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STCTION I

GERFR/AL DESCRITCTION

SCCFE CF THE MANUAL

This manual describes the Test Set Teletypewriter TS-700( )/UGM-1
hereinafter referred to as the Signal Generstor, This manual econ-
tains information concerning the purpose, description, theory of
operation, operation, maintenance, and parts list for this equipment.

PURPOSE OF THE SIGNAL GENFRATOR

A

be

de

Ba

The Signal Generator provides conventional teletypewriter
slgnals for the testing and ad justment of teletypewriter

terminal equirment. It also provides pulses for the testing
of comnmecting facilities.

In the adjustment of teleprinter equimment it has been found
that the modification of a standard teletypewriter signal
under controlled conditions will facilitate the .ad justments
of receiving equipment. Measurement of a receiving equip-
ment's capabilities for receiving distorted signals is
another use for such modified signals.

The Signals Generator provides four types of controlled signal
modifications for use as noted above.

The Signal Generator may be attached to and used in conjunction
with the TS-800( )/UmM-1 Distortion Indiestor unit if desired.

The appearance of the unit is shown in Fipgure 1-1

PERFORMANCE CAPABILITIES

Types of Signal

(1) The Signal Generator produces teletypewriter signals in
the start-stop or Baudot form. Fipure l-2 shows a widely
used character coding arrangement. Start-step signals
available include the following.

(a) A "Quick Brown Fox" test message
(b) Selected characters
(e) Alternate "R-Y"

(2) At the 65 word per mimite rate of start-stop sipnal
transmission the "Stop"™ pulse which is generated has the
same length as each of the other pulses in the charscter.
This results in a 7 unit code. For the remainins rates
of start-stop signal transmission the step pulse is
generated 42 percent longer than the other pulses. This
7-42 unit code which results is a standard in the industry.
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(3) Alternate marking and spacing pulses (current-no current)
referred to as "dot-cycles" are also available. These pulses
have widths identical to pulse widths for standard as well as

higher speeds of operation btut they

are not identifiable as

any particular character shown on Figure 1-2. The dot cycle
output is intended for testing of transmission or connecting

facilities between teleprinters.
Cperating Speeds

The following operating speeds and correspondine nominal word

per minute rates which are available are
(1) 7.42 unit code transmission

Characters per minute

368
Lok
(
L&0
600
(2) 7 Unit code transmission
390
(3) Dot cycle transmission
Frequency Pulse Duration
(cycles ver sec,)  (Milliseconds)
23 21.96
28 17.5
37 13.5
75 Te
100 Be

Distortion

tabulated below:

Words per minute class

60
68
British compliment of 60)

()
100

65

60

75
100

200
270

The start-stop signal output can be produced with zero distortion
(perfect signal) or it can be supplied with knovn amounts of

distort ion.

(1) Distortion is produced by advancing or delaying the trans-
itlons of a start-stop character from their normal points
of occurrence relative to the start transition. The follew=-
ing four types of these "start-stop displacements" are

provided in the Signal Oenerator.

(a) Marking Bias (marking berinnine

displacement) is

produced by advancing the instant of space (No current
flow) to mark transition but not changing the instant



(2)

(3)
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(b)

(e)

(a)
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of the mark to snace transition. This results in
an effective lengthenine of the duration of a "marking”
(current flow condition) pulse.

Spaeing Biss (spacing beginning displacement) is produced
by delaying the instant of the space to mark transition
tut not affecting the mark to space transition. This
resulting in an effective lengthening of a marking pulse.

Marking End Distortion ( marking end displacement) is pro-
duced by delaying the instant of the mark to space trans-
ition but not affecting the space to mark transition.

This results in an effective lengthening of the duration
of a marking pulse.

Spacing End Distortion (spacing end displacement is produced
by advancing the instant of the mark to space transition.
This results in an effective shortening of a marking pulse.

Each of the types of distorted signals can be generated in
amounts up to 50 percent of a unit pulse pericd.

Overall accuracy of the Signal Generator is such that
actual pulse widths measured at the output terminal will
be within 2 percent of the distortion dial setting.

The distortion eircuitry is so arranged that a fixed amount

of distortion as determined by the setting of the distortion dial
may be generated in any of the 4 types of signal distortion

by the manipulation of two distortion selector switches.

d.

f.

£ 1 acteristi

All outputs consist of undirectional current sipnals,
called neutral signals. Two output options are provided.

(1) Internal power supply

Internal power of 120 volts is used to supply either
20 or 60 milliamperes current to the output loop.

(2) External power supply

A line relay included in the unit provides for low
impedance keying of a eireuit by insertion in place
of existing transmitters.

Inmut Power Requirements

The Signal Generator ean be cperated from 230 or 115 wolt
50=60 cycle powers At 115 wolts the unit reguires
approximately 0.65 amperes of current or 60 watts of power.
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SECTION II

DETATLED DESCRIFPTICH AND THTORY OF OPERATION

ETAILED DEECRIPTICH

a. JINTRODUCTION:

Section II presents the physical description and theory of operation of
the Signal Generator designed for generating teletypewriter test signals.

b. PHYSICAL DESCRIPTION

(1) TRANSIT CASE

(a) The transit case housing the Distortion Generator has
overall dimensions of 11-1/4 x 11-1/2 x 9 inches and
has a detachable cover which allows the unit to be
operated within the case after removal of the cover.

(b) The transit case cover is equipped with a gasket lining
around the edge which acts as a moisture seal. Pressure
equalization is slso allowed by the gasket lining during
high altitude transportation.

(e} A webbed canvas carrying handle is mounted on the detach-
able cover of the transit case.

(d) The transit case cover is secured to the case by spring
fastener latch assemblies.

(e) Weight of the unit mounted in the transit case is
28 pounds.

(2) FRONT FANEL

(a) Overall dimensions of the front panel are 9-1/2 x 7 inches,
the materiel being of 1/€ inch aluminum stock. The unit
is designed to mount in a standard 19 inch relay rack, or
on the mounting brackets of the tranait case.

(b) For relay rack mounting, the Signal Generator must first
be secured to the TS-£200 Teletypewriter Test Set (Distortion
Indlcator). Total panel area for the two units is then
7 x 19 inches,

(¢) On the front panel are mounted the operator's controls,
indicator lamp, fuses, input jacks and the power switeh.

(3) CHASSIS
(a) The chassis is construected of aluminum in the form of a

box by the use of aluminum angles. The approximate overall
dimensions of the chassis are £=1/2 x 7 x 10 inches.
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(b) The power supply circuits occupy the area at one side
of the chassis while the etched circuit board which
contains the control circuitry is mounted directly across

from the power supply.

(e) The Quick Brown Fox message generator is

an etched eircuit

board and forms a vertical partition near the center of the

chassis,
CONTROL CIRCUIT BOARD

The control cireuit board contains the timer,

distributor, delay

and amplification stages required in the Signal Generator. Tube

sockets, resistors, capacitors and diodes are
board.

¢ SIMPLIFTED CIRCUIT DESCRIPTION OF ENTIRE SIGNAL GENERATOR (Refer to Fig. 2-1)
e oy DPOVRIPTION OF ENTIRE SIGNAL (

(1)

(2)

(3)

()

mounted to this

Deseription of Funetion or Operation

A train of pips having a controlled
frequency as selected by the front panel
speed control is generated,

(a) When dot-cycles are generated, this
train of pulses controls the output
binary directly,

These timer pips drive a eireuit which
produces a sequential signal on a multi-wipe
output, Each of the outputs corresponds to

Name of Cirecuit

Performing Function
TIMER
RING
DISTRIBUTOR

its respective element of the start-stop code,

including the start and stop pulse,

The above multiple outputs are combined onto a
single lead under the control of

(a) Manual switches which can be set for any
character

(b) "Quick Brown Fox" test message matrix
for test message

(¢) "R-Y» binary, for alternate R-Y signals

The above signals are amplified and shaped to
the proper level,

"B" NET

"Bn AMPLIFIER

(a) Awdliary cirecuits used for the generation nAN NET

of distorted signals sense the condition

of the pulse following the one which is
being transmitted,



(5)

(6)
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(b) These pulses are amplified and shaped to
the proper level,

(e) A variable timer is controlled by the
above pulses,

The "A" amplifier and the Delay Timer signals
are combined to generate distorted signals of

type and amount determined by front panel
controls,

The distorted signals are amplified to the proper

%ower level for directly driving the output line
internal battery) or for driving an output
relay for subsequent connection to the output
line (external battery).

"An AMPLIFIER

DELAY TIMER

OUTPUT BINARY

QUTPUT AMPLIFIER

d. SIMPLIFIED CIRCUIT DESCRIPTION OF QUICK BROWN FOX MATRIX (Refer to Fig. 2-2)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Deseription of Function or Operation

At the end of each start-stop distributor
cycle, a drive pulse is generated for
application to one of the cold cathode
tubes which control the matrix,

The above mentioned cold cathode tube forms
one part of a cross point switch., One of
the cathodes will always be fired and will
partially raise a vertical column of eight
connections to a positive level,

One of eight cathodes will always be fired in
the tens tube, One row of 10 connections
will be partially raised to a positive level,

One element associated with the particular
columm and row mentioned above will be raised
to a higher positive level than ecan be found
at any other point in the matrix.

This positive voltage is comnected by means of
diodes to the proper signal pulse leads in
accordance with the character which is wired
into the matrix at the point of coincidence.

The 5 wire signal is then applied to the "B"
and A" net, which is also under the control of
the ring distributor as previously described,

At the completion of a eycle of operation of the
"Units" tube a drive pulse is generated for
stepping the "tens" tube to its next position.

Name of Circuit
Performing Funectien

STOP AMPLIFIER

UNITS TUEE

TENS TUBE

MATRIX

MATRIX

TENS DRIVER
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The Signal Generator Upersting Elock diagram is showm for
zero, blas, and end distortion in Figures 2.3, 2-4, 2-5
respectively.

(1) Zero Distortion (Perfect Signal)-Fisure 2-3

(a)

(b)

(c)

Figure 2-3 shows the elemental control system
consisting of a timer oseillator which detarmines
the pulse boundaries: a seven stage distributor
ring which distributes the pulses to be trans-
mitted so that each pulse occurs at its position
in the pulse train; a sensing net which gates the
preselected pulse for transmission; an amplifier
which drives the output Binary which in turn drives
the output amplifier stare.

The timer is a free running phantastron which
generates a train of positive pulses for driving

the seven stage thyratron counting ring. Each
thyratron in turn gates a sensing cireuit associated
with its position in the ring (character). The
sensing clreuit thus contributes when its gate 1s
operated and a positive voltage condition appesrs

at the input to the "B" amplifier if the switeh
assoclated with the pulse position is closed. If
the switch is open, a lower positive woltaze is fed
to the "B" amplifier for the pulse neriod. The start
pulse of the teletypewriter code is invariably gener-
ated as a low voltage at the "B" amplifier by the
absence of any connection from the start thyratron tube.

Amplified signal transitions drive an output binary
eircuit and a fellowing amplifier stage. A positive
transition results in 2 current (marking) ontput and

a negative transition results in a no eurrent (specing)
cutput.

(2) Bias Distortion (Beginning Displacement)-Fisure 2.l

(a)

Te change the instant of the space to mark transition

the controls of Figure 2-Y are used. A second sensing

net "A" is added. This "A" net senses the pulses one
stage early so that a transition whieh is to he varied

in time is sensed one pulse early to trigger a delay timer.
This is necessary since the distorted signal transition
may be required to oceur before the normal cransition
point. (Marking beginninz displacement). Thus, in the

"A" sensing, the start tube zates #1 pulre: #1 tube rates
#E P‘llEE- ete.



(b)
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Diede blocking at the output of the delay permits
the delay to drive the output binary for space to
mark transition on front ends of pulses. The "B"
amplifier is permitted to drive the binary for only
the mark to space transition on ends of the pulses.
The step by step sequence is taken up under a later
section.

(3) End Distortion (End Displacement)-Figure 2-%

(a)

To change the instant of the mark to space transition
the operation is similar to the above except that the
"B" function controls the time of the space to mark
transition at the beginning of a pulse while the delay
controls the output for the mark to space transition
at the end of the pulse.

As the mark to space transition of the start pulse is
the point from which all measurements are made the stop
" w

be Detalled Description of Individual Cireuits
(1) Easic Phantastron Timer - Fisure 2-6

(a)

(b)

The basic Phantastron circuit is shown in Figure 2-6.
Note the plate to grid ecapacitor Cg which forms the
Miller integrator part of the circuit. The sereen is
coupled to the suppressor by resistance and capacitance
to provide the self gating which is required. Thus if
the grid is positive, the screen is conducting heavily
and is at its lowest voltage. Due to the connection of
the suppressor to a voltace divider between the screen
and the negatlive supply, the suppressor is normally at
about-25 volts and the plate current is cut off.

When a positive pulse is applied to the suppressor, plate
current flows, dropping the plate voltage. Cg couples
this drop in plate voltage to the control Grid which
greatly reduces the screen current. As a result, the
screen voltage rises rapidly, driving the suporessor
positive to ground potential where it is held by the
diode CR-l.. The plate drops rapidly until the negative
voltage fed to the grid thru Cg is sufficient for the
grid to control the plate current which then stops its
initial rapld change and begins its linear run down
characteristic until the plate reaches a low voltage
1limit determined by the space charge in the tube.



(c)

(d)

(e)

(£)

(g)

(h)
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At the noint where the plate "bottoms" showm as

point "BY, the plate can no longer hold the grid
negative, and since the grid return resistor is connected
to a positive source, the grid voltage begins its rise,
and the screen begins to draw more current. Consequently,
the screen voltage drops, carrying the suppressor with it
and cutting off the nlate current.

The plate voltage now rises as a function of the Rp

ﬂg time constant as the grid is driven positive and grid
current flows. The positive grid excursion is limited by
the grid-c¢athode dréop under the grid current condition.

If the plate is prevented from reaching full voltage,

the run down. starts at a lowe— voltape and since the
slope remalns the same, the run down perlod is reduced,
as the plate bottoms at the same point. as before. As
seen in Fipure 2-6, diocde CR=2 conducts when the plate
reaches a maximum voltage determined by the setting of
Potentiometer R=l. This gives a simple means of accurate
control of the delay, as showm in the dotted waveforms,
sinee the run dowvm of the plate voltage is linear within
1/10%. The period of the delay is determined by the tube
characteristics, circuit parameters and the voltage avnlied
to the various leads.

It is characteristic of this circuit that if the supply
voltage is wvaried, all the cireuit elements see the same
percentage change and the delay period does not change.
But if one of the voltases is wvaried, the period of the
run down is changed. Advantage of this characteristic
is taken in the Signal Generator to lower the control
grid veoltage during the stop pulse peried to produce

the 1.42 stop pulse period.

The logarithmiec run up of plate voltage can be made a

small part of the total cycle by using a ecathode follower
to charge up the capacitor Cg. This is shown in Flsure 2-7.
Here V2 grid rises with the plate woltage and the tube grid
cathode current and grid to ground diode is used to charge
Cg.

Outputs from the timer circuit may be taken from the plate
clrcuit using the cathode follower as a low impedance

- source. The screen may also be used as an output point

if desired.

(3) Free Runnine Phantastron Timer — Fienre 2-9

(a)

If the negative bias on the supnressor is removed, the
plate current is cut off only momentarily followine a
run down. The plate immediately starts its next run
down as shovm in Figure 2-9. As before, the nlate
continues its run dowm untll bottominz where the mrid
is no longer held negative and the fast fall of the



(b)

(e)
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screen couples a necgative spike to the suppressor to
cut off the plate current for the plate run up period.
4 short time later the suppressor voltage returns to
ground potential and plate ecurrent again flows to re-
start the cyecle. Diode CR is used to prevent excessive
positive voltage on the suppressor, protecting it from
excessive current.

This free running curcuit is used as the timer in the
Signal Oenerator where it is required.as a time base.
This timer penerates six equal periods and one periocd
which can be made 1.42 times the duration of the others
by changing an operating wvoltage during the stop time.

The biased phantastron (Figure 2-7) is used as a delay
timer for the generation of distorted pulses.

(4) Start Stop Distributor

(a)

(b)

(e)

Need for Distributor

In order to generate Leletypewriter start-stop signals,
two conditions must be met:

l. Control is required over the voltages
associated with each of the 5 code pulses.

2+ A means of time-modulating these voltages
is required.

In the Signal Generator, one of the signal inputs is derived
from five switches which can be set in accordance with the
marking or spacing pulses as required for a given character.
The start-stop distributor vrovides a means of time
modulating these potentials so that the generated signal
consists of a series of marking and spacing pulses for
transmission over a single wire line rather than over a

six wire cable. This time modulation is accomplished

in the Signal Generator by using a thyratron ring of

seven; each tube controls the pulse during which it is
conducting.

Cperation of the Distributor - Figure 5-6

Tube VI thru V7 are so connected so that as each tube fires
or conducts its cathode primes the grid of the following tube
s0 that the next incoming drive pulse is able to bring
that one grid to the firing woltage. All thyratron plates
in the ring hsve a common anode load resistor.

1. When the power is first applied to the cireunit
none of the ring tubes is conduecting, and since
none of the grids are primed by the previous
tubes, auxiliary means are used to initiate
operation.
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2« B9 is connected from the common anode line

to the erid of V6. As no plate current is

flowing this anode line is at +185V and

Grid V6 is thereby conditioned. After the

timer begins operation, a peositive pulse

from the timer fires V6. The anode line now

drops to about +i5 volts. The cathode capacitor
charges up to 30 volts and the grid of V7 is
conditioned by R4-7 for firing by the next positive
pulse from the timer.

The cycle is repeated for each of the tubes V1,
V2, V3, W4, V5. With the fall of potential of
the anode line the grid of V6 is no leonger
conditioned by the anode to grid resistor and
walts for priming by the cathode voltapge of

V5 before being fired by the drive pulse.

3+ The characteristies of a thyratron are such

that the grid may prevent firing of a tube, tut
once conducting the conduetion is not under
control of that grid. To cut &ff conduction in
a thyratron the plate to cathode voltage must be
made less than the minimum are drop within tube.
This is accomplished by the cathode capacitors.
When a new tube is fired, the anode to ground
voltare at firing instant is the arec drop of
about 12 volts. Since the cathode of the rroceeding
tube 1s held at +30V by its eapacitor, its anode
is momentarily some 18 wvolts negative with
respect to its cathede and the arc extingpuishes.

"

The common grid blas must be such as to prevent firing
of the tubes except under influence of the condition-
ing voltage from the proceeding tube combined with
the drive pulse. The drive pulses must be of short
duration to be dissapated before conditioning of the
next succeeding tube as all tubes are driven
simultaneously.

(5) Drive Amplifier

(&)

The drive pulses are derived from the timer vhantastron and
supplied to a zero blased amplifier which amplifies only the
negative transitions of the screen. The positive going plate
pulses are coupled to the distributor ring trigrer line feed-
ing all the thyratron grids.

1,42 Stop Pulse

The cathode of the V6 tube is DC ecoupled to the "Stop Amplifier"
which is normally cut off. 'When the V6 cathode rises to +30
volts, the amplifier tube grid is made slightly positive and
the tube is saturated. The low wvoltare at the ancde is used
to lower the grid supply wvoltage of the timer phantastron to

lengthen its period during the time that MNo. 6 tube is conduct-
ing. Adjustment of the period to 1.42 as compared to the other



(7)

(8)
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pulses is accomplished by votentiometer R15 in the divider
used as the plate load of the amplifier.

Stop Swritch

The stop switeh biases V7 grid to prevent its econduction
and thus holds the distributor on V6. Operation of the stop
switch thus ends or begins a character following the stop pulse.

S a N = »

The thyratron cathode load resistors act as "shunt gates" for
the diode sensing nets. A cathode which is not fired is
effectively at ground potential due to its low load resistor.

(a) MB" Junction Gates

The cathode resistor values of 10K are small compared to
3+3 megohms and there is effectively no woltage at El
when switch No. 1 is closed if V1 is not conducting.
However, when the cathode of V1 rises to +30 volts,
diode CR1l-1l is blocked and "B" rises to a voltage of
approximately 23 volts. If the switch "1" is open,
CRl-l prevents the cathode voltage from appearing at

the B net so the resultant net voltage is less positive.

Thus, if switches 1, 3 and 5 are closed and 2 and & are
open, the output at "B" janetion will be 1 marking, 2
spacing, 3 marking, 4 spacing, and 5 marking. In add-
ition since the net is permanently biased to +30V for the
stop position, the stop perlod is always marking. No
connection is made to the start tube, so that its period
is always spacing.

(b) rB" o

The output at "B" is fed to the grid of DC amplifier

consisting of a high gain first stage and a low impedance
second stage so blased that over drive on the second stage
produces a clean square wave output of the signal desired.

(¢) Output Binary - Fieure 5-6

For undistorted signals it would only be necessary to provide
power amplification to this output. But as it is required
to operate on this signal, the output is fed to a Bistable
Multivibrator of the Eecles Jordan type. In "zero"
distortion the "B" amplifier output pulses drive this out-
put driver for both positive and negative transitions.

(d) The output binary drives the output amplifier from below
cutoff to a positive voltage which is clamped by the current
control in the g¢rid circult of the amplifier. The change
from 20 to 60 milliamperes is accomplished by changing
the resistance in the cathode of the amplifier. This
method of current control offers the advaniLage of

degenerative feed back for current stsbility. An alternate
output may bte taken from a line ¥elay which is driven by
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the output amplifier. This relay output is desirsble
vhere low voltape clrcuits must be keyed. No contact
protection is provided for the relay contacts so this
must be done externally.

(9) Distortion Generation Circuits - Figure 2-10
(a) Introduction - Figure 2-11

Perfect (0 distortion) teletypewriter signsls are shown
on line A of Figure 2-11., Ilines B, C, ', and E show
the extremes of distortion which are required to be
generated. The reference for these pulses is the train
of timing pulses shown at the bottom of the Figure.

(b) Bias Distortion Circuits - Figure 2-11

1, Lines B & C show the modification of the signal
for the extremes of 50% distortion involved
in Pias Distortion as generated in the Signal
Generators. To generate such a signal it is
necessary to have the ends of the marking pulses
under control of the "timer" while the front ends
are under the control of the distortion dial.

2+ Line B shows the marking pulse actually starting
in the preceding pulse period. In Line C the
pulse 1s delayed until the center of its own
periods This beginning displacement is under
the control of a delay timer which is triggered
at the start of the preceeding pulse boundary
and has a range of delay of 50% to 150% of a
pulse period. The dial range is restricted to
50% of a pulse period to comply with existing
practice in previous generators. Thus the dial
may be set at a fixed percentage and changed
from marking to spacling distortion by operation
of another switch.

3. "A" Function gates - figure 5-6, fipure 2-12

To accomplish trigrering of the delay timer

one pulse early, another network, "A" is provided.
Its operation is similar to that of the "B"
function deseribed earlier except that the sensing
is done one pulse early by the distributor ring.
Thus mumber 1 pulse is sensed during the start
tube period; number 2 pulse is sended during

No. 1 ]_}ariﬂd eto.

4. During the stop time, the "A" net woltage is
spacing (low)s When the next character begins,
the start tube fires and sensing of the number 1
pulse is accomplished by the "A" net as the voltage
rises to marking if number 1 pulse is marking.
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This positive pulse is supplied to a two

stage "A" amplifier identicsl to the "B" amplifier
previously déscribeds For the bias condition,

the output of the second stoge is used to tripper
the delay.

The delay phantastron is a stable, nomally cut-
off, ecircuit whick was described previouvsly.

With the delay in its stable state, the suppressor
is negative, keeping the plate current cutoff.

A negative pulse on the suppressor is thus ineffect-
ive when the ecircuit is at rest. 'While the delay
phantastron may only be trigrered in the supnressor
by a positive pulse, it is necessary provide the
diode CR9 in the suppressor lead to prevent nesative
pulses from the "A" net cutting off the plate of

the phantastron and interfering with its normal
cyecle. )

The period of the delay cycle is determined by the
percent distortion required. This delay is pro-
portional te the limiting voltage on the plate of
V13 as determined by the setting of the potent--
iometer R100A and the speed of operation voltape
divider comprised of R108 through R113 and R104

and R105. This voltage source supplies the limitine
voltage to the timer as well as the delay so that
when R100A is set to 0 on the distortion dial, both
timers are clamped to the same voltage and a distort
lonless output signal results. '

When marking bias is to be genersted, the delay is
varled from 0 to 50 percent of a pulse width. If
spacing blas is to be penerated, the delay must
cover the range of 100 to 150 percent of a pulse
width. This is accomplished by the Mark-space
switeh which inverts the position of R100A and
R100B in the divider network. -Sinee these two

resistors have the same walue, the midpoint voltage
does not change.

The plate waveform of the delay phantastron is taken
from the cathode followef V12 and differentiasted

so that only the fast positive rise appears at the
grid pin 7 of V12. Grid 7 of V12 is normally biased
below cutoff. The positive pulse saturates the

tube momentarily, dlscharging - eapacitor C7 and
placing a negative pulse on grid 7 of V14 which
drives the output binary to marking.

(Distortion Switch in hias position).

Cutput Control

The output binary performs the function of a memory
eircuit in that it holds a condition until instruete

to change. The delay circuit drives the output to
marking. This conditlion continues until the "E" net
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senses a spacing pulse resulting in a negative
transition at anode pin 1 of V18. This pulse
coupled to grid pin 2 of V14 drives the oute
put to spacing. As positive transitions of the
"B" output are not to affect the binary, they
are blocked by a silicon diode CR6.

(v) End Distortion Circuitry - Figure 2-13

1.

2e

3s

The prineiples involved in the generation of
End Distortion (End displacement) differ from
that of Biss (Peginning displacement) only in
the following:

ae The variation in the duration of the marking
pulse 1s by change in the instant of the mark
to space transition, at the ends of the pulses.

be The instant of the mark to space transition
of the start pulse 1s the reference point and
therefore cannot change. Therefore there 1s
no end distortion of the stop pulse.

¢+ The "B" amplifier drives the sipgnal to marking
(instead of spacing as in bias).

ds The delay phantastron drives the signal to
spacing, (instead of marking as in Bias).

e, The stop amplifier gpenerates the start pulse.

Since in end distortion, it may be required that

a pulse end earlier than normal, (spacing E.D.)

it 1s required that the character be sensed one
pulse ahead as was done for Blas. As the delay
rhantastron is now to control the mark té space
transitions, it must be trigegered by a negative
going transition from the "A"™ net. The first stape
of the "A" amplifier is used as a phase inverter
to supply a suitable positive pulse to trigper the
delay when the A net voltage drops, denntinp the
end of a pulse.

The pulse generation sequence is as follows:

Start at left hand end of line of Figure 2-11.
During the previous stop pulse with switch ED

Figure 2-9 closed the "A" net is marking as the

net is sensing the closed ED switch. When the

start tube conducts "A" remains marking as the markins
number 1 is sensed. On the next pulse from the
timer Number 1 tube conduets, and the "BE" output
drives the output binary to marking. Simltaneously
the "A" net goes to snaecing as number 2 pulse senged
spacing. The inverted outmut from the "A" amplifier
triggers the delay which times out the required
period and triggers the output binary from mark to
space to end the No. 1 pulse.



(b)

(e)

2=13
(230B)

4. Start pulse gensrstion - Figure 5-&

Note that the "E" net sensing causes the sipnals
to shift from space to mark and the delay controls
the shift from mark to space. At the first trans-
ition of a character (start pulse,) there was no
Preceeding mark to space transition to triecer the
delay in advance of the start mulss. An auxillary
circuit for triggering the outmut binary for the
start pulse is provided. This cireuit econsists

of the amplifier V19 which is coupled to the
cathode of the stop distributor tube. %hen the
distributor stop tube extinguishes, V19 returns

to its normal cutoff state,resulting in a rise in veltar

at its plate. This rise is coupled to one crid

of the output binary to drive it spacing to berin
the start pulse.

A "Quick Brown Fox" test messape is penerated by use

of a dlode matrix driven by a cross point switch
consisting of ten unit steps and eight tens steps to
provide an elghty character message. Each of the
Junctions is tied through appropriate diode econnections
to the proper combination of the 5 code connections

which are then applied to the B and A sensing nets in
combination with the start-stop distributor. Flgure 2-14
shows each character as it is wired into the matrix in
its aprroximate location on the card.

A typiecal cross point switeh consists of vertical and
horizontal bars 50 constructed that if a horizontal and

a vertical bar are operated, a switch at the intersection
of the two bars is closed. Thus a ten by eight con-
figuration results in a 80 point output. In the matrix
this function is accomplished by 2 cold cathode tubes,
each of which has 10 ouput cathodes. On the tens tube,
however only 8 output connections are utilized.

"AND" gates and the cross point matrix - Fipure 2-15

Refer to the cross point matrix at the left of Fipure 5-6
and also to the basic sensing net as drawm on Fipare 2-15,
A two resistor sensing net provides a three step output
as shown in 2-15a, b, c. If neither cathodes sources

is energized, the ocutput is 0, 1If only one eathode is
energized the output is 1/2 of the cathode voltage (15V).
If both cathodes are energized, the output is nearly
equal to the cathode woltage (30V). Since the spacing
level is represented by two voltapges (0 and +15V) and

the marking level is represented by +30 volts, only the
range between 15 and 30 volts is usable fop sensing
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purposess Doe to the interaction between the
multiple circuits the srace to mark differential
is less than 10 Volts.as measured at the grids of
the "A" or "B" amplifiers.

Character Formation - Figure 2-16(a)

To generate "T" (5 marking) as shown in the lower
left of Figure 2-14, the cathode 0 (10) of the units
and 20 (2) of the tens are both energized. A single
diode to the No. 5 pulse lead would result in the
transmission of the character "T". The character
"H" would require two diodes, one to No. 2 and one
to No. 5 leads.

To conserve diodes, the build up of pulse combinaticns

is done in steps as shown in Figure 2-16a. Starting

at the top, No. 3 (space) and No. 5§ (T) are combined

to form 3, 5 (H)s MNo. 1 (E) is added to form 1, 3, 5,
(Y). Then No. 2 (line feed) and No. 4 (carriage return)
are added to form 12345 (letters). Using such combina-
tions, the B0 character message is tuilt up using 125
diodes. The units tube is stepped each time by the stop
amplifier V19 is energized at the end of a character.

The Nos 10 cathode of the "units" tube feeds a pulse to
the amplifier which steps the "ten" tube. As only eirhtly
characters are to be transmitted it is necessary to double
step in the tens tube. Thls is done by the amplifier which
is energlzed from the No. 10 cathode to directly fire

No. 2 cathode, overriding the internal stepping action.

Message Start = Figure 2-16(b)

To provide for starting at the beginning of the sentence
each time the unit is switched from stop to run the ecathode
capacitors of cathodes 90 and 6 are switched from a
positive charging resistor teo ground which ecaunses the are
te transfer to these cathodes to start the sentence at
"earriage return", "carriage return", "line feed",
"letters", "space", tefore beginning the sentence.

Operation of the 6167 Tube

1, Counting in the A167 tube, is done by the
shifting of the arc discharge between the ancde
and successive cathedes. The main counting
ring consists of twenty cathcdes. Alternate
cathedes are the output cathodes, the others teing
transfer cathodes. The transfer cathodes, as
the name implies, serve to transfer the arc from
a conducting cathode tc the next succeeding
E:chﬂdﬁ-
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2+ The W.E. type 6167 provides directional
characteristics to the transfer cathode by
s0 shaping the electrode that the back lead
is in the arec and the forward end is close
to the next succeeding cathode. Characteristics
of multiple electrodes in a low pressure
atmosphere (gaseous conduction) are that an
arc will be established between electrodes
across which the greatest potential exists.
Thus if the arc is between the anode and
No. 3 cathode and the transfer electrode
nearest 1s made negative to No. 3 eathode,
the arc will shift to the most negative electrode
(transfer cathode). If now the transfer
electrode is made positive, the arc will pass
on to the next succeeding output cathode. In

this manner the arc is passed step by step around
tha tube.

3. If another cathode not adjacent to the one carrying
current is made some B0 wolts negative to the
conducting cathode, the arc will transfer to it.
Use 1s made of this characteristic in stepping
the tube from K10 to K2 in the tens tube and in
resetting the message to character 97 for start.

4., As the arc drop in the tube is some 50% of the
supply voltage, 50% of the supply voltage
variations would appear across the cathode
resistor. A repulated supply is used to eliminate
thlis excessive variation of level.

(1) R-Y Bipary - Figure $-6

(a) VB and V9 are thyratrons connected in a ring cirenit
with a common anode load resistor. One tube is always
fired and the application of drive pips to the grids
occurs each time the stop tube V6 fires. Thus each
tube is on for every other character.

(b) The cathode of VB raises a line to which diodes comnect
to the sensing nets for pulses 2 and 4. When the start
stop distritutor scans this combination, the letter "R"
is generated.

(¢) In a similar manner, the letter "Y" is generated for the
following character since three diodes connect pulses 1,
2 and 3 to the ecathode of V9 which now is fired.

(12) Power Supply - Figure 5-6

(a) The transformer has a 2 winding 115/230 volt 50-60 cycle
primary. Each winding is protected by a 3/8 ampere fuse.
The serles parallel switch is a double pole, double throw
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switch with a center off position. A locking plate
restricts operation to the 0ff-115 or Off-230V position.

High Voltape rectifiers are of the full wave centertanped
type. Rectifiers are Silicon diffused junction diodes,
Transitron Electronics Type SJ 31. The diodes are low
forward resistance, and are presently rated for 250 volts
peak inverse. Serles resistors are used to limit the
peak forward current to a safe value.

The output tubes require 120V DC supply so that standard
signalling conditions are provided. V202 and V203 form a
series tube regulator which is referenced to +108V,

This circuit holds the output voltape at 120V under the
varying load conditions imposed by V1s.

(d) A separate power supply is provided for the control ecirecuits.
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SECTION 111

IRSTALILTION AND ADJUSTMENTS

INSTALLATION OF EQi/IFMENT

d=

b.

Cs

d.

The Signal Generator requires no special installation procedure
when it is to be operated within its transit ease. The unit is

designed to operate from an AC source of 115 or 230 wvolts, 50-60
cycles per second.

“hen the unit is in its transit case, it may be used with the
front panel facing wpward, or the unit may te placed on its side
50 that the front panel is vertieal.

If the unit is to be rack-mounted, it must be removed from its
transit case and secured to a TS-800 ( )/UGM-1 Distortion Indicator

unit. Serews for this purpose are included in the mounting holes
on the Signal Generztor unit.

Table 3-1 lists equipment needed for adjustment of the Sipnal
Generator.

ADJUSTMERTS

L

ibrati
(1) Ad fus nt

NOTE: The wodel 5500 and similar counters are low impedance
(50,000 phms) input and will load all but the output
stage. Berkley Folel 5510 and possibly the new 5500
models are arranged for 10 megohms input impedance,
but the coax cable must be removed or decoupled by a

one megohm resistor before connecting to the pulse
cireunits.

(a) The speed control is a voltape divider which is common
to both the delay and pulse timer phantastrons. Resistors
R108 through R113 control the center voltage between RLO0DA
and R100B to fix the start of the run down of the timer
phantastron and the zero distortion calibration of the
delay phantastron.

(b) Attach the electronic interval timer to pin 3 of V15 and
to ground. There should be no loads connected to the sirnal
line jack. 3Set the timer to start on minus and stop on plus

(c) Set the Signal Tenerator controls to the following position.

Control Position
Kessare Switch Selected Pulses
Sneed Switeh I68
Cutput Selector Switch 60
Pulse Ssalsctor Switches A1l TNewm (Spacine)
Fizs-*nd Mstortion Switech Center (Zero)
Dstortion ™Mal -

Hark-Space Switch -
Run-Stop Switeh Fun
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(a)

(e)

(f)

(g)

(2)
(a)

(v)

Turn on the equipment and allew a 10 mirute warmup period.

Adjust the purple potentiomnter R32 on the control circuit
beard for a reading of 131.77 milliseconds. This interval

corresponds to 6 pulse widths at A0 speed. (Start pulse

5 code pulses.)

Change the speed switch to 600 opm and after 3 minutes
ad just the green potentiometer R114A mounted on the
message switch at the rear of the front panel to obtain
a reading of 80.86 milliseconds.

Return the speed switch to 368 to check for drift, and
if necessary, repeat the operation.

In areas in which the 60 cycle supply is known to be accurate
the TS-3%3A/GG Distortion Transmitter may be used to observe
the S5irmal Generator output. The time frequency adjustments
are then made to stop the strobe rotation observed. Absolute
stopping is diffienlt as the frequency adjust resistor, in
spite of its narrow range, becomes critieal and even a .01%
difference in frequency will rotate the strobed signal.

1 ustment

Set the electronic interval timer to start on plus and stop
on minus and adjust the ydlow potentiometer R15 on the control
circuit board until the readine of 31.17 milliseconds is
obitained at the 367 om speed. Chanze the speed to 600 opm
speed and checlt for 19.137 milliseconds. This adjustment
sets the 1.2 stop time required in the standard start ston
simnal. This is not included in the 90 speed position as
the 370 speed uses the same timer period but has unity in-
stead of 1l.42 stop time.

An alternate less accurate procadure for the stop mlse

ad justment can be used if desired. Connect a milliam-
meter in the Sismal Line Jack and set speed switeh at

390. 35ét the message switch on selected pulses selected
pulse switches doym. 3Set the Bias-E.D. switch in the
center positon. Observe reading meter, Turn speed switch
to 368 and adjust yellow potentiometer R15 to plve a reading
1.42 times the 390 reading.

(3) Delay Adivstment

(a)

Due to lock-in between the delay timer and mlsa timer near
the zero distortion position it is best to calibrate the
delay timer nhontastron with a linear dual sweep oselillo-
scope such as a Tekironl~ 531, Such a scope can ke adjusied
to display oniy one ymlse per tolal swenp and be readable
within 1 percent.



(b)

{e)
(d)

(e)

(£)

Fs

Set the Signal Senerator controls to the following positions:

ntrol Position
Message Switeh Sel. Pulses
Speed Switeh 348
Cutput Selector Switeh 60
Pulse Selector Switches 2 and 4 up (marking)
PBias-End Distortion Switeh Eias
Distortion Dial 50 percent
Mark-Space Switch Mark-=Space
Mun=Stop Switch Run

Turn on the eguipment and allow a 10 mimite warmup period.

Connect one of the oscilloscope probes to the anode pin 1
of V11 and the other probe to the cathode pin 3 of V1s.

Adjust the brown potentiometer RU5 on the conirel eircuit
panel so that changing the mark space switeh from mark to
Space moves the pulse +wansition from midpoint to midpoint

on successive pulsess Thus in marking blas the pulse trans-
ition is midway between the besinning of the previous pulse
and the pulse observed. In spacing bias the pulse transition
is mldway in the pulse ohserved.

If this adjustment provides an egnual change in each direction
but not exactly 50% then proceed with (f) for range adjust.

The linearlty of the delay is not checked as the characteristies
of the phantastren make this better than required by this
instrument.

Delay Rance

NOTE: The following adjustment is a factory adjustment and
should not require readjustment. Its purpose is to
adjust ‘the range of the delay so that the plus 50%
and minus 50% pulse lengths are in ealibration. Any
ad Justment in this section affects all other timing
calibrations.

Set the distortion dial to 50% and check pulse leneth for 50%
marking and 50% spacing bias., If the pulse is too long and

Do short respectively the distortion control range is too
great. kRdjust blue variable resistor R11lS5 to reduce the value
of R100, R100A. Reset timer period with purple R32 and rechack
range. This is a repetitive process until the desired agcouracy
is obtained.

Elsctronic timer intervals or linear sweep oscilloscope may he used.



(b)

Set the Message switch to 75 dot cycles and the Current Switch
to 20 milliamperes. Insert a line milliammeter in the signal
line jack and adjust the red potentiometer R78 until a reading
of 10 milliamperes is obtained. Change current switch to 60
milliamperes and check for a reading of 30 milliamperes.

Oscilloscope Mathod

Attach a calibr=ted oscilloscope to cathode pin 3 of V15 and
ground.

Set the speed switch to dot cycles, the Current switeh to 20
milliamperes. Adjust R78 for a 30 volt mark pulse. Change
current switch to 60 milliamperes and check for a 30 wolt
marking pulses.



1.
24

3.

Vacuum Tube voltmeter such as ME-25A[U

Cathode Ray Oscilloscope with a high impedance probe or
other non-loading device such as Tektronix 531 with 53C input.

Electronic decimal counter such as the Berkley Model 5500,
with an added cathode follower stage for use with the counter
or Model 5510 which has the cathode follower included.

0=100 milliammetey,
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SECTION 1V

TFRATIRG INSTR ONS

The Signal Generator will operate on 115/230 Volt 50-60 cycles Ac line
supply. The upper frequency limit has not been détermined but operation

at below 50 cycles will cause excessive heating and demage in a short
time.

a.

de

Lipe Voltage

Ascertain the line woltage for the supply and set the line voltage
plate. DO NOT LEAVE THIS PLATE OFF.

Qutput
Set output current selector sw to 20, 60 or EXT for operation desired.

WARNING: If external operation is selected for keying

of an existing circuit with its own power supply,
RELAY CONTACT PROTECTION MUST BE PROVIDED

EXTERNALLY, Operation at 20 or 60 ma DC without
such protectlon will damage the relay in a few
minutes. No contact protection was incorporated
within the unit due to the varlety of circuits
the relsy may be reauired to key.

Speed
(1) Set speed switch to correspond to that of printer or facility
which 1s to be tested. Note that the 390 speed 1s the straipght

seven unit code.compliment of 368 (60 wpm) OFM, All other
teletypewriter speeds, marked "message" are 7.42 unit code.

(2) The b4O4 speed is the British 20 millisecond pulse standard
transmission.

Dot _Cyeles

This output is normally used for checking the transmission character-
istics of lines, radio channels and relays. Testing should be done

at the dot cycle speed corresponding to the speed of the teletype
transmission to be used.

Distortion switches
(1) Mark-Space switch

(a) In mark position the pulse duration is increased from

0% to 50%.

(b) In space position the pulse duration is decreased.
0% to 50%.
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(2) Bilas=Zero-End Distortion switch
(a) In the center "zero" vosition signals are not modified.

(b) Bias position causes the changes in the duration of the
pulses by moving the front end of the marking pulses in
respect to the mark to space transition of the start pulse.

(¢) End distortion position causes the changes in the duration
of the pulses by moving the tralling edges of the marking
pulses in respect to the mark to space trensition of the
start pulse.

f. Stop Run Switch

This switch starts and stops the transmisstion. When in the stop
position the output is left in the current flow, "Marking" conditioén.

The last character is completed before stopping when the switch is
changed from run to stop.

g+ Messape Switch
(1) Selected Pulses

In this position the message output consists of the
continuous repetition of a single character set up by
five subministure toggle switches. Any switch in the
up (Mark) position will cause the output to be marking
for that pulse period.

(2) Alternate R& Y

As the name implies the position provides a continuous flow
of alternate R & Y character transmissicns,

(3) Test Message

In this position an 80 character message is available for

transmission. The characters which are sent include the following.
THE QUICK EROWN FOX JUMPED OVER A LAZY DOG'S PACK 1234567890

TESTING "letters" "letters" "letters" "letters" Carriage Return,
Carriage Return, line feed, "letters". This messapge requires

a 68 space typing width. At each operation of the Run-Stop
switch to the "Run" position the message starts at the carriage
return signal to bring the carriage to the left margin. A line
feed and "letters" follow before starting the message proper,

2. COpersting Procedure
as Turn power switch on.
be Plug printer signal line cord inte Line Jack in the front panel.

c. If a printer is to be tested, tum printer motor "on". Printer should
- indicate steady marking. If not, flip Stop Run Switch uv and back down.
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Put Stop Run Switeh to Run position. Printer should copy selected
operations.

If Dot cycles output was selected, the line or relay will recélve
such a signal.
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SECTICH ¥

MAIRTRHANCE

General

The Sipnal Generator has been desicned to provide maximum accessibility
to facilitate maintenance,

b.

Cs

All major assemblies plur torether and may be separated if desired

Eyelets in the etched eircuit boards permit replaeing eomponents
with no damage to the ecireuitry.

The control circuits board is hineed to permit tube replacement and
polnt checking without disassembly.-The control board may be removed

by pushing up to withdraw the bottom hinge pin from the frame and
tilting. '

The power supply is hinged but requires hinee unscrewine for removal,

The message matrix card may be removed by removing its supporting
bar and tilting.

While most maintensnce ecen be performed without removal it will be

found expedient to disassenble inte ma jor units and layout on a
bench for work on the front panel,

Test Eauipment Reguired

The equipment required is listed in Section 3 in Table 31,

b.

Cs

Servieing is greatly simplified if a dual trace oscilloscope with
calibrated DC verticsl deflection is available.

Tektronix 531 with 53C input.
Dumont 323 or 324 with elsctronice switech.

Use 10 megohm or cathode follower probes. Lower impedance probes

will load down the circuits under test. Any probe will affect the
timer to some extent.

Best scope operstion is obtained if the sweep is externally trigrered
by the cathode pin 5 of the stop tube V&,

Malntenance Progednres

=1

Trouble shooting in the Sienal Oenerstor as in any set involves first,
the localizing of the fsult. In order to facilitate localizing of the
trouble, several typical symptoms of failure and thelr corrective
measures are tabulated below. -+ Fallure of the unit to operste
falls in the following main categories,

(1) Improper pulse distribution = dlstritutor
Fallure - either stopped or double stepping

Control binary not trigeering.
Speed off- calibration.
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Failure on SEF only

Improper stemminzg of cold e=theode tubes
Diode failure

Joints at etched eirecuit

Improper level sensing.

Start-Stop Distributor Testing

(1)
(2)

(3)

(1)

(5)

(6)

(7)

The cold cathode tubes should step if the distributor is operating.

Distributor operation rnqﬁires the timer pulses and proper bias.
It is possible for improper bias to result in.

Bias
too high Total failure of 5643's to fire or one
' ' tube will remain fired,
too low Skip positions or several positions remain

fired,

With proper bies the distributor is insensitive to line voltape
cha Nngeas.,

Using the high impnedance nrobe with the oscilloscope to a grid
pin 7 of the thyratron rine will give a display that will show
the intermediate pulses, the conditioning pulse and the fired
pulse as the grid rises positive with respect to its cathode.
Total pulses should count to seven.

CAUTICN: A ten megohm probe will change the voltages at the
grids some ten percent. This load may stop operation
if the voltages have been made too critical.

The waveform is as shown on Figure 5-6. These voltage levels
shovn provide stable operation. If a string of pulses riding

at =50 or more volts is observed, the stop switch is holding the
distributor ring off. If only nolse at a slightly positive
voltage 1s observed, several tubes are fired due to insufficient
blas voltage.

If no pulses appear at the grids of the distributor, check pin 5
of V11 for the plate rundown of the phantastron. Then trace for
drive pulses at anode pin 1 of V11,

Eratic operation as in failure to count four pips between
conditioning levels is usually a function of bias. If the woltage
levels are maintained and count is off, step probe from tube to
tube untll a tube is found which has only a spike instead of the
second positive step. This indicates that the next tuhe is firing
at the beglnning of the conditioning pulse which is usually due to
too wide a drive pulse or lack of sufficlent blas., The prid drive

pulse at the beginning of the conditioning step should not appear
above the level of the step.
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¢ Sensing Net and Cutput Sienal Testins

(1) With messaze switch on "Selected Pulses" and probe at erid
pin 7 of V17 at the urrer risht hand corner of the control
board, observe the charscter output under control of the pulse
selector switchas.

(2) Ifa pulse fails to apnear, check the "A" or "B" junction to
assure that the voltagze is appearing at the sensing net. This
is a 10 meg point and is loaded by any probe.

(3) If this voltage is correct and the distributor is operating
proverly, then check the dicde eonneetineg the particular net
to the "B" ar "A" function involved.

(4) Thus if No. 2 pulse is not being transmitted in the zero distortion
position and No. 2 switch is up, check junction R2-2, Rl-3 for
+30V. If this is correct, then diode CR4-3 is open.

(5) If No. 2 pulse comes through whether the switch is up or dowm

then diode CR1-3 is open as this diode permits the cathode resistor
to effectively short junction CR3-3, CR2-3 to ground.

(6) If pulse level on the "A" or "B" net is low but the distributor
cathode and switched junction woltages are normal, remove the
input amplifier tube V17, If nulses return to normal then erid
current was loading down the net. Replace the tube.

(7) Check bias on V17 which is partly stabilized by a &0k resistor

to regulated +250V. It should be the level shown in the wave-
form on Figure 5-6,

(8) If correct pulses are renerated at the anode pin 1 of V18 but
there 1s no output at the signal line, check anode pin & of V1L,
If signal appears here check for voltape at cathodes pins 1,6 Vls,
This voltage should be +30V marking, zeroc on spacing. f?bltare on
the order of 60 or more indicates lack of eclamping of the prid).

(9) Control Binary,

This bistable multivibrator under dot cycles acts as a frequency
divider. Observe the output at cathodes pin 3 of V15. Alternsate
mark and space pulses of equal duretion should be seen.

Improper triggering of Binsry under dot cveles comes under two
easily recognized tyves,

(a) Insufficient Drive

Sharp pulses of amnlitude less than the normal
pulse amplitude..

(b) Excessive Nrive
Sharp pulses whose amplitude is equal to that of the
normal pulse with brightening of the tops to indicate

that the trace reasches and maintains a maxirum amplitnde
for a moment.,






