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W A R N I N G

DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT

Be careful when working on or near the 115- or 230-volt ac line connections.
Serious injury or DEATH may result from contact with these terminals.

W A R N I N G

When troubleshooting or making repairs on this equipment be extremely careful.
Voltages as high as 230V are present in the test set. Use insulated test probes
when making voltage measurements. Always disconnect the power cords before
touching any internal parts.

CAUTION

Use extreme care when performing maintenance of the printed circuit boards.

CAUTION

Make sure that the power cable is never connected to a 230 volt ac source with
the POWER switch locking guard permitting the POWER switch to be set to the
115 volt position. Setting the POWER switch to the 115 volt position with equip-
ment connected to a 230 volt source can damage the equipment.

CAUTION

Do not make resistance measurements on the distortion analyzer unless
specifically directed to do so. The battery voltage of an ohmmeter can damage
the transistors.
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CHAPTER 1
INTRODUCTION

Section I. GENERAL

1-1. Scope
a. This manual contains general support and

depot maintenance instructions for Test Set,
Teletypewriter TS-800/UGM-1. It includes in-
structions appropriate to general support and
depot maintenance personnel for troubleshooting,
testing and repairing the equipment. It also lists
tools, materials, and test equipment required for
general support and depot maintenance. Func-
tional analysis of the equipment is also covered.

b. The complete technical manual for this equip-
ment includes TM 11-6625-620-12 and TM 11-6625-
620-25P-2.

1-2. Consolidated Index of Army Publications
end Blank Forms

Refer to the latest issue of DA Pam 310-1 to
determine whether there are new editions,
changes or additional publications pertaining to
the equipment.

1-2.1. Maintenance Forms, Records and Reports
a. Reports of Maintenance and Unsatisfac-

tory Equipment. Department of the Army
forms and procedures used for equipment
maintenance will be those prescribed by DA
Pam 738-750 as contained in Maintenance
Management Update.

b. Report of Packaging and Handling Defi-
ciencies. Fill out and forward SF 364 (Report of

Section II. UNIT

1-3. General
Test Set, Teletypewriter TS-800/UGM-1 (distortion
analyzer) provides a direct-reading, panel-meter
indication of the amount of distortion present in a
start-stop telegraph signal. It compares the
position of the input signal transitions to an ac-
curate time-base signal that is generated in the
time-base circuits, and indicates whether the
signal transitions are occurring at the correct
time, early, or late. The EARLY lamp lights to in-
dicate when the transitions are early; the LATE
lamp lights to indicate when the transitions are
late. The time-base circuits synchronize the time-
base signal (reference) with the mark-to-space
transition of the stop-mark and start-space. The
distortion analyzer also compares the succeeding
mark-to-space or space-to-mark transitions of the

Discrepancy (ROD)) as prescribed in AR
735-11-2/DLAR 4140.55/NAVMATINST
4355.73A/AFR 400-54/MCO 4430.3H.

c. Discrepancy in Shipment Report (DISREP)
(SF 361). Fill out and forward Discrepancy in Ship-
ment Report (DISREP) (SF 361) as prescribed in
AR 55-38/NAVSUPINST 4610.33C/AFR 75-18/
MCO P4610.19D DLAR 4500.15.

1-2.2. Destruction of Army Materiel To
Prevent Enemy Use
Refer to TM 750-244-2 for procedures to be used
for this equipment.

1-2.3. Administrative Storage
Refer to TM 760-90-1 for procedures to be used
when equipment is to be placed in administrative
storage.

1-2.4. Reporting Equipment Improvement Recom-
mendations (EIR)
If your equipment needs improvement, let us
know. Send us an EIR. You, the user, are the
only one who can tell us what you don’t like
about the design. Put it on an SF 368 (Quality
Deficiency Report). Mail it to: Commander,
US Army Communications-Electronics
Command and Fort Monmouth, ATTN:
AMSEL-PA-MA-D, Fort Monmouth, New
Jersey 07703-5023. We’ll send you a reply.

FUNCTIONING

input signal to this reference. The displacement of
the telegraph-signal transitions with respect to
the reference is directly indicated as a percent
distortion indication on the PERCENT DISTOR-
TION meter.

1-4. Block Diagram Analysis
(fig. 6-2)

a. Signal-Input Circuits. The signal-input cir-
cuits accept either neutral or polar telegraph
signals for distortion analysis.

(1) Neutral or polar telegraph signals are ap-
plied to neutral and polar marking tone keyer No.
1 or to polar spacing tone keyer No. 2, as ap-
plicable, through POLARITY switch 1A1S2,
CURRENT SELECT switch 1A1S3, and a noise-
and interference-rejecting filter assembly. The
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output from the tone keyers is applied to the first
Schmitt trigger. When the FILTER switch is set to
IN, an internal filter is connected to the input of
the first Schmitt trigger which filters out any
noise, spikes, or holes in the input signal that
could cause erratic indications on the PERCENT
DISTORTION meter.

(2) The output of the first Schmitt trigger is
applied to the SIGNAL indicator lamp through
two inverting amplifiers and also to a second Sch-
mitt trigger. If the input signal to the distortion
analyzer is in a marking state, the SIGNAL lamp
lights.

(3) The output of the second Schmitt trigger is
applied to the baud counter (i below) through the
stop-mark and start-space transition gates. The
second Schmitt trigger output is also applied to
the synchronizing bistable through the mark-space
and space-mark gates in the transition sampler
circuits (f below).

b. Time-Base Circuits. A timing input signal
from one of the four oscillators is selected by the
RATE switch. The timing input signal is then
shaped by the first monostable multivibrator and
is applied to the frequency divider. The output of
the frequency divider, which is 126 times the baud
frequency, is applied to the timing input gate in
order to control the timing signal applied to the
digital time base counter (c below). A signal from
the reset monostable is also applied to the digital
time-base counter during the stop-mark as a set
pulse.

c. Digital Time-Base Circuits. The digital time-
base circuits include the digital time-base counter,
reversing gates, inverting OR gates, and an in-
verting amplifier.

(1) An output from the timing input gate in
the time-base circuits is applied to the digital
time-base counter to produce four signals as
follows:

(a) A seven-digit running binary that counts
from 0 to 127 for the length of a character, during
each ideal bit, except during a stop-mark when it
counts from 0 to 63 (only 1/2 bit of the stop-mark).

(b) A six-digit reversible running binary
that counts from 0 to 63 and 63 to 0 during each
ideal bit except during a stop-mark.

(c) An early pulse during the 1/2-bit period
(63 to 0 count) preceding each ideal transition time
(except for the stop-mark/start-space transition),
and a late pulse during the 1/2-bit period (0 to 63
count) following each ideal transition time.

(d) A pulse 1/2-bit after the stop-mark/stop-
space transition, and a pulse every 128 counts for
the length of the character which advances the
baud counter.

(2) An output from the last stage in the digital
time-base counter is applied to the baud counter
advance (i below). Other outputs are applied to the
early transition gate and the late transition gate
of the transition control circuits (g below), and to
the early selection gate and late selection gate of
the early-late circuits (h below). The first six
stages of the seven-stage binary digital time-base
counter provide a 0 to 63 and 63 to 0 count through
the reversing gates, inverting OR gates, and in-
verting amplifier, to the distortion comparator
gates of the magnitude comparator circuits (d
below), and the read-in gates of the digital-to-
analog converter circuits (e below). The direction
of the count (0 to 63 and 63 to 0) is controlled by
the reversing gates.
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d. Magnitude Comparator Circuits. T h e
magnitude comparator circuits compare the
instantaneous output of the first six stages
of the digital time-base counter with the num-
ber stored in the storage register of the digi-
tal-to-analog converter circuits (e below).

(1)

(2)

(3)

After the distortion comparator gates
compare the number with the one
stored in the storage register, it is
transferred to the transition con-
trol gate through the comparison
gate. When DISTORTION SELECT
switch 1A1S7 is set to one of the
PEAK positions, and the count in
the first six stages of the digital
time-base counter is less than the
number held in the storage register,
the comparison gate is inhibited.
This inhibits the transition control
gate and the output of the invert-
ing amplifier, and prevents the digital
time-base output number from being
read into the storage register. In
this way, only the highest distortion
measurement is held in the storage
register when measuring peak dis-
tortion.

Momentarily depressing the RESET
switch will reset the storage register
to binary 000000. When the RESET
switch is released, the number pres-
ent in the digital time-base counter
will be read into the storage register.
If the number held in the storage
register is less than the number in
the digital time-base counter, when
measuring peak distortion, an en-
abling pulse is applied to the tran-
sition control gate through the
comparison gate.
The inverting amplifier output now
permits the number from the digi-
tal time-base counter to be read
into the storage register. When
DISTORTION SELECT switch
1A1S7 is set to AVERAGE, the
comparison gate is inhibited and
each new number in the digital
time-base counter can be read into
the storage register.

TM 11-6625-620-45-2

e. Digital-to-Analog Converter Circuits.
The digital-to-analog converter circuits con-
sist of read-in gates, a storage register, meter
drive circuits, and the PERCENT DISTOR-
TION meter. The number held in the storage
register is in digital form. It is converted to
analog form by the meter drive circuits and
is displayed on the PERCENT DISTORTION
meter. The storage register is reset to a new
number by the read-in gates when it is en-
abled by the transition control gate (d above).
The output of the storage register is applied
to both the meter drive circuits and to the dis-
tortion comparator gates.

f. Transition-Sampler Circuits. The tran-
sition-sampler circuits include the space mark
and mark-space gates, reset gate, synchroniz-
ing bistable, transition inhibit gate (trigger
gate), and transition monitor monostable.
The transition-sampler circuits determine the
type of transition to be monitored.

(1)

(2)

(3)

The output pulse from the transi-
tion monitor monostable is synchro-
nized with the input signal transi-
tion by the synchronizing bistable.
When a transition is received by the
synchronizing bistable, an output
is applied through the trigger gate
to the transition monitor monostable.
Another output of the synchroniz-
ing bistable, applied through a re-
set gate, immediately resets the
synchronizing bistable to prepare it
for the next transition.
When DISTORTION SELECT
switch 1A1S7 is at TOTAL PEAK,
both the space-mark and mark-space
gates are enabled and all transitions
are monitored. With DISTORTION
SELECT switch 1A1S7 set at either
EARLY PEAK or LATE PEAK,
space-mark or mark-space transitions
may be selected by the other DIS-
TORTION SELECT switch, 1A1S6,
and the corresponding early or
late peak distortion will be moni-
tored.
With DISTORTION SELECT
switch 1A1S7 set at AVERAGE,
space-mark or mark-space transitions
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may again be selected by DISTOR-
TION SELECT switch 1A1S6, and
the corresponding average distor-
tion of the selected transition will
be monitored.

g. Transition-Control Circuits. The transi-
tion-control circuits include the transition-con-
trol gate, the early and late transition gates,
the comparison gate, the inverting amplifier,
and DISTORTION SELECT switches 1A1S6
and 1A1S7.

(1) Six inputs are applied to the transi-
tion-control gate to determine ex-
actly when a new number from the
digital time-base counter should be
read into the storage register.

(a)

(b)

(c)

1-4

The first input, applied through
the comparison gate, is produced
by the distortion comparator
gates in the digital-to-analog con-
verter circuits, which compare the
six-digit binary number in the
storage register to the reversible
running output from the invert-
ing OR gates and to the inverting
amplifier of the digital time-base
circuits.
Starting at each ideal transition
time, the reversible running bi-
nary increases its count until the
midpoint of a bit and then de-
creases its count until the next
ideal transition time. The instan-
taneous value of the reversible
running binary is always propor-
tional to the displacement of a
transition.
When the distortion analyzer is
set to measure peak distortion and
the reversible running binary
count in the distortion comparator
gates is less than the stored bi-
nary number in the storage regis-
ter, the comparison gate will in-
hibit the transition control gate.
In this way, it precludes the pos-
sibility of reading into the stor-
age register any numbers that
would indicate a level of distor-
tion less than that already dis-
played on the PERCENT DIS-

(d)

(e)

(f)

(g)

TORTION meter. The transition-
control gate is not inhibited by
the comparison gate during aver- 
age distortion measurements.
The second and third inputs,
early and late pulses from the ear-
ly and late transition gates in the
transition-control circuits, inhibit
the transition-control gate during
the 1/2-bit period after each ideal
transition time. This will prevent
measurements of early distortion
during late peak distortion mea-
surements, and before each ideal
transition time to prevent measure-
ments of late distortion during
early peak distortion measure-
ments.

The fourth input, from the tran-
sition gate of the baud distribu-
tor circuits (i below), enables the
transition-control gate  f rom a
1/2-bit period preceding to a
1/2-bit period following the ideal
time of the transition as selected
by TRANSITION SELECT
switch 1A1 S9. When TRANSI-
TION SELECT switch 1A1S9
is set al ALL, the transition gate
enables the tranistion-control gate
for all transitions.

The fifth input, from the transi-
tion selection gating circuits
(stop-mark/start-space transition
inhibit gate), inhibits the transi-
tion-control gate during the first
1/2-bit period of each start-stop
character, and thus establishes the
stop-mark/start-space transition
as the reference transition.

The sixth input, produced by the
transition monitor monostable of
the transition-sampler circuits, is
a short enabling pulse produced
at the time of each mark/space or
space/mark transition (as deter-
mined by DISTORTION SELECT
switches 1A1S6 and 1A1S7). Dur-
ing total peak distortion measure-
ments, both monitored transitions
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produce an enabling signal to the
transition-control gate.

(2) The output of the transition-control
gate (a short pulse at the time of a
selected transition) is inverted and
applied to the read-in gates of the
digital-to-analog converter circuits.
During measurements of average
distortion, the transition-control
gate also enables the early and late
selection gates through an inverting
amplifier. To summarize, the func-
tion of the transition-control gate is
to produce an enabling-pulse output
for the read-in gates at the time of
an input signal transition if the fol-
lowing is true:

(a) The transition is of the polarity
selected by DISTORTION SE-
LECT switch 1A1S6 (both tran-
sitions during total peak distor-
tion measurements).

(b) The time is within the 1/2-bit
period of the ideal time of the
transition selected by TRANSI-
TION SELECT switch 1A1S9.

(c) The time is before the ideal tran-
sition time (early peak only).

(d) The time is after the ideal transi-
tion time (late peak only).

(e) The count in the digital time-base
counter is greater than that stored
in the storage register at the time
of the transition (except during
average distortion measure-
ments).

h. Early-Late Circuits. The early-late cir-
cuits consist of the early and late selection
gates, a holding bistable, early and late driv-
er gates, and EARLY and LATE indicators.

(1) During measurements of average
distortion, the digital time-base coun-
ter supplies a condition pulse of
1/2-bit duration to the early selec-
tion gate (63 to 0 count) and a con-
dition pulse of 1/2-bit duration to
the late selection gate (0 to 63 count).

(2) The transition-control gate applies
an enabling pulse, through an in-
verting amplifier, during an early

or late transition to control the
EARLY and LATE indicators. The
EARLY and LATE indicators are in-
hibited during peak distortion mea-
surements by the application of -15
volts through DISTORTION SE-
LECT switch 1A1S7 to the early and
late driver gates.

i. Baud Distributor Circuits. The baud
distributor circuits include the stop-mark/
start-space transition gate, the baud counter,
transition selection gating circuits, inverting
amplifiers, the transition gate, and the CHAR-
ACTER SYNC jack.

(1) The digital time-base counter ad-
vances the baud counter one count
for each ideal bit of any character
(0 to 127 count) except the stop-
mark.

(2) The baud counter, which is, in effect,
a continuation of the digital time-
base counter, produces a three-digit
binary number proportional to the
bit positions (start-space, first bit,
second bit, third bit, fourth bit, fifth
bit, stop-mark, and stop-mark/start-
space transition). The first six dig-
its are compared to the setting of
TRANSITION SELECT switch
1A1S9, and cause the appropriate
output to be selected from transi-
tion selection gating circuits.

(3) One-half bit after the stop-mark tran-
sition, count-6 gate is enabled. The
output of the count-6 gate is applied
to the met monoatable of the time-
base circuits (which resets the digi-
tal time-base counter to 127 or
1111111), and inhibits the timing
input gate of the time-base circuits
to insure that no timing pulses occur
between characters.

(4) The output of count-6 gate is also
applied to the stop-mark/start-space
transition gate through an inverting
amplifier. It conditions the gate so
that the stop-mark/start-space tran-
sition advances the baud counter one
full count and enables the count-7
gate as described in (6) below.
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(5)

(6)

(7)

(8)

1-6

The inverting amplifier output is
also applied to the CHARACTER
SYNC jack through a second in-
verting amplifier to provide a nega-
tive-going transition that coincides
with the end of each character. A
positive-going transition is also avail-
able to coincide with the start of
each character. The output of the
inverting amplifier also inhibits the
transition inhibit (trigger) gate in
the transition sampler circuits.
TRANSITION SELECT switch
1A1S9 conditions the selected tran-
sition gating circuits. The selected
gates (count 0 through count 7) are
enabled by an output from the baud
counter. When a selected gate is
enabled, its output triggers the tran-
sition gate. The transition gate con-
ditions the transition-control gate
of the transition-control circuits
during the time of the transition to
be monitored.
The output of the transition gate is
a 1-bit pulse, centered about the
ideal time of the selected transition.
This is accomplished by comparing
the output of the baud counter with
the setting of TRANSITION SE-
LECT switch 1A1S9. At the start of
each character, the stop-mark/start-
space transition of the baud counter
enables the count-7 gate and inhib-
its the count-6 gate in the transi-
tion selection gating circuit.
The output of the count-7 gate in-
hibits the transition-control gate for
1/2 bit, and the stop-mark/start-
space transition is not monitored.
The number stored in the storage
register of the digital-to-analog con-
verter circuits does not change. The
output of the inhibited count-6 gate
enables the timing input gate in the
time-base circuit, and the digital
time-base counter is activated. The
output of the count-6 gate also inhib-
its the stop-mark/start-space tran-
sition gate. At the count of 63, the

baud counter is advanced 1/2-bit
after the stop-mark/start-space tran-
sition, and the count-0 gate is en- 
abled.

j. Power Supply Block Diagram (fig. 6-2).
Output voltages are + 15, -15, -120 volts
direct current (dc). These voltages are de-
veloped from a 115- or 230-volt alternat-
ing current (ac) power source. The input is
applied through line filter 1A1FL1 and switch
1A1S1. The ac power is applied to the pri-
mary of transformer T1 from switch 1A1S1.

(1)

(2)

(3)

(4)

Reguluted + 15-volt dc circuit. T h e
ac voltage from transformer T1 is
converted to dc by bridge rectifier
diodes CR1 through CR4, and reg-
ulated by 15-volt regulator transis-
tor Q1 and Zener diode CR5.
Regulated –15-volt dc circuits.
Bridge rectifier diodes CR6 and
CR7 convert the ac to a -15-volt dc
voltage that is regulated by tran-
sistor Q2 and Zener diode CR10.
Regulated. -10-volt dc circuit.
Zener diode CR11 regulates the
-10 volts dc.
Unregulated –120-volt dc circuits. 
The ac voltage from transformer
T1 is converted to dc by half-wave
rectifier CR12.

k. Power Supply Circuit Analysis (fig.
6-10).

(1)

(2)

Line voltage. The line voltage (115
or 230 volts ac 50–60 Hertz (Hz))
is applied through line fuses 1A1F1
and 1A1F2 to line filter 1A1FL1
and to power switch 1A1S1, and
then to the primary of transformer
1A3T1 and POWER lamp 1A1DS1.
Transformer 1A3T1 has three step-
down secondary windings.
Regulated + 15-volt dc circuit.
Bridge rectifier diodes CR1 through
CR4 convert the ac from transformer
1A3T1 secondary (terminals 5 and
6) to dc and is filtered by capacitor
C1. Resistor R1 provides a discharge
path for capacitor C1. Fuse F1 pro-
tects the + 15-volt dc circuit from



(3)

overload. Resistor R2 provides cur-
rent limiting. When the output volt-
age developed across resistor R4
drops, Zener diode CR5 forward-
biases transistor Q1, and allows more
current to flow through transistor
Q1 to provide the regulated +15
volts to associated assemblies. Re-
sistor R3 provides current limiting
for CR5 and the base of transistor
Q1. If the output voltage developed
across resistor R4 increases, CR5
reverse-biases the emitter-base junc-
tion of transistor Q1 and reduces the
current through it. This reduces the
voltage developed across resistor R4
to the regulated +15 volts. Resis-
tor R5 provides isolation for test
equipment connected to jack J1.
Regulated –15-vo l t  dc circuit.
Bridge rectifier diodes CR6 through
CR9 convert the ac from transformer
1A3T1 secondary (terminals 7 and
8) to dc, and is filtered by capacitor
C2. Resistor R6 provides a discharge
path for capacitor C2. Fuse F2 pro-
tects the –15-volt dc circuit from
overload. Resistor R7 provides cur-
rent l imiting. When the output
voltage developed across resistor

(4)

(5)
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R9 and Zener diode CR11 drops,
CR10, forwarded-biases transistor
Q2 and allows more current to be
drawn through Q2 to provide a reg-
ulated -15 volts to associated as-
semblies. Resistor R8 provides cur-
rent limiting for CR10 and the base
of Q2. If the output voltage devel-
oped across CR11 and R9 increases,
CR10 reverse-biases the emitter-
base junction of Q2. This reduces
the voltage developed across R9 and
CR11 to the regulated -15 volts. Re-
sistor R10 provides isolation for test
equipment connected to jack J3.
Regulated -10 volts dc. Zener diode
CR11 provides –10 volts regulation
with voltage-dropping resistor R9.
Resistor R11 provides isolation for
test equipment connected to jack J4.
Unregulated –120-volt dc circuit.
The output of transformer 1A3T1
(secondary terminals 9 and 10) is
half-wave rectified by CR12 and fil-
tered by R12 and capacitor C3. Re-
sistor R14 provides isolation for test
equipment connected to jack J5. Re-
sistor R13 is the bleeder resistor that
provides a discharge path for capac-
itor C3.

Section III. CIRCUIT ANALYSIS AND LOGIC SYMBOLS

1-5. General

a. Many of the stages in the distortion
analyzer are identical except for the parts
values and the reference designations used.
For example, the seven bistable multivibra-
tor stages (FFC–8 through FFC–14) which
make up the digital time-base counter con-
tain identical circuits. Therefore, the circuit
analysis of the distortion analyzer provided
in this manual is of each type, rather than of
each individual stage. The circuit analyses of
the different types of stages are contained in
paragraphs 1–6 through 1–14. All referenced
symbols are shown on the logic diagram (fig.
6-3).

b. References designations, such as Ca, Rc,
and Qa (figs. 1–1 through 1–10) are arbi-
trarily assigned to assist in making the circuit
analyses (paras 1–6 through 1–14). To de-
termine the correct reference designation for
a specific part within a particular stage, refer
to the applicable schematic diagram.

c. Designations such as 0 and 1 are the
logic symbols used to define voltage levels.
A 0 represents a high-level potential very
near ground (0 volt), and a 1 represents 2
low-level potential (approximately -15
volts). Because of the potential differences
between 0 and 1, a transition from 0 to 1 pro-
duces a negative pulse, and a transition from
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1 to 0 produces a positive pulse. The more
negative of two given logic levels (1) is rep-
resented by the presence of a small circle at
the input or output points of the logic sym
bol; conversely, the more positive level (0)
is represented by the absence of the circle.
The logic levels shown at the inputs and out-
puts of gate and amplifier logic symbols are
those present when the logic element is active
(i.e., when it is performing its principal func-
tion). For example, if the symbol is that of
an AND function, the logic levels shown in-
clude the required inputs and resultant out-
put level developed when the AND stage is
operating.

1-6. Bistable Multivibrator Stages
(fig. 1-1)

a. General. Three variations of a bistable
multivibrator stage are used in the distortion
analyzer, two of which are illustrated in fig-
ure 1-1. The logic symbol, used with the
logic diagram (fig. 8-3) and shown directly
below each bistable multivibrator stage, is
the same for each bistable multivibrator, be-
cause their functions are the same.

(1)

(2)

The reference designations for the
logic symbols of the bistable multi-
vibrator stages differ, and indicate
the manner in which they are trig-
gered. The lines on the left side of
the logic symbols represent inputs
(including the reset provisions). The
lines on the right side of the logic
symbols represent outputs. The up-
per lines (left and right) of the
logic symbol are associated with one
of the transistors in the stage, and
the lower lines (left and right)
are associated with the other tran-
sistor.
Bistable multivibrators are set by
applying a positive-going transi-
tion (logical-1 to logical-0) to the
set (S) input, thereby producing a
logical-1 at the 1 output and a logi-
cal–0 at the 0 output. An identical
input transition applied to the clear
(C) input resets the flip-flop, pro-

ducing a logical-0 at the 1 output
and a logical-l at the 0 output. When
a logical-1 is present at the 1 out- 
put, the flip-flop is defined as being
in its 1-state; a logical-0 at the 1
output defines the 0-state.

b. Circuit Analysis. Resistors Re and Rf
establish the initial bias for transistors Qa
and Qb, respectively. Resistors Ra and Rb are
the collector load resistors. Resistors Rc and
Rd and capacitors Ca and Cb determine the
switching time required for the stage to
change state. The outputs, which are 180° out
of phase with each other, are developed across
the collector and emitter of transistors Qa and
Qb.

c. Triggering. The stages shown in figure
1-1 require positive pulses at the inputs If
the transistor associated with a given input
is conducting when the positive pulse is ap-
plied through steering diode CRa or CRb (B,
fig. 1-1), the transistor will cut off. A sec-
ond positive input pulse through the oppo-
site steering diode will return the stage to its
original state. The state shown in B, figure
1–1 will change each time a positive pulse is
applied through differentiating network Cd
and R3 and steering diodes CRa and CRb.

d. Set. The set input triggers (A and B,
fig. 1–1) are employed to place the bistable
multivibrators FFS stages into predetermined
states. Bistable multivibrator FFA is the
same as the FFS type (B, fig. 1-1), except
that it does not have a set trigger.

1-7. Monostable Multivibrator Stages
(fig. 1-2)

a. General. Three variations of a mono-
stable multivibrator stage are used in the dis-
tortion analyzer, two of which are shown in
figure 1-2. The logic symbol, used with the
logic diagram (fig. 6-3) and shown directly
below each monostable multivibrator stage,
is the same for each monostable multivibrator,
because their functions are the same. The
reference designations for the logic symbols
of the monostable multivibrator stages differ,
and indicate the manner in which they are
triggered. The lines on the left side of the
logic symbols represent the inputs, and the
lines on the right side represent the outputs.

1-8



T
M

 
11-6625-620-45-2

1-9



TM 11-6625-620-45-2

Figure 1-2. Monostable multivibrator stage.
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b. Circuit Analysis.

(1)

(2)

The set-input trigger is applied
through steering diode CRa to tran-
sistor Qa, which is normally con-
ducting. A positive input pulse is
then required to trigger the stage
(A, fig. 1-2) (SSA-1). For SSA-2,
the steering diode is reversed and
the set-input trigger is applied to
transistor Qb, which is normally cut
off. In this case, a negative pulse is
required to trigger the stage. Re-
sistors Ra and Rc, (A, fig. 1-2)
are collector load resistors; resistors
Rb and Re establish the initial bias;
and resistor Rd, with capacitors Ca
and Cb, determines the switching
time required to return the stage
to its original state.

In B, figure 1–2 the set-input trig-
ger is applied through steering di-
ode CRa and limiting resistor Rf to
the base of transistor Qa, which is
normally cut off, A negative input
pulse is then required to trigger the
stage. Resistors Ra and Rb are col-
lector load resistors; resistors Rd and
Rc establish the initial bias; and
resistor Rc, with capacitor Ca, de-
termines the switching time required
to return the stage to its original
state.

1-8. Schmitt Trigger Stages
(fig. 1-3)

a. General. The two Schmitt Trigger Stages
are of the same type. The logic symbol shown
directly below each stage is used with the
logic diagram (fig. 6-3). The line on the left
side of the logic symbol represents the input,
and the lines on the right side represent the
output, The 0 output is in phase with the in-
put, and the 1 output is 18° out of phase
with the input.

b. Circuit Analysis. Transistor Qa and re-
sistor Ra provide the stage with a relatively
constant input resistance. Resistors Rb and Rc
are collector load resistors, resistors, Rg and
Rh are common emitter resistors, and Re and

TM 11-6625-620-45-2

Rf compensate for hysteresis loss in the circuit.
Voltage-dividing network resistors Rb, Rd,
and Ri provide bias for transistor Qc; and ca-
pacitor Ca, with resistor Rd, provides coupling
from the collector of transistor Qb to the base
of transistor Qc.

1-9. AND Gate Stages
(fig. 1-4)

a. General. Four types of AND gate stages
are used. The function of each AND gate is
the same; therefore, the logic symbol shown
directly below each stage and used with the
logic diagram (fig. 6-3) is the same for
each stage, except for the number of inputs
available. The lines on the left side of the logic
symbols represent inputs. A circle on an input
line indicates that the signal is applied through
a switch, and whenever the switch is in the
open position, an inhibit voltage is applied to
the gate. Typical input and output waveforms
are shown for normal operation.

b. Circuit Analysis. An AND gate stage
will develop an output when coincident input
pulses are present on the input lines.

(1)

(2)

(3)

The AND gate stage shown in A,
figure 1-4, uses capacitor Ca and re-
sistor Ra in the inputs, and diode CRa
in the output. The waveforms shown
with the logic symbol indicate that
the leading pulse of two positive
coincident pulses is required to pro-
vide a positive output spike.
The AND gate shown in B, figure
1-4, uses diode CRa with forward-
biasing resistor Ra, and capacitor Ca
for the inputs. The waveforms shown
with the logic symbol indicate that,
with a negative level applied to CRa,
the leveling edge of a positive pulse
will provide a positive output spike
and the trailing edge of a positive
pulse will provide a negative output
spike.
The AND logic function shown in
C, figure 1-4, is performed with in-
put diodes CRa and CRb and load
resistor Ra. The waveforms shown
indicate that two negative coincident
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(4)

TM6625-620-45/2-4

Figure 1-3. Schmitt trigger stage.

pulses are required to provide a nega-
tive output pulse.
Resistors Ra, Rb, and Rc are input
coupling resistors for the AND gate
stage shown in D, figure 1-4. Resis-
tor Rf is the collector load resistor
and resistor Re establishes reverse
bias for transistor Qa. Resistor Rd is
the inhibit load resistor when the in-
put is open. The waveforms shown
with the logic symbol indicate that
three positive coincident pulses are
required to provide a negative out-
put pulse.

1-10. OR Gate Stages
(fig. 1-5)

Two variations of OR gate stages are used.
The function of each OR gate stage is the

same; therefore, the logic symbol shown di-
rectly below each stage and used with the logic
diagram (fig. 6-3) is the same for each stage.
Typical input and output waveforms are shown
for normal operation.

a. Input diodes CRa and CRb and load re-
sistor Ra make up the OR gate stage shown
in A, figure 1-5. The waveforms shown with
the logic symbol indicate that a positive out-
put pulse occurs when a positive input pulse
is present on either input line.

b. Resistors Ra and Rb are input coupling
resistors for the OR gate stage shown in B,
figure 1-5. Resistor Rc establishes reverse bias,
and resistor Rd is the collector load resistor
for transistor Qa. The waveforms shown with
the logic symbol indicate that negative pulses
on any one of the input lines provide a posi-
tive output pulse.
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Figure 1-4. AND gate stage.

1-11. Amplifier Stages side are output lines. Typical input and out-
(fig.1-6) put waveforms representing normal operation

a. General. The inverting amplifier stage are shown with the logic symbols (A and B,

shown in A, figure 1-6 and the emitter fol- fig. 1-0).

lower shown in -B, figure 1-6 are used. The b. Ciruit Analysis.
lines on the left side of the logic symbol are (1) Resistor Ra is
input lines, and the lines shown on the right sistor for the

the input coupling re-
inverter stage shown
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TM6625-620-45/2-6

Figure 1-5. OR gate stage.

TM6625-620-45/2-7

Figure 1-6. Amplifier stage.

in A, figure 1-6. Resistor Rb eatab- (2) Resistor Ra is the emitter load resis. 
lishes reverse bias and resistor Rc is tor for the emitter follower stage
the collector load resistor for transis- shown in B, figure 1-6. The wave-

tor Qa. The waveforms shown with
the logic symbol indicate that the in-
put waveform is amplified and in-
verted by the stage.

forms shown with the logic symbol
indicate that no amplification takes
place because the emitter follower
stage is primarily used for impedance
matching.
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1-12. Constant-Current Generator
Current Summary Circuits

(fig. 1-7).
a. General. The constant-current

stage used with its logic symbol is

and

generator
shown in

A, figure 1–7. The type of summing stage used
with its logic symbol is shown in B, figure 1-7.
The lines on the left side of the logic symbols
represent input lines, and the lines on the right
side represent output lines. The logic symbols
are used with the logic diagram (fig. 6-3). No
input or output waveforms are shown with
these logic symbols (fig. 1–7) because both
stages produce a current level in the output.

TM 11-6625-620-45-2

b. Circuit Analysis

(1)

(2)

The constant-current generator stage
shown in A, figure 1-7 is a digital-
to-analog converter. Resistor Rb
establishes the direct current (dc)
voltage level applied to the emitter
of transistor Qa. Resistor Ra is the
collector load. With the input voltage,
either 0 or –15 volts dc, transistor
Qa is reverse-biased, and no current
is produced in the output.
Voltage-dividing resistors Ra and
Rb shown in B, figure 1-7, bias
transistor Qa in the active region.

TM6625-620-45/2-8

Figure 1-7. Constant-current genarator and summing stages.

1-15



TM 11-6625-620-45-2

Variable resistor rc and resistor Rd
make up the collector load. Shorting
bar SB-1 is removable to permit mea-
surement of the collector current. The
input current to the summing stage
is supplied by the constant-current
generator stage ((1) above). The
sum of the currents applied to the
inputs of the summing stage provides
the necessary current to operate the
PERCENT DISTORTION meter
(not shown), which is paralle-con-
nected with variable resistor Rc and
resistor Rd.

1-13. Tone-Keyer Stages
(fig. 1-8)

a. General. Two tone-keyer stages are used
in the signal input circuit, and the type used
is shown in the figure. The logic symbol shown
directly below the stage is used with the logic
diagram (fig. 6-3). The lines on the left side
of the logic symbol represent inputs, and the
lines on the right side represent the output.
The waveforms shown with the logic symbol
indicate that the tone-keyer stage will produce
an output for a neutral signal and for posi-
tive or negative polar signals.

b. Circuit Analysis. Transistor Qa, resistor
Ra, the primary of transformer Ta and the
inherent capacitance of the circuit make up an
oscillator circuit which is triggered by the in-
put signal, Capacitor Ca isolates the oscillator
from the signal input. Diode CRa isolates tone
keyer No. 1 from tone keyer No. 2. Capacitor
Cb prevents the base-emitter circuit of tran-
sistor Qa from shorting through the primary
winding of transformer Ta. The output signal
is applied through half-wave rectifier CRb,
filter capacitors Cc and Cd, filter chokes La
and Lb, and is developed across load resistor
Rb.

1-14. Time Base Frequency-Divider
Network

(fig. 1-9)

a. General. Four bistable multivibrator
stages are used in the time-base circuits in a
frequency-divider network, which divides the
oscillator circuit output to a frequency which
is equal to 128 times the baud rate. Stages
FFC-1, FFC-2, and FFC-3 are the same as
that shown in A, figure 1-1, except that the
latter has no set input and the 0 output line 
is not used. Fourth bistable multivibrator

 TM6625-620-45/2-9

Figure 1-8. Tone-keyer stage.
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FFC–4, of the time-base frequency-divider net-
work, is shown in figure 1–9.

b. Circuit Analysis. Resistors Re and Rf
establish the initial bias for transistors Qa and
Qb, respectively; resistors Ra and Rb are the
collector load resistors; and resistors Rc and
Rd, with capacitors Ca and Cb, determine the
switching time required for the stage to change
state. Resistors Rh and Rj reverse-bias diodes
CRC and CRd in all RATE switch 1A1S8 posi-
tions except for 150 BAUDS (position 5).
When the RATE switch is set to position 5,
resistors Rh and Ri are used to forward-bias
diodes CRC and CRd. Diode CRe clamps FFC-
3 at ground when the RATE switch is set to
position 5.

TM 11-6625-620-45-2

c. Triggering. Bistable multivibrator stage
FFC-4 requires a positive pulse at the inputs..
Because there are two sets of steering diodes
(CRa and CRb, and CRC and CRd), this stage
may be controlled by two separate inputs. When
RATE switch 1A1S8 is set to 150 BAUDS
(position 5), steering diodes CRC and CRd are
forwarded-biased. Because a ground is also
applied through diode CRe to the 1 output
of FFC-3, the output from bistable multivi-
brator stage FFC–2 controls the stage. When
RATE switch 1A1S8 is set to any other posi-
tion, steering diodes CRC and CRd, as well as
as diode CRe, are reverse-biased and cause
the output from FFC-3 to control the stage.

TM6625-620-45/2-10

Figure 1-9. Time-base frequency-divider network
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Section IV. LOGIC ANALYSIS

1-15. Signal Input Circuit

(fig. 6-3)
a. Neutral or polar telegraph signals are

applied through SIGNAL INPUT jack 1A1J1,
and then to POLARITY switch 1A1S2. The
telegraph signal is converted from a current
level signal to a voltage level signal by the
converter to provide for operation of the tone
keyers. Tone keyers No. 1 and No. 2 isolate
all received telegraph signals from ground,
thus providing an. output equivalent to a polar-
type telegraph signal. When POLARITY switch
1A1S2 is in the appropriate position for a par-
ticular type of input signal, tone keyer No. 1
is activated by either neutral or polar marking
signals, and tone keyer No. 2 is activated by
only polar spacing signals.

b. The output from the tone keyers is se-
lected by CURRENT SELECT switch 1A1S3
and is applied to Schmitt trigger STA-1.
Schmitt trigger STA-1 shapes the signal and
drives Schmitt trigger STA-2. The output of
STA-2 is applied through inverting ampli-
fiers IN-1 and IN-2 to SIGNAL indicator
lamp 1A1DS1, which lights when the input
signal is in a marking condition. Spikes or
holes in the signal, which could cause errone-
ous indications on PERCENT DISTORTION
meter 1A1M1, are eliminated when FILTER
switch 1A1S4 is set to IN.

c. Schmitt trigger STA–2 provides addition-
al shaping of the signal, which is applied to
inverting AND gate GAI–1. AND gate GAI–
1 provides an output which is used to reset
bistable FFC\5 (para 1–24) during the stop-
mark/start-space transitions only, to initiate
each character cycle. The output of STA–2 is
also applied to GAS-1 in the transition-sam-
pler circuits (para 1–21).

1-16. Time-Base Circuits

(fig. 6-3)
a. The timing signal to be used for the dis-

tortion measurements is generated by one of
four crystal oscillators. The oscillator circuit
to be used is selected by RATE switch 1A1S8.
The output of the selected oscillator is a sine
wave and is shaped into a square wave by mon-

1-18

ostable SSB–1.
stage frequency

It is then applied to four- 
divider FFC-1 through FFC-

4. The oscillator frequency is such that, after
division by the four-stage divider, a timing
signal of 128 times the baud frequency of
the input signal is obtained.

b. The output of the four-stage divider is
applied to inverting AND gate GAI-4 together
with an input from the inverting AND gate
GAI-2 in the baud distributor circuits. AND
gate GAI-2 supplies a high-level signal to
GAI-4 from the start of a character through
1/2-bit of the stop-mark bit, This high-level
signal from GAI–2 enables GAI-4 so that a
timing signal from the frequency divider may
be applied to the digital time-base circuits
(para 1-17). The low-level signal from GAI-2
(from l/2-bit into the stop-mark bit until the
stop-mark/start-space transition of the next
character) inhibits GAI-4, and the timing sig-
nal is not applied to the digital time-base cir-
cuits.

c. When a low-level signal from GAI–2 is
applied to monostable SSA–2, the negative
low-level output of SSA–2 is applied to the
digital time-base circuit as a set pulse for the 
digital time-base counter.

d. The output of GAI–4 is also applied to
inverting AND gate GAI-3 in the transition-
sampler circuits (para 1–21).

1-17. Digital Time-Base Circuits
(fig. 6-3)

a. General. The digital time-base counter
(FFC-8 through FFC-14) is controlled by
AND gate GAI-4 in the time-base circuits.
Because the signal from the time-base circuits
is 128 times the baud frequency of the input
signal, it enables the digital time-base coun-
ter to count from zero to 127 during each bit
of the input signal, except during the stop
mark (para 1–16b). The count from the digi-
tal time-base counter is taken from bistables
FFC-8 through FFC-13, and only the zero to
63 count. is used. The outputs from the 0 out-
put lines of bistables FFC-8 through FFC-13
(complementary count) are applied to odd-
numbered AND gates GAD–1 through GAD–
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11, and the outputs from the 1 output lines
of bistables FFC–8 through FFC-13 (true
count) are applied to even-numbered AND gate
GAD-2 through GAD-12.

(1) The output from the 0 output line of
bistable FFC-14 is applied to the re-
maining input line of odd-numbered
AND gates GAD-1 through GAD-
11 through emitter follower EF–1,
and the output from the 1 output
line of bistable FFC–14 is applied
to the remaining input line of even-
numbered AND gates GAD-2 through
GAD–2 through emitter follower
EF–2. AND gates GAD–1 through
GAD-12 are therefore controlled by
bistable FFC–14, which can change its
state only once during the entire zero
to 127 count (the 0 output line of
FFC-14 is at 1 from the 64 to 127
count). A true count (zero to 63 from
the 1 output lines of bistable FFC-
8 through FFC-13) is obtained at
the output of the even-numbered
AND gates (GAD-2 through GAD-
12) as the digital time-base counter
counts from zero to 63.

(2) A complimentary count (63 to zero,
from the 0 output lines of bistables
FFC–8 through FFC–13) is obtained
at the output of odd-numbered AND
gates GAD-1 through GAD–11 as
the digital time-base counter counts
from 64 to 127. The outputs of AND
gates GAD–1 through GAD–12 are
applied, through inverting OR gates
GOI-1 through GOI-6, to the X1
through X6 lines, respectively. The
outputs on the X1 through X6 lines
therefore provide a zero to 63 and
63 to zero count. The outputs from
gates GOI-1 through GOI-6 are
also applied, through inverters IN–
5 through IN-10, to the X1 through
~ lines, respectively. The outputs
on the X1 through ~6 lines there-
fore provide a 63 to zero and zero to
63 count.

b. Operating Sequence. The digital time-
base counter counts from zero to 127 for each
bit of a character except the stop mark. For

the stop mark, the digital time-base counter
counts from zero to 63 and stops until the
stop-mark/start-space transition of the next
character. The digital time-base counter is ini-
tially set to 127 (a 1 on each 1 output line of
bistables FFC-8 through FFC-14 or 64 counts
into the stop-mark bit) by monostable SSA-2.
Monostable SSA–2 is triggered by count six
AND gate GAI–2 in the baud distributor cir-
cuits, and monostable SSA-2, in turn, applies
a set pulse to bistables FFC-8 through FFG
14.

(1) The first pulse received from AND
gate GAI–4 thus causes each bistable
(FFC-8 through FFC-14) to change
state. That is, the digital time-base
counter advances one count from
127 (1111111) to zero (0000000).
The resulting transition from 1 to 0
on the 1 output line of bistable FFG
8 triggers each succeeding bistable.
The 1 output on the 0 output line of
bistable FFC–14 is applied to one in-
put of odd-numbered AND gates
GAD-1  through GAD-11. The
other input to each of these gates is
a 1 from the 0 output line of bistables
FFC–8 through FFC–13. When two
low-level inputs are applied to each
odd-numbered AND gate GAD-1
through GAD–11, the output of these
gates will be a 1.

(2) The 1 output is then inverted by OR
gates GOI–1 through GOI–6 and ap-
pears on each X1 through X6 line as
a 0 (000000). Another output from
OR gates GOI-1 through GOI–6 is
also inverted by inverters IN–5
through IN–10 and appears on each
~1 through ~ line as a 1 (111111),
The second pulse received from GAI-
4 changes the state of bistable FFC-
8, but has no effect on bistable FFC-
9. When this occurs, the count is
changed to 100000 on the X lines and
to 011111 on the ~ lines. The third
input pulse changes the state of
FFC-8 again, and it, in turn, changes
the state of bistable FFC-9.
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(3)

(4)

When the sequence of counting
reaches 64, a 1 from the 1 output
line of bistable FFC-14 is applied to
even-numbered AND gates GAD–2
through GAD-12. The other input
to each of these AND gates is a 0
from the 1 output line of bistables
FFC–8 through FFC–13. Because
only one input to each of the even-
numbered AND gates is a high-level
signal, the output of even-numbered
AND gates GAD-2 through GAD-
12 is a 0. Because the output from
the odd-numbered gates is also a 0
(high-level input from each 1 output
line),  OR gates GOI-1 through
GOI-6 are inhibited and the low-level
output appears on the X1 through
X6 lines as a 1 (111111).
The outputs of OR gates GOI-1
through GOI-6 are also inverted by
inverters IN–5 through IN–10 and
appear on the ~1 through ~ lines
as a 0 (000000). Thus, the outputs
on the X lines are counts from zero
to 63 and 63 to zero, and the outputs
on the ~ lines are counts from 63 to
zero and zero to 63 for each series of
128 pulses received from the time-
base circuit. In addition to its use in
complementing the outputs from bi-
stables FFC–8 through FFC–13, bi-
stable is used to trigger the early-
late circuits (para 1–23), and the
early-late transition gates of the tran-
sition-control circuits (para 1–22), as
well as to advance the baud counter
in the baud distributor circuits (para
1-24).

1-18. Read-In Gates and Storage Register
(fig. 6-3)

a. Read-in gates GAS-3 through GAS-14,
when enabled, apply input triggers to storage
register bistables FFS-1 through FFS-6. The
storage register bistables are thus set, or reset,
depending on the condition of the X1 through
X6 lines and the Xl through ~6 lines in the
digital time-base circuits. In order for the read-
in gates to be enabled, two positive (high-level)
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inputs must be applied. One of the inputs to
the gates is from the digital time-base circuits;
the other input is from transition-control AND 
gate GAI–15, through inverter IN–11 in the
transition-control circuits.

b. AND gates GAS-3 through GAS-14 de-
termine the number contained in the storage
register. The X lines from the outputs of OR
gates GOI-1 through GOI–6 provide one in-
put to odd-numbered AND gates GAS-3
through GAS-13, and the ~ lines from in-
verters IN–5 through IN-10 provide an input
to even-numbered AND gates GAS-4 through
GAS-14. The other input, common to all AND
gates GAS-3 through GAS-1, is received from
transition-control gate GAI-15, through in-
verter IN–11 in the transition-control circuits
(para 1-22). The X outputs of the AND gates
are connected to the C (reset) input lines of
bistables FFS-1 through FFS6.

c. The ~ outputs of the AND gates are con-
nected to the S (set) input line of bistables
FFS–1 through FFS-6. When a positive tran-
sition is applied to the common input line of
AND gates GAS-3 through GAS-14 A t h e
AND gates that have a 0 on their X or X line
place a 0 on the input to the storage register
bistable to which they connect.

d. Thus, a 0 appearing on the X line causes
a 0 to be stored in the associated storage regis-
ter bistable, and a 0 appearing on the ~ line
causes a 1 to be stored in the associated stor-
age register bistable. Therefore, the number
placed in the storage register bistable is the
output of the digital time-base counter as it
appears on the X lines.

e. When RESET switch 1A1S5 is momen-
tarily depressed, a ground potential is applied
to the C (reset) input of each storage register
bistable, which then resets the storage register
to binary number 000000.

1-19. Magnitude Comparator Circuits
(fig. 6-3)

a. The magnitude comparator circuits
compare the binary number stored at the ~
lines of the storage registers with the binary
number present at the X output lines of the
digital time-base counter for each transition
during peak distortion measurement-s. When
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the binary number held in the storage registers
(Y lines) is larger than the binary number
present at the output of the digital time-base
counter (X lines), the magnitude comparator
circuits prevent a new read-in from entering
the storage registers. This insures an indication
of maximum distortion on PERCENT DIS-
TORTION meter 1A1M1 when measuring
peak distortion.

b. When DISTORTION SELECT switch
1A1S7A is set to AVERAGE, a 1 is applied
to comparison AND gate GAI-18. However,
AND gate GAI-18 requires a 0 on each input
line in order to apply a 1 to transition-control
gate GAI-15. Therefore, with a 1 always ap-
plied to one input line, AND gate GAI-18
always applies a 0 to transition-control gate
GAI-15 during average distortion measure-
ment. Assuming each input of transition-con-
trol gate GAI-15 to be 0, the resultant 1 out-
put will be inverted by inverter IN–11 and ap-
plied as a 0 to read-in AND gates GAS-3
through GAS-14. This will cause those read-
in gates with a 0 on the other input line to trig-
ger the storage register.

C. When DISTORTION SELECT switch
1A1S7 is set to any other position, a 0 is applied
to one input of AND gate GAI–18. The other
input to AND gate GAI–18 is obtained from
AND gate GAI-28 in the magnitude compara-
tor circuits. When a 0 is received at the input
of AND gate GAI–18 from AND gate GAI–
28 (the binary number held in the storage
register is greater than the binary number pres-
ent at the output of the digital time-base coun-
ter), AND gate GAI–18 applies a 1 to trans-
fer control gate GAI-15, Each input of tran-
sition-control gate GAI-15 must be a 0; there-
fore, the resulting output from inverter IN-
11 will inhibit a read-in from the digital
time-base counter to the storage register.

d. Thus, when a 1 output is present at
AND gate GAI-28 (binary number held in the
storage register is less than the binary number
present at the output of the digital time-base
counter), AND gate GAI-18 applies a 0 to
transition-control gate GAI-15. When each in-
put of transfer control gate GAI-15 is at 0, the
output from inverter IN-11 enables a new

read-in from the digital time-base counter to
the storage register.

e. When the binary number stored at the
~ lines of the storage register is smaller than
the binary number present at the X lines of
the digital time-base counter, the magnitude
comparator circuits apply the 0 from the out-
put of AND gate GAI-18 to transition-control
gate GAI–15. Assume that the output on the
X lines of the digital time-base counter is the
binary number 20 (010100), and the binary
number stored on the Y lines of the storage
register is 13 (001101); then the binary num-
ber present on the ~ lines of the digital time-
base counter would be 43 (101011) and the
binary number stored on the Y lines of the
storage register would be 50 (110010).

f. Reading from right to left in each of these
binary numbers, the 0’s and 1’s would corr-
spend to the 0’s and 1’s present on the X1
through X6, ~1 through Y6,   through   
and Y1 through Y6 lines, respectively. The
X1 and Y1 inputs to AND gate GAD-13 would
be 0 and 0, respectively, and the 0 output would
be applied to the upper input of inverting
AND gate GAI-19. The X2 and Y2 inputs to
OR gate GOB–1 would be 0 and 1, respec-
tively, and the 0 output would be applied to
the lower input of inverting AND gate GAI-
19.

g. The two 0 inputs produce a 1 in inverting
AND gate GAI-19 output, which is then ap-
plied to the upper input of inverting AND
gate GAI–20. The ~ and = inputs to OR
gate GOB–2 would be a 1 and 0, respectively,
producing a 0 which would be applied to the
other input of inverting AND gate GAI-20.
With a 0 and a 1 present at the inputs of in-
verting AND gate GAI–20, a 0 would be pro
duced and applied to the lower input of in-
verting AND gate GAI–21. The X3 and Y3.
inputs of OR gate GOB-3 would be a 1 and
0, respectively, and the 0 output produced
would be applied to inverting AND gate GAI-
21.

h. With two 0 inputs, inverting AND gate
GAI-21 would produce a 1 which would be
applied to the upper input line of inverting
AND gate GAI-22. The ~ and ~ inputs of
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OR gate GOB-4 would be 0 and 1, respective-
ly, and the 0 output produced would be applied
to inverting AND gate GAI-22. With a 1 and
a 0 present at the inputs of inverting AND
gate GAI–22, a 0 would be produced and ap-
plied to the lower input of inverting AND gate
GAI-23. The X4 and Y4 inputs of OR gate
GOB-5 would each be 0 and the resulting 0
output would be applied to the other input of
inverting AND gate GAI-23.

i. With two 0 inputs, inverting AND gate
GAI-23 would produce and apply to a 1 to
the upper input of GAI-24. The ~4 and ~4 in-
puts of OR gate GOB-6 would each be 1 and
would apply the 1 produced in the output to
the other input of inverting AND gate GAI-
24. With two 1 inputs, inverting AND gate
GAI–24 would apply a 0 to the lower input
of inverting AND gate GAI–25. The X5 and
Y5 inputs to OR gate GOB-7 would each to
1; therefore, a 1 would be applied to the other
input of inverting AND gate GAI–25. With
a 0 and a 1 present on the inputs of inverting
AND gate GAI-25, a 0 would be produced
and applied to the upper input of inverting
AND gate GAI-26.

j. The ~ and ~ inputs of OR gate GOB-
8 would each be 0, and a 0 would be produced
and applied to the other input of GAI-26.
With two 0 inputs, inverting AND gate GAI-
26 would apply a 1 to the lower input of in-
verting AND gate GAI-27. The X6 and Y6
inputs of OR gate GOB–9 would be 0 and 1,
respectively; therefore, a 0 would be produced
and applied to the other input of inverting
AND gate GAI-27.

k. With a 0 and a 1 present on the inputs
of inverting AND gate GAI–27, a 0 would
be produced and applied to the upper input
of AND gate GAI-28. The ~ and ~6 inputs
of OR gate GOB-10 would be 1 and 0, respec-
tively, and a 0 output produced would be ap-
plied to the other input of inverting AND gate
GAI-28. With two 0 inputs, inverting AND
gate GAI-28 would produce and apply a 1 to
inverting AND gate GAI–18. Inverting AND
gate GAI–18 would therefore apply a 0 to
transition-control AND gate GAI-15, The out-
put of transition-control AND gate GAI-15,
which is inverted by inverter IN-11, triggers

AND gates GAS-3 through GAS-14 to pro-
vide a new read-in from the digital time-base
counter to the storage register.

l. When the binary number stored in the ~
lines of the storage register is larger than the
binary number present at the X lines of the
digital time-base counter, the magnitude com-
parator circuits apply a 1 from the output of
inverting AND gate GAI-18 to transition-
control gate GAI-15. In this condition, tran-
sition-control gate GAI–15 cannot enable AND
gates GAS-3 through GAS-14. Therefore, no
read-in from the digital time-base counter to
the storage register is possible.

m. Assume that the output on the X lines
of the digital time-base counter is the binary
13 (001101) and the binary number stored on
the ~ lines of the storage register is 20
(010100); then the binary number present on
the ~ lines of the digital time-base counter
would be 50 (110010) and the binary number
stored on the Y lines of the storage register
would be 43 (101011).

n. When RESET switch 1A1S5 is momen-
tarily depressed, a 0 is applied to the C input
lines of the storage register (bistables FFS-1
through FFS-6). This resets the storage reg-
ister to binary 000000, and PERCENT DIS- 
TORTION meter 1A1M1 will indicate zero.
When RESET switch 1A1S5 is released, the
number in the digital time-base counter will
be read into the storage register, since the bi-
nary number stored at the ~ lines of the stor-
age register is smaller than the binary number
present at the X lines of the digital time-base
circuits (c above).

1-20. Digital-to-Analog Converter
Circuits
(fig. 6-3)

a. The meter-drive circuits in the digital-
to-analog converter circuits contain constant-
current generators CCG–1 through CCG6.
These constant-current generators convert the
digital number (states of FFS-1 through FFS-
6) stored in the storage-register bistables to an
analog form (current level signals). Current
summing network CSN–1 adds up the current
levels and then attenuates the sum by a factor
of 1/32 before applying the result to PER-
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CENT DISTORTION meter 1A1M1. PER-
CENT DISTORTION meter 1A1M1 requires 1
milliampere to provide a full-scale deflection
(50-PERCENT DISTORTION indication).

b. The binary number stored in the storage-
register bistables (FFS-1 through FFS-6) on
the Y1 through Y6 lines is applied direct to
constant-current generators CCG–1 through
CCG6, respectively. A 1 stored on the Y line
in a particular storage register turns on the
associated constant-current generator, and
a 0 stored on the Y line turns it off. The larg-
est number that can be held in the storage
register is 63 (111111), which represents 49.2-
percent distortion. When a 1 is present on each
Y line of the storage register, a total current
of 31.5 milliamperes is applied to current sum-
ming network CSN–1. Current summing net-
work CSN–1 then attenuates the current to
0.984 milliampere (31.5 x 1/32). This causes
a deflection of 98.4 percent of full scale, or
a reading of 49.2 PERCENT DISTORTION
on meter 1A1M1.

1-21. Transition-Sampler Circuits
(fig. 6-3)

a. The transition-sampler circuits are con-
trolled by DISTORTION SELECT switch
1A1S7 and DISTORTION SELECT switch
1A1S6. The transition-sampler circuits deter-
mine whether the distortion measurements in-
volve all transitions, the space-to-mark tran-
sitions, or the mark-to-space transitions. When
DISTORTION SELECT switch 1A1S7 is at
TOTAL PEAK, a high-level 0 is applied to
the lower inputs of AND gates GAS-1 and
GAS-2. The other input to AND gate GAS-
1 is obtained from the 1 output line of
Schmitt trigger STA-2 (C, fig. 1–10), and the
other input to AND gate GAS-2 is obtained
from the 0 output line of Schmitt trigger STA-
2(D, fig. 1–10). Thus, the 0 output line from
STA-2, which is positive-going for a space-to-
mark transition (D, fig. 1–10), will enable
AND gate GAS-2.

b. The 1 output line from STA–2, which is
positive-going for a mark-to-space transition
(C, fig. 1-10), will enable AND gate GAS-
1. Thus, each AND gate, GAS-1 and GAS-2
(E and F, fig. 1-10), passes a transition, and
both types of transitions are applied to bistable

FFA-1 as positive triggers. The positive signal
transitions from AND gates GAS-1 and GAS-
2 are applied to the S input of synchronizing
bistable FFA-1.

c. Bistable FFA–1 and inverting AND gate
GAI-3 then synchronize the transitions to be
measured with the timing pulses from AND
gate GAI-4 in the time-base circuits (para 1-
7). The 0 output from bistable FFA-1 (G, fig.
1-10) is applied through AND gate GAT–1
to the input of monostable SSA–1. The output
from monostable SSA–1 (J, fig. 1–10) is ap-
plied to transition-control gate GAI–15 to
provide the proper read-in to the storage reg-
ister bistables.

d. When a positive transition is applied to
the C input of bistable FFA-1, the 1 output
line provides a high level to AND gate GAI-
3 and the 0 output line provides a low level
to AND gate GAT-1. When the next positive
timing pulse (timing pulses are 128 times the
baud frequency), from AND gate GAI-4 is
applied to AND gate GAI-3, GAI–3 is en-
abled and provides a low level, which has no
effect, to FFA–1. When the timing pulse is
removed, GAI-3 is inhibited and a high level
is applied to the S input of bistable FFA-1.
The 1 output line provides a low level to AND
gate GAI–3 and the 0 output line provides a
high level to AND gate GAT-1. AND gate
GAT–1 is thus enabled and applies a low
level to monostable SSA–1.

e. When the next positive transition is ap-
plied to the C input of bistable FFA-1, the 1
output line again provides a high level to AND
gate GAI-3, and the 0 output line provides a
low level to AND gate GAI–1. The next tim-
ing pulse will again set bistable FFA-1. Thus,
when left-hand DISTORTION SELECT switch
1A1S7 is set to TOTAL PEAK, each transi-
tion of the input signal (A, fig. 1–10) is ap-
plied to monostable SSA-1 from AND gate
GAT-1 (J, fig. 1-10),

f. When DISTORTION SELECT switch
1A1S7 is in any position other than TOTAL
PEAK, DISTORTION SELECT switch
1A1S6A determines whether a mark/space or
space/mark transition is applied to transition-
control gate GAI-15. When DISTORTION
SELECT switch 1A1S6A is set to MARK/
SPACE, AND gate GAS-1 is enabled (E, fig.
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Figure 1-10. Transition sampler circuits, timing diagram.
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1-10) and AND gate GAS-2 is inhibited.
Thus, the output from monostable SSA–1 will
occur only during the mark-to-space transitions.
When right-hand DISTORTION SELECT
switch 1A1S6 is set to SPACE/MARK, AND
gate GAS-1 is inhibited and AND gate GAS-
2 is enabled (F, fig. 1–10). Thus, the output
from monostable SSA–1 will ocurr during the
space-to-mark transition.

1-22. Transition-Control Circuits
(fig. 6-3)

a. When DISTORTION SELECT switch
1A1S7A is set to AVERAGE, a low-level in-
hibit signal is applied to comparison AND
gate GAI–18. Thus, AND gate GAI–18 ap-
plies a constant high-level enable signal to
transition-control gate GAI–15 during average
distortion measurements. When DISTORTION
SELECT switch 1A1S7A is set to any other
position, a high-level signal is applied through
the switch to one input line of AND gate GAI-
18.

b. The other input to comparison AND
gate GAI–18 is obtained from AND gate GAI–
28 in the magnitude comparator circuits (para
1–19). When the binary number held in the
storage register is greater than the binary
number present at the output of the digital
time-base counter, AND gate GAI–28 pro-
vides a high-level output to AND gate GAI–
18, which then applies a low-level enable sig-
nal to transition-control gate GAI–15. When
the binary number held in the storage register
is less than the binary number present at the
output of the digital time-base counter, AND
gate GAI–28 provides a low-level output to
AND gate GAI–18, which then applies a high-
level inhibit signal to transition-control gate
GAI–15.

c. When DISTORTION SELECT switch
1A1S7B is set to AVERAGE or TOTAL
PEAK, a low-level signal is applied to early
transition AND gate GAI–14 and to late
transition AND gate GAI–13 (no switch con-
nection provides –15 volts to the open lead).
Early transition AND gate GAI–14 and late
transition AND gate GAI–13 require high-
level inputs at the input lines in order to ap-
ply a low-level signal to transition-control gate

GAI–15. Therefore, early transition AND
gate GAD–14 and late transition AND gate
GAI–13 apply a constant high-level signal to
transition-control gate GAI–15 during average
and total peak distortion measurements.

d. When DISTORTION SELECT switch
1A1S7A is set to EARLY PEAK, a high-level
signal is applied to one input line of early
transition AND gate GAI–14, and a low-level
signal is applied to one input of late transition
AND gate GAI–13. The other input to early
transition AND gate GAI-14 is from the 1
output line of bistable FFC-14 in the digital
time-base circuits (para 1–17). When a high-
level signal is present at the 1 output line of
bistable FFC–14 in the digital time-base cir-
cuits (the digital time-base counter is counting
from zero to 63), AND gate GAI–14 applies
a low-level signal to transition-control gate
GAI-15.

e. When a low-level signal is applied to the
input of early transition AND gate GAI-14
from the digital time-base counter (digital
time-base counter is counting from 63 to zero),
AND gate GAI–14 applies a high-level signal
to transition-control gate GAI–15. Thus, a
high-level signal is present at the output of
late transition AND gate GAI–13 at all times
during early peak-distortion measurements, and
a high-level signal is present at the output of
early transition AND gate GAI–14 for only
the 1/2 bit preceding each ideal transition
time (early transitions), except during the
stop-mark/start-space transition. When DIS-
TORTION SELECT switch 1A1S7 is set to
LATE peak, a high-level signal is applied to
one input line of late transition AND gate
GAI–13, and a low-level signal is applied to
one input line of early transition AND gate
GAI-14.

j. The other input to late transition AND
gate GAI–13 is from the 0 output line of bi-
stable FFC–14 in the digital time-base circuits.
When a high-level signal is present at the 0
output line of bistable FFC–14 (the digital
time-base counter is counting from 64 to 127),
AND gate GAI–13 applies to a low-level sig-
nal to transition–control gate GAI–15.

g. When a low-level signal is present on
the 0 output line of bistable FFC–14 (the digi-
tal time-base counter is counting from zero
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to 63), AND gate GAI–13 applies a high-level
signal to transition-control gate GAI–15. Thus,
a high-level signal is present at the output of
early transition AND gate GAI–14 at all times
during late peak-distortion measurements, and
a high-level signal is present at the output of
late transition AND GATE GAI–13 for only
the 1/2 bit following each ideal transition time
(late transitions),

h. Transition-control gate GAI-15 controls
the read-in gates to insure that the storate reg-
ister will provide the proper output, through
the meter drive circuits, to PERCENT DIS-
TORTION meter 1A1M1, for the type of dis-
tortion measurement being made. The output
transition-control AND gate GAI-15 is applied
through inverter IN-11 to read-in gates GAS-
3 through GAS-14 (para 1–18) and to early
selection AND gate GAD–3 and late selection
AND gate GAD-4 in the early-late circuits
(para 1-23).

i. When a high-level signal is applied to the
read-in gates, the gates are enabled, and when
a low-level signal is applied to the read-in
gates, the gates are inhibited. To enable the
read-in gates, all high-level inputs must be
present at transition-control gate GAI-15.

j. Because transition-control gate GAI–15
is controlled by the outputs of six other cir-
cuits, the read-in gates will be enabled only
when the proper timing waveforms are present
on the input lines of transition-control gate
GAI–15. The relationship between the vari-
ous input and output waveforms at transition-
control gate GAI–15, when various distortion
measurements are made with the distortion
analyzer, is discussed in (1) through (4) below.

k. The six inputs to transition-control gate
GAI–15 are as follows: Two inputs are from
AND gates GAI-14 and GAI–13 (c above);
two inputs are from AND gates GAI-11 AND
GAI–12 in the baud distributor circuits (para
1-24); one., input is from monostable SSA-1
in the transition-sampler circuits (para 1–21);
and the last input is from AND gate GAI–18
(a above).

(1) Average distortion measurements.
Waveforms C through H in figure
1–11 at the input to transition-con-
trol gate GAI–15 are representative of

the waveforms present during the
analysis of a character, with DIS-
TORTION SELECT switch 1A1S7
set to AVERAGE and DISTORTION
SELECT switch  1A1S6 set  to
SPACE/MARK. Waveform J, figure
1–11 represents the waveform present
at the output of GAI–15. Other wave-
forms shown are A, which represents
a distorted Y-character signal present
at the input of STA–1, and waveform
B, which shows the time relationships
of the count in the digital time-base
counter with respect to the other
waveforms.

(a) The zero points on waveform B
correspond to the time when tran-
sitions would occur in an ideal
character waveform. Waveforms
C and D, figure 1-11 indicate that
a 0 is present at all times at the
early transition AND gate GAI-
14 and at late transition AND gate
GAI-13. When TRANSITION
SELECT switch 1A1S9 is set to
ALL, a high-level signal is present
at all times at the transition gate
GAI-12 output (waveform E).

(b) A high-level input is also present
from the count seven AND gate
GAI-11 in the baud distribution
circuits (para 1–23), except during
the first 1/2-bit period of the char-
acter (waveform F), thus inhibit-
ing transition-control gate GAI-
15 (fig. 5-4) during the stop-mark/
start-space transition. Because a
high-level signal is present at all
times from comparison AND gate
GAI-18 (waveform H, fig. 1-11),
and because a high-level input
from the monostable SSA-1 in
the transition-sampler circuits
(para 1-8) is present only during
the space/mark transition (wave-
form G) of the character, transi-
tion-control gate GAI-15 is en-
abled only during the space/mark
transitions of the character (wave-
form J).
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(c) When DISTORTION SELECT
switch 1A1S7 is set to AVERAGE
and DISTORTION SELECT switch
1A1S6 is set to MARK/SPACE,
the waveforms shown in A through
F and H of fig. 1-11 would be the
same. The output of monostable
SSA-1 (waveform G) would en-
able transition-control gate GAI–
15 only during the mark/space
transitions (except for the stop-
mark/start-space transition).

(2) Total peak-distortion measrements.
The waveforms shown in figure 1-12
are typical of those present during
the analysis of a Y-character when
left-hand DISTORTION SELECT
switch 1A1S7 is set to TOTAL PEAK.
Waveforms A through F of figure
1–12 are the same as those in figure
1-11 and have been described in (1)
above.

(a) A high-level input from monosta-
ble SSA-1 in the transition-sampler
circuits is present at the input of
GAI-15 for each mark/space and
space/mark transition (waveform
G, fig. 1–11). The output from
the comparison AND gate GAI-
18 will be a high level only when
the count in the storage register is
smaller than the count in the digi-
tal time-base counter.

(b) The duration of the high-level
output from comparison AND
gate GAI–18 (waveform H) there-
fore, depends on the amount of dis-
tortion present in the input signal
(waveform A). Thus, transition-
control gate GAI-15 will be en-
abled only when the high-level in-
puts of monostable SSA–1 wave-
form G) and comparison AND gate
GAI-18 are in coincidence (wave-
form J).

(3) Early peak-distortion measurement.
The waveforms shown in figure 1-13
are typical of those presented during
the analysis of a Y-character when
DISTORTION SELECT switch

1A1S7 is set to EARLY PEAK and
DISTORTION SELECT switch
1A1S6 is set to MARK/SPACE.

(a) Waveforms B and D through F are
the same as those in figure 1-11 and
have been described in (1) above.
A high-level input form early tran-
sition AND gate GAI-14 (waveform
C, fig. 1-13) will be present only
at the input of, GAI–15 during the
1/2-bit period preceding each ideal
transition. The output from com-
parison AND gate GAI-18 (wave-
form H) will beat a high level only
when the count in the storage regis-
ter is smaller than the count in the
digital time-base counter.

(b) The duration of the high-level out-
put from comparison AND gate
GAI-18 (waveform H), therefore,
depends on the amount of distor-
tion present in the input signal
(waveform A). Because a high-level
signal is present from monostable
SSA-1 (waveform G) for each
mark/space transition, transition-
control gate GAI–15 will be enabled
(waveform I) only when the high-
level inputs from early transition
AND gate GAI-14 (waveform C),
comparison AND gate  GAI-18
(waveform H), and monostable SSA
1 (waveform G) are in coincidence.

(4) Late peak-distortion measurements.
The waveforms shown in figure 1-14
are typical of those present during
the analysis of a Y-character when
DISTORTION SELECT switch 1A1S7
is set to LATE PEAK and DISTOR-
TION SELECT switch 1A1S6 is
set to SPACE/MARK.

(a) Waveforms B, C, E, and F are the
same as those in figure 1-11 and
have been described in (1) above.
A high-level input from late trans-
ition AND gate GAI–13 (waveform
D) will be present at the input of
GAI-15 only during the 1/2-bit
period following each ideal transi-
tion. The output from comparison
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TM6625-620-45/2-13

Figure 1-11. Average distortion, timing diagram.
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TM6625-620-45/2-14

Figure 1-13. Early peak distortion, timing diagram.
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TM6625-620-45/2-15

Figure 1-13. Early peak distortion timing diagram.
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(b)

AND gate GAI–18 (waveform H)
will be at a high level only when
the count in the storage register is
smaller than the count in the digi-
tal time-base counter.
The duration of the high-level out-
put from comparison AND gate
GAI–18 (waveform H), therefore,
depends on the amount of distor-
tion present in the input signal
(waveform A). Because high-level
signal is present from monostable
SSA–1 (waveform G) for each
space/mark transition, transition-
control gate GAI–15 will be enabled
(waveform I) only when the high-
level inputs from late transition
AND gate GAI-13, (waveform D)
comparison AND gate  GAI-18
(waveform H), and monostable
SSA-1 (waveform G) are in coin-
cidence.

1-23. Early-late Circuits

a. The early-late circuits are controlled by
DISTORTION SELECT switch 1A1S7 (fig. 6-
3) and transition-control gate GAI–15 in the
distortion select circuits (para 1-9). When DIS-
TORTION SELECT switch 1A1S7 is set to
AVERAGE, a high-level signal is applied to
one input of AND gates GAI–16 and GAI–17.
The state of bistable FFA–2 determines
whether EARLY indicator lamp 1A1DS3 or
LATE indicator lamp 1A1DS2 will light. When
DISTORTION SELECT switch 1A1S7 is set
to any position other than AVERAGE, a low-
level signal is applied to one input of AND gates
GAI–16 and GAI–17, and neither indicator
lamp will light.

b. When the digital time-base counter is
counting from zero to 63, AND gate GAD–14
receives a high-level signal on one input from
bistable FFC-14 in the digital time-base cir-
cuits, and another high-level signal at the other
input through inverter IN-11 from transition-
control gate GAI–15. The output from GAD-
14, which is set at a high level during the 1/2
bit following each ideal transition, triggers bi-
stable FFA–2 to provide a low level signal on
the 0 input line and a high-level signal on the
1 output line.

TM 11-6625-620-45-2

c. With a high-level signal at each input line
of AND gate GAI–16, a low-level signal is ap-
pilied to LATE indicator lamp 1A1DS2. Thus,
LATE indicator lamp 1A1DS2 lights during the
1/2-bit period succeeding each ideal transition
of the telegraph signal, except for the stop-
mark/start-space transition, during which time
transition-control gate GAI-15 is inhibited by
AND gate GAI–11 in the baud distributor cir-
cuits (para 1–24).

d. When the digital time-base counter is
counting from 64 to 127, AND gate GAD–13
receives a high-level signal on one input from
bistable FFC-14 in the digital base circuits, and
a high-level signal on the other input through
inverter IN–11 from transition-control gate
GAI-15. When both inputs to AND gate GAD-
13 are high levels, the output from GAD–13,
which is at a level during the 1/2 bit following
each ideal transition, triggers bistable FFA–2
provide a low level on the 0 output line.

e. With a high-level signal at each input line
of AND gate GAI-17, a low-level signal is ap-
plied to EARLY indicator lamp 1A1S3. Thus,
EARLY indicator lamp 1A1DS3 lights during
the 1/2 bit preceding each ideal transition of
the telegraph signal except the stop-mark/
start-space transition.

1-24. Baud Distributor Circuits

a. The baud distributor circuits insure that
the digital time-base counter in the digital
time-base circuits (para 1–17) is set 1/2 bit into
the stop/mark bit and that the count in the dig-
ital time-base counter is synchronized with the
stop-mark/start-space transition of each char-
acter. The baud distributor circuits also deter-
mine whether all of the transitions or a specific
transition of the input signal will be selected
for analysis.

b. The waveforms shown in figure 1-15 are
typical of those present during the analysis of
Y-character with TRANSITION SELECT
switch 1A1S9 set to 1. The waveform shown in
A represents an undistorted Y-character input
signal present at the 0 output of STA–2. The
waveform shown in B shows the time relation-
ships of the count in the digital time-base coun-
ter with respect to the other waveforms. The 0
points on waveform B correspond to the time
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TM6625-620-45/2-16

Figure 1-14. Late peak distortion timing diagram.
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when a transition should occur in an ideal char-
acter waveform. The 0 output line of bistable
FFC–14 (fig. 6-3) in the digital time-base
counter is used to advance baud counter bi-
stables FFC–5 through FFC–7.

c. When the count in the digital time-base
counter changes from 63 (1111110) to 64
(0000001), the transition from 1 to 0 on the 0
output line of bistable FFC–14 (waveform C
fig. 1-15) triggers bistable FFC–5 in the baud
counter (bistables FFC-5, FFC–6, and FFC-7).
Thus, every 128 pulses, the baud counter is ad-
vanced one count (waveforms D, E and F). The
baud counter counts from zero to seven for each
character and the outputs are applied to AND
gates GAI–2, and GAI–5 through GAI–11
(count zero through count six gates).

d. The count stored in the baud counter
during each bit is shown in waveform G. Thus,
depending upon the position of TRANSITION
SELECT switch 1A1S9, the count-one through
count-five gates (GAI–5 through GAI–10) are
enabled consecutively 1/2 bit before the ideal
transition time, and remain enabled until 1/2
bit after the ideal transition time, for each
transition after the occurence of the stop-mark/
start-space transition of each character. Count-
six gate GAI–2 is enabled 1/2 bit into the stop/
mark (waveform H). The low-level output of
GAI–2 then inhibits the timing pulse (wave-
form B) through AND gate GAI-4.

e. The low-level output from GAI–2 is also
applied through inverter IN–3 as a high level
to enable AND gate GAI-1 for the length of
the stop/mark bit. The negative-going stop-
mark/start-space transition (waveform A) in-
hibits AND gate GAI–1. The 1 to 0 transition
at the output of GAI–1 is applied to the C in-
put of bistable FFC–5 in the baud counter, re-
setting the baud counter. At this time, the
count-six gate is inhibited and the 1 to 0 transi-
tion at the output of GAI–2 starts the timing
(waveform H). Thus, the time in the digital
time-base counter is synchronized with the stop-
mark/start-space transition and a positive

transition is provided through inverting ampli-
fiers IN-3 and IN–4.

j. The transition time is applied to CHAR-
ACTER SYNC jack 1A1S2, where it is used
to synchronize the external equipment to the
stop-mark/start-space transition of each char-
acter. Count-seven gate GAI–11 is also enabled.
The low-level output from GAI–11 (waveform
K) inhibits transition-control gate GAI–15 for
1/2 bit following the stop-mark/start-space
transition.

g. The count-zero through count-five gates
(GAI-5 through GAI-10) provide the required
low-level inputs to transition gate GAI–12 in
order to insure a proper analysis of the desired
transition (fig. 6-3). When a low-level sig-
nal is applied to any of the input lines of tran-
sition gate GAI–12, the required high-level in-
put is applied to transition-control gate GAI-
15 in the distortion select circuits (para 1–15).

h. When TRANSITION SELECT switch
1A1S9 is set to 1, a high-level signal is applied
to one input of GAI–5; thus, the count-two
through count-five gates (GAI–6 through GAI-
10) are inhibited by the open-switch position.
The count-zero gate will be enabled when the
count in the baud counter (FFC–5 through
FFC–7 is a 0 (ABC) and will apply a low-level
signal (waveform L, fig. 1–15) to transmission
gate GAI–12 for 1/2 bit before and after the
ideal transition time of the first bit. Transition
gate GAI–12 (fig. 6-3) will apply a high-level
signal to one input of GAI–15 for the same
period of time as above.

i. When TRANSITION SELECT switch
1A1S9 is set to 2, count-one gate GAI-6 will be
enabled, and transition gate GAI–12 will en-
able transition-control gate GAI–15 during the
1/2 bit before and the 1/2 bit after the ideal
transition time of the second bit of a character,
in the same manner as that described above.
When TRANSITION SELECT switch 1A1S9
is set at ALL, a low-level signal is applied to
transition gate GAI–12, which then applies a
constant high-level signal to transition-control
gate GAI–15.
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CHAPTER 2

TROUBLESHOOTING

Section I. GENERAL TROUBLESHOOTING INFORMATION

Warning: When troubleshooting or making repairs in this equipment, be extremely care-
ful. Voltages as high as 230 are present internally. Use insulated test probes when making
the required voltage measurements. Always disconnect the power cord from the equipment be-
fore touching any of the internal parts.

2-1. General Instructions

a. Troubleshooting at general support and
depot maintenance levels includes all techniques
outlined for organizational maintenance and
any special or additional techniques required to
isolate a defective part. The general support
and depot maintenance procedures are not com-
plete in themselves but supplement the proce-
dures described in the organizational mainte-
nance manual (TM 11–6625–620–12). The sys-
tematic troubleshooting procedure, which be-
gins with the operational and sectionalization
checks performed at an organizational level,
must be completed by further localizing and
isolating techniques.

b. Troubleshooting may be performed while
the equipment is operating as part of a system
or, if necessary, after the equipment (or parts
of it) has been removed from service. When
trouble occurs, certain observations and meas-
urements can be made which will help in de-
termining whether the trouble is in the local
equipment or exists elsewhere in the system.
Usually, when troubleshooting is performed
while the equipment is operating as part of a
system, it is done at the organizational level
(TM 11-6625-620-12). Troubleshooting at the
general support level is usually done with the
component removed from the equipment with
which it is normally associated. Paragraphs 2-2
through 2-9 describe the systematic procedures
to be followed which will enable the repairman
to isolate the cause of the trouble and correct
the fault.

2-2. Organization of Troubleshooting
Procedures

The first step in servicing a defective equip-
ment is to sectionalize the fault. Sectionaliza-
tion means tracing the fault to the major equip-
ment component. Refer to TM 11–6625-620-
12 for sectionalization procedures. The second
step is to localize the fault. Localization means
tracing the fault to the defective stage. The
third step, isolation, means tracing the fault to
the defective part. Some faults, such as burned-
out resistors, arcing, or shorted transformers,
can often be isolated by sight, smell, or hearing.
The majority of faults, however, must be iso-
lated by checking voltages, resistance, and sig-
nal levels.

a. Localization. Follow the troubleshooting
procedure described in paragraph 2-4, using
the equipment specified below. If correct re-
sults are not obtained, refer to the trouble-
shooting chart in paragraph 2–5 to localize the
trouble to a specific circuit, and to paragraph
2-6 to localize the trouble to a specific stage.

b. lsolation. When the trouble has been lo-
calized to a stage, isolate the trouble to the de-
fective part by using the procedures described
in paragraph 2-8.

2-3. Test Equipment Required

The following chart lists the test equipment
required for troubleshooting Test Set, Teletype-
writer TS-800/UGM–1. The associated technic-
al manuals and the assigned common names
are also listed.
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and materials
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Test equipment, tools, Technical manual Common name
Multimeter TS–M2B/U- - - - - - - - - TM 11-6625-366-15 Multimeter.
Oscilloscope OS-8/U- - - - -  - - -  - - - T M 11-1214 Oscilloscope.
Test Set, Teletypewriter TM 11-6625-620-12 Pattern generator.

TS-799/UGM-1.
Test Set, Transistor TM 11-6625-539-15 Transistor tester.

TS-1836/U.
Tool Kit, Electronic ------- - - - - - - - - - Toolkit,

Equipment TK-105/G.
Frequency Meter AN/USM-26. TM 11-5057 Frequency meter.

Cautions: Use extreme care when perform-
ing procedures in a through l below.

a. This equipment contains transistor cir-
cuits; therefore, be very careful when using
test equipment.

b. Never connect test equipment (other than
multimeters) directly to a transistor circuit;
use a coupling capacitor.

c. Make test equipment connections with care
so that short circuits will not be caused by ex-
posed test equipment connectors. Use tape or
sleeving (spaghetti) on test prods or clips as
necessary to leave as little exposed metal as
needed to make contact to the circuit under test.

d. The equipment internal power supply is
servicing this transistorized equipment. How-
ever when external power sources are used,
observe polarity. Polarity reversal may damage
the transistors or electrolytic capacitors in the
circuit. If an external source is used in place of
the internal source, it must have good voltage
regulation and low ac ripple. Good regulation is
important because the output voltage of an ex-
ternal power supply that has poor regulation
may exceed the maximum voltage rating of the
transistors in the equipment being tested.

e. When the unit chassis is exposed, high-
voltage terminals are also exposed.

f. Replace parts carefully; the careless re-
placement of parts can create new problems.

g. Before a part is unsoldered, note the posi-
tions of its leads. If a part such as a transform-
er has a number of connections, tag each lead.

h. Be careful not to damage other leads when
pulling or pushing them out of the way.

i. Do not allow drops of solder to fall into
the equipment; they may cause short circuits.

j. A carelessly soldered connection may cre-
ate a new fault. It is important to make well-
soldered joints; a poorly soldered joint is one
of the most difficult faults to find.

k. When repairs are to be made on a printed 
circuit card, use a small iron such as a 35-watt
iron. Access to the component or printed cir-
cuit may be obtained by gently melting away
the epoxy coating. However, to avoid destroying
the bond between the printed circuit conductor
and the printed card, heat the printed circuit
foil as little as possible.

l. Semiconductor devices may be damaged by
excessive heat on their leads. Therefore, when
replacing a transition or crystal diode, use heat-
conducting clips between the point of solder-
ing and the component. Long-nose pliers may
be used as a heat sink.

Section II. TROUBLESHOOTING PROCEDURES

2-4. Test Setup analyzer. Power connections are given in b be-
low, control settings in c below, loop and signal

a. General. To test the distortion analyzer, connections in d below, and loop current adjust-
make connections to the pattern generator, a ments in e below.
loop power supply (60 volts, 60 milliamperes b. Power Connections. Connect the equip-
(ma)), and a multimeter, and the distortion ment to primary power as follows:
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(1)

(2)

(3)

If the distortion analyzer and pattern
generator are placed on a bench, con-
nect the ac power cables to their re-
spective AC POWER input connec-
tors.

If the units are to be rack-mounted,
connect the ac power cable to AC
POWER connector jack J2 on the pat-
tern generator and to AC POWER
connector jack J4 on the distortion
analyzer.
Connect the other end of the power
cable to the voltage indicated by the
POWER switch locking guard.

TM 11-6625-620-45-2

Caution: Make certain that the
power cable is never connected to a
230-volt ac source with the POWER
switch locking guard permitting the
POWER toggle switch to be set to
the 115-volt position. Setting the
POWER switch to the 115-volt posi-
tion with equipment connected to a
230-volt ac source can damage the
unit.

c. Test Equipment Control setting. Set the
controls on the distortion analyzer, pattern gen-
erator, loop power supply, and multimeter as
described below.

Equipment Control Position
Pattern generator.------—---- MESSAGE SELECT switch------DOT CY

RATE control--—--—----75 DOT CYCLES
DISTORT SELECT switch--------SPACE/BIAS
% DISTORT control --------------0
MESSAGE TRANSMIT OFF

SWITCH.
CURRENT SELECT switch-----30 POLAR
POWER switch---—--——----OFF

Distortion analyzer--------------- TRANSITION SELECT ALL
switch.

R A T E  s w i t c h — — —-----76 BAUDS
Left-hand DISTORTION AVERAGE

SELECT switch.
Right-hand DISTORTION SPACE/MARK

SELECT switch.
FILTER switch--—————— OUT
POLARITY switch——-————— (minus)
POWER switch---- - - - - - - - - - - -OFF
CURRENT SELECT switch—----30 POLAR

Loop power supply O N - O F F  s w i t c h — — — – – –OFF
multimeter.

FUNCTION switch—---—DC CURRENT
RANGE switch-——— — 5 0 M A

d. Connection. (1)
(1) Connect the polar loop as shown in A,

figure 2-1.
(2) Connect the TS-800/UGM-1 and the

TS-799/UGM-1 as shown in B, fig- (2)
ure 2–1.

e. Loop Current Adjustment. Before operati-
ng the equipment, adjust the output loop cur-
rent to 30 ma as follows: (3)

Set the multimeter to measure 100 ma,
and set the POWER switch on each
equipment to 115V ON or ON 230V.

Adjust the loop current rheostat until
the multimeter indicates the required
loop current (30 ma).

Set the POWER switch to OFF.
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2-5. Localizing Troubles
a. General. Localizing trouble in the distor-

tion analyzer consists of performing an opera-
tional test (b below) and noting any abnormal
results.. Refer to the troubleshooting chart
(c below) and locate the symptom. The chart
lists the probable cause of the trouble and the
corrective action to be taken.

b. Operational Test. Set up the equipment
as described in paragraph 2-4. Perform the fol-
lowing tests:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Set the pattern generator, distortion
analyzer, and the loop power supply
power switches to ON.
Observe the visual indications on the
distortion analyzer; the POWER,
SIGNAL, and LATE indicator lamps
should light and the PERCENT DIS-
TORTION meter should indicate 0.
Set the pattern generator % DIS-
TORT control to 10, 20, 30, and 40 in
that order. The distortion analyzer
PERCENT DISTORTION meter
should indicate 10, 20, 30, and 40.
Rotate the pattern generator % DIS-
TORT control from 1 through 49 for
each position of the % DISTORT
SELECT SWITCH. The distortion
analyzer PERCENT DISTORTION
meter should indicate 1 through 49 for
each setting.

Set the pattern generator % DIS-
TORT control to 40, and DISTORT
SELECT switch to MARK BIAS. The
distortion analyzer PERCENT DIS-
TORTION meter should indicate 40
and the EARLY indicator lamp should
light.

Turn the pattern generator and the
distortion analyzer RATE switches
from 45,5 through 150. for each
matched setting o f  t h e  R A T E
switches, the distortion analyzer
EARLY indicator lamp should light
and the PERCENT DISTORTION
meter should indicate 40.

Set the pattern generator DISTORT
SELECT switch to SPACE BIAS. The
distortion analyzer PERCENT DIS-
TORTION meter should indicate

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

40 and the LATE indicator lamp
should light.
Set the distortion analyzer left-hand
DISTORT SELECT switch to TOTAL
PEAK and depress the RESET
switch. The PERCENT DISTORTION
meter should indicate zero, and then
immediately reset to 40, and the
EARLY and LATE indicator lamps
should go out,
Set the pattern generator % DISTORT
control to 30 and depress the distor-
tion analyzer RESET switch. The dis-
tortion analyzer PERCENT DISTOR-
TION meter should indicate 30 and
hold.
Repeat the procedure given in (9)
above for the 20, 10, and 0 positions of
the pattern generator % DISTORT
control. The distortion analyzer PER-
CENT DISTORTION meter should re-
set to each new lower distortion level
and hold.
Set the pattern generator % DISTORT
control to 40 and set the distortion
analyzer left-hand DISTORTION
SELECT switch to LATE PEAK. The
distortion analyzer PERCENT DIS-
TORTION meter should indicate 40.
Set the distortion analyzer left-hand
DISTORTION SELECT switch to
EARLY PEAK and depress the RE-
SET switch, The PERCENT DIS-
TORTION meter should indicate 0.
Set the pattern generator DISTORT
SELECT switch to MARK BAIS, The
distortion analyzer PERCENT DIS-
TORTION meter should indicate 40.

Depress the distortion analyzer RE-
SET switch and set the left-hand DIS-
T O R T I O N  S E L E C T  s w i t c h  t o
EARLY PEAK and then to TOTAL
PEAK. The PERCENT DISTOR-
TION meter should indicate 40 for
each position.

Set the pattern generator DISTORT
SELECT switch to SPACE BIAS and
depress the distortion analyzer RE-
SET switch, The distortion analyzer
PERCENT DISTORTION meter
should indicate 40.

2-4



( 16)

(17)

(18)

(19)

Depress the distortion analyzer RE-
SET switch and set the left-hand DIS-
TORTION SELECT switch to LATE
PEAK and then to EARLY PEAK.
The PERCENT DISTORTION meter
should indicate 0 and 40, respectively.

Set the pattern generator DISTORT
SELECT switch to MARK END. The
distortion analyzer PERCENT DIS-
TORTION meter should indicate 40.

Set the distortion analyzer right-hand
DISTORTION SELECT switch to
MARK/SPACE and depress the RE-
SET switch. The PERCENT DISTOR-
TION meter should indicate 40.

Depress the distortion analyzer RE-
SET switch and set the left-hand DIS-
TORTION SELECT switch to LATE
PEAK and then to EARLY PEAK.

(20)

(21)

(22)

(23)
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The PERCENT DISTORTION meter
should indicate 0 and 40, respectively,
Set the pattern generator DISTORT
SELECT switch to SPACE END.
The distortion analyzer PERCENT
DISTORTION meter should indicate
40.
Depress the distortion analyzer RE-
SET switch and set the left-hand DIS-
TORTION S E L E C T  s w i t c h  t o
EARLY PEAK and then to LATE
PEAK. The PERCENT DISTOR-
TION meter should indicate 0 and 40,
respectively.
Set the distortion analyzer left-hand
DISTORTION SELECT switch to
AVERAGE and the pattern generator
% DISTORT control to 0.
Set the pattern generator and distor-
tion analyzer switches and controls to
the positions specified below:

Equipment Control or switch Position
Pattern generator---- - -  - - - - - -  - - - - MESSAGE SELECT switch-- ---SELECTED PULSES

RATE control--————---75 BAUDS
DISTORT SELECT switch------ - - - - - - - - - - - - - MARK/BIAS
% DISTORT control-------------- 20
MESSAGE TRANSMIT ON

switch.
SELECTED PULSES 1 MARK

swith
SELECTED PULSES 2 through SPACE

5 switches.
Distortion analyzer-------------TRANSITION SELECT 1

switch.
Left-hand DISTORTION TOTAL PEAK

SELECT switch.
Right-hand DISTORTION SPACE/PARK

SELECT switch.

(24)

(25)

(26)

Depress the distortion analyzer RE- (27)
SET switch. The PERCENT DISTOR-
TION meter should indicate 20.

Set the pattern generator SELECTED
PULSES 1 switch to SPACE and SE- (28)

LECTED PULSES 2  switch  to
MARK.

Set the distortion analyzer TRANSI-
TION SELECT switch to 2 and de- (29)
press the RESET switch. The PER-
CENT DISTORTION meter should
indicate 20.

Set the pattern generator SELECTED
PULSES 2 switch to SPACE and SE-
LECTED PULSES 3  switch  to
MARK.
Set the distortion analyzer TRANSI-
TION SELECT switch to 3 and de-
press the RESET switch. The PER-
CENT DISTORTION meter should
indicate 20.
Set the pattern generator SELECTED
PULSES 3 switch to SPACE and SE-
LECTED PULSES 4  switch  to
MARK.
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(30)

(31)

(32)

(33)

(34)

(35)

(36)

Set the distortion analyzer TRANSI-
TION SELECT switch to 4 and de-
press the RESET switch. The PER-
CENT DISTORTION meter should
indicate 20.
Set the pattern generator SELECTED
PULSES 4 switch to SPACE and SE-
LECTED pulses 6 switch to MARK.
Set the distortion analyzer TRANSI-
TION SELECT switch to 6 and de-
press the RESET switch. The PER-
CENT DISTORTION meter should
indicate 20.
Set the pattern generator SELECTED
PULSES 6 switch to SPACE.
Set the distortion analyzer TRANSI-
TION SELECT switch to 6 and de-
press the RESET switch. The PER-
CENT DISTORTION meter should
indicate 20.
Set the distortion analyzer POLAR-
ITY switch to + and depress the RE-
SET switch. The PERCENT DIS-
TORTION meter should indicate 0.
Set the pattern generator, distortion
analyzer, and the loop power supply

power switches to OFF, and discon-
nect the equipment,

c. Troubleshooting Chart. The symptoms
listed in the troubleshooting chart may be ob-
served during the operational test (b above).
The possible troubles listed in the chart indi-
cate defective circuits, stages, or parts that can
cause each symptom to appear. The corrective
measures listed in the chart may be used to lo-
calize the trouble to a defective circuit or stage,
or to isolate the trouble to a defective part.
When the corrective measures localize the trou-
ble to a defective circuit, use the procedures
given in paragraph 2-6 to localize the trouble
to a stage. When the trouble is localized to a
stage, use the procedures given in paragraph
2-7 to isolate the trouble to a defective part.
When the corrective measures isolate the trou-
ble to a defective part, refer to paragraph 2-6.

Note. The possible troubles and corrective meas-
ures indicated below do not include the posibility of
defective wiring. When the trouble cannot be re-
paired using the corrective measures given, check the
wiring associated with the particular circuit and re-
pair any defective wiring.

1 POWER indicator does
not light when POWER
switch on distortion
analyzer is set to ON.

2 SIGNAL indicator does
not light but all other
indications are normal
when signal is applied
to distortion
analyser.

a.

b.

c.

d.

a.

b.

c.

d.

e.

Probable cause
Defective lampholder

1A1XDS1.
Defective line filter

1A1FL1.
Defective POWER switch

1A1S1.
Defective power supply -------

Defective resistor 1A1R1.

Defective polarity switch
1A1S2.

Defective varistor R5- - - - - - -- - - - - - - 

Defective lampholder
1A1XDS2.

Defective inverter IN-1 or
IN-2 on 1A2A6 (fig.
6-4).

Corrective measures
a. Check lampholder (fig, 2-15);

replace if defective.
b. Check line filter (fig. 2-16);

replace if defective.
o. Check switch (fig. 2-16);

replace if defective.
d. Take voltage and resistance

measurements of the power
supply (para 2-8); replace
defective components.

a. Check resistor (fig, 2-14);
replace if defective.

b. Check switch (fig, 2-15);
replace if defective.

c. Check varistor (fig. 2-15);
replace if defective.

d. Check lampholder; replace
if defective.

. . Check inverter (para 2-8a);
replace defective component.
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3

4

5

6

7

8

Symptom
LATE indicator does

not light when making
average distortion
measurements of
signal with spacing
bias or marking end
distortion, but all
other indications are
normal.

EARLY indicator does
not light when making
average distortion
measurements of
signal with making
bias or spacing end
distortion, but all
other indications are
normal.

Neither EARLY nor
LATE indicator lights
when making average
distortion measurements
regardless of type of
distortion on signal,
but all other
indications are normal.

Either EARLY or LATE
indicator is lighted at
all times when making
average distortion
measurements regardless
of type of distortion on
signal, but all other
indications are normal.

PERCENT DISTORTION
meter always indicates
below 25 regardless of
type or amount of
distortion on input
signal, but all other
indications are normal.

PERCENT DISTORTION
meter never indicates
between 11.7 to 25 and
36.7 to 60 regardless
of type or amount of
distortion on input
signal, but all other
indications are normal.

Probable cause
a. Defective lampholder

1A1XDS3.
b. Defective resistor

1A2A14R37.
c. Defective AND gate GAI-16

on 1A2A6 or GAD-13 on
1A2A14 (fig. 6-8).

a. Defective lampholder
1A1XDS4.

b. Defective resistor
1A2A14R37.

c. Defective AND gate GAI-17,
on 1A2A66, or GAD-
14 on 1A2A14 (fig. 6-8.

Defective A (rear) section of
DISTORTION SELECT
switch 1A1S7.

Defective bistable multivibrator
FFA-2 on 1A2A14 (fig. 6-8).

a. Defective digital-to-analog
converter CCG-6 on
1A2A15 (fig. 6-12).

b. Defective OR gate GOI-6 on
1A2A13 (fig. 6-6).

c. Defective bistable multivibrator
FFS-6 on 1A2A13
(fig. 6-9).

u. Defective digital-to-analog
converter CCG-5 on
1A2A15 (fig. 6-12).

b. Defective OR gate GOI-5 on
1A2A12 (fig. 6-6).

c. Defective bistable multivibrator
FFS-5 on 1A2A12
(fig. 6-12).

Corrective measures
a. Check lampholder (fig. 2-14);

replace if defective.
b. Check resistor (fig. 2-12);

replace if defective.
c. Check AND gate (para

2-8e); replace defective
components.

a. Check lampholder (fig. 2-14);
replace if defective.

b. Check resistor (fig. 2-12);
replace if defective.

c. Check AND gate (para
2-8e); replace
defective components.

Check switch (fig. 2-15);
replace if defective.

Check bistable multivibrator
(para 2-8c); replace
defective components.

a. Check digital-to-analog
converter (para 2-8h);
replace defective components.

b. Check OR gate (para 2-8f);
replace defective
components.

c. Check bistable multivibrator
(pars 2-8c); replace

defective components.

a. Check digital-to-analog
converter (para 2-8h);
replace defective
components.

b. Check OR gate (para 2-8f);
replace defective
components.

c. Check bistable multivibrator
(para 2-8c); replace
defective components.
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Symptom
9 PERCENT DISTORTION

meter never indicates
between 5.5 to 12.5,
18 to 25, 30.5 to 37.5, and
43 to 50 regardless of
type or amount of
distortion on input
signal, but all other
indications are normal.

10 PERCENT DISTORTION
meter never indicates
between 2.3 to 6.2,
8.6 to 12.5, 14.8 to
18.8, 2.1 to 25, 27.8
to 31.2, 33.6, to 37.5,
39.8 to 43.6, and 46 to
50 regardless of type
or amount of
distortion on input
signal, but all other
indications are normal.

11 PERCENT distortion
meter never indicates
between 0.8 to 3.1,
3.9 to 6.3, 7 to 9.4
10.2 to 12.5, 13.3 to
15.6, 16.4 t-o 18.8, 19.5
to 21.9, 22.7 to 25.1,
25.9 to 28.2, 28.9 to
31.3, 32 to 34.4, 35.2
to 37.5, 38.3 to 40.6,
41.4 to 43.8, 44.6 to
46.9, and 47.6 to 50
regardless of type or
amount of distortion
on input signal, but
all other indications
are normal.

12 PERCENT DISTORTION
meter never indicates
0.8, 2.3, 3.9, 5.5, 7.0,
8.6, 10.2 11.7,13.3
14.8, 16.4, 18.0,
19.5, 21.1, 22.7, 24.2,
25..8, 27.3, 28.9, 30.5,
32.0 33.6, 35.2, 36.7,
38.3, 39.8, 41.4, 43.0,
44.6, 46.1, 47.7, and
43.2 regardless of type
or amount of distortion
on input signal, but
all other indications
are normal.

Probable ccause
a. Defective digital-to-analog

converter CCG4 on
1A2A15 (fig. 6-12).

b. Defective OR gate GOI-4 on
1A2A11 (fig. 6-6).

c. Defective bistable
multivibrator FFS-4 on
1A2A11 (fig. 6-9).

a. Defective digital-to-analog
converter CCG3 on
1A2A15 (fig. 6-12).

b. Defective OR gate GOI-3 on
1A2A10 (fig. 6-6).

C. Defective bistable multivibrator
FFS-3 on 1A2A10
(fig. 6-9).

a. Defective digital-to-analog
converter CCG-2 on
1A2A15 (fig. 6-12).

b. Defective OR gate GOI–2 on
1A2A9 (fig: 6-6).

c. Defective bistable multivibrator
FFS-2 on 1A2A9
(fig. 6-9).

a. Defective digital-to-analog
converter CCG-1 on
1A2A15 (fig. 6-9).

b. Defective OR gate GOI-1 on
1A2A8 (fig. 6-6).

c. Defective bistable
multivibrator FFS-1 on
1A2A8 (fig. 6-9).

Corrective measures
a. Check digital-to-analog

converter (pare 2-8h);
replace defective
components

b. Check OR gate (para 2-8f);
replace defective
components.

c. Check bistable multivibrator
(parra 2-8c); replace
defective components.

a. Cheek digital-to-analog
converter (pars 2-8h).
replace defective
component.

b. Check OR gate (para 2-8f);
replace defective
components.

c. Check bistable multivibrator
(para 2-8c); replace
defective components.

u. Check digital-to-analog
converter (para 2-8h);
replace defective
components.

b. Check OR gate (para 2-8f);
replace defective
components.

c. Check bistable multivibrator
(para 2-8c); replace
defective components.

a. Check digital-to-analog
converter (pare 2-8h);
replace defective
components.

b. Check OR gate (pare 2-8f);
replace defective
components.

c. Check bistable multivibration
(pare 2-8c); replace
defective components.
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13 PERCENT DISTORTION
meter always indicates
below 26 for input
signal with any amount
of spacing bias or
marking end
distortion, but indications
are normal for signal
with marking bias and
spacing end distortion.

14 PERCENT DISTORTION
meter never indicates
between 11.7 and 26
36.7 to 50 for input
signal with any amount
of spacing and marking
end bias distortion,
but indications are
normal for signal with
marking bias or spacing
end distortion.

15 PERCENT DISTORTION
meter never indicates
between 5.5 to 12.5,
18 to 25, 30.5 to 37.5,
and 43.8 to 50 for
input signal with any
amount of spacing
bias and marking end dis-
tortion, but indication
are normal for signal with
marking or spacing
end distortion.

16 PERCENT DISTORTION
meter never indicates
between 2.3 to 6.2,
8.6 to 12.5, 14.8 to
18.7, 21.1 to 25,
27.8 to 81.2, 33.6 to
37.5, 39.8 to 43.6, and
46 to 50 for input
signal with any amount
of spacing bias or
marking end bias
distortion, but
indications are normal
for signal with marking
bias or spacing end
distortion.

a

Prbable cause

Defective AND gate GAS-14
on 1A2A13 (fig. 6-9) or
GAD-12 on 1A2A18
(fig. 6-6).

b. Defective inverter IN-10 on
1A2A13 (fig. 6-6).

a Defective AND gate GAS-12
on 1A2A12 (fig. 6-9) or
GAD-10 on 1A2A12
(fig. 6-6).

b. Defective inverter IN-9 on
1A2A12 (fig. 6-6).

a Defective AND gate GAS-10
on 1A2A11l (fig. 6-9) or

GAD-18 on 1A2A11
(fig. 6-6).

b. Defective inverter IN-8
on 1A2A11 (fig. 6-6).

a Defective AND gate GAS-8
on 1A2A10 (fig. 6-9) or
GAD-6 on 1A2A10 (fig. 6-6).

b. Defective inverter IN-7 on
1A2A10 (fig. 6-6).

Corrective measures

a Check AND gate (para
2-8e); replace
defective components.

b. Check inverter (para 2-8g);
replace defective components.

a Check AND gate (para 2-8e);
replace defective
components

b. Check inverter (para 2-8g);
replace defective
components.

a. Check AND gate (para 2-8e);
replace defective
components.

b. Check inverter (para 2-8g);
replace defective
components.

a Check AND gate (para 2-8e);
replace defective
component.

b. Check inverter (para 2-8g);
replace defective
components.
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Item
No. Symtoms

17 PERCENT DISTORTION
meter never indicates
between 0.8 to 3.1,
3.9 to 6.3, 7.0 to 9.4,

10.2 to 12.5, 13.3 to
15.6, 16.4 to 18.8,
19.5 to 21.9, 22.7 to
25.1, 25.9 to 28.2,
28.9 to 31.3, 32.0 to
34.4, 35.2 to 37.5,
68.3 to 40.6, 41.4 to
43.8, 44.6 to 46.9, and
47.6 to 50 for input
signal with any amount
of spacing bias
distortion, but
indications are normal
for signal with
marking bias distortion.

18 PERCENT DISTORTION
meter never indicates
0.8, 2.3, 3.9, 5.5, 7.0,
8.6, 10.2, 11.7, 13.3,
14.8, 16.4, 18.0, 19.5,
21.0, 22.7, 24.2,
25.8, 27.3, 28.9, 30.5,
32.0, 33.6, 35.2, 36.7,
38.3, 39.8, 41.4, 43.0,
44.6, 46.1, 47.7, and
49.2 for input signal
with any amount of
spacing bias or marking
end distortion, but
indications are normal
for signal with marking
bias or spacing end
distortion.

19 PERCENT DISTORTION
meter always indicates
below 25 for input
signal with any amount
of marking bias or
spacing end distortion,
but indication are
normal for signal
with spacing bias or
marking end distortion.

20 PERCENT DISTORTION
meter never indicates
between 5.5 to 12.5,
18 to 25, 30.5 to 37.5,
and 43 to 50 for input
signal with any amount
of marking bias
distortion, but
indications are normal
for signal with
spacing bias distortion.

Probable cause
a. Defective AND gate GAS-6

on 1A2A9 (fig. 6-9) or
GAD-4 on 1A2A9
(fig. 6-6).

b. Defective inverter IN-6
on 1A2A9 (fig. 6-6).

a. Defective AND gate GA S-4
on 1A2A8 (fig. 6-9) or
GA D-2 on 1A2A8
(fig. 6-6).

b. Defective inverter IN–5 on
1A2A8 (fig. 6-6).

Defective AND gate GAD-11
on 1A2A13 (fig. 6-6) or
GAS-13 on 1A2A13 (fig.
6-9).

Corrective measures
a. Check AND gate (para 2-8e);

replace defective
components.

b. Check inverter (2-8g);
replace defective
components.

a. Check AND gate (para 2-8e);
replace defective
components.

b. Check inverter (para 2-8g) ;
replace defective
components.

Check AND gate (para 2-8e);
replace defective components.

Defective AND gate GAD-9 on Check AND gate (para 2-8e);
1A2A12 (fig. 6-6) or replace defective components.
GAS-11 on 1A2A12
(fig. 6-9).
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No.Item
Symptom

21 PERCENT DISTORTION
meter never indicates
between 5.5 to 12.5,
18 to 25, 30.5 to 37.6,
and 43 to 50 for input

signal with any amount
of marking bias
distortion, but
indications are normal
for signal with spacing
bias distortion.

22 PERCENT DISTORTION
meter never indicates
between 2.3 to 6.2,
8.6 to 12.5, 14.8 to
18.8, 21.1 to 25, 27.3
to 31.2, 33.6 to 37.5,
89.8 to 43.6, and 46 to
50 for input signal
with any amount
of marking bias
distortion but
indications are normal
for signal with spacing
bias distortion.

23 PERCENT DISTORTION
meter never indicates
between 0.8 to 3.1,3.9
to 6.3,7.0 to 9.4, 10.2
to 12.5, 13.3 to 15.6,
16.4, to 18.8, 19.5 to
21.9, 22.7 to 25.1,
25.9 to 28.2,28.9 to
31.3, 32.0 to 34.4,
35.2 to 37.5,38.3 to
40.6, 41.4 to 43.8,
44.6 to 46.9, and 47.6
to 50 for input signal
with any amount of
marking bias
distortion, bit
indications are normal
for signal with spacing
bias distortion.

24 PERCENT DISTORTION
meter never indicates
0.8, 2.3, 3.9, 5.5, 7,
8.6, 10.2, 11.7,13.3,
14.8, 16.4, 18.0, 19.5,
21.0, 22.7, 24.2, 25.0,
27.3, 28.9, 30.5, 32.0,
33.6, 35.2, 36.7, 38.3,
39.8,41.4,43.0,44.6,
46.0,47.7,  and 49.2 for
input signal with any
 amount of marking
bias distortion, but
indications are normal
for signal with
spacing bias distortion.

Prabable cause
Defective AND gate GAD-7 on

1A2A11 (fig. 6-6) or GAS-9
on 1A2A11 (fig. 6-9).

Defective AND gate GAD-5 on
1A2A10 (fig. 6-6) or GAS-7
on 1A2A10 (fig. 6-9).

Defective AND gate GAD-3 on
1A2A9 (fig. 6-6) or GAS-5
on 1A2A9 (fig. 6-9).

Defective AND gate GAD-1 on
1A2A8 (fig. 6-6) or GAS-3
on 1A2A8 (fig. 6-6).

TM 11-6625-620-45-2

Corrective measures
Check AND gate (para 2-8 e);

replace defective components.

Check AND gate (para 2-8 e);
replace defective components.

Check AND gate (pare 2-8e);
replace defective component.

Check AND gate (para 2-8 e);
replace defective components.
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N o .
Item

25

26

27

28

29

30

31

32

Symptom
PERCENT DISTORTION

meter indicates zero at
all times for input
signal with any amount
of spacing bias
distortion and LATE
indicator does not
light, but indications
are normal for signal
marking bias
distortion.

PERCENT DISTORTION
meter indicates zero
at all times for input
signal with any amount
of marking bias
distortion and EARLY
indicator does not
light, but indications
are normal for signal
with spacing bias
distortion.

Distortion measurements
cannot be made for
45.5 BAUDS position
of RATE switch; at
all other positions,
operation is normal.

Distortion measurements
cannot be made for 50
BAUDS position of
RATE switch, at all
other positions,
operation is normal.

Distortion measurements
cannot be made for
74.2 BAUDS position
of RATE switch, at
all other positions,
operation is normal.

Distortion measurements
cannot be made for 75
BAUDS position of
RATE switch; at all
other positions,
operation is normal.

Distortion measurement
cannot be made for 150
BAUDS position of
RATE switch; at all
other positions,
operation is normal.

Distortion measurements
cannot be made for 75
BAUDS and 150
BAUDS positions of
RATE switch; at all
other positions,
operation is normal.

Probable cause
Defective emitter follower

EF-1 on 1A2A14 (fig. 6-8).

Defective emitter follower
EF-2 on 1A2A14 (fig.6-8).

a. Defective RATE switch
1A1S8.

b. Defective oscillator OSC-1
on 1A2A2 (fig. 6-5).

a. Defective RATE switch
1A1S8.

b. Defective oscillator OSC-2 on
1A2A2 (fig. 6-5).

a. Defective RATE switch
1A1S8.

b. Defective oscillator OSC-3
on 1A2A2 (fig. 6-5).

Defective RATE switch 1A1S8.

Defective RATE switch 1A1S8,

Defective oscillator OSC-4 on
1A2A2 (fig. 6-5).

(Corrective measures
Check emitter follower

(pars 2-8g); replace
defective components.

Check emitter follower
(para 2-8g); replace
defective components.

a. Check switch (fig. 2-15);
replace if defective.

b. Check oscillator (para 2-8k);
replace if defective.

a. Check switch (fig. 2-15);
replace if defective.

b. Check oscillator (para 2-8k);
replace if defective.

a. Check switch (fig. 2-15);
replace if defective.

b. Check oscillator (para 2-8k);
replace if defective.

Check switch (fig. 2-15);
replace if defective.

Check switch (fig. 2-15);
replace if defective.

Check oscillator (para 2-8k);
replace if defective.
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Probable cause Corrective measures
a. Defective switch 1A1S8---------- a. Check switch (fig. 2-15) ;

N o .
Item

33
Symptom

Distortion measurements
cannot be made for any
position of RATE
switch.

b. Defective monostable
multivibrator SSB-1 on
1A2A1 (fig. 6-5).

c. Defective frequency divider
(bistable multivibrator
FFC-1 through FFC-4) on
1A2A1 (fig. 6-5).

d. Defective AND gate GAI-4
on 1A2A8 (fig. 6-5).

replace if defective.
b. Check multivibrator (para

2-8b) ; replace defective
components.

c. Check multivibrator (para
2-8c) ; replace defective
component.

d. Check AND gate (para 2-8e) ;
replace defective components.

34 PERCENT DISTORTION
meter indicates zero at
all times for any type
of distortion
measurements, but
EARLY and LATE

a. Defective EXT M resistor
1A1R1 on terminal board
1A1TB1.

b. Defective resistors 1A15R17,
1A15R18 or 1A15RT1.

c. Defective current summer
CSN-1 on 1A2A15
(fig. 6-2).

d. Defective PERCENT
DISTORTION meter
1A1M1.

a. Check resistor (fig. 2-18) ;
replace if defective.

b. Check resistor (fig. 2-9);
replace if defective.

c. Check current summer (para
2-8i) ; replace defective
components.

d. Check meter (fig. 2-15);
replace if defective.

indications operate
normally.

35 SIGNAL indicator does
not blink off and on
with test message
applied to distortion
analyzer, and
PERCENT DISTORTION
meter indicates zero at
all times.

Defective Schmitt trigger STA-1
on 1A2A6 (fig. 6-4).

Check Schmitt trigger (para
2-8d) ; replace
defective components.

36 SYNC pulse indication is
not present at J2
(fig. 2-14) at the end
of each character; all

Defective inverter IN-4 on 1A2A4
(fig. 6-4).

Check inverter (para 2-8g) ;
replace defective components.

other indications are
normal.

37

38

SYNC pulse indication is
present at end of first

Defective AND gate GAI-1 on
1A2A4 (fig. 6-4).

Check AND gate (para 2-8e);
replace defect ive components.

character, but after
that, appears at
random.

SYNC pulse indication a. Defective inverter IN-3 or
IN-4 on 1A2A4 (fig. 6-4).

a. Check inverter (para 2-8e) ;
replace defective
components.

b. Check AND gate (para 2-8e);
replace defective
components

is not present at the
end of each character,
and PERCENT
DISTORTION meter
indicates zero re-
gardless of distortion.

b. Defective AND gate
GAI-2 on 1A2A3
(fig. 6-11).

Distortions measure-
ments cannot be made
with TRANSITION
SELECT switch set to
1; at all other
positions, operation
is normal.

39 Defective TRANSITION
SELECT switch 1A1S9.

Check switch (fig. 2-15);
replace if defective.
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No.
Item

40

41

42

43

44

45

46

47

Symptom
Distortion measurements

cannot be made with
TRANSITION
SELECT switch set to
2; at all other positions,
operation is normal.

Distortion measurements
cannot be made with
TRANSITION
SELECT switch set to
3; at all other positions,
operation is normal.

Distortion measurements
cannot be made with
TRANSITION
SELECT switch set to
4; at all other positions,
operation is normal.

Distortion measurements
cannot be made with
TRANSITION
SELECT switch set to
5;  at all other positions,
operation is normal.

Distortion measurement
cannot be made with
TRANSITION
SELECT switch set to
6; at all other positions,
operation is normal.

Distortion measurements
cannot be made with
TRANSITION
SELECT switch set
to ALL; at all other
position, operation is
normal.

PERCENT DISTORTION
meter reading erratic
with fixed amount of
distortion applied when
making average
distortion measurements.
EARLY and LATE
indicator will also
switch off and on.

PERCENT DISTORTION
meter indicates zero at
all times when
DISTORTION SELECT
switch is set at
EARLY PEAK, but
indication are normal
for all other positions,.

Probable cause
a. Defective TRANSITION

SELECT switch 1A1S9.
b. Defective AND gate GAI-6

on 1A2A3 (fig. 6-11).

a. Defective TRANSITION
SELECT switch 1A1S9.

b. Defective AND gate GAI-7
on 1A2A3 (fig. 6-11).

a. Defective TRANSITION
SELECT switch 1A1S9.

b. Defective AND gate GAI-8
on 1A2A3 (fig. 6-11).

a. Defective TRANSITION
SELECT switch 1A1S9.

b. Defective AND gate GAI-9
on 1A2A3 (fig. 6-11).

a. Defective TRANSITION
SELECT switch 1A1S9.

b. Defective AND gate GAI-10
on 1A2A3 (fig. 6-11).

Defective TRANSITION
select switch 1A1S9.

Defective digital time-base
counter (fig. 6-6).

Defective AND gate GAI-14
on 1A2A14 (fig. 6-8).

Corrective measures
a. Check switch (fig, 2-15);

replace if defective.
b. Check AND gate (para 2-8e);

replace defective components.

a. Check switch (fig. 2-15);
replace if defective.

b. Check AND gate (para 2-8e);
replace defective
components.

a. Check switch (fig. 2-15);
replace if defective.

b. Check AND gate (para 2-8e);
replace defective
component.

a. Check switch (fig. 2-15);
replace if defective.

b. Check AND gate (para 2-8e);
replace defective
components.

a. Check switch (fig. 2-15);
replace if defective.

b. Check AND gate (para 2-8e);
replace defective
components.

Check switch (fig. 2-15);
replace if defective.

Check digital time-base
counter (pare 2-6 b);
replace defective components

Check AND gate (para 2-8e);
replace defective components.
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 No. 
Item

48

49

50

51

52

53

54

Symptom
PERCENT DISTORTION

meter indicates zero at
all times when
DISTORTION SELECT
switch is set at LATE
PEAK, but indications
are normal for all
other positions.

PERCENT DISTORTION
meter indicates zero at
all times when
TRANSITION SELECT
switch is set at
MARK/SPACE and
DISTORTION SELECT
switch is set at any
position other than
TOTAL PEAK, but
all other indications
are normal.

PERCENT DISTORTION
meter indicates zero at
all times when
TRANSITION SELECT
switch is set at
SPACE/MARK and
DISTORTION SELECT
switch is set in any
position other than
TOTAL PEAK, but
all other indications
are normal.

PERCENT DISTORTION
meter indication does
not drop to zero
when RESET switch
is depressed.

No indications on
distortion analyzer for
any type of input
signal and no SYNC
pulse indication.

PERCENT DISTORTION
meter indicates zero for
input signal with no
distortion when
FILTER switch is set
at OUT, but does
indicate distortion when
FILTER switch is set
at IN when input
signal has no
distortion.

PERCENT DISTORTION
meter indication
automatically resets
while making peak
distortion measurements.

Probable cause Corrective measures
Defective AND gate GAI-13 Check AND gate (para 2-8e);

on 1A2A14 (fig. 6-8). replace defective components.

Defective AND gate GAS-1
on 1A2A5 (fig, 6-4).

Check AND gate (para 2-8e);
replace defective components.

Defective AND gate GAS-2 on Check AND gate (para 2-8e);
1A2A5 (fig, 6-4). replace defective components.

a. Defective RESET switch
1A1S5.

b. Defective resistor
1A2A8R37 or 1A2A8R38.

a. Defective INPUT
POLARITY switch A1S6.

b. Defective INPUT SELECT
switch 1A1S4.

FILTER ADJ resistor
1A2A5R4 out of
adjustment.

Defective inverter IN-1 on
1A2A6 (fig. 6-4).

a. Check switch (fig. 2-15) ;
replace if defective.

b. Check resistor (fig. 2-10);
replace if defective.

a. Check switch (fig. 2-15) ;
replace if defective.

b. Check switch (fig. 2-15) ;
replace if defective.

Adjust resistor (para 3-2).

Check inverter (para 2-8g) ;
replace defective components.
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Item

 N o . Symptom

55 When measuring peak
distortion, PERCENT
DISTORTION meter
indications do not
correspond to
distortion on input
signal, but all
indications are normal
when measuring average
distortion.

56 No indication on
distortion analyzer for
any type of input
signal.

57 PERCENT DISTORTION
meter indication does
not correspond to
distortion applied by
pattern generator when
making average
distortion measure-
ments.

Probable cause Corrective measures
Defective AND gate GAI-15 Check AND gate (para 2-8e);

or GAI-18 on 1A2A14 replace defective components.
(fig. 6-8).

Defective magnitude comparator Check magnitude comparator.
circuit (fig. 6-7). circuit (para 2-6d);

replace defective component.

Defective baud counter circuit Check baud counter circuit
(fig. 6-11). (para 2-6c) ; replace

defective components.

a.

b.

c.

Schmitt trigger circuits out a. Adjust Schmitt trigger
of adjustment. circuits (para 3-2).

Meter drive circuits out of b. Adjust meter drive (para 3-2)
adjustment.

Defective digital time-base c. Check digital time-base
counter circuits (fig. 6-6). counter circuits

(para 2-6b); replace
defective components.

2-6. Signal Tracing

Note. Refer to paragraph 2-17 for location of
printed circuit assemblies.

a. General. When trouble has been localized
to a specific circuit (para 2–5), the oscilloscope
may be used to localize the trouble to a stage
within the circuit.

(1)

(2)

(3)

Prepare the equipment by following
the procedures given in paragraph
2-4.
Position the distortion analyzer so as
to provide access to the harness board
at the bottom of the chassis, and the
printed circuit card assemblies at the
top.
When the trouble has been localized
to a stage, refer to paragraph 2-8.

b. Digital Time-Base Counter Circuits.

(1)

(2)
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Set the MESSAGE SELECT switch on
the pattern generator to DOT CY and
the MESSAGE TRANSMIT switch
to ON.
Set the distortion analyzer and pattern
generator power switches to ON.

(3)

(4)

Assembly
1A2A8 -----

Remove the printed ciruit card assem-
bly to be tested, and install extender
card 1A2A7 (fig. 2-13) in its place.
Plug the printed circuit card assembly
into the extender card,
Use the oscilloscope to check for a
square wave at the output of each bi-
stable multivibrator stage (FFC-8
through FFC-14) (fig. 2-17). The fol-
lowing chart indicates the printed cir-
cuit card assembly and pins to check
to localize the trouble to one or more
stages in the digital time-base counter
circuits

Pin Associated stage
------------------ --- P FFC8

1 A 2 A 9 - - - - - - - - - -  X FFC9
1A2A10 ----------- X FFC-10
1A2A11--- - - - - - - -  X FFC11
1A2A12----------- X FFC-12
1A2A13--- - - - - - - -  X FFC-13
1A2A14__________ D FFC14
1A2A14--- - - - - - - -  J EF-1
1A2A14--- - - - - - - -  K EF-2

(5) When the square wave output is not
present at a given terminal, trouble-
shoot the associated stage or stages by



following the procedures given in
paragraph 2-8.

c. Baud Counter Circuits (fig. 6-11).
(1) Set the pattern generator MESSAGE

SELECT switch to DOT CY and the
MESSAGE TRANSMIT switch to
ON.

(2) Set the distortion analyzer and the
pattern generator power switches to
ON.

(3) Remove the printed circuit card to be
tested, and install extender card 1A2-
A7 in its place. Plug the printed cir-
ciut card assembly into the extender
card.

(4) Use the oscilloscope to check for a
square wave at the output of each bi-
stable multivibrator stage FFC–5
through FFC–7 (fig. 2-17). The fol-
lowing chart indicates the assembly
and pins to check to localize the trou-
bles to the stages in the baud coun-
ter circuits.

Assembly Pin Associated stage
1 A 2 A 4 - - - - - - - - -  Z FFC-5
1A2A4--------- Y FFC-6
1A2A4- - - - - - - - - -  X FTC-7

(5) When the square wave output is not
present at a given terminal, trouble-
shoot the associated stages by follow-
ing the appropriate procedures given
in paragraph 2–8.

d. Magnitude Comparator Circuits.
(1) Connect a black test lead between the

–DC and ±AC OHMS jack of the mul-
timeter and terminal A of connector
XA9 (fig. 2-14).

(2) Connect a red test lead between the
50V (20,000 OHMS PER VOLT DC)
jack of the multimeter and terminal
S of connector XA9.

(3) Set the multimeter FUNCTION
switch to REV.

(4) Remove printed circuit card assembly
1A1A2 (fig, 2–17) from the distor-
tion analyzer.

(5) Set the distortion analyzer POWER
switch to ON.

(6) Depress distortion analyzer RESET
switch.

(7) Connect a test lead to terminal N of
connector XA2, and momentarily

TM 11-6625-620-45-2

touch the free end of the test lead to
terminal H of connector XA2. The
multimeter should indicate approx-
imately 0 volt.

(8) Disconnect the test lead from terminal
N of connector XA2 and reconnect the
test lead to terminal B of connector
XA2.

(9) Momentarily touch the free end of
the test lead to terminal H of connec-
tor XA2. The multimeter should indi-
cate approximately –15 volts.

(10) Momentarily touch the free end of the
test lead to terminal A of connector
XA2. The multimeter should indicate
approximately 0 volt. If the correct
indication is not obtained, check AND
gate GAD–13 (para 2–8e).

(11) Disconnect the test lead from terminal
B of connector XA2 and reconnect
the test lead to terminal U of connec-
tor XA8.

(12) Momentarily touch the free end of the
test lead to terminal H of connector
XA8. The multimeter should indicate
approximately –15 volts. If the correct
indication is not obtained, check OR
gate GOB–9 (para 2–8f) or AND gate
GAT-25 (para 2-8e).

(13) Depress the distortion analyzer RE-
SET switch. The multimeter should in-
dicate approximately 0 volt.

(14) Disconnect the test lead from termi-
nal U of connector XA8 and recon-
nect the test lead to terminal U of con-
nector XA7.

(15) Momentarily touch the free end of the
test lead to terminal H of connector
XA7. The multimeter should indicate
approximately –15 volts. If the correct
indication is not obtained, check OR
gate GOB-7 (para 2–8f) or  AND
gate GAI–25 (para 2–8e).

(16) Depress the distortion analyzer RE-
SET switch. The multimeter should
indicate approximately 0 volt.

(17) Disconnect the test lead from termi-
nal U of connector XA7 and reconnect
the test lead to terminal U of connec-
tor XA6.

(18) Momentarily touch the free end of the
test lead to terminal H of connector
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(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

2-18

XA6. The multimeter should indicate
approximately –15 volts. If the correct
indication is not obtained, check OR
gate GOB–5 (para 2–8f) or AND
gate GAI–23 (para 2–8e).
Depress the distortion analyzer RE-
SET switch. The multimeter should
indicate approximately 0 volt.
Disconnect the test lead from termi-
nal U of connector XA6 and recon-
nect the test lead to terminal U of con-
nector XA4.
Momentarily touch the free end of the
test lead to terminal H of connector
XA4. The multimeter should indicate
approximately –15 volts. If the correct
indication is not obtained, check OR
gate GOB-3 (para 2–8f) or  AND
gate GAI–21 (para 2–8e).
Depress the distortion analyzer RE-
SET switch. The multimeter should
indicate approximately 0 volt.
Disconnect the test lead from termi-
nal U of connector XA4 and reconnect
the test lead to terminal U of connec-
tor XA3.
Momentarily touch the free end of the
test lead to terminal H of connector
XA3. The multimeter should indicate
approximately –15 volts. If the cor-
rect indication is not obtained, check
OR gate GOB-1 (para 2-8f) or AND
gate GAI–19 (para 2–8e).
Depress the distortion analyzer RE-
SET switch.
Disconnect the test lead from termi-
nal U of connector XA3 and recon-
nect the test lead to terminal N of con-
nector XA2.
Momentarily touch the free end of the
test lead to terminal H of connector
XA2. The multimeter should indicate
approximately 0 volt.
Disconnect the test lead from terminal
N of connector XA2 and reconnect the
test lead to terminal U of connector
XA2.
Disconnect the test lead from terminal
U of connector XA2 and reconnect the

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

test lead to terminal U of connector
XA8.
Momentarily touch the free end of the 
test lead to terminal H of connector
XA8. The multimeter should indicate
approximately –15 volts. If the correct
indication is not obtained, check OR
gate GOB–10 (para 2-8f) or AND
gate GAI–28 (para 2–8e).
Momentarily touch the free end of the
test lead to terminal A of connector
XA8. The multimeter should indicate
approximately 0 volt.
Disconnect the test lead from terminal
U of connector XA8 and reconnect the
test lead to terminal U of connector
XA7.
Momentarily touch the free end of the
test lead to terminal H of connector
XA7. The multimeter should indicate
approximate]} –15 volts. If the cor-
rect indication is not obtained, check
OR gate GOB–8 (para 2–8f) or AND
gate GAA–26 (para 2-8e).
Momentarily touch the free end of the
test lead to terminal A of connector
XA7. The multimeter should indicate
approximately 0 volt.
Disconnect the test lead from termi-
nal U of connector XA7 and recon-
nect the test lead to terminal U of
connector XA6.
Momentarily touch the free end of the
test lead to terminal H of connector
XA6. The multimeter should indicate
approximately –15 volts. If the correct
indication is not obtained, check OR
gate GOB-6 (para 2–8f) or  AND
gate GAI–24 (para 2–8e).
Momentarily touch the free end of the
test lead to terminal A of connector
XA6. The multimeter should indicate
approximately 0 volt.
Disconnect the test lead from termi-
nal U of connector XA6 and recon-
nect the test lead to terminal U of con-
nector XA4.
Momentarily touch the free end of the
test lead to terminal H of connector
XA4. The multimeter should indicate
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Located on

(40)

(41)

(42)

(43)

approximately 0 volt. If the correct
indication is not obtained, check OR
gate GOB-4 (para 2-8f) or  AND
gate GAA-22 (para 2-8e).

Momentarily touch the free end of the
test lead to terminal A of connector
XA4. The multimeter should indicate
approximately 0 volt.

Disconnect the test lead from termi-
nal U of connector XA4 and recon-
nect the test lead to terminal U of con-
nector XA3.
Momentarily touch the free end of the
test lead to terminal H of connector
XA3. The multimeter should indicate
approximately -15 volts. If the cor-
rect indication is not obtained, check
OR gate GOB-2 (para 2-8f) or AND
gate GAA-20 (para 2-8e).
Set the distortion analyzer POWER
switch to OFF, and disconnect the
multimeter and the test leads.

2-7. Location of Logic Circuits

The following chart list the logic gates and
the printed circuit cards on which they are lo-
cated. To determine reference designations, lo-
cations, and other data concerning individual
components associated with the specific logic
circuits, refer to the schematic diagrams (figs.
6-4 through 6-12), component location diagram
(figs. 2-1 through 2-17), and voltage and re-
sistance diagrams (figs. 2-18 and 2-19).

Circuit designation Located on
assembly (fig. 2-17)

CCG-1------------------- 1A2A15
CCG-2------------------ 1A2A15
CCG-3 ----------------------- 1A2A15
CCG-4 - - - - - - - - - - - - - - - - - 1A2A15
CCG-5------------------- 1A2A15
C C G - 6 - - - - - - - - - - - 1A2A15
CSN-1------ - - - - - - - - - - - 1A2A15
EF-1----- - - - - - - - - - - - - - - - 1A2A14
EF-2----- - - - - - - - - - - - - - - - 1A2A14
FFA-1------------------- 1A2A5
FFA-2------------------- 1AA14
FFC-1------------------- 1A2A1
FFC-2------------------- 1A2A1
FFC-3------------------- 1A2A1
FFC-4------------------- 1A2A1
FFC-5--------- - - - - - - - - 1A2A4

Circuit designation
FFC-6-------------------
FFC-7 - - - - - - - - - - - - - - - - -
FFC-8 - - - - - - - - - - - - - - - - -
FFC-9 - - - - - - - - - - - - - - - - -
FFC-10- - - - - - - - - - - - - - -
FFC-11--------------------
FFC-12-------------------
FFC-13----------------
FFC-14------------------
F F S - 1 - - - - - - - - - - - - - - -
FFS-2 - - - - - - - - - - - - - - - - -
FFS-3-------- - - - - - - - - - -
F F S - 4 - - - - - - - - - - - - - - - -
F F S - 5 - - - - - - - - - - - - - - - -
F F S - 6 - - - - - - - - - - - - - -
GAD-1- - - - - - - - - - - - - - - -
G A D - 2 - - - - - - - - - - - - - - -
GAD-3----- - - - - - - - - - - - -
GAD-4- - - - - - - - - - - - - - - -
G A D - 5 - - - - - - - - - - - - - - -
GAD-6- - - - - - - - - - - - - - - -
G A D - 7 - - - - - - - - - - - - - - -
G A D - 8 - - - - - - - - - - - - - - -
G A D - 9 - - - - - - - - - - - - -
GAD-10-----------------
GAD-11 ----- - - - - - - - - - - - - -
GAD-12-----------------
GAD-13------------------
GAD-14------ - - - - - - - - - -
GAI-1 - - - - - - - - - - - - - - - - -
GAI-2---- - - - - - - - - - - - - - - - -
GAI-3 - - - - - - - - - - - - - - - - - - -
GAI-4-------------------
GAI-5--------------------
GAI-6- - - - - - - - - - - - - - - - - - -
GAI-7 - - - - - - - - - - - - - - - - - - -
GAI-8 - - - - - - - - - - - - - - - - - -
GAI-9---- - - - - - - - - - - - - - -
GAI-10- - - - - - - - - - - - - - - - -
GAI-11----- - - - - - - - - - - - -
GAI-12 ------- - - - - - - - - - -
GAI-13------------------
GAI-14 - - - - - - - - - - - - - - - - - -
GAI-15-------------------
GAI-16------------------
GAI-17-------------------
GAI-18------------------
GAI-19------------------
GAI-20------------------
GAI-21- - - - - - - - - - - - - - -
GAI-22 - - - - - - - - - - - - - - - -
GAI-23----- - - - - - - - - - - - -
G A I - 2 4 - - - - - - - - - - - - - - -
G A I - 2 5 - - - - - - - - - - - - - - -
GAI -26 - - - - - - - - - - - - - - - -
GAI-27----- - - - - - - - - - - - -
GAI-28------------------
GAS-1-------------------

assembly(fig. 2-17)
1A2A4
1A2A4
1A2A8
1A2A9
1A2A10
1A2A11
1A2A12
1AA213
1A2A14
1A2A8
1A2A9
1A2A10
1A2A11
1A2A12
1A2A13
1A2A8
1A2A8
1A2A9
1A2A9
1A2A10
1A2A10
1A2A11
1A2A11
1A2A12
1A2A12
1AA13
1A2A13
1A2A8, 1A2A14
1A2A14
1A2A4
1A2A3
1A2A5
1A2A8
1A2A3
1A2A3
1A2A3
1A2A3
1A2A3
1A2A3
1A2A3
1A2A3
1A2A14
1A2A14
1A2A14
1A2A6
1A2A6
1A2A14
1A2A9
1A2A9
1A2A10
1A2A10
1A2A11
1A2A11
1A2A12
1A2A12
1A2A13
1A2A12
1A2A5
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Circuit designation
G A S - 2 - - - - - - - - - - - - - - -
GAS-3 - - - - - - - - - - - - - - - -
GAS-4----- - - - - - - - - - - - - -
GAS-5 - - - - - - - - - - - - - - - -
G A S - 6 - - - - - - - - - - - - - - -
G A S - 7 - - - - - - - - - - - - - - -
GAS-8 - - - - - - - - - - - - - - - -
G A S - 9 - - - - - - - - - - - - - - -
GAS-10----- - - - - - - - - - - -
GAS-11-----------------
GAS-12----- - - - - - - - - - - -
GAS-13----- - - - - - - - - - - -
GAS-14------------------
G A T - 1 - - - - - - - - - - - - - -
GOB-1------------------
GOB-2-------------------
GOB-3----- - - - - - - - - - - - -
GOB-4-------------------
GOB-5-------------------
GOB-6- - - - - - - - - - - - - - - -
G O B - 7 - - - - - - - - - - - - -
G O B - 8 - - - - - - - - - - - - -
G O B - 9 - - - - - - - - - - - - - -
G O B - 1 0 - - - - - - - - - - - - -
G O I - 1 - - - - - - - - - - - - - - -
G O I - 2 - - - - - - - - - - - - - - - -

Located onassembly (fig. 2-17)
1A2A5
1A2A8
1A2A8
1A2A9
1A2A9
1A2A10
1A2A10
1A2A11
1A2A11
1A2A12
1A2A12
1A2A13
1A2A13
1A2A5
1A2A9
1A2A9
1A2410
1A2A10
1A2A11
1A2A11
1A2A12
1A2A12
1A2A13
1A2A13
1A2A8
1A2A9

Circuit designation
G O I - 3 - - - - - - - - - - - - - -
G O I - 4 - - - - - - - - - - - - -
G O I - 5 - - - - - - - - - - - - -
G O I - 6 - - - - - - - - - - - - -
I N - 1 - - - - - - - - - - - -
I N - 2 - - - - - - - - - - - -
I N - 3 - - - - - - - - - - - - -
I N - 4 - - - - - - - - - - - - -
I N - 5 - - - - - - - - - - - - -
I N - 6 - - - - - - - - - - - - -
I N - 7 - - - - - - - - - - - - -
I N - 8 - - - - - - - - - - - - - -
I N - 9 - - - - - - - - - - - - - -
IN-10------ - - - - - - - - - - - -
I N - 1 1 - - - - - - - - - - - - - - - -
OSC- l - - - - - - - - - - - - - - - - -
OSC-2----- - - - - - - - - - - - - -
OSC-3 - - - - - - - - - - - - - - - - -
O S C - 4 - - - - - - - - - - - - - - - -
S S A - 1 - - - - - - - - - - - - - - -
S S A - 2 - - - - - - - - - - - - - -
S S B - 1 - - - - - - - - - - - - -
S T A - 1 - - - - - - - - - - -
S T A - 2 - - - - - - - - - - -
T o n e k e y e r - - - - - - - - - -
T o n e k e y e r - - - - - - - -

Located on
assembly (fig. 2-17)
1A2A10
1A2A11
1A2A12
1A2A13
1A2A6
1A2A7
1A2A6
1A2A7
1A2A8
1A2A9
1A2A10
1A2A11
1A2A12
1A2A13
1A2A14
1A2A2
1A2A2
1A2A2
1A2A2
1A2A5
1A2A8
1A2A1
1A2A6
1A2A5
1A2A6
1A2A6

Figure 2-1.Test setup connections.
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Figure 2-2. Printed circuit card assembly 1A3A1 (80047110), component locations.

2-8. Isolating Troubles

Note. For location of logic circuits, refer to par-
agraph 2-7, and for location of printed circuit
boards, refer to figure 2-17.

Caution: Do not make resistance measure-
ments in the distortion analyzer unless specif-
ically directed to do so. The battery voltage in
an ohmmeter can damage the transistors.

a. General. When trouble has been localized
to a stage on a printed circuit card, locate the
stage and follow the procedures given in (1)
below. When making voltage measurements,
use the procedures given in (2) below. If an
intermittent trouble is suspected, use the pro-
cedures given in (3) below. When the trouble
is isolated to a defective pint, refer to para-
graph 2-9.

(1) Isolation procedures.
(a)

(b)

(c)

Set the distortion analyzer POWER
switch to OFF.
Remove the printed circuit card con-
taining the stage to be checked and
install extender card assembly 1A2
in its place.
Plug the connector on the printed
circuit card into the connector on
extender card assembly 1A2A7.

(d) Set the distortion analyzer POWER
switch to ON.

(e) Troubleshoot the stage; follow the
applicable procedures given in b,
c, d, e, f, g, h, i, j, or k, below.

Note. The isolation procedures given
in b through j below reference figures
2-1 through 2-19. To determine the ac-
tual reference designation for a specific
part, compare the circuit with the appli-
cable schematic diagram (figs. 6-4
through 6-12) and obtain the correct ref-
erence designations.

(2) Voltage measurements. This equip-
ment is transistorized. Observe all pre-
cautions given, to prevent transistor
damage. Make voltage measurements
in this equipment only as specified.
When measuring voltages, use tape or
sleeving to insulate the entire probe,
except the extreme tip. A momentary
short circuit can ruin a transistor. For
example, if the bias is shorted out, ex-
cessive emitter-base current would
bum out the transistor. Use the re-
sistor and capacitor color codes (figs.
5-1 and 6-1) to determine part values.
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Figure 2-3. Printed circuit card assembly 1A2A1 (80047060), component locations.
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Figure 2-4. Printed circuit card assembly 1A2A (80047050), component locations.
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Figure 2-5. Printed circuit card assembly 1A2A3 (80047090), component locations.
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Figure 2-6. Printed circuit card assembly 1A2A4 (80047100), component locations.
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Figure 2-7. Printed circuit card assembly 1A2A5 (80047020), component locations.
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Figure 2-8.  Printed circuit card assembly 1A2A6 (80047010), component locations.
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Figure 2-9. Printed circuit card assembly 1A2A15 (80047080), component locations.
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Figure 2-10. Printed circuit card assembly 1A2A8 (80047040), component locations.
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Figure 2-11. Printed cireuit card assembly 1A2A9-1A2A13
(80047030), component locations.
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Figure 2-12. Printed circuit card assembly 1A2A14 (80047070), component locations.
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Figure 2-13. Printed circuit card assembly 1A2A7 (80047130), component locations.

(3) Intermittent troubles. If intermittent (b)
troubles exist, the trouble may often
be made to reappear by gently tapping
or jarring the equipment. Also check (c)
all wiring (fig. 6-13) and connections
to the equipment.

b. Monostable Multivibrator Stages SSA- (d)
and SSB–.

(1) SSA- (A, figs. 1-2, 2-7, and 6-4).
(a) Short the base to the emitter of Qa,

and then measure the collector volt-
(e)

age of Qa, The indication should be
approximately –12.5 volts.

1. If the indication is +15 volts, check (f)

for an open Ra.
2. If the indication is –15 volts, check

for an open Rd or Re. (g)
3. If the indication is zero, check for

a shorted Qa.

Measure the collector voltage of Qb.
If the indication is -15 volts, check
for an open Qb or Rd.
Remove the short between the base
and emitter of Qa and short the base
to emitter of Qb.
Measure the collector voltage of
Qb. If the indication is zero, check
for a shorted Qb.
Remove the short between the base
and emitter of Qb, and short the
collector to base of Qa.
Measure the base voltage of Qb. If
a positive indication is not obtained,
check for a shorted Ca or open Re.

Remove the short between the col-
lector and base of Qa and short the
collector to base of Qb.
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Figure 2-14. Harness board, component locations.
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Figure 2-15. Rear of front panel, compoonent locations.
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Figure 2-16. Bottom view, component locations.

Figure 2-17. Top view, component locations.
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Figure 2-18. Rear view, component locations.

(h) Measure the base voltage of Qa. If (b)
a negative indication is not ob-
tained, check for a shorted Cb.

(i) Remove the short between the col- (c)
Iector and base of Qb.

(2) SSB- (B, figs. 1-2, 2-3, and 6-5). (d)
(a) Short the base to the emitter of Qa,

and then measure the collector volt-
age of Qa. The indication should be (e)
approximately –12.5 volts.

1. If the indication is 0 volt, check (f)
for an open Rc or Rd or shorted
Qa.

2. If the indication is -15 volts, check (g)
for an open Ra.

Measure the collector voltage of Qb.
If the indication is -15 volts, check
for an open Qb or Rb.
Remove the short between the base
and emitter of Qa and short the
base to emitter of Qb.
Measure the collector voltage of
Qb. If the indication is zero, check
for a shorted Qb or open Re.
Remove the short between the base
and emitter of Qb.
Measure the base voltage of Qb. If
the indication is not positive. check
for an open Rd.
Measure the base voltage of Qb. If
the indication is not negative, check
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Figure 2-19. Power supply assembly 1A3, voltage
and resistance diagram.

TM 11-6625-620-45-2

for an open resistor RD or defective
C a

c. Bistable Multivibrator Stages FFA– (fig.
6-4), FFC- (figs. 6-5 and 6-6), and F F S -
(figs. 1-2 and 6-9 ). The bistable multivibrator
stages shown in A and B, figure 1–1, are iden-
tical except for the arrangement of the steering
and triggering circuits. Only the stage shown
in A is discussed below, because the procedures
apply to each type of stage.

(1)

(2)

Remove printed circuit card assembly
1A2A2 (fig. 2–17) (80047050) to re-
move input timing signal.
Short the base to the emitter of Qa,
and then measure the collector voltage,
The indication should be approximate-
ly 7 volts.

(a) If the indication is +15 volts, check
for an open Ra.

(b) If the indication is -15 volts, check
for an open Rc or Rf.

(c) If the indication is zero, check for
shorted Qa or Ca.

(3) Remove the short between the base
and emitter of Qa, short the base to
emitter of Qb, and measure the col-
lector voltage of Qb. The indication
should be 7 volts.

(a) If the indication is +15 volts, check
for an open Rb.

Figure 2-20. Printed circuit card assembly 1A3A1, voltage and resistance diagram.
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(b) If the indication is -15 volts, check
for an open Rd or Re.

(c) If the indication is zero, check for a

(4)

(5)

(6)

(7)

(8)

(9)

shorted Qb or Cb,.
Remove the short between the base
and emitter of Qb and short the col-
lector to emitter of Qa.
Measure the base voltage of Qb. If a
positive indication is not obtained,
check for an open Rf.
Remove the short between the col-
lector and emitter of Qa and short
the collector to emitter of Qb.
Measure the base voltage of Qa. If a
positive indication is not obtained,
check for an open Re.
Remove the short between the collec-
tor and emitter of Qb.
If the indications given in (1) through
(8) above are correct, but the bistable
multivibrator stage does not function
properly, set the distortion analyzer
POWER switch to OFF and check the
steering diodes as follows:

(a)

(b)

Disconnect one side of the steering
diode to be checked (CRa or CRb).
Measure the forward and reverse
resistance of the steering diode. The
forward resistance should be from
1 to 10 ohms. The reverse resistance
should be approximately 100 times
the forward resistance,

d. Schmitt Trigger STA- (figs, 1-2, 2-7, 2-8,
2-18, and 6-4).

(1)

(2)

(3)

(4)

(5)

2-38

Set the pattern generator POWER
switch to OFF,
Measure the Qc collector voltage, If
the indication is not approximately
zero, check for an open Qc, Re, Rf,
or Rg.
Measure the Qb collector voltage, If
the indication is not slightly positive,
check for an open Rb, shorted Qb, or
shorted Ca.
Connect a test lead from the input
side of Ra to -15V jack J3 on the dis-
tortion analyzer power supply.
Measure the Qb collector voltage, If
the indication is not approximately

(6)

(7)

(8)

zero, check for an open Ra or Rd, de-
fective Qa, or shorted Ca.
Measure the Qc base voltage, If a posi- 
tive indication is not obtained, check
for an open Rh.
Measure the Qc collector voltage. If
a positive indication is not obtained,
check for an open Rc.
Disconnect the test lead from the in-
put side of Ra and -15V jack J3.

e. AND Gate GAS-, GAT-, GAD-, or GAI-
(fig. 1-4). Before troubleshooting AND gate
stages, remove printed circuit card assembly
1A2A2 (fig. 2-17).

(1) AND gate GAS- (A, fig. 1-4).
(a) Use the oscilloscope to check the

(b)

waveform at the junction of Ra, CaJ

and CRa. If a differentiated wave-
form is not observed, check for a
shorted Ca or an open Ra.
Check the waveform present at the
output side of CRa. If a differ-
entiated waveform with negative
spikes is present, check for a
shorted CRa. If no waveform is
present, check for an open CRa.

(2) AND gate GAT- (B, figs. 1-4 and

(a)

(b)

(c)

(d)

(e)

2-7).
Connect a test lead between the in-
put side of CRa and GRD jack J2
on the distortion analyzer power
supply,
Connect a test lead between the in-
put side of Ca and -15V jack J3
on the distortion analyzer power
supply.
Measure the voltages at the junction
of CRa, Ra, and Ca. If a O-volt in-
dication is not obtained, check for
an open CRa.
Disconnect the test lead from -15V
jack J3 on the distortion analyzer
power supply. Disconnect the test
lead from GRD jack J2 and connect
it to -15V jack J3 on the distortion
analyzer power supply.
Use the oscilloscope to check the
waveform present at the junction of
Ra, Ca, and CRa, while alternately
connecting the test lead from the



(f)

(g)

input side of Ca to -15V jack J3 and
the GRD jack J2 on the distortion
analyzer power supply.
If a differentiated waveform is not
observed, check for a shorted Ca or
an open Ra. If a -15-volt indication
is observed, check for a shorted
CRa.
Disconnect the test leads from the
input sides of CRa and Ca, and from
-15V jack J3 and GRD jack J2 on
the distortion analyzer power sup-
ply.

(8) AND gate GAD- (C, figs. 1-4 and
6-6).

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

Connect a test lead between the in-
put side of CRa and GRD jack J2
on the distortion analyzer power
supply.
Short the input sides of CRa and
CRb and measure the voltage on
the output sides (junction of CRa
and CRb. The-indication should be
approximately zero.
Remove the short from the input
sides of CRa and CRb and connect
a teat lead between the input side
of CRb and -15V jack J3 on the dis-
tortion analyzer power supply.
Measure the voltage at the junction
of diodes CRa and CRb. If a -15-volt
indication is obtained, check for an
open CRa or shorted CRb.
Reverse the test lead connections on
the GRD J2 and -15V J3 jacks on
the distortion analyzer power sup-
ply.
Measure the voltage at the junction
of CRa and CRb. If a -15-volt indi-
cation is obtained, check for an open
CRb or a shorted CRa.
Disconnect the lead from GRD jack
J2 on the distortion analyzer power
supply.
Short the input sides of CRa and
CRb and measure the voltage at the
output sides (junction of CRa and
CRb). If the indication is not -15
volts, check for an open Ra.
Disconnect the short from the input
sides of CRa and CRb and the test

TM 11-6625-620-45-2

lead from -15V jack J3 on the dis-
tortion analyzer power supply.

(4) AND gate GAI- with inhibit voltage
(D, fig. 1-4).

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Short the input sides of Ra and Rb
and connect a test lead between the
input side of Ra and GRD jack J2
on the distortion analyzer power
supply,
Measure the Qa collector voltage.
If a zero indication is not obtained,
check for an open Re, Rd, or Rc.
Disconnect the test lead from GRD
jack J2 on the distortion analyzer
power supply.
Connect a test lead between the in-
put side of Ra or Rb and -15V jack
J3 on the distortion analyzer power
supply, and connect a test lead be-
tween the input side of Rc and the
GRD jack.
Measure the Qa collector voltage.
If a zero indication is not obtained,
check for an open Ra, Rb, or Qa.
Disconnect the test lead from -15V
jack J3 on the distortion analyzer
power supply, and short Ra and Rb
to Rc.
Measure the Qa collector voltage.
If a -15-volt indication is not ob-
tained, check for an open Rf or
shorted Qa.
Remove the short between the in-
put sides of Ra through Rc and dis-
connect the test lead from GRD
jack J2.

f. OR Gates GOB- and GOI- (fig. 1-5).
Before troubleshooting OR gate stages GOB-
and GOI- ((1) and (2) below), remove printed
circuit card assembly 1A2A2 (fig. 2-16).

(1) OR gate GOB- (A, fig. 1-5 and 6-7).
(a)

(b)

Short the input sides of CRa and
CRb, and connect a test lead be-
tween the input side of CRa and
-15V jack J3 on the distortion ana-
lyzer power supply.
Measure the voltage at the junction
of CRa, CRb, and Ra. If a -15-volt
indication is not obtained, check for
an open Ra.
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(c)

(d)

(e)

(f)

(g)

Disconnect the test lead from -15V
jack J3 on the distortion analyzer
power supply and connect it to GRD
jack J2, and then remove the short
from the input sides of CRa and
CRb.
Connect a test lead from the input
side of CRb and –15V jack J3 on
the distortion analyzer power sup-
ply.
Measure the voltage at the junction
of CRa, CRb, and Ra. If a zero in-
dication is not obtained, check for
an open CRa or shorted CRb.
Reverse the test lead connections
at the GRD J2 and –15V J3 jacks
on the distortion analyzer power
supply.
Measure the voltage at the junction
of CRa, CRb, and Ra. If a zero in-
dication is not obtained, check for
an open CRb or shorted CRa.

(h) Disconnect the test leads from the
input sides of CRa and CRb, and
from the GRD J2 and -15V J3 jacks
on the distortion analyzer power
supply.

(2) OR gate GOI- (B, figs. 1-5 and 6-6).
(a)

(b)

(c)

(d)

(e)

(f)

(g)

Short the input sides of Ra and Rb,
and connect a test lead from the in-
put side of Ra to the GRD jack on
the distortion analyzer power sup-
ply.
Measure the Qa collector voltage.
If a -15-volt indication is not obtain
check for an open Rd or shorted Qa.
Remove the short from the input
sides of Ra and Rb.
Disconnect the test lead from the
GRD jack on the distortion analyzer
power supply and connect it to
-15V jack J3.
Measure the collector voltage of
Qa. If a zero indication is not ob-
tained, check for an open Ra or Rc.
Disconnect the test lead from the in-
put side of Ra and connect it to the
input side of Rb.
Measure the Qa collector voltage.
If a zero indication is not obtained,
check for an open Rb.

(h) Disconnect the test lead from the
input side of Rb and –15V jack J3
on the distortion analyzer power
supply.

g. Inverter Stage IN– and Emitter Follower
EF- (figs. 1-7 and 6-6).

(1) Inverter IN- (A, fig. 1-6).
(a)

(b)

(c)

(d)

(e)

Remove printed circuit card 1A2A2
(fig. 2-17) from the distortion ana-
lyzer.
Short the base to emitter of Qa, and
then measure the collector voltage.
If a –15-volt indication is not ob-
tained, check for an open Rc or
shorted Qa.
Remove the short between the base
and emitter of Qa and connect a test
lead between the input side of Ra
and -15V jack J3 on the distortion
analyzer power supply.

Measure the Qa collector voltage.
If a zero indication is not obtained,
check for an open Ra or a shorted
Rb.
Disconnect the test lead from the
input side of Ra and -15V jack
J3 on the distortion analyzer power
supply.

(2) Emitter follower EF- (B, fig. 1-6).
(a)

(b)

(c)

(d)

(e)

Connect a test lead between the base
of Qa and GRD jack J2 on the dis-
tortion analyzer power supply.
Measure the Qa emitter voltage. If
a zero indication is not obtained,
check for a shorted transistor Qa.
Disconnect the test lead from GRD
jack J2 on the distortion analyzer
power supply, and connect it to
–15V jack J3.
Measure the Qa emitter voltage. If
a –15-volt indication is not ob-
tained, check for an open Ra.

Disconnect the test lead from the
base of Qa and -15V jack J3 on the
distortion analyzer power supply.

h. Digital-to-Analog Converter Stage CCG-
(A, fig. 1-7). When trouble is localized to a
digital-to-analog converter stage, check Ra or
Rb and Qa.
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i. Current Summer CSN- (B, fig. 1-7).
(1)

(2)

(3)

(4)

(5)

Before troubleshooting current sum-
mer, remove printed circuit assembly
1A2A2 (fig. 2–16) from the distortion
analyzer.
Measure the Qa base voltage, If a
+ 10-volt indication is not obtained,
check for an open Ra or Rb.
Connect a test lead to GRD jack J2 on
the distortion analyzer power supply
and touch the other end of the test
lead to the bases of  1A2A15Q1
through 1A2A15Q6, one at a time.
Measure the Qa collector voltage.
A positive indication should be ob-
tained. If a zero indication is obtained,
check for an open Rc or Rd.
Disconnect the test lead from GRD
jack J2 on the distortion analyzer
power supply.

j. Power Supply (figs. 2-19, 2–20, and 6-
0). Troubleshoot the power supply as follows:

(1) Check for +15 volts at + 15V jack J1
(fig. 2-18). If voltage is correct, pro-
ceed to (2) below. If voltage is in-
correct, proceed as follows:

(a)

(b)

(c)

(d)

Check continuity of secondary wind-
ing of transformer T1 at terminals
5 and 6 (fig. 2-19); replace if de-
fective.
Take voltage and resistance mea-
surements of CR1, CR2, CR3, and
CR4 (fig. 2–2); replace if defective.
Take voltage and resistance mea-
surements (fig. 6-10) of + 15-volt
regulator circuit. Check C1 and Q1
on the chassis (fig. 2–19).
Check resistance of R5 (fig. 2-2);
replace if defective.

(2) Check for -15 volts at test jack J3 (fig
2–17). If voltage is correct, proceed
to (3) below. If voltage is incorrect,
proceed as follows:

(a)

(b)

Check continuity of secondary wind-
ing of T1 at terminals 7 and 8 (fig.
2–19); replace if defective.
Take resistance measurements of
surements of CR5, CR6, CR7, and
CR8 (fig. 2–2); replace if defective.

(c)

(d)

TM 11-6625-620-45-2

Take voltage and resistance mea-
surements of –15-volt regulator
circuit (fig. 6-10). Check C2 and
Q2 on the chassis (fig. 2-2).
Take resistance measurements of
R10 (fig. 2-2); replace if defective.

(3) Check for -10 volts at -10V jack J4
(fig. 2-18). If voltage is correct, pro-
ceed to (4) below. If voltage is incor-
rect, proceed as follows:

(a) Take resistance measurements of
CR11 (fig. 2-2); replace if defec-
tive.

(b) Take resistance measurements of R9
R9 and R11 (fig. 2-2); replace if
defective.

(4) Check for -120 volts at -120V jack J5
(fig. 2-18). If voltage is incorrect,
proceed as follows:

(a)

(b)

(c)

(d)

(e)

( f )

Check continuity of secondary wind-
ing of T1 at terminals 9 and 10
(fig. 2-18); replace if defective.
Take resistance measurements of
CR12 (fig. 2-2); replace if defec-
tive.
Take resistance measurements of
R12 (fig. 2-2); replace if defective.
Take resistance measurements of C3
(fig. 2–19) on the chassis.
Take resistance measurements of
R13 (fig. 2-2); replace if defective.
Take resistance measurements of
R14 (fig. 2-2); replace if defective.

k. Oscillator Stage OSC– (figs. 2-4 and 6-
5). When trouble is localized to an oscillator
stage, check the crystal, transistors, and other
associated components (fig. 2-4).

2-9. General Parts Replacement Techniques

All the parts in the distortion analyzer can
be reached- and replaced without special proce-
dures. However, the following precautions appl
to all printed circuit cards:

a. The distortion analyzer is transistorized.
Use a pencil-type soldering iron with a 25-watt
maximum capacity. If the soldering iron must
be used with alternating current, use an isolat-
ing transformer between the soldering iron and
the line. Do not use a soldering gun; damag-
ing voltages can be induced in components.
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b. When soldering transistor or diode leads, c. Before making repairs on printed cards,
solder quickly; wherever wiring permits, use refer to TB SIG 222.
a heat sink (such as long-nose pliers) between
the joint to be soldered (or unsoldered) and

d. If the settings of variable resistors are 

the transistor or diode. Use approximately the disturbed, or if variable resistors are replaced,

same length and dress of transistor and compo- perform the adjustment procedures described
nent leads as used originally. in chapter 3.
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CHAPTER 3

ADJUSTMENT PROCEDURES

3-1. Tools, Materials, and Test
Equipment Required

a. Tool Kit, Electronic Equipment TK-105/G.
b. Multimeter TS-352B/U.
c. Test Set, Teletypewriter TS-799/UGM-

1.
d. Oscilloscope AN/USM-81.
e. 0.2-microfarad (µf) capacitor (2 each).

3-2. Adjustment of Schmitt Triggers
STA-1 and STA-2

(figs. 3-1 and 4-5)

Adjust the Schmitt trigger circuits as follows:

a. Connect the pattern generator signal out-
put to the distortion analyzer input. Connect a
0.2-µf capacitor across the distortion analyzer
input. Connect the oscilloscope to the collector
of Q6 on 1A2A6 (fig. 2-8). Connect another
0.2-µf capacitor from the collector of Q6 to
power supply ground. Adjust the oscilloscope for a
crossover pattern.

Note. A crossover pattern is obtained by setting
the oscilloscope sweep generator to twice the fre-
quency of the input signal. Expand the sweep as re-
quired to observe the crossover.

b. Set the pattern generator controls as fol-
lows:

CURRENT SELECT switch ----------30 POLAR
MESSAGE SELECT switch-------------DOT CY
RATE switch---------------------75
DISTORT SELECT switch-----------OFF
POWER switch-----------------------------------115V ON
% DISTORT control-----------------N/A
MESSAGE TRANSMIT switch---------ON

c. Set the distortion analyzer controls as fol-
lows:

Control

RATE switch------------------75
CURRENT SELECT switch-----.30 POLAR

Control Position

F I L T E R - - - - - - - - - - - - - - O U T
DISTORTION SELECT switch------N/A
TRANSITION SELECT switch--------N/A
POWER switch-------------------------ON 115V

d. Adjust 1A2A6R8 (fig. 3-1) to control
the dc level of the trigger point and 1A2A6R11
to control the hysteresis of the output of the
Schmitt trigger. Adjust the two resistors until
the crossover occurs at the 0-volt level.

e. Set the FILTER switch to IN. Connect the
oscilloscope to the junction of R1 and R5 on
1A2A6 (fig. 2-8), Adjust 1A2A5R4 (fig. 3-1)
to center the signal on the 0-volt (ground) lev-
el.

f. Connect the oscilloscope to the collector
of Q3 on 1A2A6 (fig. 2-8). Disconnect the 0.2-
µf capacitor from the collector of Q6 and con-
nect it between the collector of Q3 and chassis.
Adjust 1A2A5R10 and 1A2A5R12 (fig. 3-1)
as described in d above.

3-3. Adjustment of BIAS ADJUST control
1A1R2

(fig. 2-17)

Note. The following procedure assumes that the
Schmitt triggers (STA-1 and STA-2, para 3-2) have
been adjusted.

Set up the pattern generator and distortion
analyzer as directed in paragraph 3-2. Set the
pattern generator CURRENT SELECT switch
to 20. Set the distortion analyzer DISTOR-
TION SELECT switch to PEAK TOTAL.
Adjust BIAS ADJUST control 1A1R2 (fig. 3-
1) for zero indication on the PERCENT DIS-
TORTION meter.

Change 2 3-1

Control Position

Position



TM 11-6625-620-45-2

Figure 3-1. Adjustment locations.

3 - 4

a.

Adjustment of Meter Adjust Screw
1A2A15R15

Connect the distortion analyzer to an ac
power source and set the controls as indicated
in paragraphs 3-2 and 3-3. (Do not apply an
input signal.) Remove assembly 1A2A15 and
insert extender card assembly 1A2A7 into its
place. Insert assembly 1A2A15 into the extend-
er card.

b. Depress the distortion analyzer RESET
switch, and then momentarily connect a lead be-
tween power supply ground and the base of transis-
tor 1A2A15Q6 (fig. 2-9). Adjust 1A2A15R15 for a
25-percent indication on the PERCENT DISTOR-
TION meter. Momentarily connect a lead from
power supply ground to the base of each transistor
1A2A15Q1 through 1A2A15Q5. Note the meter
indication (49.2 percent nominal). Adjust
1A2A15R 15 to halve the error between the 25-
percent and 49.2-percent indications.
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CHAPTER 4

GENERAL SUPPORT TESTING PROCEDURES

4-1. General

a. These testing procedures are prepared for
use by Signal Field Maintenance Shops and Sig-
nal Service Organizations responsible for gen-
eral support maintenance of electronic equip-
ment to determine the acceptability of repaired
equipment. These procedures set forth specific
requirements that repaired electronic equip-
ment must meet before it is returned to the
using organization. A summary of the perform-
ance standards is given in paragraph 4-9.

b. Each test depends on the preceding one
for certain operating procedures and, where ap-
plicable, for test equipment calibration. Comply
with the instructions preceding the body of
each chart before proceeding to the chart. Per-
form each step and each test in sequence, Do
not vary the sequence. For each step in a test,
perform all actions required in the Control set-
tings columns, and then perform each specific
test and verify the results against the appro-
priate performance standard.

Warning: Voltages up to 230 volts exist on
some terminals of this equipment. Serious in-
jury or death may result from contact with
these terminals.

c. When performing tests, do not set the TS-
799/UGM-1 and TS-800/UGM-1 POWER
switches to ON until after all connections have
been made. Set the POWER switches to OFF
before disconnecting or changing any connec-
tions. Return switches to ON when ready to
make measurement.

d. When directions for setting controls are
not given in either Control settings column, the
controls may be set to any position. However,
if the control had been set to a particular posi-
tion in a previous step, do not change the con-
trol setting.

4-2. Test Equipment, Tools, and Materials

Test equipment, tools, materials, and other
equipments required for the general support
testing procedures (listed in the following para-
graphs) are authorized under TA 11-17 and TA
11-100 (11-17).

Note. Specific models and types of test equipment
were used to perform the general support testing
procedures. If these testing procedures are followed
using other models or types of test equipment, test
results may differ from those given in the procedures.

a. Test Equipment. The following is a list
of the test equipment required for general sup-
port tasting procedures:

Nomenclature National stock number Technical manual

Multimeter TS-352B/U . . . . . . . . . . 6625-00-553-0142 TM 11-6625-366-15
Test Set, Teletypewriter 6625-00-965-0196 TM 11-6625-620-45-1

TS-799/UGM-1.

b. Tools and Materials.

Tools and Materials National Stock No.
Tool Kit, Electronic Equip- 5180-00-610-8177

ment TK-105G
Wire, hookup, insulated, —

No. 18 AWG (30 ft.)
Plug, Phone PJ-055B, (2) —
Cable, Power C5471079 5995-00-941-2359

4-3. Test Facilities

a. IF power cable C5471079 is furnished by the

depot maintenance activity according to current
BILI directions. Use this cable instead of the one
supplied. During the procedures that follow, this
will serve as a suitable electrical check of this
cable. If not furnished, use the cable supplied with
the equipment.

b. An ac power-source is required that will pro-
vide 115 or 230 volts at 50-400 Hz. There are no
special procedures for connecting the unit to the
power source.
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4-4. Fabrication of Test Cable

Fabricate the test cable required for the dis-
tortion generation test as follows:

a. Cut two pieces of No. 18 AWG hookup
wire, each 4 feet long.

b. Strip 1/2 inch of insulation from each end
of each cable.

c. Connect the 4-foot wires to the two type
PJ-055B plugs.

4-5. Modification Work Orders

The performance standards in the tests as- 
sume that no modification work orders
(MWO’s have been performed on the equip
ment. If a modification work order is per-
formed on the equipment an allowance must
be made for any test comnections or test results
that may differ from those given in these test
procedures.
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CHAPTER 5

DEPOT MAINTENANCE

5-1. General

Depot maintenance consists of rebuilding the
TS-800/UGM-1. Final teats for a rebuilt TS-
800/UGM-1 are the same as those for general
support (ch. 4). The tools and test equipment
required for depot testing are the same as those
for general support.

5-2. Maintenance Procedures

Restore the appearance, performance, and
life expectancy of the TS-800/UGM-1 to a

standard comparable to that of new equipment
by performing the following procedures.

a. Disassemble the TS-800/UGM-1 as re-
quired.

b. Inspect all park
c. Repair or replace any worn, unserviceable

part with a part that conforms to the original
manufacturing tolerances and specifications.

d. Reassemble the TS-800/UGM-1.
e. Perform the general support testing pro-

cedures (paras 4-6, 4-7, and 4-8).
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COLOR CODE MARKING FOR MILITARY STANDARD RESISTORS

Figure 5-1. MIL-STD resister color code markings.
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CHAPTER 6

DEPOT OVERHAUL STANDARDS

6-1. Applicability of Depot Overhaul
Standards

The tests outlined in this chapter are designed
to measure the performance capability of a re-
paired distortion analyzer. Equipment that is to
be returned to stock should meet the stand-
ards given in these tests.

6-2. Applicable References

a. Repair Standards. Applicable procedures
of the depot performing these tests and the gen-
eral standards for repaired electronic equip-
ment given in TB SIG 355–1, TB SIG 355–2,
and TB SIG 355–3 form a part of the require-
ments for testing the distortion analyzer.

b. Technical Publications. The technical” pub-
lications applicable to the equipment to be
tested are indicated below.

Equipment and subject Publication
Test Set, Teletypewriter TM 11-6625-620-12

AN/UGM-1,

Equipment and subject
Organizational

Publication

Maintenance.
Organizational, Direct TM 11-6625-620-25P-2

Support, General
Support, and Depot
Maintenance
Repair Parts and
Special Tools List,
Test Set, Teletypewriter
TS-800/UGM-1 (P/O
Test Set, Teletypewriter
AN/UGM-1).

c. Modification Work Orders. Perform all
modification work orders applicable to this
equipment before making the tests specified.
DA Pam 310-7 lists all available MWO’s.

6-3. Depot Overhaul Standards

Perform the tests listed in chapter 4 to check
the operation of the distortion analyzer. If
meter indications are not within tolerance
given, make necessary adjustments (ch. 3) cor-
rect the trouble before attempting any repair
procedures.
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6-3Figure 6-1. MIL-STD capcitor color code markings.
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Figure 6-2. Teletypewriter Test Set TS-800/UGM-1, block diagram
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Figure 6-3.
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Figure 6-3. (2)



6-11/(6-12 blank)

Figure 6-4. Input circuits and transition-sampling circuits, schematic diagram.
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Figure 6-5. Time-base circuits, schematic diagram.



Figure 6-6. Digital timebase circuits, schematic diagram.
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Figure 6-7.
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Figure 6-9.
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Figure 6-10. Power supply, schematic diagram.
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Figure 6-11. Baud distributor circuits, schematic diagram.
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Figure 6-12.
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Figure 6-13. TS-800/UGM-1, wiring diagram.



APPENDIX

REFERENCES

Following a list of applicable references available to the general support and depot maintenance repairman
of Test Set, Teletypewriter TS-800/UGM- 1.

DA Pam 310-1 Consolidated Index of Army Publications and Blank Forms
DA Pam 738-750 The Army Maintenance Management System (TAMMS)
FM 11-62 Communications, Electronics Fundamentals: Solid State Devices and Solid State

Power Supplies
TA 11-101 (11-158) Allowances for Signal Corps Expendable Supplies for Signal Depot Company
TB SIG 222 Solder and Soldering
TB SIG 355-1 Depot Inspection Standard for Repaired Signal Equipment
TB SIG 355-2 Depot Inspection Standard for Refinishing Repaired Signal Equipment
TB SIG 355-3 Depot Inspection Standard for Moisture and Fungus Resistant Treatment
TM 11-1214 Instruction Book for: Oscilloscope OS-8/U
TM 11-6625-366-10 Operator’s Manual for Multimeter TS-352B/U (NSN 6625-00-553-0142)
TM 11-6625-366-15 Operator’s, Organizational, Direct Support, General Support and Depot Main-

tenance Manual: Multimeter TS-352B/U
TM 11-6625-539-15 Operator, Organizational, Field, and Depot Maintenance Manual: Transistor Set,

TS-1836/U (NSN 6625-00-168-0954)
TM 11-6625-620-12 Organizational Maintenance Manual: Test Set, Teletypewriter AN/UGM-1 (NSN

6625-00-965-0195)
TM 11-6625-620-40P-2 General Support Repair Parts and Special Tools Lists for Test Set, Teletype-

writer, TS-800/UGM-1 and TS-800A/UGM-1 (NSN 6625-00-965-0197)
TM 11-6625-620-45-1 Limited Coverage, General Support and Depot Maintenance Manual: Test Set,

Teletypewriter TS-799/UGM-1
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