro system 
are, by their working principle, self-aligning, or to use 
another term, self-synchronizing. An initial alignment 
of the synchro units in relation to each other is neces
sary, however, before the system will function properly. 

There are two methods by which this initial alignment 
could be made. Method No. 1, which is widely used, 
would be to have two men on a phone circuit extend
ing from one synchro position to the other. The man 
at the main unit keeps the man at the secondary unit 
posted on the main dial reading while the secondary unit 
is being adjusted so that its dial reading corresponds to 
that of the main synchro unit. 

Method No. 2 is to zero each individual unit in the 
synchro system using electrical zero as a reference. When 
this is done, the system will work properly. 

Method No. 2 has the very important advantage that 
a zeroed synchro system can be tied in with another 
zeroed synchro system directly without additional align-
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ment work. This is especially important in view of the 
complexity of present-day Target Designation Systems 
involving many different types of equipments. 

Another important advantage of using Method No. 2 
is that all synchro units in equipments can be zeroed 
in the shop during inspection of new equipment or 
servicing of existing equipment, thereby requiring little 
if any alignment work after the equipment is wired in .. 

Method No. 2 has the further advantage that trouble 
shooting in the system will be easier in that comp.re
hensive trouble charts and table of symptoms related to 
faults can be prepared. · 

As stated above, method No. 1 is still widely used 
in spite of the many advantages offered by method No. 
2. One reason for this is that method No. 1 is almost 
self-explanatory while method No. 2 involves tem
porary circuit changes which are by no means self
evident. Another reason is that existing units in the 
synchro system are not already zeroed and extensive work 
is required for zeroing the complete system. 

It is the opinion of the author that some meaQS to 
facilitate the alignment of synchro systems, when usin~ 
method No. 2, should be developed in order for thas 
method to receive universal acceptance. I.n Ji.ne with this 
thought, the use of a portable test set which would 
simplify the procedure of zeroing the different types of 
synchro units has been suggested. 

One device to be described is such a test set. The 
schematic diagram of the test set is shown in figure 1. 

The metho~s employed in using this test set for zeroing 
synchro unats are the same as those outlined in Ordnance 
Pamphlet OP 1303. 
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FIGURE !-Schematic Diagram of a device for zeroing synchro II nits. 
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. . With the synchro unit which is to be electrically 
zeroed connected to the test set by means of the test 
clips, the following conditions are set up by the selector 
switch S1: 

FIGURE 2-Se/ector switch on Position 1 

for zeroing synchro motor. 

GEN. MOTOR 

FIGURE 3-Selector switch 011 position 2 · 
for zet·oing synchro generator. 

115V 
60"" 

78V 

FIGURE 4-Selector switch 011 position 3 
jot· zeroing synchro differential motor. 

FIGURE 5-Selector switch in position 4 
fot· zeroing synchro diffel'ential generator. 

115V 
so-

FIGURE 6-Selector switch on position 5 for zeroing 
syncbro control transformer-step 1. 

Sl 

_~b~~~v~----~r~:~~~~JR_R~----~{!)~ 
FIGURE 7-Selector switch on positio11 6 for zeroing 

contt·o/ transformer-step 2. 

Before this test set can be used as a standard for zeroing 
synchro units, the synchro units within it must be elec
trically zeroed. A test switch has to be incorporated so 
these units can be checked at will to see that they are 
electrically zeroed before the device is used. This test 
switch is a lever type switch with a neutral (NORMAL) 

position. It is left in the NORMAL position except when 
testing for electrical zero of the synchro units within the 
test set. 

The following operating instructions should be attached 
to the underside of the cover of the apparatus. Since all 
connections to this test set are rather obvious and simple 
instructions are furnished with it, the operation of this 
device for electrically zeroing synchro units does not 
demand special training in its usage. 
To zero a synchro motor: 
1-Remove synchro leads from equipment circuit and 

clip on test leads of test set to the corresponding 
R and S leads of the synchro unit. 

2-Set selector switch Sl to MOTOR and turn on power 
switch. The shaft of the synchro unit will turn defi
nitely to zero degrees. Set the dial to its zero read
ing which the motor is connected this way. 

To zero a genet·ator: 
1-Remove generator leads from equipment circuit and 

clip on test leads of test set to the corresponding R 
and S leads of the synchro unit. 

2-Set selector switch S1 on GENERATOR and turn on 
power switch. 

3-The standard motor in the test set as used in this 
test must itself be electrically zeroed. Once zeroed 
it will hardly require further attention but as a pre
caution a test switch this, throw test switch S3 to 
MOTOR ZE.RO. The motor azimuth scale should read 
zero degrees indicating that the motor is electrically 
zeroed. Return test switch to NORMAL. 

4-Set the unit whose position the generator transmits, 
accurately in its zero position. Unclamp the gener
ator and turn it until the motor in the test unit reads 
zero degrees. The generator is now approximately 
on zero degrees. 

S-Check by depressing push button switch '52. If 
motor's shaft moves at all when S2 is depressed, the 
generator is not zeroed. Shift slightly and try again. 
When it is accurately zeroed damp it in place. 

To zero a differential motor: . 
!-Remove differential motor leads from eqmpment cir

cuit and clip on test leads of test set to corresponding 
R and S leads of the motor. 
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2- Set selector switch S1 to DIFFERENTIAL .MOTOR and 
turn on power switch. 

3-The shaft will definitely turn to zero degrees. Set 
the dial to its zero reading while the. motor is con
nected this way. 

T o zero a differential generator: 
1- The standard motor and standard generator m this 

unit is used in this test. They have been electrically 
zeroed but as a precaution a test switch S3 is pro
vided to check these un its for electrical zero. Throw 
S3 first to MOTOR Z ERO to check motor for electrical 
zero and then to GENERATOR ZERO to check gener
ator. When the switch is in the GENERATOR ZERO 

position the motor dial should read zero with the 
generator d ial set to zero. 

2-Remove the differential generator leads from the 
equipment circui t and clip on test leads of the test 
set to corresponding R and S leads of the generator. 

3-Set selector switch S1 to DIFFE.RENTIAL GENERATOR. 

4-Set the dial of the generator in th is device to zero 
degrees. U nclamp the DG and turn it until the 
motor in the unit reads zero degrees. The DG is 
now approximately on zero degrees. 

5-Check by depressing pushbutton switch S2. If the 
motor's shaft moves at all, the DG is not on zero 
degrees; shift sl igh tly and try again. When it is 
accurately on zero degrees d amp it in place. 

To zero a control transformer: 
1- Remove the control t ransformer leads from the 

equipment circuit and clip on test leads o f the test 
set to the correspond ing R and S leads of the CT. 

2-Set the selector switch Sl to CO N TROL TRANSFORMER 

-STEP 1 and turn on power switch . 
3-Unclamp the cr and turn it until the voltmeter in 

this unit reads minimum. T he CT is now approxi
mately on zero degrees. 

4-Set selector switch S1 to CONT!l.OL T RANS FORMER

STEP 2 and again turn the CT until the meter reads 
minimum. W hen this is done clamp the CT in place. 
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GENERATION OF ELECTRICAL ENERGY 
This chapter wi ll explain the theory of the more im

portant methods of generating an electromotive force or 
"difference of potential." 

"Generation of electrical energy" means any process 
whereby energy, in some form other than electric.al, is 
converted to electrical energy. Conversion is usually ac
complished by generating potential electrical energy in 
the form of a difference of potential and, by means of 
an electric circuit, this potential electrical energy is con
verted to kinetic energy-in which form it is used to 
accomplish useful work. 

T be meaning of electrical (potential ) energy. The 
electrical potential at a point is said to be raised or posi
tive when a deficiency of electrons exists. W hen there 
is an excess of electrons, the point is said to be at a low 
potential or negative with respect to the other point. 
Between these two points in an electrical circuit there 
will tl~en exist a potential difference of electrical pres
sure. This is due · to the electrostatic force that exists be
tween charges at the two points, which wiJI tend to move 
electrons from the point of excess electrons to the point 
of lesser quantity. 

If a conducting path is provided between tl1e two 
points which are at a different potential, electrons wil l 
be caused to move from the point of low potential to 
that of high potential: i.e. f rom negative to positive, 
until the electrostatic charges a re neutralized. If, by 
some means, a steady potential difference is maintained 
between the two points in question, a steady stream of 
electrons will fl ow through the conducting path. The 
electrical or potential energy to maintain this potential 
difference may be supplied by any device capable of sup
plying electrons in sufficient quantity to maintain the 
electrostatic pressure. 

An electrical generating device transforms energy in 
one form, whether it be the rmal chemical or mechanical, 

' ' into e lectrical energy by moving electrons in such a 
manner that a difference o f potential is established. 

When a force is applied to a body, the body tends to 
move in the same direction as the force. If the body is 
free and does move thus, it (or the system of which it 
is a part) loses potential energy. But, if the body is 
caused to move in the opposite d irect ion (that is, against 
the force) , work is done upon it and the body or system 
acquires poten tial energy. In this case the amount of 
potentia l energy gained is numerically equal to the work 
done upon the body. Consider the pile-driver as a prac
t ical example : when the weig ht is lifted from the 
ground against the force of gravity, it acquires potential 
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energy ; th is is converted to kinetic energy when tl1e 
weight is a lJowed to hit the piling. Now apply this 
same principle in the e lectrical field. When a negative 
charge (electron) is moved toward a like charge or 
against the e lectrostatic force, the re is an increase in the 
potential energy of the system, but if the electrons move 
in the direction of the electrical force, from the negative 
to the positive side of the circuit, the poten tial energy 
is converted to kinetic energy by heating the conductor, 
such as in the ordinary lamp bulb. In so doing, the sys
tem loses a like amount o f its potential energy. 

Electromotive force. When current flows in a metallic 
conductor, heat is always developed-which means that 
energy is being expended. Kinetic energy is being 
formed from the potential energy represented by tl1e po
tential difference at the terminals of the conductor. 

It is obvious that a current will not continue to flow 
in a circuit made up entirely of metallic wires, free from 
outside influence. To keep the current flowing, energy 
equal in amount to that dissipated by the circuit must 
be supplied to the circuit. T he amount of energy sup
plied in one second may be represented by the product 
El, where E is the energy expended in the circuit in one 
second when unit current (I = 1) is flowing. This 
te rm E is called the e lectromotive force of the circuit. 

Electromotive force describes the phenomenon that 
forces a current through a circuit. In practice, the elec
tromot ive force of a device is usuaiiy measured by de
te rmin ing the potentia l difference between the term i na ~s 
o f an electrical generating device. This measurement JS 

made in terms of vol ts. 
Forms of energy. Energy may appear in various forms, 

the most important of w hich a re mechan ical , thermal, 
chemical, electromagnet ic, sonic (sound ), and as visible 
light. In attempting to use energy in any of these forms, 
there is at least one method by which it may be converted 
to electrical energy. Of course, conversion method~ 
whid1 require a large quanti ty of available energy to 
obtain a relatively small amount of electrical energy are 
of little practical value because of their inefficiency. Yet, 
some of these inefficien t methods are important either 
because of the effects they produce in an e lectric circu_i t 
or because they are usefu l in the measurement of certatn 
physical phenomena. 

Of the more practical methods, there are th ree in com
mon use for supplying electrical energy to a circuit: 

1- The thermal generator which transforms heat energy 
into electrica l energy. 

2-The voltaic cell which transforms chemical energy 
into electrical energy. 

3-The dynamo or electric generator which transforms 
mechan ical energy in to electrical energy. 

Each of these conversion devices succeeds in maintain
ing a potential difference between its terminals by mov
ing e lectrons through the potential g radient until static 
charges accumulate. The resulting electrostatic field 
balances the force d ue to the electromotive pressure pro
duced by the device. 

In order to thoroughly understand tl1e phenomena of 
generating a potential difference in an electrical genera
tor it is necessary to study the nature of electron move
ment in a conducting medium. 

Conduction of mrrent in solids. An electric current in 
a metal wi re or other solid conductor consists of a stream 
of electrons moving from negative to positive sources 
of e.m.f. \Xlhen this phenomenon occurs, two effects are 
always present: the wire becomes heated and a magnetic 
field is present, but no chemical change takes place in 
the conductor. When mercury or other fluid metal is the 
conductor, the atoms may also move along the potential 
gradient, but no chemical action occurs. 

It is generally believed that there are some electrons 
within the metal which are free to move among the 
molecules. These electrons are in thermal equilibrium 
with the molecules : that is, their average k inetic energy 
equals that of the molecules. The best conductors are 
metals such as silver, copper, nickel and various alloys, 
ali of which have a crystalline structure. The nuclei of 
the atoms accompanied by tl1e closely bound electrons 
are arranged in a stable lattice structure. One or two 
loosely bound electrons from each atom appear to be 
easily set free, and these move about within the conduc
tor, but are confined to the conductor by a potential 
barrier at the surface, due to the tota l charge of tl1e 
metallic atoms or molecules. H ere exists a form of elec
trostatic equilibrium. U nder the action of an electric 
fie ld, such as a potential difference impressed across the 
ends of the conductor, the e lectrons wil l be caused to 
drift in a certa in direction because o f the electric pressure 
exerted by the electromotive fo rce. This causes thermal 
ag itat ion of the lattice structu re because· the electrons 
give up energy in the form of heat when they a re moved 
against the force exerted by th e electrostatic d1arge of 
the atoms or molecules. H owever e rratic each electron's 
movement may be, the general dri ft of all the e lectrons 
within the conductor is in the same d irection, from the 
negative source of e.m.f. to the positive. 

Joule's law of beating. The qu_antity of heat de
velo ped by the expenditure of electncal energy depend s 
upon three factors: the magnitude of the electron flow 
or current the d uration of time this current is main
tained, and the resistance of the conductor. Experiments 
have shown that, all other factors being equal, doubling 
the quanti ty of current quadruples the heat developed, 
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or more generally, the heat produced is p roportional to 
the square of the current. For example, if the same 
current exists for equal intervals of time through pieces 
of wire having the same physical dimensions, one of 
copper and the other of iron, the iron will become hotter 
than the copper; consequently, the iron is said to offer 
more opposition to the current and to have a hig her re
sistance than copper. 

To sum it all up, "T he heat produced in a conductor 
is proportional to the 1·esistance of the conductor, the 
sq11are of the mrrent, and the time of mrrent flow." 
This is commonly known as Joule's law o f e lectric heat
ing. The amount of energy, converted into heat in te rms 

of jou les, may be expressed: 

1IV = R 12 t 

where R is expressed in ohms, I in amperes, and t in 
seconds; then the energy 117 wi ll be g iven in joules. 
Joulejsecond is therefore the rate of expend ing energy 

in a circuit. In electrical circu its, power is expressed in 
watts, one watt being equivalen t to a joulej second. In 
thermodynamics, heat energy is expressed in calories

the unit calorie being equivalent to 4.19 joules. A calorie 
is the heat required to cause a change of 1 de:;gree centi
grade rise in the temperature of one gram of pure water. 

In accordance with Joule's Law, the rise in tempera
ture of an electrical conductor is attributed to thermal 
agitation of the atomic or molecular structure of the con
ductor by the movements o f the electrons. If this agita
tion be increased, by either increasing the potential d if
ference across the terminals or increasing the resistance 
of the conductor, the electrons w ill soon acqo ire suffi
cient kinetic energy of motion to overcome the electro
stat ic force of the atoms and molecules as well as caus
ing heat by g iving up energy. \'<lhen this occurs, the 
electrons actually break through the potential barrie r at 
the surface and leave the conductor, but in so doing, 
their kinetic energy is expended and they are attracted 
back to the conductor. Under such conditio ns, electrons 

are continually leaving and retu rn ing to the surface of 

the cond uctor, effectively es tablishing a cloud of electrons 
in the immediate vicinity of the heated conductor. Usu

ally a red or white hot temperature is required for the 

conductor to p rod uce such a cloud. 
The cloud o f electrons constitutes a negative "space" 

charge. and if a positively charged bo~y is brough~ in to 
the vicinity, an electrostatic fi e ld wtll ~e est~bltshed , 
causing elect rons to be d rawn from .the . space char~e 
in attempting to equalize the pot~ntt a l dtff~~cnce .. Thts 
current flow is known as the "Edtson effect and ts the 

basic principle o f the electron tube. 
T hermal propertie.r of metal.r .. During the l:eriod of 

from 1800 to l 900 various ex pen menters establtshed the 

fact that the potential energy gained by an electron that 

was caused to leave the surface of a conductor could be 

expressed in terms of energy called e!ectron-volt.r. When 

used in this manner, an electron-volt represents the 
energy imparted to an electron in forcing it through a 
potential difference of one volt. One electron-volt is 
equal to 1.602 x 10-1 2 e rgs of energy. 

The potenti.al barrier at the surface of a conductor pre
vents an electron from leaving until it has sufficient 
kinetic energy of motion. A convenient method com
monly used is the use of heat. Each metal has a poten
tial barrier dependent upon its atomic or molecular struc
ture and the energy in electron-volts required to over
come the potential barrier is termed the "work f!fnction" 
of the metal. 

The work function in electron-volts for three metals 
used as filaments in vacuum tubes are shown below with 
their approximate operating temperatures. This indicates 
that greater energy is required for metals having a 
greater work function. 

T ungsten 4.53 electron-volts 
Tantalum 4.07 
Thorium 3.35 

2100° c. 
195 0° c. 
1500° c. 

Contact pote111ial. About 1800, Volta arrived at the 

conclusion that the twitch in the frog's leg in Galvani's 

famous experiment was due to the electric potential 

caused by the contact of two dissimilar metals. Later 
it was proven that a contact e lectromotive force exists 

between two dissimilar metals when placed in intimate 

contact. This is an intrinsic property of metals and the 

contact e.m.f. depends upon the work function s of the 

two metals used and the temperature of the junction. 

The difference in potential resulting from contact tn 

air between two dissimilar metals is very small , usually 

a few microvolts at normal temperatures. This is due 

to the fact that some metals have more free electrons 

than others; therefore, when in contact, electrons w ill 

pass from one metal to the other, thus creating an excess 
of electrons in one of the metals and giving it a negati,ve 

charge. This contact e.m.f. is subject to considerable 

variation depending upon such phys ical factors as cleanl i

ness of contact surfaces, temperature, humidity, pressure 

of contact, etc. O ften, as will be seen later, contact po

tential is of a nuisance value in the wiring and connec
tions in e lectronic circuits. 

Thermoelectric potentials. A thermoelectric potential 

is one generated by a conversion of thermal energy to 

e lectrical energy. Figure 1 shows two dissimil ar metal 

wires joined at two points to form a sing le conducting 

loop. A contact potential will exist at each junction, due 

to movement of free electrons from the copper wire to 

the iron wire, which charges the iron side of each 

junction negatively with respect to the copper side. 

When the temperature of junction A is the same as that 

of junction B, the two contact potentials wi ll be equal, 

but since the potential at A is opposite to that at B, the 

effective potential in the entire loop will be zero. 
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However, i f the temperature of junction B is raised 
as shown in figure 1 by the use of an ordinary candle, 
there will be an increase in electron transfer from the 

copper to the iron, thus raising the potential at junction B 
above that at junction A . The effective potentia l in the 

loop is equal to the difference in e.m.f. at each junction, 

and current wi ll flow in the loop from copper to iron at 

the heated junction, via the iron wire to junction A, 
through the junction and via the copper to junction B. 

The quantity of thermal current established will be de

termined by the difference in lemperttllfre between the 

hot and cold junctions, and the d irection of current flow 

depends upon which junction is heated. 

COPPER WIRE 

F IGURE 1- The tbermoelectric cirwit. 

One theory of thermal e.m.f. is based upon the un

equal quantity of free electrons per unit volume in the 

two d issimilar metals. Copper at normal temperatures 

has less e lectrical resistance than iron ; therefore, copper 

is expected to have a grea ter number of free electrons per 

unit volume than iron. W hen the two metals are placed 

in contact with each other, the distribution of free elec

trons tends to equalize across both junctions; electrons 

move from copper to iron at both points of contact, 

which charges the copper positively, and the iron nega

tively. As the charge in both metals builds up it will 

become more and more difficult for electrons to move 

from copper to iron and a stabil ized condition is reached 

when no further electrons move through the junctions. 

The two contact potentials a re then equal but acting in 
opposite di rections, and with no difference of tempera

ture between the two junctions the effective e.m.f. in the 

loop is zero. 
However, if one junction is heated, thermal agitation 

causes a greater transfer of free electrons from copper 
to iron at the heated junction. This raises the potential 

at the heated junction, which causes a thermal current to 

be established in the loop. 
Since the number of free electrons in a metal does not 

vary di rectly as the temperature, the thermal e.m.f. devel-

oped across the heated junction of two dissimilar metals 

cannot be expected to vary directly as the temeperature. 

Figure 2 shows the variation of thermal e.m.f. of an 

iron-copper thermocouple as plotted against the dif

ference in temperature between the two junctions. 

At 0° difference the thermal e.m.f. is zero, but as the 

temperature difference is increased by heating one junc

tion, the thermal e.m.f. increases, first rapidly then more 

slowly, attaining a maximum for this particular thermo
couple at approximately 275 o difference. O ver this 

range of temperature difference, the number of free elec

trons in the copper exceeds the number in iron. The 

temperature difference at which the ratio of free elec

trons in copper to those in the iron is maximum is called 

the neutral temperature of the couple and coincides with 
mlLximum thermal e.m.f. 
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FIGURE 2-Thermal e.m.f. diagram of a copper-iron 
thermocouple. 

\'<lhen the temperature difference is increased above 

275 °, the rate at which free electrons are liberated in the 

iron becomes g reater than the rate of increase in electrons 

from the copper, so that the total number of electrons 
transferred per unit time is reduced and causes a similar 

reduction in the e.m.f. At twice the neutral temperature, 

the number of free electrons released per unit volume for 

each metal is equal ; therefore the thermal e.m.f. is zero . 

The temperature difference at which this condition is 

attained is called the temperature of inversion. Beyond 

this .temperature, iron releases more free electrons than 

copper and causes the copper to become charged negative 

with respect to the iron, thus reversing the polarity of the 

e.m.f. across the junction. 
D ifferent combinations of metals wi ll p roduce a simi

lar-shaped curve, but of course the ampli tude of e.m.f., 

the rate of change of e.m.f. per degree change in tem

perature difference and the range of temperatures over 

which the variation takes place will d iffer from figure 2. 

In any p ractical thermocouple, the variation of e. m .f. 

fo r temperature difference between zero and the neutral 
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temperature will be of primary importance. In electrical 
work, the most important factor will be the rate of 
change of thermal e.m.f. per degree change in tempera
ture at the hot junction. The cold junction is always as
sumed to be held at a fixed temperature. 

T able I shows an arrangement of metals called a 
thermoelectt·ic series. Any metal in the list is · electro
positive to any metal that follows it, and electronegative 
to one that p recedes it. For example, if nickel be placed 
in contact with antimony and junction heated, electrons 
will be transferred from nickel to antimony and the 
nickel becomes positively charged. Nickel is said to be 
electropositive to an timony. However, if bismuth is sub
stituted for antimony, the nickel becomes electronegative, 
since the transfer of electrons w ill then be from bismuth 
to nickel at the heated junction. 

Table I. T hermoelech"ic Series. 

1. Bismuth 7. Gold 
2. Nickel 8. Silver 
3. Platinum 9. Copper 
4. Aluminum 10. Zine 
5. Tin ll. Iron 
6. Lead 12. Antimony 

The above series is quite brief and can be extended 
considerably by the addition of a number of alloys which 
have marked thermal properties. A combination of pure 
platinum plus an alloy of 90% platinum and 10 o/o rho
d ium is w idely used as a thermocouple in furnace 
pyrometers. A thermocouple of this type in con junction 
with a sensitive milliameter may be used to measure 
temperatures up to the order of 20ooo C. Constantin 
an alloy of about 60% copper and 40 % nickel is ofte~ 
used with iron or copper in the thermocouple-t;pe milli
ameters. 

A theromp ile is a combination of thermocouples ar
ranged in series so that the thermal voltages are additive. 
Such a device in series with a very sensitive current meter 
has been used to measure the heat of distant planets and 
to compare the temperatures of distant stars. With the 
thermopile placed at the focal point of an astronomical 
telescope, a temperature change less than one millionth 
of a degree Cen tigrade may be detected! 

CONDUCTOR R I __ ... 
CIRCUI T 

FIGURE 3-Typical thermoco11ple ammeter for me on 
d.c. or a.c. 

The thermocouple ammeter is extensively used in 
hig h-frequency electronic circuits. Figure 3 is a typical 
thermo-ammeter arrangement. The resistance R is of 
very-small ohmic resistance and is connected in series 
with the circuit in which the current is to be measured. 
The thermocouple is mounted in di rect and constant 
contact with R. T he heating action of the current raises 
the temperature of the thermocouple. The thermal e.m.f. 
establishes a current th rough the sensitive meter, this 
c~rre.nt being proportional to the heating effect of the 
ctrcUit current. According to Joule's Law of heating, the 
heating effect of a current varies as the square of the 
current value. Because heating effect varies as the square 
of the circuit current, the scale of the thermo-ammeter 
will be non-uniform, as shown in the figure. 

Cond11ction of mrrent in liq11ids. An electric current 
can pass in most l iquids, other than molten or fluid 
metals, only when some of the molecules of the liquid 
become dissociated . The p rocess of dissociation occurs 
when an. ino.rganic salt or an acid, such as sulphuric acid, 
H2SO.J> tS dtssolved in water. T he solution is called an 
electrolyte, and the breaking up of molecules into atoms 
~nd groups of atoms having a positive or negative charge · 
ts called ~ol~cular dissociation. For example, consider 
a sulphunc aod solution, which is a common electrolyte 
used in storage batteries. The dissociation of each mole
cui~ .of H SO .• produces three charged particles: two 
postttvely charged hydrogen atoms (each deficient of one 
electr?n ) , and one SO 4 g roup of atoms carrying a double 
negattve charge, thus 

H2SO~-:_H++H++SO~,- -

. Th~s proce~s is reversible and may proceed in either 
d trectJOn, as tndicated by the arrows in formula above, 
until equilibrium is reached for the solution. 
. These c~arged atoms or groups of atoms are called 
tOns. An ton has entirely d ifferent characteristics f rom 
~hose ?f the c.orresponding neutral atom or g roup. An 
ton. wtll rematn charged either positively or negatively 
unttl the charge carried is neutralized by an opposite 
charge that may be I' d b f supp te y an external source o 
e.m.f., or by another ion of oppo 't I 'ty . st e po an . 

Electrolytic conduction is the term applied to the 
passage of current through a solution of this kind, a l
tho~gh the current does not consist of a drift of electrons 
as I'd . 10 a so t conductor. In electrolytic conduction, the 
tOns are the ~arriers of the electric charge. The number 
~f el ectr~ns tn excess or deficiency in an ion is equal to 
the c.hemtcal va lence of the atom or g roup. (See Basic 
Physics, part 6, December 194 7 issue ELECT.RON.) 

Within the solution, the current equals ;he sum of the 
charges carried through any cross section in one second 
by the two streams of ions : one, moving toward the 
anode and the other, toward the cathode. The anode is 
the conductor, or p late, from whid1 the current enters the 
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electrolyte, and the cathode is the conductor or plate 
where the current leaves the electrolyte. 

Electrolysis and Faraday's lAws. In studying the con
d uction of current through solids, you learned that two 
effects are always present : a magnetic effect and a heating 
effect. In electrolytic conduction, there are also two ef
fects: a chemical decomposition of the solution or the 
electrodes, and a heating effect. Chemical decomposition 
resulting from elect ric current supplied from an external 
e.m.f. is called electrolysis. 

The dissocia tion of a meta llic salt in a solution, such 
as silver nitrate, results in positively charged si lver atoms 
and negatively charged nitrate g roups in solution . W hen 
an external source of voltage is applied to electrodes 
p laced in the solution, the negative terminal or cathode 
wi ll attract the positive silver atoms which are deposited 
on the cathode when their charge is neutralized. Such 
a process-depositi ng of metal on an electrode-is called 
electroplating . 

As the resu lt of a long series of experiments Faraday 
evolved the following laws of electrolysis : 
1- The mass of a substance liberated by electrolysis is 

proportional to the quantity of electric curren t whid1 
passes through the solution. 

2- The mass of a substance liberated by a given q uantity 
of current is proport ional to its chemical equivalent: 
that is, the ratio of its a tomic weight to its valence. 

These two laws may be co~bined into one worki ng 
statement : Liberated mass is equal to the electro-chemical 
equivalent times q uantity of current, where the electro
chemical equivalent of any substance is defined as the 
mass of that substance which is liberated electrolytically 
by one coulomb of electricity. 

In practice, the mass of a metal deposited on a cathode 
can be determined with greater accuracy than the volume 
o.f a gas formed by a similar p rocess. The deposit o f 
stlver f rom a solution of silver ni trate has been carefully 
measured by various observers with results which differ 
~nl.y very sl.igh tly f rom 0.0011181 g ram per coulomb. 

.hts mass ts called the electrochemical equivalent of 
stlver. It should be noted that the International Standard 
for the quantity of electricity called the coulomb is 
0.0011181 g rams of si lver, since the known physical 
standard for this comparison was the Standard Ki log ram 
(See, however,. ELECTRON, Dec. 1947, page 16) . 

Elecl1'ochemlcal potentials . The contact potential \Vhich 
results when . d issimilar metals are p laced in certain 
electr?lytes, etther acid or alkaline, are of much greater 
mag nttude than those obtained between the same meta ls 
in air. T able II , below, shows the contact potentia ls for 
a few of the more important elemen ts when immersed in 
a normal e lectrolyte. The potentials listed in this table 
are not to be considered exact; they are simply given to 
ind icate the genera l magni tude. The potentials will vary 
to some extent wi th temperatu re and pur ity of the metals 
and only sl ightly with the strength of the electrolyte. 

T able II. Electrochemical Series 

Element 

Potassium 
Sodium 
Aluminum 
Zinc 
Iron 
Cadmium 
Nickel 
Lead 
Hydrogen 
Copper 
Mercury 
Silver 
Carbon 
Gold 
Lead peroxide ( approx. ) 

Contact potential and polarity 
111hen referred to hydrogen 

- 3.20 volts. 
-2.72 
- 1.82 
-0.77 
- 0.46 
-0.42 
-0.25 
- 0.12 

00.00 
0.33 
0 .60 
0.79 
0.83 
1.08 
1.98 

In any electrolytic solution, chemical reaction tends to 
dissociate some of the neutral molecules into positive and 
negative ions, the usual process by which chemical energy 
is converted to electrical energy. The negative ions are 
chemically active ; that is they are the ions that w ill even
tually cause chemical decomposition of one of the metal 
plates or electrodes in a battery. 

Electrolytic and 11oltaic cells. You have just learned 
that when a current is passed through an acid or alkal ine 
solution called an electrolyte, chemical decomposition 
takes place and a metal or gas is liberated . T his process 
was termed electrolysis. The apparatus used is known as 
an electrolytic cell, and the electrical energy, supplied by 
an outside source, serves to produce the chemical d1anges 
involved, a small part being wasted as heat. 

Cells which themselves supply electrical energy, due 
to the chemical reactions that occur when they contain 
metals immersed in an electrolyte, are called voltaic cells. 
In this type of cell, chemical energy within the cell is trans
formed into electrical energy, w hich is supplied to some 
exterior. point with, of course, loss of part of the energy 
as heat. Voltaic cells are called primary cells when the 
electrodes must be replaced after use, and secondary, or 
storage cells, when the electrodes can be restored to their 
ini tial condition by a process called "recharging." 

T he chemical actiOt7 111ithin a primary cell. All ele
ments have a chemical affinity for negative ions, the 
actual magnitude of the attraction for the i?ns being 
determined by the nature of the elemen t. ! IllS rna~ be 
observed from the series in table II. To avotd confusiOn, 
make a closer study of the table. Note that the contact 
potential is that which exists between the metal and a 
hydrogen reference electrode. However, a gas makes a 
poor electrical connection. Fo r that reason, a second 
metallic elect rode is required for electncal connect ion 
with an external circuit. With regard to the potential 
d ifference available to a circuit, another metal on the 
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list is chosen for the other electrode. The actual trans
formation of chemical energy to electrical energy takes 

place at the negative electrode where the negative ions 
in the electrolyte give up their negative charge, or 
charges upon contacting the metal electrode, and in this 
chemical process an atom of metal is detached from the 
electrode and goes into the solution. The charge is built 
up in the negative electrode until it just counterbalances 
the chemical affinity for the ions by the electrode. 

FIGURE 4-
Simp/e voltaic cell. 

Figure 4 shows the primary type of copper-zinc cell 
w ith an electrolyte composed of a solution of sulphuric 
acid and water- d issociation causing the sulphuric acid 
to break into plus hydrogen ions and negative So., 
(sulphate) ions. The negative ions migrate toward the 
zinc electrode, due to its chemical attraction, and g ive 
up their charges on contact. The chemical reaction sets 
a neutral zinc atom free which goes into the solution. 
The reaction is at eguilibrium when the repulsive force of 
the negative charge built up on the zinc electrode is egual 
to the attraction the latter has for the negative ions. The 

same action takes place at the copper electrode, but since 
it has less chemical affinity for the negative ions than 

zinc, eguilibrium is reached with less chemical reaction. 

Between the two electrodes will exist a potentia l differ

ence due to the transformation of chemical energy to 

electrical energy. This potential may be determined from 
the series in table II by taking the algebraic difference 

that exists between the two elements in the series. 
Polarization. Given the primary cell just described: 

If a metallic conductor is now connected between the 
exposed ends of the zinc and the c~pper (see figu:e 4 ) , 
a current will flow through the wne from the zmc or 
negative electrode to the copper or positive elect rode. 
These electrons stop the chemical action at t_he copper 

electrode within the solution, and the negallve charge 

then attracts the positive hydrogen ions . . Upon c~nt~ct, 
the charge of the hydrogen ions is neutralized by piCking 

up electrons from the copper, and when ~eu tr~ l i zcd, the 
hydrogen ions form molecules of gas which clmg to the 
surface of the copper electrode. The fl ow of electrons 

in the external circuit reduces the charge on the negative 
zinc electrode, thus permitting further chemical reaction· 

and conversion from chemical to electrical energy. How
ever, the formation of hydrogen gas on the copper elec
trode reduces the activity of the cell by making it more 
difficul t for the positive ions to reach the surface of the 
copper and remove electrons. This in effect resul ts in a 
zinc-hydrogen cell which is of lower potential difference 
than a zinc-copper cell. T he reduction of cell activity by 
formation of hydrogen gas about the positive electrode 
is called polarization. 

To eliminate polarization it is necessary to replace the 
hydrogen deposit at the electrode by something which is 
not a gas, preferably by the element of the electrode 
itself. In this type cell, copper sulphate is used in close 
contact with the copper electrode. The resulting chemical 
action causes the hydrogen ions to form sulphuric acid 
and release a positive copper ion. This in turn combines 
with the copper electrode, when it removes a negative 
electron in neutralizing its charge; thus the conductivity 
of the electrode remains the same. Such an agent is 
called a de polarizer. 

Primary cells in common 11se. Primary cells differ ac
cording to the particular materials used for the electrode, 
the electrolyte, _and the depolarizer. H igh electromotive 
force and low mternal resistance are desirable, but dur
abi lity and cost of materials are the controlling factors. 

Th_e so-~alled gravity (copper-zinc) cell previously 
deswbed IS one type of primary cell in common use 
where l?ng unattended service is requi red, such as rail
road switches etc. I t is necessary, however, to replace the 

zinc electrode and the depolarizer at certain intervals. 
This type of cell is designed for continuous service, 
b~t ?ecomes temporarily useless if left long on open 
Ci rcuit. The e.m.f. produced is about 1.08 volts ' and the 
resistance in ordinary sizes ranges f rom 1 to 6 ohms. 

(&V .IiiO 'If\,N ""-Oit« 
""I'•IT[) • IT" 
"'•'" ~AlOtS.C C'IOil'tle: 
Cll'll\ l.lllllt lll 

CAN 

FIGURE 5- The rommo11 dry-cell in cross serlion. 

The ordinary dry cell is the most common type of 
primary cell. It is usually discarded when used up be

cause it is uneconomical to rep lace the chemically decom
posed electrode. 

This type of cell is not "d ry" in the true sense of the 

word, since the electrolyte consists of a moist paste in
stead of a liquid, thus making it portable. Figure 5 is 
a cross-sectional view of the cell. The container is a zinc 
cylinder which also serves as the negative electrode. The 

positive pole is the carbon rod. The electrolyte is a 
solution of water and ammonium chloride, NH.,Cf. The 
zinc container is lined with thick blotting paper which is 
saturated with the electrolyte. T he space between the 
li ning and the carbon rod is packed with granulated car
bon and manganese peroxide mi.'Xed in a paste wet wi th 

the electrolyte. T he manganese peroxide is the depolar

izer. The chemical action is as follows: dissociation of 
the ammonium chloride produces positive NH.,+ ions and 
negative C/- ions. The transformation of chemical to 
electrical energy takes place at the zinc electrode where 
the negative Cl- ions migrate and give up their charge, 
at the same time detaching neutral zinc that goes into 
the solution. The positive NH.,+ ions take up electrons 
from the positive carbon rod and, in the process of doing 

so, break down chemically to ammonia, N H 3 , and hy

d rogen gas. The action of tlie depolarizer is to remove 

the hydrogen gas by supplying oxygen to form water and 

manganese oxide. The ammonia does not materially 
affect the chemical t ransformation of energy. Whenever 
the external circuit is completed, the above chemical reac
t ion takes place and current is supplied at the expense of 
the zinc electrode which is gradually decomposed. 

Jr,I_( .. CI.MOUS 8 
C:&OlUJW SIA.PH.I.T[ 

FIGURE 6--T he W esto11 Standard Cadmifllll Cell. 

The electromotive force of a new dry cell is about 1.6 
volts and the resistance Jess than 0.1 ohm. The current 
on short circuit may be in the vicinity of 25 amperes. 

On open circuit the cell deteriorates very slowly and 

polarizes rapidly when a heavy current is drawn, but 
recovers in a short time when the curren t is stopped. 
Dry batteries are universally used in eguipment reguiring 
relatively low current for short periods, or low curr_ent 
alternately with large currents, such as in portable radiOs, 
door bells, flashlights etc. 

Standard or IIV est011 Cell. A standard cell is of simple 
desig n so that it can be used as a standard of electro
motive force wh ich remains constant over a long period 
of time. It is not intended to supply cu rrent, so it shou~d 
be used in series with a h igh resistance in order to avoid 
injury from short circuits. The W eston Cadmium Cell 
is now used almost universally as the standard of electro

motive force. The electromotive force is about 1.0188 
absolute volts at 20° C. Its variation with temperature 
can be accu rately calculated. 

Figure 6 shows the simple construction of the Weston 
Standard Cadmium Cell. The cell is made of g lass 
tubing in the form of the letter H. Platinum wires sealed 
in the bottom of each leg serve as terminals. Mercury 

and an amalgam of mercury and 12Y/1o cadmium serve 
as electrodes (the same as copper and zinc, respectively, 
in the cell described previously). The mercurous sul 

phate is the depolarizer and the electrolyte is composed 
of a solution of cadmium sulphate. The air space at the 
top of each leg provides for expansion of the materials 
under temperature changes. The entire cell is sealed and 
is usually mounted inside a case in an upright position 
with the terminals at the bottom, so that the temperature 
may be measured guite accurately. Since cell e.m.f. varies 
exactly with temperature, exact calculations of e.m.f. can 

be made. 
Secondary or stomge cells. The discussion up to this 

point has centered on primary cells in which the t rans
formation of chemical energy to electrical energy has been 
effected at the expense of d1emical decomposition of one 

of the electrodes. This characteristic of a primary cell 
limits its use to low-current requirements. For economi
cal reasons, therefore, it cannot be used where the cur
rent reguirements are of large magnitude or of long 

duration. 
For purposes reguiring steady currents larger than can 

be supplied by primary cells, storage batteries are used . 
Batteries are combinations of secondary cells in groups 
that are either in series or parallel and containing a 
sufficient number of workable uni ts to meet the reguire

ments of current and voltage. T ypical applications in

clude storage batteries offering standby serv ice in power 

substations to supply the load for short periods in the 
event of power failure of the regular generators, service 

as a source of power for submarines and for electric 

trucks, and service as independent batteries for energiz

ing the starting and lighting circuits in automobiles. 
You have previously noted that the electrodes in a 

primary cell cannot be chemica lly restored to their orig

inal form by the application of an externa l source of 

e.m.f. The construction of the secondary type cell over

comes this defect by utilizing electrode materia ls which 

can be restored by an external source of e.m.f. during a 

process called charging. 
T here are two types of secondary or storage cells used 

commercially ; the n ickel-iron or Edison cell , and the 

lead-lead peroxide cell. Since the lead cell is more often 
encountered , its operation will be briefly explained here 

(see figure 7 ) . The lead battery has as its positive elec

trode a plate (or plates) of lead peroxide p.ressed firmly 

in to a supporting grid of lead. The negative electrode 

consists of plates composed of pure spongy lead. to .pro

vide as much surface as possible. The electrolyte 1s dtlute 

sulphuric acid with a specific gravity of 1.150 to 1.300. 

The chemical action proceeds in much the same fash ion 
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as that cf the primary cell. Dissociation of the acid in 
the water produces positive H · ions and negative S04-

ions. When the latter give up their charge at the spongy 
lead or negative electrode, a lead atom is dislodged, 

which combines with a sulphate ion to form insoluble 
lead sulphate. This is deposited on the plate. The positive 

FIGURE 7-Tbe secondary or storage cell in cross section 
and when med in groups to form a storage battery. 

H + ions that are neutralized by taking a charge from the 
positive lead peroxide plate reduce it to lead oxide and 
oxygen. Then the neutral H atoms unite with oxygen to 
form water. The lead oxide, however, is unstable, and 
immediately combines with the acid in the electro lyte to 
form more water and deposits lead sulphate on the 
positive electrode. This is the chemical reaction that 
takes place when the cell is delivering current to an 
external source connected between the terminals. T his 
evolution of chemical energy to e lectrica l energy is 
termed the discharge of the cell and is accompanied by a 

gradual reduction of the activity o~ the el~trol yte as 

evidenced by a decrease in the specific gr~vity . At the 
same time that the strength of the electrolyte is being 

reduced, the plates of each electrode become coate~ m~re 
and more with the insoluble lead sulphate which In 

creases the internal resistance o f the ce ll and , hence, the 

current del ivered to the external source is decreased . 

By causing cu rrent from an ex ~ern~l source ~o fl ow 
through the cell in the opposite di rectiOn to wh1ch .the 

II 1. d ent it is possible to reverse the chem1cal ce supp 1e curr , 

d 'bed above and restore the electrodes and process escn . . 
e lectrolyte to their original fo rm. TillS charg ing p rocess 

· t f 1 'ng an excess of elect rons to the nega-consls s o supp yi . 
tive electrode o( the cell , which causes the coatmg o f lead 

sulphate to d issociate or break down into spo.ngy le.ad 

(left deposited on the plate) and into sulphate IO~S w1th 

a negative charge which are returned to the solution. 

The chemical action at the positive electrode is more 
complex, however, since several chell)ical changes take 

p lace simultaneously when energy is removed from that 
electrode by the external source. The coating of lead 
sulphate combines with water in the electrolyte under 
these circumstances, and the sulphate ions are released 
from the lead sulphate, while water is separated into 
H + ions and O- - ions. The oxygen combines wi th the 
lead to form lead peroxide, the original composition of 
the electrode, and the hydrogen combines with the sul

phate ions, as well as with those liberated at the negative 
electrode, to form sulphuric acid. The formation of 
acid increases the specific gravity of the electrolyte which 
provides a very reliable indicator as to the state of charge 
in the lead acid type of battery. 

If the cell is overcharged or charged at too high a 
rate, a ll of the hydrogen and oxygen gas liberated will 
not unite with the ions of lead and sulphate. This gas 
escapes in the form of tiny bubbles and the effect is 

known as "gassing." An excess of it indicates the com
pletion of "charge." With- regard to an automobile bat

tery, the specific g ravity of the electrolyte is 1.285 

when the battery is fully charged; when d ischarged it 
may fall as low as 1.1 50. During the charging process, 
a smaU amount o f water is lost due to electrolysis and 
the escape of gasses form ed, otherwise the processes of 
charge and discharge are very efficient. An efficiency of 
90 % is possible, but this depends g reatly upon the con
d ition of the battery, its electrodes and electrolyte, the 
temperature and the rate of charge and discharge. 

The dynamo or electric generator. The dynamo or 
electric generator is a device that is used to transform 

mechanical energy to electrical energy, throug h the me
d ium of the magnetic field. The process of t ransforma
tion is easy to understand when you consider the rela
tionship that exists between mag netic flux and directions 
of current and motion. 

Referring back to part 13 which explained magnetic 
lines of force, a generalization was made to the eff~ct 
that an electric curren t always establishes lines of force 

around it. The natural question that arises is whether 
this phenomenon can be reversed: i.e., can a curren t be 
produced in a circuit through the use of a magnetic field ? 
Experiments conducted by faraday in 183 1, along these 
lines, proved that an e.m.f. cou ld be ind uced in an elec
t ric circuit by a t'elative motion between the circuit and 
a magnetic fi eld. These experiments lead to the con
clusion that an e.m.f. will be induced in a coil or wire 
whenever there is a change in the magnetic flux linked 
with it. 

Figure 8 is a simple and direct method of ill ustrating 

how an e.m.f. is induced in a conductor which is part 

of an electrical circui t. In the interest of simplification a 

horseshoe magnet is shown with one l ine of force. The 

di rection of the flux li ne is from the N -pole to the 

S-pole. The conductor, shown as a heavy circle within 

the area of the magnet, represents the portion of the 
electrical ci rcuit within the influence of the magnetic 
field. The d irection of motion of the conductor, in the 

sequence, is to the right. B, C, D , E represent the inter-
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FIGURE 8- The generation of e.m .f. by induction. 

(E) 

action of the conductor and the line of flux at later in
tervals of time without showing the actual magnet in 
each case. As the conductor is moved to the rig ht, the 
flux line is distorted B, and as the conductor is moved 
still farther the flux line extends around both sides of 
the conductor C, where the opposite sides of the flu.x 
line begin to attract each other because they are op

positely directed. Due to this mutual attraction they 

d raw together as the cond uctor is moved farther to the 

right until they toud1, and because of their opposite d i
rect ion at this point cancellation results, as shown in D. 
The flux line immediately returns to its d irect path be
tween the N -pole and S-pole of the magnet while the 
loop that had been formed about the conductor is col
lapsing into the wire. 

In parts 12 and 13 of this course it was shown that 
the magnetic field about a conductor was proportional 
to t!1e current flow, therefore when a portion of the flux 
line is detached in the manner shown in figure 8 it will 

represent a certain finite magnetic field. Since a current 
cannot flow without its attendant magnetic field, the 
converse may be also taken as true; and a changing mag
netic field, however minute, w ill cause a certain amount 
of current flow. The magnetic field produced about the 
conductor when it passed through the l ine of flux be
tween the poles of the magnet immediately collapsed 
after it was formed, but in doing so, caused a. min~te 
current to flow whi le it was collapsing. T he production 
of current in this manner is called ind11ction, and the 

· e.m.f. resulting from the collapsing mag netic field is 
called an induced e.m.f . 

Quantitative experiments have shown tha t an e.m.f. of 
one absolute volt (electromagnetic un it) is generated 
when a conductor 1 em in leng th cuts a magnetic field 
at the rate ~f one flux line per second. This is a v.ery 
small quant1ty, 108 abvolts being egual to one pract1cal 
volt. It can be stated : 

e = B L v (10-8 ) practical volts. 

where e represents the induced e.m.f. in volts, B is the 

Aux density, L the active length of the conductor in 

centimeters and 11 is the velocity in cmjsec. 
From the above it can be readily seen that the voltage 

may be increased by any one or a combination of th ree 
ways; the flux may be increased, more conductors may 
be used, or the speed at which the flu.x .d1ange is effected 
may be increased. 

The above formula applies only when the conductor is 
cutting the flux lines at rig ht angles, but when the ang le 
between the flux lines and the d irection of motion is 
any angle other than 90° the induced e.m.f. may be 
stated as : 

e = B L v sin e X lO-S volts. 

Direction of induced e.m. f. and Lenz' s Law. Lenz' s 

Law in a generalization of findings from experiments on 
induced e.m.f. I t states in effect that, whenever a current 
is set up by a change of jl11x th ro11gh a cfrmit, its direc
tion will be mcb as to oppose tbe act that caiiSed it. 
This may sound confusing at first, but consider the basic 
laws of physics concerning energy. Energy may neither 
be created nor destroyed, but it may be converted from 
one form to another with varying degrees of efficiency. 
Since this is true, every force w ill have an equal and 
opposite force or reaction, which means an energy change 

of some kind. 
In figure 8 the force which caused the induced e.m.f. 

was the action of moving the conductor to the right 
across the line of flux. The small loop about the con
ductor that produced the induced e. m.f. (and hence the 
current) is noted to be of such a direction that the 
current is coming out of the page. Note tha t in figure 
8 (D) the d irection of the flux line and the loop about 
the conductor is opposite. Therefore there is an attrac

tion between the flux lines at this point or a force that 
opposes the movement of the conductor. If another flux 

line were placed to the rig ht of the conductor in figure 
8 (E) the lines would be of the same d irection thus 

fu rther opposing the movement of the w ire. 
In the p revious chapter the behavior of a current

carrying wire in a magnetic fiel d was shown and the 
force acting on the wire was found to be p roportional 
to the flux density, the current, the active length of the 
conductor, and the sine of the ang le between the flux 

direction and the d irection o f the conductor movement. 

Now, considering these two cases, it may be seen that 

when a conductor is moved across lines of flux, the in

duced e.m.f. causes a curren t to flow in the conductor 
whose magnetic fie ld is of such a direction that the fo rce 

developed is in opposition to the original force caus
ing movement of the conductor. This conforms to all 

the Jaws regarding conservation of energy. . 
The elertriral generator. The tran~formatiOn of. me

chanical to electrical energy is accompl1shed by movmg a 

number of conductors across magnetic flux lines. A 

simple generator, consisting of a single-turn loop and a 

two-pole permanent magnet, is shown in graphic steps in 

fig ure 9. The magnetic field between the pole faces 

consists o f parallel lines. T he sing le-turn loop is con -
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FIG URE 9-SucceJJive positions in generati11g an e.m.f . 
by the me of a rotating cond11ctor in a fixed magnetic field. 

structed so that each conductor is parallel to the pole 
faces, and rotates about an axis that is the center of the 
area between the mag netic poles. The conductors of the 

loop rotate so as to cut the lines of force, but wi ll cut 

through the lines of force perpend icularly only at two 
points which are opposite the center of each pole face. 
At all other points of rotation the ang le between the 
line of force and the d irection of conductor movement 
will be an ang le less than 90° . 

At position A, neither conductor wi ll be cutting or 
passing through a line of flux. Therefore the induced 
e.m.f. wi ll be zero, but as the rotation is continued, each 

conductor will be pass ing at right angles th rough the 
flu.x lines opposite the center of each pole face, as shown 
in B. The induced e.m.f. at this instant causes a cu rrent 
flow out of the page in the conductor opposite the 
N -pole and into the page in the conductor opposite the 
S-pole. Each conductor has opposite curren t direction but 
since the conductors are connected as shown, the induced 
current is in one direction. The mag nitude of the in
duced e.m.f. and hence the current flow is maximum at 

this instant of rotation. 
When the conductors have rotated to a position shown 

at C, the e.m.f. and current are again zero. Let us con

sider what has actually happened between positions A 

and C. The rotat ion has been at a constant rate, the flux 

existing between the pole faces has been constant, but 

the ang le at which each conductor was cutting the Jines 

of force has changed. From position A where the con

d uctors were moving parallel to the lines of fo rce to 

position B where each conductor was moving exactly 

at right ang les, the ang le of cutting lines of force has 

varied from zero to 90° , hence the function of the sine 

of the ang le has varied, from zero to one. Between posi

tion B and position C the sine fu nction of the angle of 

cutting has varied from one to zero, just the r~verse. 
Since the induced e.m.f. varies as the sine funct1on of 

the cutting ang le, fig ure 10 may be used to illustrate 

the variation in the ampli tude of induced e.m.f. versus 
angle of rotation. The corresponding position of the 

rotat ing element is a lso shown for clarity. D uring this 

half revolution, the current and induced e.m.f. have 

varied from zero to maximum (at 90o ) and back to 

zero again. 
As rotat ion is continued, at a constant rate, from C 

to D , the angle of cutting increases from zero to 90° 

again. Each conductor is now cutting flux Jines in the 

same manner as previously explained, but the direction 
of the flux lines with respect to each ind ividual con

ductor has reversed. From A to C the current was flow
ing out of the page in the black conductor and into the 
page in the white conductor, but now the positions of 
the conductors have been reversed. The field direction, 
however, has remained unchanged; therefore, the direc
tion of curren t flow in the loop is reversed. The varia
tion of current through the loop is again from zero to 
maximum at D , and back to zero at the original position 
A. T his variation of current is plotted in figure 10 

below the central line to indicate magnitude opposite to 
that of the first half-rotation. 

FIGURE 10-Graf~ of induced e.m.f. versw 
position of rotor. 

Subsequent revolutions at a constant rate will produce 
exact replicas of the action shown in fig ure 9 and 
plotted in figure 10. This explanation describes how 
mechanical energy may be converted to electrical energy. 
The mechanical force exerted on the rotating member 

causes the conductor to cut the lines of force in the mag
netic field which induces an e.m.f. in the circuit. The 
current caused to flow as a result of this induced e.m.f. 

is of such a direction that its magnetic field produces a 
force opposing the orig inal force acting on the rotary 
element. W hen the conducting loop is complete as in 
this example, there is a small Joss in energy in the form 
of heat due to the current passage throug h the loop, and 
also an amount of mechanical heat Joss from the friction 
encountered in rotating the element. 

The mechanical energy supplied plus that lost in over
coming fri ction is equaled by the energy from the 
counter force d ue to induced e.m.f. and current flow 
plus the energy lost in heating the conductors. 

Uti li zation of this electrical energy takes many forms 
dependin.g upon the application and is beyond the scope 
of a bas1c course, but will be taken up in later assig n
ments on electrical machinery. 

1. 

2. 

3. 
4. 
5. 

ANSWERS TO QUESTIONS IN PART 13 
11/ 15 dine per unj t pole. 
T wo. 

900 to 1000 lbs. depend ing upon flatness of surface. 
4.25 amperes and using # 3 AWG wi re. 

200 g rams of force per centimeter of length. Force 

exerted is proportional to length; therefore 20 con
ductors would experience a force of 2 kg. 

MODEL TDH 
SWITCH FAILURES 

During a recent field trip, a represent~ive of the 
Bureau of Ships received a complaint about repeated 
failures of the contacts on inductance switch S-111 of 
the Model TDH Radio Transmi tting Equipment. These 
failures can best be p revented by proper tuning of the 
balanced network used to feed the Model TDH trans
mission lines. 

In this particular instance, by corrective tuning, the 
circulating tank current was reduced from approximately 
60 to 21 amperes at a frequency of 8190 kc. This value 

compares favorably w ith the tank current of the Model 
TDH-4 Radio Transmitting Equipment which has a 
circulating current of 24 amperes at 8 190 kc. 

PORT ABLE COVERPLATES 
FOR SONAR SEACHEST 

It has come to the attention of the Bureau of Ships 
that various vessels having sonar sound ing equipment 
installed are not initially provided with portable cover
plates, and that in many cases the coverplates are not 
carried on board even though they \vere supplied. At
tention is invi ted to BuSh ips Jetter S68- ( 1) (983 ) 
EN28/ A 2-11, Serial R-366, Parag raph 6, which states in 
part "In all cases, a portable coverplate should be pre
pared and fi tted to the outer opening of the seachest, and 
then removed when the proj ector is in p lace. " 

Type plans based on BuShips drawings RE 78f 113, 
RE 78F 134 and RE 78} 136 cover fabrication of water
tight coverplates for sonar sounding transducer seachests. 
These coverplates are bolted over the external opening 
of the seachests prior to the removal of the transducers, 
when the vessel is waterborne. A bolt ing ring, flush 
with the hull of the vessel, is provided when the sea
chests are built into the hull. The bolting holes are 
stopped-off with headless flush bolts when the cover
plate is removed. 

Based on a beneficia l suggestion submitted by Mr. 
Lawrence E. James of the Mare Island N aval Shipyard , 
it is recommended that a nameplate be affixed to each 
coverplate to faci litate identifi cation aboard ship and to 
prevent loss or misplacemen t. Action will be required 
as follows: 

1- \Xfeld a 3 x 5 corrosion-resistant steel nameplate to 
each coverplate. 

2- Engrave on this nameplate in Yrinch letters "Cover
plate for sonar seachest, Frame No. , for 

Model . " (Model letters of the particular 
sounding equipment concerned should be used.) 

Also eng rave "Do not destroy-for emergency use 
only." 

Last To 
Type of Approach Month Date 

Practice Landings . . . . 9,647 151,700 

Landings Under Instrument 
Conditions . . . . . . . . . . . 199 6,576 

3-Mount each complete coverplate by means of studs 
and wing nuts on a bulkhead near the seachest for 
which it is intended. 

OVERHAULING 
TYPE CG-66ABH ANTENNAS 

The Boston N aval Shipyard reports that a T ype 
CG-66ABH Antenna Assembly of a Model SK-2 Radar 
Equipment was recently removed from a CVE of the 
Atlantic Reserve Fleet and overhauled at the shipyard. 
During the overhaul , the framework of the antenna was 
carefully wire-brushed and repainted. 

After the overhaul had been completed, it became 
necessary to remove the upper framework of the an

tenna assembly in order to facilitate stowage on the 
hanger deck of the vessel. Upon d isassembly of the 
l.F.f. reflector f ramework from the radar refl ector frame
work it was found that the two adjoining metal surfaces 
were almost completely rusted away. Apparen tly this 
condition was caused by the condensation of moisture 
within the rectangular framework. Due to the excessive 
deterioration of the surfaces between the I.F.F. and radar 
reflector frameworks, the shipyard found it necessary to 

rebuild this section of the antenna. 
In view of the fact that this deterioration was not de

tected during the regular overhaul of th.e antenna, the 

above information is brought to the attention of all over

hauling activities, so that the condition described can be 
detected and eliminated during future antenna overhauls. 
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