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CHAPTER 1
THEORY

Section .

1. Scope

a. This manual covers field and depot main-
tenance for Frequency Meter AN/TSM-16. It
includes instructions appropriate to fourth and
fifth echelons for troubleshooting, testing, and
repairing the equipment, and for replacing
maintenance parts. It also lists tools, materials,
and test equipment for fourth and fifth echelon
maintenance. Detailed functions of the equip-
ment are covered in the theory section.

b. The complete technical manual for this
equipment includes one other publication, TM
11-6625-218-12.

¢. Forward comments concerning this man-
ual to the Commanding Officer, U, S. Army
Signal Publications Agency, Fort Monmouth,
N. J.

d. For applicable forms and records, see
paragraph 2, TM 11-6625-218-12.

2. Basic Signal Path, Block Diagram
(fig. 1)

Frequency Meter AN/TSM-16 is a high-
speed electronic counter used to test and meas-
ure the generated frequency of carrier tele-
phone, telegraph, teletypewriter, and similar
equipment. It will automatically count and dis-
play, in numerical form, any number of events
(from 20 to 1,000,000 per second) which can
be coupled to it as voltage changes. The equip-
ment can also be used to measure the time
interval which has elapsed between the time of
application of two distinet externally applied
start and stop pulses. Basic signal paths for
counter operation are shown in the simplified
signal path block diagram (fig. 1). The fre-
quency meter consists of seven basic funetional
sections, as described below.

a. Input Trigger Channel. When the equip-
ment is used to count the frequency of exter-
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BLOCK DIAGRAM

nally applied signals, the input trigger chan-
nel receives the applied signal and modifies its
waveform into a series of positive and negative
output pulses, corresponding in frequency to
that of the applied signal.

b. Clock Pulse Generator.

(1) The clock pulse generator provides
timing pulses at intervals of 0.0001,
0.¢01, 0.01, 0.1, 1, or 10 seconds. These
timing intervals control the opening
and closing of the gate, and permit in-
coming signals to be counted for ac-
curate intervals of time.

(2) In addition, when the equipment is set
up for self-checking or for making
time-interval measurements, the ex-
ternally applied signal is disconnected
from the input trigger channel. The
output of the clock pulse generator,
operating at its fundamental fre-
quency of 100 kilocyeles (ke), is
coupled  to the input trigger channel.
With front panel controls properly set,
the numerical readout will show a
count of 100,000 cyeles in 1 second,
indicating proper operation of the
equipment. See paragraph 4 for theory
of time-interval measurements.

c. Gate Circuit. Another output of the input
trigger channel is coupled to the gate circuit.
The gate circuit also receives the start and stop
puises from the clock pulse generator. In the
absence of a starting pulse, the gate stage within
the gate circuit is blocked, and no input pulses
are coupled to the remainder of the circuitry.
When a starting pulse is applied, the gate cir-
cuit is opened for a period of time determined
by the setting of a front panel switch, and the
gate circuit passes the input pulses to the
counters and numerical indicator tubes.

AGO 3508A



9

Bl

FREQ,COUNT

OR
SCAN COUNT]
INPUT lgo;&c
N IGNAL
SRk FUNCTIO

PULSES TO BE
COUNTED

B

TRIGGER
CIRCUITS

RESET
TRIGGER

CIRCUIT

CLOCK
PULSE
GENERATOR

START-STOP
PULSES

six
COUNTERS
GATE »_ GATED INTE
CIRCUIT PULSES NUMERICAL
INDICATORS
RESET
SIGNAL
+220V DC
+ 180V DC
115V AC POWER
CIRCUIT o > SUPPLY +120V DC
230V AC —acine
~120V DC

TME6625~218-35-1

Figure 1. Simplified signal path, block diagram.

d. Meter Circuit. The output of the input
trigger channel is coupled to the meter circuit
to obtain an indication of signal level. This
indication assists the operator in the proper
setting of the front panel SENSITIVITY con-
trol.

e. Reset Circuit. When the equipment is set
up for automatic display, it is necessary to reset
the counting circuit to zero electronically after
each count. This is accomplished by the reset
circuit, which receives the reset trigger pulse
from the gate. Reset voltages are generated at
the end of each display period and are coupled
to the gate circuit and to the counters, thereby
enabling them to recycle for the reception of
succeeding input signals. In the manual mode
of operation, the numerical indicators retain
the readout for an indefinite period. Resetting
is accomplished manually by pressing and re-
leasing the front panel RESET switch. This
produces the identical reset voltage as is used in
automatic display operation.

f. Counters and Numerical Indicators. The
gated pulses from the gate circuit are applied
to the six counters and numerical indicators.
The counters are connected in cascade. The
units Nixie indicator registers incoming counts,
with the 10th count also being automatically
coupled to the succeeding tens counter. Like-
wise, the second through the fifth counters auto-
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matically count and couple each 10th output to
the hundreds, thousands, ten-thousands, and
hundred-thousands counters, respectively.

g. Power Supply. The internal power supply
operates on input power of either 115 volts al-
ternating current (ac) or 230 volts ac, 50 to
1,000 cycles per second (cps). A toggle switch
on the rear panel selects the appropriate input
power available. An electronically regulated
supply produces positive 120-volt and negative
60-volt direct current (dc). Unregulated poten-
tials of positive 220 volts, 180 volts, and nega-
tive 120 volts are also produced for use by less
eritical circuits.

3. Detailed Signal Path Block Diagram,
Frequency Count Operation

(fig. 2)

Figure 2 is a block diagram which shows de-
tailed operation of the equipment when used as
a frequency counter. The block diagram shows
five basic sections. (The reset and power supply
circuits are omitted from the discussion.) A
separate block diagram (fig. 18) is provided
for analysis of the resetting function,

a. Clock Pulse Generator. The clock pulse
generator consists of 10 stages, with the last
stage consisting of a complete plug-in assembly,
clock counter A 301. The clock pulse generator
starts with a 100-k¢ signal developed by crystal

3



CLOCK PULSE GENERATOR

DIVIDE - DIVIDE- DIVIDE~ DIVIDE- DIVIDE -
BY-2 BY-5 BY-2 BY-5 BY-10 CLOCK
STAGE §—| STAGE STAGE f—e STAGE STAGE COUNTER
VIoS Vi06 VIO7 V108 Vill A 301
12AT7WA I2AT7WA 12AT7WA 12AT7WA 12AT7WA !
===y | EEeassoree s = -J
v
I SEC (1 CPS)
Y
o olOSECLICPS)
S0p0) S0 [MULTIPLY FREQUENCY BY]
N[e]}
TIME-SECONDS] S104
DR E-SECONDS] S10
INPUT CLOCK PULSES =
R211 L Sk
SENSTIVITY]S N
9 COUNT +120V
+ SEGMENT c%‘tﬁ‘wui,m | | DC
Y TEST T.LM, AL
! 4~ SEGMENT
T 7 FUNCTION
l__. ______________ .L,.....___ =Sl030N E e e s e
¥ START PULSE —> STOP PULSE —>
JI02
I +120v -], ! e |
i oC T b1 INgECTION INJECTION I
] i R214 | || RECTIFIER l I DIOeDE el?gaz I
>~ I
iyl 17 wasraer (1/2)5726/ 1/2)5726/
= 6ALSW : ! SALSW 6AL5W |
| | |
| |
I : |
\ PROTECTIVE GATE
b DIODE L BSIL‘)S& CONTROL |
: 184 VIISA b 5 BINARY ]
1/2)5726/
, Heeyis 12T 7wa T TWA
INPUT CATHODE TSR'&%FER t
AMPLIFIER FOLLOWER VI3, VIi3B I e OPEN-CLOSE ——l |
I 2 AT7WA w ggg;w SALCWA. &1 P! S GATE :
| 2 A 01/2)5687WA VIBVIIT
| 5725/
6ASEW,
o B 5726/ 1
: Y I - 6AL5W |
INPUT "TRIGGER CHANNEL | METER CIRCUIT I I GATE cmcuar p l
__PULSES TO BE COUNTED i
H T S T =T T i == i =i iy 1
I COUNTERS AND NUMERICAL INDICATORS i
I I
| i
| |
| 0 6 e 9 G I
l HUNDRED TEN THOUSAND HUNDRED DECADE UNIT l
: THOUSAND THOUSAND 1
L |

Figure 2. Detailed signal path for frequency counting, block diagram.

TM6625-2i8-35-2

AGO 3508A

L



oscillator V103 and divides this fundamental
frequency by decades into lower frequency sig-
nals of 10 ke, 1 ke, 100 cps, 10 ¢ps, and 0.1 cps.
The purpose of this division is to permit the
selection of the reciprocal of any one of the six
divided frequencies as the counting interval.
For example: the 0.1-cps signal is selected by
rotating the MULTIPLY FREQUENCY BY/
TIME-SECONDS switch (hereafter abbrevi-
ated to TIME-SECONDS switch) to the 10-
second position. Under this condition, the gate
circuit will permit the applied input signal to
be coupled to the counters for repetitive inter-
vals of 10 seconds each. In addition to 100-ke
crystal oscillator V103, the clock pulse gener-
ator includes the following stages:

(1) A shaper one-shot multivibrator,
V104, which produces modified output
pulses of constant amplitude.

(2) A divide-by-2 stage, V105, and a
divide-by-5 stage, V106, divide the
100-kc input signal by 10. The result-
ing 10-kc signal is coupled to the next
division stage and to the 0.0001-second
interval position of S104.

(3) Another divide-by-2 stage, V107, and
another divide-by-5 stage, V108, divide
the 10-ke signal from V106 by 10. This
1-ke signal is coupled to the next divi-
sion stage and to the 0.001-second-in-
terval position of S104.

(4) Three individual divide-by-10 stages,
V109, V110, and V111 couple 100-cps,
10-cps, and 1-cps signals, respectively,
to both the succeeding stage and to the
0.01-, and 0.1-, and 1-second-interval
positions of S104.

(5) Because of the slow time interval of
the input signal (1 cps), a special
type of binary circuit, with feedback,
is required in clock counter A 301 to
produce the 0.1-cps (equivalent to a
counting time of 10 seconds) output.
Clock counter A 301 is a four-stage,
plug-in, divide-by-10 circuit.

b. Input Trigger Channel. With FUNCTION
switch S103 in the TEST or T.I.M. position, the
100-ke signal from ecrystal oscillator V103 is
coupled into the input trigger channel. With
switch S103 set in the FREQ. COUNT or SCAN
COUNT position, the 100-ke crystal oscillator
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signal is disconnected from the channel and an
external signal applied to COUNTER INPUT
jack J101 is coupled to the input trigger chan-
nel. The amplitude of the externally applied
signal is adjusted by SENSITIVITY control
R211. The input signal is then ecoupled to the
following circuitry :

(1) Input amplifier V112, which amplifies
the signal and provides an adjustable
de level set by TRIGGER VOLTAGE
control R214.

(2) Cathode follower V113A, which ac-
cepts the incoming signal and drives
both the meter circuit and the trigger
stage.

(3) Trigger stage V115-V113B, a voltage
discriminator circuit, modifies the in-
put and develops a series of positive
and negative pulses (at the same fre-
quency as the input signal). These
pulses are coupled to the gate circuit.

¢. Meter Circuit. The meter circuit receives
the output of cathode follower V113A. The in-
coming signal is rectified, and is applied as a
dec potential to INPUT LEVEL meter M101. A
protective diode is connected in shunt with the
meter to protect the meter from damage by
strong input signals.

d. Gate Circuit. The gate circuit consists of
five stages. Its input signal depends on the
position of FUNCTION switch S103.

(1) When the FUNCTION switch is in the
TEST or FREQ. COUNT position,
injection diodes V118A and V118B
receive their inputs from one of the
division stages in the clock pulse gen-
erator. In figure 2, TIME-SECONDS
switch S104 is set at 1. This connects
the output of divide-by-10 stage V111
(a frequency of 1 cps or a period of
1 second) to the two injection diodes.
The five other positions of S104 are
used to pick up the output of the five
other division stages in the clock pulse
generator, as determined by the op-
erator. The output of diode V118A is
coupled to start binary V119, result-
ing in a flip-flop action in V119. The
output pulse from V119 is coupled by
gate control binary V120 to gate stage
V116-V117. This action opens the gate
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and enables the externally applied
signal from trigger stage V115-V113B
(b(3) above) to pass through the
gate stage and into the counters. In-
jection diode V118B, however, also
affects gate control binary V120, The
output from diode V118B restores
V120 to its original condition (an
action which occurs at the end of the
timing interval) and effectively closes
the gate.

(2) When the FUNCTION switch is in
the SCAN COUNT position, opera-
tion is similar to that described in (1)
above, except that no stop pulse is
coupled to injection diode V118B.
Cumulative counting will continue as
long as the FUNCTION switch re-
mains in the SCAN COUNT position.
To stop the cumulative count, the
FUNCTION switeh can be rotated to
COUNT OFF, which disconnects the
input signal from the input to the
gate circuit. Another method of stop-
ping a cumulative count is to rotate
the FUNCTION switch to the FREQ.
COUNT position; in this position, the
next clock pulse will stop the count.

(3) When the equipment is used for time-
interval measurements (T.I.M. posi-
tion of S103), the input-to injection
diode V118A consists of the signal
coupled to T.I.M. START jack J102,
and the input to diode V118B consists
of the signal coupled to T.I.M. STOP
jack J103. The gate circuit will be
open for the duration of time between
the start and stop pulses.

e. Counters and Numerical Indicators. The
counters and numerical indicators receive the
pulses that have been passed through the gate
circuit. The number of pulses received during
the time that the gate is open is registered in
one 1-megacycle (me) counter (the unit count-
er), and in as many as five 100-kc counters (the
tens, hundreds, thousands, ten-thousands, and
hundred-thousands counters), depending on the
frequency of the input signal. Each counter
registers its output on a numerical (Nixie) in-
dicator tube, with its 10th output also coupled
to a succeeding counter. The output of each

(-]

counter energizes electrodes in its Nixie tube,
and causes appropriate metallic numerals, with-
in the Nixie tube envelope, to be illuminated.
The display persists on the Nixie tubes from
the end of the counting interval until the reset
signal (par. 2e) returns the display to zero.

4. Time Interval Measurement Operation

a. Starting Signal Path. The start signal is
coupled from T.I.M. START jack J102 through
S103A, segment 1, and V118A into start binary
V119, causing this flip-flop stage to change its
condition of operation. As a result, the output is
coupled to gate control binary V120 which opens
the gate stage and permits signals to pass
through the gate.

b. Timing Signal Path, In this type of opera-
tion, the 100-kec output from ecrystal oscillator

V103 is coupled through input and trigger cir-

cuits V112, V113, and V115. Gate stage V116-
V117 passes the 100-kec signal to the counters
and numerical indicators as long as the gate is
open. The period of each cycle of this 100-ke
gignal is 10 microseconds; each cyele registers
one count on the display. Therefore, the time
interval between the start and stop pulses is
measured in units of 10 microseconds.

c. Stopping Signal Path. When the T.I.M.
stop signal ig coupled to injection diode V118B,
the output pulse closes the gate stage and pre-
vents the passing of any further timing signals
through the gate. Therefore, the numerical in-
dicators will show the number of units of time
(in 10-microsecond periods) which have elapsed
between the application of the start and the stop
signals. For example, if there is a readout of
800,000 after the stop signal, multiplying 800,-
000 by 10 microseconds gives a result of 8 sec-
onds; this indicates that there was an 8-second
time interval between the application of the
start and the stop signals.

5. Introduction to Stage Analysis

The general signal flow and functioning of
the basic sections of Frequency Meter FR-
114/U are discussed in this section. The follow-
ing sections cover a detailed analysis of each
stage in the frequency meter. Paragraphs 6
through 15 follow the signal path through the
input trigger channel, the meter circuit, the
gate stage, and the counters with their numeri-
cal indicators, Paragraphs 16 through 25 de-
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seribe the generation and switching of the con- control circuit and the reset circuit. Paragraph
trol pulses through the clock pulse generator. 37 describes the development and distribution
Paragraphs 26 through 36 describe the gate  of power.

Section 1l. INPUT TRIGGER CHANNEL AND
COUNTER CIRCUITS

6. Input Trigger Channel and Meter Circuit  from COUNTER INPUT jack J101 or from

(figs. 3 and 4) 100-kc oscillator V103.

a. Input Amplifier. Input amplifier V112 (1) When S103 is in the FREQ. COUNT
amplifies the incoming signal and establishes or SCAN COUNT position, the input
a threshold voltage determined by the operator. to V112 comes from COUNTER IN-
There are two possible inputs to the grid, pin 7, PUT jack J101 through blocking ca-
of V112. The position of FUNCTION switch pacitor C175 and SENSITIVITY con-
S5103B determines whether the input comes trol R211. The magnitude of this sig-
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R2I12 I e
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- 1 47K 220K
scau]\ 4Tl g 1 TRIGGER
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CATHODE N TRIGGER STAGE —/ NOTE:
FOLLOWER VII5 vii3s === DENOTES SIGNAL PATH.
VII3A GAUGWA (172)5687TWA
(I72) S5687TWA
TME625-218-35-4

Figure 3. Input trigger channel, simplified schematic diagram.
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nal is controlled by adjusting the set-
ting of R211. Stage V112 is a cathode-
coupled voltage amplifier with an ad-
justable dc level maintained across its
output. Resistor R218 is the cathode
resistor for the cathode follower por-
tion of V112, and is connected to the
minus 60-volt line. Resistor R217 is
the output plate load resistor; R216
is the plate decoupling resistor. Ca-
pacitor C178 and resistor R228 make
up a plate decoupling network to iso-
late the input trigger channel signals
from the B4 line. Resistors R213,
R214, and R215, in series with R228,
form a voltage divider from B+ to
ground. The setting of TRIGGER
VOLTAGE control R214 determines
the positive bias applied to the grid,
pin 2, of amplifier V112A. Capacitor
C176 bypasses transient pickup volt-
ages o ground The output from the
plate, pin 1, is coupled to the grid of
V113A through peaking coil L104,
Peaking Coil L.104 prevents fall-off in
response of the input amplifier at fre-
quencies above 500-ke. In certain
early-model frequency meters, this-coil
is not used. Serial numbers of these
frequency meters are 1-37, 42, 43, 46,
48, 49, 53, 64, 65 and T7.

(2) When S103 is set in the TEST or
T.I.M. position, the 100-ke signal is
coupled from oscillator V103 to the
grid, pin 7, of input amplifier V112.
Resistor R212 is switched into the
circuit as a grid impedance resistor
for V112B. Operation of the circuit is
identical with that deseribed in (1)
above,

(3) When S108B is set in the COUNT
OFF position, the grid, pin 7, of V112B
is grounded through segment 1 to
avoid stray pickup.

b. Cathode Follower V113A. Cathode fol-
lower V113A isolates the following meter stage
(V114) and trigger stage (V115-V113) from
the input circuits by providing a high-imped-
ance input for the signal developed across V112
plate load resistor R217, and a low-impedance
output for the signal developed across cathode

resistor R219. The output signal is de coupled
to V115, the first half of the trigger stage (¢
below). The signal is also coupled through
blocking capacitor C117 (fig. 4) to the meter
circuit (d below).

c. Trigger Stage V115-V1138B (fig. 3). The
purpose of the trigger stage is to modify the
signal of the frequency being measured so that
its output will be suitable for driving the six
counters and their associated numerical indi-
cators. This stage is a Schmitt trigger, with the
circuit constants establishing the voltage re-
quired for triggering. When the input signal is
of the proper amplitude, the trigger flips, result-
ing in a sharp output pulse with short rise and
fall times. These characteristics are desirable
for pulses that must drive high-speed binary
counters. Detailed operation is as follows:

(1) The input to this circuit is an ac signal
superimposed on a dc level. The ac
signal is an amplified reproduction of
the voltage variations on the grid, pin
7, of input amplifier V112. The dc
level is determined by the voltage on
the grid, pin 2, of V112, which is set
by the TRIGGER VOLTAGE control.
As the TRIGGER VOLTAGE control
is rotated clockwise, the dc level is
lowered and a higher level of input
signal is required for triggering.
When the TRIGGER VOLTAGE con-
trol is rotated counterclockwise, V115—
V113B triggers at a lower level of in-
put signal.

(2) Feedback from V113B occurs through
the common cathode line, Resistor
R226 is the common cathode resistor.
Resistor R225 is the plate load for
V115. Peaking coil L102, shunted by
damping resistor R227, is the plate
load for V113B. Capacitor C181 and
resistor R229 couple the signal from
the plate of V115 to the grid of V113B.
Resistor R229 is also part of the volt-
age divider (R225, R229, R231) from
B+ to ground that biases grid pin 7
at a positive potential. Resistor R231
is the grid load resistor, and forms
part of the positive bias voltage
divider.
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(83) The loop gain is greater than one; the
circuit is regenerative and tends to
assume one of two stable stages, de-
pending on the amplitude of the volt-
age applied to V115 grid, pin 1.

(a) When the voltage at V115 grid, pin
1, is low, tube V115 is cut off, and
V113B, biased positive, conducts
steadily.

(b) When the voltage at V115 grid, pin
1, rises to the point where V115 be-
gins to conduct, the voltage drop
across resistor R225 (additional to
the drop caused by divider current
flow) lowers the voltage on V113B
grid, pin 7. The current through,
and the voltage across, R226 de-
creases, thereby reducing the bias
on V115. This regenerative action
further increases current through
V115 until V115 is fully conducting
and V113B is cut off. When the volt-
age on the V115 grid drops slightly
below the triggering value, the ac-
tion is reversed and the circuit is
rapidly restored to the condition
deseribed in (a) above.

(4) The difference between the level at
which a positive-going voltage change
triggers the circuit, and the lower level
at which a negative-going voltage
change causes the action to reverse,
determines the input sensitivity. To
trigger the circuit back and forth, the
input signal must pass through both
levels.

(5) Coil 102 differentiates the rapid cur-
rent changes of V113B to produce a
positive pulse at its plate, pin 9, when
V115 is triggered by a positive-going
voltage. A negative pulse is produced
at the plate when V115 is triggered by
a negative-going voltage. The output
pulses are coupled through C179 (fig.
5) to the control grid of gate stage
V116-V117.

d. Meter Circuit. The meter circuit (fig. 4)
consists of driver cathode follower V113A and
dual diode V114. The signal from V112 is
coupled through L104 to the grid of V113A.
The dual diode performs two separate funec-
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tions. One half, V114B, rectifies signals fed to
it from cathode load resistor R219 of V113A.
The cathode, pin 5, of V114B, is connected to
ground and conduets only on the positive half
of each input cycle, effectively shorting series
network R221, R222, and meter M101. The
meter indicates the relative amplitude of the
rectified signal. In the presence of strong input
signals, protective diode V114 A prevents meter
burnout by voltage divider action at the junc-
tion of R221 and R222. The plate, pin 7, of
V114A, is biased by —24 volts obtained from
the junction of R223 and R224. When a nega-
tive input signal of greater potential than —24
volts is coupled to the cathode, pin 1, V114A
conducts. As a result, diode plate current
through R224 to ground is in parallel to R222
and M101, preventing excessive current flow
through R222 to INPUT LEVEL meter M101.

CATHODE PROTECTIVE METER
FOLLOWER DIODE RECTIFIER
TETS Vil4A Vii4B
(1/2)5687WA  (1/2)5726/6ALSW (1/2)5726/6AL5W
+120V
ci77 R22|
22UF T %%ox
AMPLIFIED i 7
INPUT
FROM Vii2
OF INPUT ===
TRIGGER ¢ !
CHANNEL

INPUT R223
LEVEL| | - 47K
MIOI
R2I19 R224
22K et v o 33K
+
o = v —
-60V
NOTE:

DENOTES SIGNAL PATH.
TM6625-218-35-5

Figure 4. Meter cirveuit, schematic diagram.

7. Gate Stage, Detailed Analysis
(fig. 5)

The gate stage consists of pentdde V116, with
duodiode V117 operating as a clamp on V116
suppressor grid, pin 7. Resistors R232 and R233
make up a voltage divider connected between
—60 volts and ground, and from their junction
a fixed negative bias is applied to the grid, pin
1, of V116. This bias potential results in near
cutoff of V116. Resistor R234 is the sereen
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dropping resistor and C182 is the screen bypass
capacitor. Resistor R235, in series with peaking
coil L103, is the plate load resistor. In the
clamping stage, capacitor C183, shunted by
dropping resistor R237, couples the gate volt-
age from V120 (in the gate control circuit) to
the suppressor grid, pin 7, of V116.

a. While gate control binary V120 is in its
reversed condition (B section cut off, par. 27a
and b), the suppressor grid, pin 7, of V117 re-
ceives a voltage which is essentially at ground
potential. Gate stage V116 conducts and ampli-
fies the positive trigger pulses from V113B
through coupling capacitor C179. In this state,
the gate is open. Negative input pulses drive
V116 further into cutoff, and have little effect
on tube conduction. When the suppressor grid
voltage is negative, V116 cannot conduct even
though positive pulses appear on V116 control
grid, pin 1. In this state, the gate is closed. Both
the control grid and the suppressor grid of the
gate stage must receive proper polarity volt-
ages simultaneously for V116 to conduct. The
output of V116 consists of a series of negative
pulses which are coupled to 1-me counter as-
sembly A 501.

b. Diode V117 is a clamp for the suppressor
grid of V116. Its plates, pins 2 and 7, are tied
to the suppressor; its cathodes, pins 1 and 5,
are connected to ground. The diode will eonduct
only when the gate control voltage from V120
rises above ground potential. When the diode
conducts, the suppressor of V116 is held at
ground potential and V117 can conduct.

8. Beam Switching Tube, Introduction
(figs. 6 and 7)

a. The heart of the plug-in counters is the
beam switching tube, which is a 10-position,
high-vacuum, constant eurrent distributor. The
beam switching tube consists of 10 identiecal
arrays located radially about a central cathode
(fig. 6). Each array is made up of a spade which
automatically forms and locks the electron
beam ; an output target which makes the beam
current available; and a high-impedance switch-
ing grid which serves to switeh the beam from
target to target. A small cylindrical magnet is
permanently attached to the glass envelope to
provide an axial magnetic field. A large cylin-
drical magnetic shield (fig. 33) surrounds the
exterior of the assembly to prevent stray mag-
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Figure 5. Gate circuit, schematic diagram.
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netism from affecting tube operation. The shield
is integral with the tube and cannot be removed
from it.

CONSTANT CURRENT OQUTPUT
TARGET

AUTOMATIC BEAM FORMING

HIGH IMPEDANCE
AND LOCKING SPADE

./ SWITCHING GRID
-_: e

TM6625-218-35-7

Figure 6. Beam switching tube array.

b. The cylindrical cathode is in the center of
the tube in the longitudinal axis. Around this
are the 10 spades. Behind the gaps and between
the spades are the targets; in the gaps are the
grids. All electrodes run parallel to the axis
and to the magnetic field, so that the electric
field is at right angles to the magnetic field. The
spades are at positive potential, except when
current is drawn through them. Under this
condition, the potential of the spade drops
toward cathode potential. As the electrons move
outward from the cathode, they are deflected
by the magnetic field; therefore, they move in
a spiral and tend to follow an equipotential
path. As the electrons move to a zone of higher
potential, they gain velocity. The force from
the magnetic field becomes stronger and de-
flects the electrons toward the equipotential
line. If the electrons move into a zone of lower
potential, they lose velocity and the force of
the magnetic field is weakened. The electric field
can then deflect them back on course.

9. Beam Formation, Static Condition

The beam may be formed in any of its 10 on
positions by sufficiently lowering the potential
of the corresponding spade with either a dc
voltage or a high-speed pulse. The one spade
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which forms and locks the beam is near cathode
potential; the remaining ones are at B4. A de-
tailed explanation of beam formation follows:

a. If one spade is close to cathode potential
and the others are positive, the equipotential
lines will run between the low potential spade
and adjacent spades (fig. 7). The electrons fol-
lowing these equipotential lines will form a
beam and will be guided into the leading gap.

b. Most of the electrons will then reach the
target, but some will land on the spade. Under
this condition, both the spade and the target
will draw current.

¢. The fact that a spade can draw current
only when its potential is lowered gives it a
negative resistance characteristic. Paragraph
10 explaing how this characteristic is used in
the beam switching action.

g\W\

EQUIPOTENTIAL

PATH OF
ELECTRON

LAGGING GAP

LEADING SPADE LEADING GAP

NOTE: STATIC -ONE SPADE AT CATHODE POTENTIAL
TME625-218-35-8

Figure 7. Beam switching tube, formation of
electron beam.

10. Beam Formation, Dynamic Condition

a. When a beam has been formed on a spade,
it can remain there indefinitely, or it can be ad-
vanced. One method of advancing the beam is
by lowering the switching grid voltage to a
value where it will change the electric field in
the area between spades. In this way, enough
of the electron beam is diverted to the leading
spade to cause that spade voltage to be lowered.

b. The grid is, therefore, the electrode used
for sequential switching. It performs its fune-
tion without drawing any appreciable current.
Because of the grid shape and position, a nega-
tive voltage or pulse to the grid electrodes will
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effect very fast and uniform switehing. The
fixed polarity of the magnetic field determines
the direction of sequential clockwise switching
(fig. 6).

¢. In each position, the beam is affected only
by the individual grid with which it is asso-
ciated. The grids are connected in two groups:
the odd-numbered grids (1, 3, 5, 7, and 9) in
one group, and the even-numbered (0, 2, 4, 6,
and 8) in the other. (Odd and even numbers
refer to the associated numerals on the Nixie
indicator tube to which each array is con-
nected.) Therefore, it is possible to use a dec
input in push-pull or flip-flop fashion and still
obtain single-position stepping. In Frequency
Meter FR-114 U, a flip-flop stage, using high
input impedance cathode followers with low-
impedance outputs, drives the grids. Figures 8
and 9 show that the output of one cathode fol-
lower (V504A for the 1-mc counter, and V4A
for the 100-kc counters) drives all the odd-
numbered grids. The output of the second cath-
ode follower (V504B for the 1-me counter and
V4B for the 100-ke counters) drives the even-
numbered grids. Paragraphs 11 and 12 describe
the plug-in counters in detail.

11. The 1-Mc Counter, Circuit Description
(fig. 8)

The 1-mc counter is a plug-in circuit consist-
ing of binary V501, voltage dropping stages
V502-V503, cathode follower V504, and beam
switching tube V505.

a. Binary V501. Binary stage V501 (tube
tyvpe 5670) is a flip-flop multivibrator. The cir-
cuits of the tube halves, V501A and V501R, are
essentially symmetrical.

(1) The plates, pins 4 and 6, each have a
plate load resistor (R518 and R516,
respectively) connected to the +-180-
volt supply line through common de-
coupling resistor R501. The plates
have similar crossover networks, with
C503-R524 coupling an output from
the plate, pin 4, to the grid (pin 7) of
the opposite half of the tube. Network
C502-R517 couples an output pulse
from the plate, pin 6, to the opposite
grid, pin 3.

(2) In the grid eircuits, diodes CR501 and
CR502 pass incoming negative pulses
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from gate stage V116 via coupling
capacitor C506 to the grids, pins 7 and
3, respectively, of binary V501. One
grid, pin 3, is tied to the —120-volt
supply line through R525 and R526;
the other grid, pin 7, is tied to the same
voltage source through R519 and
R521. Capacitor C505, at the junction
of R519 and R521, couples a reset
pulse to the grid of V501 (par. 12b).

(3) In the cathode circuits, R522 is the
common cathode resistor for both
halves of the tube; capacitor C504 is
the bypass capacitor. Resistor R523
couples cathode voltage to diodes
CR501-CR502. This biases the diodes
to a level that must be exceeded by the
incoming pulse before diode conduc-
tion can occur.

b. Voltage Dropping Stages. Voltage drop-
ping stages V502 and V503 are neon lamps
connected between the plates, pins 4 and 6 of
V501, and the grids, pins 2 and 7, respectively,
of cathode followers V504A and V504B. Neon
lamps, when conducting, maintain a constant
voltage drop over a range of current values,
When the rising potential at the V501 plate
reaches the striking voltage of the neon lamp,
the remainder of the leading edge of the pulse
and the pulse plateau are coupled through the
low resistance of the neon lamp (reduced by a
fixed dc potential). Because neon lamps cannot
respond rapidly enough to pass high-frequency
square waves, they are bypassed by capacitors
C507 (for V502) and C508 (for V503). The
capacitors couple the sharp leading edge of the
input pulse and high-frequency signals. All in-
coming pulses must pass through the 1-me
counter and therefore the neon light-capacitor
combination must be capable of passing this
wide range of frequencies without appreciably
changing the V501 plate waveshapes.

c. Cathode Follower V504. The plates, pins 1
and 6, of cathode follower V504 are directly
connected to the 180-volt B line. The grids,
pins 2 and 7, are connected to the —120-volt
supply line through grid resistors R527 and
R529, respectively. Cathode resistors R528 and
R531 develop the signal voltage for V504A and
V504B, respectively. These cathode load re-
sistors are also connected to the —120-volt line.

AGO 3508A
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d. Beam Switching Tube V505. The even-
numbered grids (par. 10c¢) are connected to the
cathode load resistor of V504B and the odd-
numbered grids are connected to the cathode
load resistor of V504A. Each spade has an iden-
tical value load resistor, consisting of R502
through R510 for spades 0 through 8. For spade
9, the load resistor is made up of two equal
value resistors, R511 and R512. The reset pulse
(par. 12b) is received through C511 at the
junction of the two resistors. All load resistors
are connected through dropping resistors R513
and R501 to the common -180-volt supply line.
In the cathode circuit, R515 conneects the cath-
ode, pin 27, to the —120-volt line. Capacitor
C510 couples the clear pulse (par. 36) to the
beam switching tube to allow it to be cleared of
all counts. The constant current output of each

~target is applied in order to numerals 0 through
9 in the Nixie indicator tube. Each 10th count
is also coupled into the succeeding counter. The
output signal from target 0 (V505, pin 17)
couples driving voltage to the succeeding
counter through terminal 1 (at the bottom of
printed circuit board assembly A 501), and
through terminal 1 of mating connector J106,
to the input of first 100-ke counter assembly
A 601.

12. The 1-Mc Counter, Circuit Operation

a. Beam Switching Action. Immediately after
reset (b(2) below), V501B is cut off and
V501A is conducting. With V501A conducting,
the plate, pin 4, is lowered in potential. This out-
put is dc coupled to the grid, pin 7, of V501B
and holds V501B in its cutoff condition. The
plate, pin 6, of V501B will be at a higher poten-
tial ; this voltage, which is de coupled to the grid
of V501A, keeps V501A conducting. As long as
the stage is not disturbed, it will hold itself in
this state indefinitely. This condition will be re-
ferred to as the even state. A detailed step-by-
step analysis follows:

(1) Because of the symmetry of the cir-
cuit, there is another possible stable
state, with V501B conducting, and
V501A cut off. This condition is re-
ferred to as the odd state.

(2) When a negative pulse is received
from gate V116 while the stage is in
the even state, this pulse is coupled
to V501A grid, pin 3, by capacitor
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(3)

(4)

(5)

C506 and diode CR502. The pulse is
amplified and inverted by V501A and
coupled by capacitor C503 to V501B
grid, pin 7.

Under this condition, V501B will start
to conduct and the potential at V501B
plate, pin 6, drops. This change in po-
tential is coupled to the V501A grid
and cuts off V501A. The stage will
then be in the odd state.

The next pulse from gate stage V116
will, in a similar manner, be coupled
to the V501B grid, via C506 and
CR501, and cause the stage to return
to the even state.

The output voltages, at pins 6 and 4
of binary V501, are coupled by voltage
dropping stages V503 and V502 to the
grids of cathode followers V504B and
V504A, respectively. The voltages at
these grids will be the voltages at the
plates of V501, reduced by a fixed de
potential. The cathodes, pins 3 and 8§,
of V504 follow the grid wvoltage
changes, and couple output voltages
to the odd-numbered and even-num-
bered grids, respectively, of beam
switching tube V505. Detailed circuit
action is then as described below:

(a) In the even state, the odd grids of

V505 are negative and the even
grids are positive. In the odd state,
the even grids of V505 are negative
and the odd grids are positive. In-
itially, with the zero grid positive,
the beam is formed upon the zero
spade and target and the beam re-
mains there as long as the even state
persists. When the first pulse is re-
ceived, the transfer to the odd state
takes place, as described above, and,
with the zero grid becoming nega-
tive, the beam is forced to shift to
the No. 1 position.

(b) In the odd state, the odd grids (in-

cluding the No. 1 grid) are positive.
Therefore, the beam will remain on
the No. 1 target. When the second
pulse is received, a transfer back to
the even state will take place, and
the beam will be forced ahead to
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the No. 2 position. In a similar
fashion, each succeeding pulse
causes a change of state and forces
the beam ahead by one position. The
overall action is like that of a step-
ping relay which switches ahead one
contact for each input pulse. The
outputs are the targets to which
most of the electrons pass.

(¢) When the grids of beam switching
tube V505 are driven negative, the
beam is deflected to the succeeding
gap. Once in the gap, the target be-
comes activated and illuminates the
corresponding numeral within the
Nixie tube. When the grids of V505
are driven positive, the beam will
remain on a particular target, and
its associated numeral within the
Nixie tube remains illuminated.

U. Resetting Action. To reset the 1-me count-
er, the beam switching tube must be cleared of
any existing count which it is registering. The
tube ean then be reset to accept the next series
of input pulses to be counted. The following
description covers the clearing and resetting
actions:

(1) The electron beam is destroyed by
applying a positive pulse of relatively
large amplitude to the cathode. This
prevents electrons from leaving the
cathode surface. A positive-polarity
clear pulse is developed within reset
generator V123 (par. 36) and is
coupled through capacitor C510 to
the cathode of the beam switching
tube. Because the clear pulse has a
duration of less than 1 microsecond,
the cathode of V505 can return to its
normal emitting condition immedi-
ately after application of the clear
pulse.

(2) Within 1 microsecond after the ap-
plication of the clear pulse, a negative
reset pulse (also produced by reset
generator V123) is coupled through
pin A of receptacle J106 (and the
mating bottom terminal of printed
circuit board assembly A 501) to the
junction of capacitors C505 and C511.
The negative pulse is coupled through
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C505 and grid resistor R519 to the
grid, pin 7, of V501B, resetting this
half of the binary to the even state.
This action results in driving the even
grids of V505 positive, and the odd
grids of V505 negative.

(3) The negative reset pulse is also
coupled through capacitor C511 to the
junetion of resistors R511 and R512,
at the No. 9 spade (V505, pin 19). By
this action, the beam starts to form in
position nine. However, the No. 9 grid,
along with all other odd grids, is now
at a negative potential ((2) above),
and the beam is instantly switched to
the zero position. The beam remains
in the zero position, because the No. 0
grid, along with all other even grids,
is positive. The beam switching tube
is now ready for the counting ae-
tion to begin again when the next
series of incoming pulses for the
timing period selected by the TIME-
SECONDS switch is applied.

13. Counter, 100-Ke, Circuit Description
(fig. 9)

Five identical 100-ke¢ plug-in counters are
used in the display section. The stages in this
counter are similar to those in the 1-mc counter
(par. 11). Only the differences between the 1-
mc counter and the 100-kc counter are deseribed
in this paragraph.

a. Binary V1. Binary V1 is a twin-triode
stage, similar to binary V501, but a different
tube type is used. Stage V1 uses a type 5814A
tube with a split heater, and V501 is a type
5670 tube with a single heater. The two tubes
are not interchangeable.

(1) Resistors R14 and R20 are the plate
load resistors for V1A and V1B re-
spectively. Resistor R13 is the voltage
dropping resistor in the --180-volt
line. Capacitor C1 couples the incom-
ing signal from the preceding counter
to the plate circuits and, thereby, to
the grid of -the opposite half of the
tube. The crossover network, C3-R21,
feeds signals from the B plate to the
A grid; a corresponding crossover net-
work, C2-R15, functions in a similar

15
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manner for the opposite half of the
tube,

(2) Resistors R17 and R18 are the grid
resistors for V1A, and R19 is the grid
resistor for V1B. The method of cou-
pling the reset voltage through capaci-
tor C4 to the grid, pin 2, is similar to
that used in the 1-mec counter, except
that the circuit values and ratios of
the voltage-divider network (R17-
R18) are different.

(3) No crystal diodes are used in the V1
circuit because the method of coupling
the incoming signal input pulses to
the 100-ke counter is through the plate
circuit instead of through the grid
circuit as in the 1-me counter.

b. Voltage Dropping Stages V2 and V3. These
stages, working with capacitors C2 and C3, are
identical to voltage dropping stages V502 and
V503 in the 1-me counter (par. 115).

¢. Cathode Follower V4. This stage is iden-
tical to cathode follower V504, in the l-me
counter, except for changes in values of grid
resistors R22 and R24 and cathode resistors
R23 and R25. Because the 100-ke counters need
not respond to as high a signal input frequency
as the 1-me counter, and to prevent too sharp
a rise time of the final output pulse which is
coupled to the beam switching tube grids, cath-
ode resistor R23 is bypassed by C7 and cathode
resistor R25 is bypassed by C8.

d. Beam Switching Tube V5. The circuitry
of beam switching tube V5 is identical to that
of beam switching tube V505 (par. 11d), except
for the value of the spade dropping resistor
network. In the 100-kc counter, the +180-volt
line is dropped through 43K resistor R1. In
the l1-mc counter, series resistors R501 and
R513 make up a total voltage dropping resist-
ance of 20.4K. Tubes V5 and V505 are not in-
terchangeable.

14. Counter, 100-Ke, Circuit Operation

a. Beam Switching Action. Immediately after
receiving the reset pulse, V1A is cut off and
V1B is conducting. The binary tube is then in
the even state. A negative transient from the
zero target of V505 (pin 17, fig. 8) is coupled
through connector J107, pin 4, to terminal 4
at the bottom of printed circuit board assembly
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A 501 and through capacitor C1 to the junction
of resistors R13, R14, and R2(0. The negative
transient has no effect on the cutoff half of the
binary (V1A), but does affect the condition of
the conducting half of V1B. The incoming sig-
nal is coupled through plate load resistor R14
and crossover network C2 and R15 to the grid,
pin 7, of V1B. This action cuts off current in
V1B, and develops a positive-going pulse at the
plate, pin 6. The positive pulse output of V1B
causes a flip-flop action in the binary because
the pulse is coupled through C3 and R21 to the
grid, pin 2, of nonconducting V1A. Tube V1 is
then in the odd state. The resulting circuit ae-
tion within each of the five 100-kc counters (A
601-A 605) is identical to that deseribed in
paragraph 12a. The outputs from the plates of
V1 are coupled through the voltage dropping
stages to the grids of cathode followers V4A
and V4B. The cathodes, pins 3 and 8 of V4,
couple output voltages to the odd-numbered and
even-numbered grids, respectively, of beam
switching tube V5. In the even state, the odd
grids of V5 are negative and the even grids are
positive. The reverse is true in the odd state.

b. Resetting Action. The resetting action of
the 100-ke counters is identical to that deseribed
in paragraph 12b. Coupling capacitor C11 in
the 100-ke counter is a different value from cor-
responding capacitor C511 in the 1-me counter.

15. Nixie Circuit Board A 401
(fig. 44)

Nixie circuit board A 401 is the mounting
board for the six numerical indicator tubes,
DS401 through DS406, their tube sockets, and
their associated resistor networks. Connections
from the output of each target of the beam
switching tubes are made to a corresponding
metallic numeral within the Nixie tube.

a. The Nixie tube is a neon gas-filled cold-
cathode tube. It contains 10 cathodes and 1
common anode, Each of the cathode elements is
formed in the shape of a numeral (0-9). When
the cathode voltage is lowered sufficiently, the
specific cathode (numeral) is surrounded by
the characteristic neon glow. Only this numeral
is visible,

b. Because all six of the Nixie tubes have
identical circuits, this paragraph discusses only
one stage, DS401, the numerical indicator for
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the units readout. Resistor R471, the anode
voltage dropping resistor, is connected to the
220-volt power supply. Each cathode (corre-
sponding to numerals 0 through 9) has an iden-
tical value target load resistor in its circuit,
designated R401 through R410. Common to
all the target load resistors is cathode dropping
resistor R461 which is connected to the 180-
volt supply. With no current flow, the voltage
from any cathode to the anode is 40 volts. This
voltage is not sufficient to cause electron flow.
When current from the beam switching tube
is applied, the voltage at the cathode is lowered,
and when a 170-volt difference is obtained, the
tube fires from the appropriate cathode to the
anode,

¢. For the remaining Nixie tubes, the follow-
ing chart lists those parts performing identical
functions:

Section lII.

16. General
(fig. 2)
The clock pulse generator, which consists of
stages V103 through V111 and plug-in clock
counter assembly A 301, provides two separate

types of outputs depending on the setting of
FUNCTION switech S103.

a. With FUNCTION switch S103 in the
FREQ. COUNT, SCAN COUNT, or TEST posi-
tion, the timing interval output of the clock
pulse generator ig used. Counting intervals of
0.0001, 0.001, 0.01, 0.1, 1, or 10 seconds can be
selected by the setting of the TIME-SECONDS
switch. The gate stage, V116, permits incom-
ing signals to pass on to the counters and nu-
merical indicators for the selected counting
interval. (See figure 2, S103A, segment 1, for
functional illustrations of this application of
the clock pulse generator circuit.) In the TEST
position, the 100-kec output of the clock pulse
generator is also used.

b. With FUNCTION switch S103 in the
T.I.M. position, only the 100-ke output is used.
This 100-ke signal is either the output of self-
contained crystal oscillator V103 (with INT.-
EXT. switch S107 in the INT. position) or the
amplified output of an externally applied 100-
ke signal source (S107 in EXT. position). The
external signal is coupled into the frequency
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s | | Anode
Mo | i Gouniate cATisde | robping
DS402 |R411 through R420 ___ R462 R472
DS403 | R421 through R430___ R463 R473
DS404 |R431 through R440 __ R464 R4T74
DS405 |R441 through R450 . R465 R475
DS406 |R451 through R460___ R466 R476

d. The load on the beam switching tube tar-
gets is made up of the target load resistor and
the Nixie tube numeral. The target load re-
sistors are necessary because the Nixie tube
cannot carry the full target current of the beam
switching tube. Each target resistor, besides
drawing superfluous target current, stabilizes
the action of the beam switching tube by pro-
viding a more constant load impedance.

CLOCK PULSE GENERATOR STAGES

meter through EXTERNAL 100 KC jack J112
on the rear panel.

17. Crystal Oscillator V103
(fig. 10)

Stage V103 is a crystal-frequency controlled
oscillator used to produce a 100-ke signal when
INT.-EXT. switch S107 is in the INT. position.
When S107 is in the EXT. position, V103B
amplifies an externally applied 100-ke signal.

a. Internal Oscillator Operation. The manner
in which the 100-ke signal is generated is as
follows:

(1) With INT.-EXT. switch S107 in the
INT. position, V103 is a two-stage re-
generative amplifier. It is basically a
free-running multivibrator with fre-
quency determined by a crystal instead
of resistance-capacitance (RC) cir-
cuits. Oscillator sections V103A and
V103B are cathode-biased by the volt-
age developed across their respective
cathode resistors, R119 and R121, and
are always conducting. Capacitors
Cl115 and C116 are radiofrequency
(rf) bypass capacitors. Resistor R134
and capacitor C113 provide plate de-
coupling.
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Figure 10. Crystal oscillator stage V103, schematic diagram.
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(2) B+ voltage (120 volts, regulated) is
applied to the plate of V103A through
S107A. With V103A conducting, crys-
tal Y101 obtains an exciting voltage
through capacitor C117. This voltage
causes the crystal to vibrate and to
provide a 100-kc sine wave signal
which is applied to the control grid of
V103B. Grid resistor R124 is con-
nected directly to ground through
S107B. Coupling capacitor C114 feeds
back a portion of the 100-kec output of
V103B to the control grid of V103A
for purposes of regeneration. The out-
put of V103A maintains the crystal
in an oscillating condition. The osecil-
lator frequency is adjusted by FREQ.
ADJ, trimmer eapacitor C119.

(3) The crystal oven obtains 6.3 volts ac
from terminals 5 and 6 of transformer
T102. A thermostat, located within
the crystal oven, is preset to regulate
at75° C (167° F). When this tempera-
ture is slightly exceeded, the thermo-
stat opens to deenergize the internal
heater element. When the temperature
falls below 75°C the thermostat closes,
and reenergizes the internal heater.
XTAL OVEN ON lamp DS103 is con-
nected in parallel with the heater ele-
ment and is illuminated only when
the heater is receiving power.

(4) The 100-kc output is coupled to shaper
one-shot multivibrator stage V104
through C122, and to switch S103B,
segment 1 (fig. 43), and input ampli-
fier V112 through resistor R128 and
coupling capacitor C123.

b. External 100-Ke¢ Signal Operation (fig.
10). When the INT.-EXT. switch is in the EXT.
position, one section of S107 disables V103A
by opening the plate circuit to the B} line.
The other section of switch S107 connects the
external 100-ke signal (obtained via jack J112)
to the control grid, pin 7, of V103B through
resistor R124. Resistor R127 is switched into
the circuit to become the grid resistor for
V103B. The amplified external 100-ke signal at
the plate, pin 6, is then applied to V104 through
C122 and to input amplifier V112 through
S103B, segment 1 (a(4) above). The crystal
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circuit plays no part during external 100-kc
signal operation.

18. Shaper One-shot Multivibrator V104
(fig. 11)

Stage V104 is a conventional one-gshot multi-
vibrator which obtains a 100-ke input and con-
verts this signal into rectangular pulses. Grid
pin 7 of V104RB is returned to a positive poten-
tial of 4120 volts through grid resistor R135;
consequently, the B section of the tube is nor-
mally conducting. The voltage thereby devel-
oped across cathode resistor R131 (common to
both sections) maintains V104A in a cutoff
state. The positive alternation of the 100-ke in-
put from crystal oscillator V103 or from the ex-
ternal 100-ke signal source to grid pin 2 of
V104A is large enough to drive V104A out of
cutoff. Under this condition, V104A plate volt-
age decreases and this drop in potential is ap-
plied to the grid, pin 7, of V104B through cou-
pling capacitor C124, cutting off tube V104B.
When capacitor C124 has discharged suffi-
ciently, the grid of V104B will rise above cut-
off, and the tube will conduct. The voltage de-
veloped across cathode resistor R131, together
with presence of a negative alternation at
V104A grid, cuts off tube V104A. Tube V104A
remains cut off until application of the next
positive alternation of the 100-ke input signal.
Every positive 100-ke alternation applied to
the grid of V104 A causes a positive rectangular
output pulse to be developed at the plate, pin 6,
of V104B. The duration of this output pulse is
controlled by the time constant of capacitor
C124 and V104B grid resistor R135. The 100-ke
positive pulse output is applied to binary stage
V105 through capacitor C125 and resistors
R136 and R137.

19. Binary Stage V105
(fig. 11)

Binary stage V105 is a conventional plate-
coupled flip-flop multivibrator operating as a
frequency divider. The 100-ke rectangular pulse
output of multivibrator V104 is divided into a
50-ke square wave output.

a. There are two conditions of stable equi-
librium. One condition is obtained when V105A
is conducting and V105B is cut off. The other
condition is obtained when V105B is conduct-
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ing and V105A is cut off. One or the other of
these conditions is maintained, with no varia-
tions in plate, grid, or cathode potentials (or in
plate current), until some transient signal is
introduced and the sections reverse their opera-
tion. The new condition remains unchanged
until another signal is applied.

b. When positive plate potential (4120 volts
de) is simultaneously applied to both plates,
pins 1 and 6, of V105 through respective plate
load resistors R138 and R143, one section will
conduct more current than the other. For pur-
poses of circuit analysis, assume that V105A
conducts more than V105B. This results in a
voltage drop across plate load resistor R138 of
greater amplitude than the drop across plate
load resistor R148. The lowered voltage is re-
flected at the control grid, pin 7, of V105B
through the direct-coupling network consisting

of resistors R144 and R145. This decreases plate.

current through V105B and thereby increases
the voltage at plate pin 6. This increased volt-
age, in turn, is applied to the control grid, pin
2, of V105A through a direct-coupling network
consisting of resistors R139 and Ri41. The
increased positive voltage applied to the control
grid of V105A causes additional plate current
flow through V105A, reducing the voltage at its
plate. The same action continues until V105 is
in a stable state, with V105A conducting at
maximum and V105B cut off. The stage remains
in this condition until a pulse from V104 is
applied.

e. The positive square wave output from
shaper one-shot multivibrator V104 is coupled
through capacitor C125 to two resistor net-
works. One network consists of R137 in series
with R143, and the other consists of R136 in
series with R138., With C125, these networks
differentiate the incoming pulses and the sig-
nals appearing at the tube grids appear as
alternate positive and negative triggers. The
positive triggers have no effect; the conduecting
half of the tube is already at saturation and the
positive amplitude (approximately one-fifth of
the original voltage due to voltage-divider ac-
tion) is insufficient to allow the nonconducting
half to come out of cutoff. The negative trigger,
however, can affect the conducting tube section
(assumed to be V105A). This negative pulse is
amplified and inverted by V105A to produce a
strong positive pulse at its plate. The positive
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pulse from the plate is coupled through the
crossover network, consisting of C128 and R144,
to the grid, pin 7, of V105B. Because of action
similar to that in b above, V105B is now con-
ducting and V105A is nonconducting. The nega-
tive output is coupled through capacitor C129
to the input of V106A, and through C132, R146,
and C133, to the input of V106B. A portion of
the negative output from V105B plate, pin 6,
is fed back to the grid, pin 2, to reinforce cutoff
of V105A.,

d. The original state of binary V105 is re-
stored by the succeeding differentiated negative
incoming pulse. The signal path is through
C125, R136, and C128 to the zrid, pin 7, of
V105B. The positive pulse has no effect on
V105B, which is now condueting. The negative
input pulse, however, causes a change in V105B
by first reducing its conduction, and soon cut-
ting the tube off completely. This negative pulse
is amplified and inverted by V105B to produce
a strong positive pulse across plate load resistor
R143. The positive output is coupled through
capaeitor C126 to restore conduction in V105A.
Since each negative input pulse to binary V105
causes each section of the binary to change
state, two negative input pulses are required
to produce 1 complete output cyecle. The 100-ke
gignal from V104 is divided down to 50 ke, with
each section of V105 conducting for 10 micro-
seconds and cut off for 10 microseconds. The
total elapsed time for 1 cycle is, therefore, 20
microseconds (the reciprocal of 50 ke).

20. Divide-by-5 Stage V106
(figs. 11 and 12)

a. This stage functions as a flip-flop frequency
divider. It differs from the operation of V104
in that conduction of V106B is synchronized
to the fifth submultiple of the applied 50-ke
gignal. With no input, the stage is stable. Tube
V106B is conducting because its control grid is
connected to the +120-volt supply through re-
sistor R154 and .0001 TIME BASE ADJUST-
MENTS potentiometer R155. Tube V106A is
cut off by the voltage drop across common cath-
ode resistor R151 (bypassed by capacitor C134).
Resistor R149 is the grid resistor for the A
section,

b. The square wave output of binary V105 is
differentiated by the network consisting of ca-

21



pacitor C132 and resistors R146 and R147. The
positive differentiated pulse has no effect on
V106B, because this half of the tube is already
conducting at saturation. The negative differ-
entiated pulse, however, is coupled through
capacitor C133 to the control grid, pin 7, of
V106B. The output appears as an amplified
positive pulse at the plate, pin 6, of V106B and
is coupled to the control grid, pin 2, of V106A
via capacitor C131. This positive pulse causes
V106A to conduct, and provides a decreased
value of plate voltage at pin 1. The decreased
plate voltage is applied to the control grid of
V106B as a negative-going voltage via coupling
capacitor C133.

¢. The regenerative action produces a quasi-
stable state in which V106B is cut off, and
V106A is conducting, Tube V106B will remain
cut off as long as C133 holds sufficient charge to
keep the V106B grid below cutoff. The capacitor
C133 discharge path is through R154, R155,
C144 and R165, ground, cathode resistor R151,
and conducting section A of V106. Because of
the long time constant, the voltage present on
the timing grid, pin 7, rises relatively slowly.
At the same time, negative input pulses from
V105 (reaching the control grid, pin 2, of
V106A via coupling capacitor C129) appear as
amplified positive pulses at the plate, pin 1.
These positive pulses are coupled to the timing
grid, pin 7, through capacitor C133 and appear
superimposed on the rising voltage curve (fig.
12).

d. Figure 12 shows the rise in voltage at grid
pin 7. When the fifth pulse is applied, voltage
is above cutoff and V106B conduects., Flip-flop
action returns the stage to its original stable
state. The frequency output at the plate, pin 6
of V106B, is one-fifth of the 50-kc trigger
input, equivalent to 10 ke. The 10-ke pulses are
coupled by capacitor C136 to the next binary,
V107, and by capacitor C135 to the .0001 posi-
tion of TIME-SECONDS switch S104.

e. Figure 12 shows that .0001 TIME BASE
ADJUSTMENTS control R155 is adjusted to
set the 10-kc output precisely. The setting of
variable resistor R155 adjusts the slope of the
charging curve for capacitor C138 by changing
the V106B bias voltage. If the bias voltage for
V106B grid, pin 7, is made more positive, more
resistance will be inserted in the discarge line
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and capacitor C133 will discharge more slowly.
This may result in division by the sixth trigger
pulse. When the bias voltage for V106B is
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made less positive, less resistance is inserted in
the discharge line, the capacitor will discharge
faster, and divigsion by the fourth trigger pulse
may result. Resistor R165 is used as part of a
voltage divider in the grid circuits of V106B
and V108B and is also a factor in capacitor
C133 and C146 discharge. Capacitor C144 also
bypasses voltage variations to ground.

21. Binary Stage V107
(fig. 11)

Binary stage V107 operates in the same man-
ner as binary stage V105, except that with an
input of 10 ke, an output of 5 kc is developed.
All circuit components have the same values as
equivalent parts in stage V105 except for dif-
ferentiating network resistors R156 and R157.
These are 47K ; corresponding resistors R136
and R137 in the V105 stage are 100K. The final
5-ke output signal from the V107B plate, pin 6,
is coupled through capacitor C141 to V108A
grid, pin 2, and through capacitor C143, in
series with resistor R166 and capacitor C1486,
to V108B grid, pin 7.

22. Divide-by-5 Stage V108
(fig. 11)

Divide-by-5 stage V108 operates in the same
manner as divide-by-5 stage V106, except that
with an input to V108 of 5 ke, an output of
1 ke is developed. All circuit parts have the
same values as equivalent parts in stage V106
except coupling and time-constant capacitor
C146 and input differentiating resistor R166.
Capacitor C146 is 470 micromicrofarads (uuf)
and R166 is 100K ; in the V106 stage, the cor-
responding components are-56 puf and 150K,
respectively. The .001 TIME BASE ADJUST-
MENTS control, R174, functions in the same
manner as .0001 TIME BASE ADJUSTMENTS
control R155 (par. 20) to set the 1-ke output
precisely. The 1-kc¢ output signal is coupled
through C149 and C148 to the next division
stage, V109. In addition, the 1-ke output signal
is available for selection as a 0.001-second tim-
ing interval at terminal 5 of TIME-SECONDS
switch S104.

23. Divide-by-10 Stages V109, V110, and
Vili
(figs. 11 and 13)

Each of these divide-by-10 stages operates in
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Figure 13. Divide-by-10 stages V109, V110, and V111
waveforms.

the same manner as divide-by-5 stage V1086,
differing only with respect to input and output
frequencies. In addition, the values of plate-to-
grid coupling capacitors C158, C158, and C166
differ in each stage, because different frequen-
cies are involved in each case. Because of their
similarity, a detailed analysis of the frequency-
divider waveforms (fig. 13) is given with re-
spect to V109. The explanation is equally ap-
plicable to V110 and V111, except for changes
in reference symbols.

a. Figure 13 shows the differentiated input
waveform, and how these pulses are superim-
posed on the recovery-time curve at the grid,
pin 7, of V109B. While capacitor C153 dis-
charges through resistors R183 and R185, the
grid potential rises toward cutoff. The 10th
trigger pulse from driver stage V108 drives the
grid, pin 7, of V109B slightly above cutoff, caus-
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ing V109B to begin drawing plate current. This
action initiates a new output cycle at V109B
plate, pin 6.

b. The sudden drop in plate potential of
V109B is coupled through C151 to the grid,
pin 2, of V109A, causing that portion of the
tube to cut off. The .01 TIME BASE ADJUST-
MENTS control, R185, in the discharge path of
C153, may be adjusted to change the slope of
the recovery-time curve and thereby set the
100-cps output precisely.

¢. Figure 13 shows that R185 is set properly
when the 10th trigger pulse drives V109B into
conduction. The setting of variable resistor
R185 adjusts the slope of the charging curve
for capacitor C153 by changing its bias voltage.
If the bhias voltage for V109B grid, pin 7, is
made more positive, more resistance will bhe
inserted in the discharge line and capacitor
C153 will discharge more slowly. This may
result in division by the 11th trigger pulse.
When the bias voltage for the V109B gird is
made less positive, less resistance is inserted in
the discharge line, the capacitor will discharge
faster, and division by the nigth trigger pulse
may result. The proper setting of variable re-
sistor R185 is that which produces a precise
division of the input trigger frequency by 10.

d. Resistor R190 is used as part of a voltage
divider in the grid circvuits of V109B, V110B,
and V111B and is also a factor in capacitor
C153, C158, and C166 discharge. Capacitor
C164 bypasses voltage variations to ground.

e. By means of frequency-dividing action,
the precise 10th output of each stage is coupled
to the circuits shown in the chart below:

1-cps input obtained from the preceding divide-
by-10 stage, V111.

b. Binary stages V301 through V304 (fig. 14)
operate in a similar manner to binary stage
V105 (par. 19), except for the following dif-
ferences:

(1) The plates, pins 1 and 6, are returned
to +-220 volts. Each tube has a voltage
dropping resistor common to both
plates. These are R307, R312, R319,
and R336, respectively, for V301
through V304.

(2) The control grid, pin 2, of each A
section is returned to a control voltage
designated reset to nine (par. 25f).
Grid return resistors R311, R321,
R331, and R339 are tied between these
grids and terminal 2 of plug P301.
Paragraph 33 describes the genera-
tion of the reset voltage by reset am-
plifier V121. Paragraph 25 explains
the effect of this reset control voltage
on clock counter operation.

(3) The control grid, pin 7, of each B sec-
tion is returned to —120 volts through
terminal 6 of plug P301 and its mating
connector J105.

(4) Cathode resistors R305, R316, R326,
and R333 for each binary are con-
nected to the —120-volt source
through terminal 8 of plug P301 and
its mating connector J105.

¢. Four cascade-connected binaries would
ordinarily function as a divide-by-16 frequency
network. Clock counter A 301, however, func-

| Qutput 3
Stage frequency Output to next stage ‘ Qutput to switch 5104
| {cps) A
|
V109 e M0 coen s sonmnin Nl e ot e S B Terminal 4 (.01 second position).
WEET e £ T oS eV s T s SR o (1 e N S R | Terminal 3 (.1 second position).
B 5 R DR e Clock counter A 301 _______ D ‘Terminal 2 (1 second position}).

24. Clock Counter Assembly A 301
(fig. 14)

«. Clock counter assembly A 301 is a four-
stage cascade-connected binary counter, which
forms a divide-by-10 configuration for incoming
signals of 1 ¢ps. This circuit produces a 0.1-cps
output (having a period of 10 seconds) for each

24

tions as a divide-by-10 network, accepting a
1-cps input signal from V111, and producing a
0.1-cps output signal. A detailed analysis of
the divide-by-10 scale is given in paragraph 25.

25. Clock Counter and Scale of 10
(figs. 14-16)
In clock counter A 301, four binaries are con-
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Figure 14. Clock counter A 301, schematic diagram.
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nected in cascade to form a scale of 16, which
is changed to a scale of 10 by 2 positive feed-
back paths, as shown in the simplified block
diagram (fig. 15) and in the idealized wave-
forms (fig. 16),

a. For the first 3 negative input pulses (fig.
16) from the preceding divide-by-10 stage,
V111, the circuit operates as a simple binary
counter.

b. At the fourth input pulse, third binary
V303 is triggered for the first time, sending a
pulse through the first positive feedback path
(R322 and C308, fig. 14) to trigger second
binary V302 again. Because two input pulses
are required to complete each binary cycle, this
feedback is equivalent to adding two input
pulses. Therefore the state of the clock counter
circuit now corresponds to a binary count of
six input pulses.

¢. The sixth input pulse (equivalent to the
eighth input in a simple binary chain) triggers
fourth binary V304, which sends a pulse
through the second positive feedback path
(R329 and C316 to the grid, pin 7, of V303),
triggering the third binary. This feedback ac-
tion is equivalent to adding 4 more input pulses,
so that the state of the clock counter circuit
now corresponds to a binary count of 12.

d. For the next 4 input pulses (7-10), the
circuit operates again as a simple binary chain,
producing an output pulse at the 10th pulse.
Adding the equivalent of 6 input pulses in-
ternally has, therefore, changed the binary
chain from a scale of 16 to a scale of 10.

e. At the sixth input pulse, third binary V303
is triggered along with fourth binary V304 (fig.
16). This action sends a second pulse along the

2D
BINARY
V302
58144

BINARY

-
1 CPS INPUT v30I
FROM Viil,

first positive feedback path (R322 and C308).
This pulse could trigger binary V302 again,
adding two extraneous counts. The prevent this,
the pulse is mutually neutralized by a simul-
taneous pulse of opposite polarity from binary
V304, through the feedback path consisting of
C319 and R340 to the grid, pin 7, of V302.

f. After completion of the display interval,
clock counter A 301 is reset to 9 to avoid delay
of the next 10-second counting interval. The
following is a description of the reset cycle:

(1) The reset-to-nine action, while not an
essential requirement in design, saves
time for the operator. If not reset to 9,
the counter in going through the proe-
ess described above, would produce 1
pulse every 10 seconds because a pulse
is necessary to start the counting
period as well as to end the count.
There would be a minimum of 10 sec-
onds between counts and the interval
between counts would be some multi-
ple of 10 seconds.

(2) By resetting the clock counter to 9 at
the end of the display period (at the
same time as the display is reset to
zero), the next 1-second pulse fune-
tions as though it were a 10th pulse,
and produces an output to start the
next counting period. The next count
begins within 1 second after reset.

(3) This reset-to-nine action is accom-
plished by feeding a negative pulse
from reset amplifier V121 (par. 33¢)
through grid resistors R311, R321,
R331, and R339 to the control grids,
pin 2, of binaries V301 through V304,
respectively. This negative polarity

4TH
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ol CPS OUTPUT
TO S104,
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Figure 15. Clock counter A 301, simplified block diagram.
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signal applied to the control grids, pin
2, restores the binaries in the clock
counter to the condition existing for a

count of nine. A detailed analysis of
the generation of the reset circuit is
given in paragraph 30.

10

2 3
INPUT PULSES—V w v

IST BINARY
RIGHT PLATE —

=
—
—
—~—
B

Y

V30I,PINI

2D BINARY
RIGHT PLATE
V302,PIN|

18T

POSITIVE
FEEDBACK =

’Q-\—
! 1 UTUALLY NEUTRALIZED
I

L)
FEEDBACK

~

30 BINARY
RIGHT PLATE
V303,PINI

4TH BINARY
RIGHT PLATE

28 ==
POSITIVE
FEEDBACK

<

Y304,PIN |

giees
COUNT 2 ! % ;i

DECIMAL
count  © ' = .

TM6625-218-35-16

Figure 16. Clock counter A 301, idealized waveforms.

Section IV. GATE CONTROL, RESET, AND POWER
SUPPLY CIRCUITS

26. Gate Control Circuitry, Introduction
(fig. 17)

The gate control circuit consists of stages
V118 through V120, with the final output driv-
ing the suppressor grid, pin 7, of gate stage
V116 (par. 7) to ground potential. During the
period that the suppressor of V116 is at ground
potential, the gate stage amplifies and couples
the input signal at its control grid, pin 1, to the
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six cascaded counted. In this state, the gate is
open. When V116 suppressor grid is at a po-
tential lower than ground, the gate is closed,
and no signals can be coupled to the counter
assemblies. Paragraphs 27 and 28 describe the
generation of the open-closed voltages in the
gate control circuitry. Paragraph 29 covers a
brief description of a secondary output of the
circuit, which is termed readout control.

27



28

INJECTION DIODE

START BINARY

vIiBA VI
(1/2)5726/6AL5W 12AT 7TWA
+220V +220v
JI02
ToloM. R244 R245 R25! R252 /
START 120K 12K 12K 120K
N
M
+120V
[
G ;3
¢
.\ a — PR
SI03A
sscﬂum‘rl .5\ i
-~
i CEBﬁ—L T TRZSI‘.\ —L-ci88
( 2 R246 24 & 1| 100K 24 e
100K
| } =
| ciee _ — 7f = ==N\2 |
| — —_ = CRIl4 =
R248 B |® 3| A READOUT
I R241 R242 47K l CONTROL
l 680K 22K
€
CRIIS o
l = < G a7k R285s
I 1_ciBs I_ 680K
f R243 R249 L OIUF c187
INHIBIT START ==
FROM RESET 100K 10K =1 b 51 ]
[ CONTROL STAGE = ~120V
vizz
CRIIG
I R —120V
R255 R266
| JOK 47K
l +220v +220V v L
+120v SavE l :
| RESET LINE
FREG, SCAN
| M = = 220
| $=1
s Coer ) =
s —_—
| SEGMENT 2 —_— CI;SFO . e —_— ll l
-
- =L ci89 e
& TT 24 3
CONTROL VOLTAGE
e M' 262 ll l R259 TO GATE VIIE
7 100K 100K <, SUPPRESSOR, PINT
TIMING SIGNAL
FROM -\74——
CLOCK PULSE i —
GENERATOR — -—
! R264 R260
17 TT 12K 47K
JI03 ~ w1 AN
T.LM. —| ci92 cior L
STOP OIUF R265 LOIUF T R26l
(510 UUF 680K 10K
"IN SERIAL
NUMBERS
= | THROUGH = =
6) -120v -120v
NOTES:
INJECTION DIODE GATE CONTROL BINARY |, —— DENOTES START PULSE,
viigB vi2o e
(1/2)5726/6AL5W 12ATTWA 2,— DENOTES STOP PULSE,
TMES25-218-35-17
Figure 17. Gate control eircuit, schematic diagram,

AGO 3508A L



27. Gate Control Binary V120 and Injection
Diode V118B
(fig. 17)

The open-close voltages which are applied to
the suppressor grid, pin 7, of V116 are gener-
ated at the plate, pin 6, of gate control binary
V120. This stage is a conventional flip-flop cir-
cuit, similar in basic operation to binary V105
in the clock pulse generator circuit (par. 19).
The stage has two stable states, with either
V120B conducting and V120A cut off or with
V120A conducting and V120B cut off.

«. Input pulses or transients, applied ac vari-
ous points in the circuit, will trigger V120 back
and forth between its two stable states. A nega-
tive start pulse transient from the plate, pin 1,
of start binary V119, is coupled through capaci-
tor C187 and resistor R255 and grid network
C189 and R259 to the grid, pin 7, of V120B.
This pulse triggers gate control binary V120
to cut off V120B and allow V120A to conduect.

b. In this state, the voltage at V120B plate,
pin 6, rises above ground. This voltage, applied
to gate stage V116 (fig. 5), allows the latter to
conduct and pass incoming pulses into the coun-
ters, with the count registering on the Nixis
indicators.

c. When a negative stop pulse from FUNC-
TION switch S103A, segment 2, reaches the
grid, pin 2, of V120A through coupling capaci-
tor C192 and injection diode V118B, the gate
control binary is triggered back to the state
where V120B is conducting ; the negative plate
potential holds gate stage V116 closed.

d. Cathode resistor R261, bypassed by capaci-
tor C191, is common to both halves of the gate
control binary stage. Resistors R261, R264, and
R265 are part of a voltage divider from the
—120-volt bus to chassis ground. The cathode,
pin 1, of injection diode V118B is biased nega-
tively, at approximately the same potential
(only slightly less negative) as the cathodes of
V120. Resistor R262, shunted by -capacitor
C190, serves as the ecrosswork network from the
plate, pin 6, of V120B to the grid, pin 2, of
V120A. Resistor R263 is the grid return for
V120A grid, pin 2, and is connected to the gate
reset line. Except during the gate reset pulse,
the potential of the gate reset line is —120 volts.
The plate of V118B is tied directly to this grid.
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At this time, the plate is more negative than the
grid and the diode is cut off. The gate reset
pulse is discussed in paragraph 30. In the plate
circuits, resistor R250 is the plate load for
V120B. Resistor R257 is connected from plate
to ground and, with R250, forms a voltage di-
vider to establish correct plate voltage. A simi-
lar divider circuit, R256 and R258, is used in
the V120A plate circuit. Resistor R256 is the
plate load resistor. In the grid circuits, resistor
R259, shunted by C189, is the crossover net-
work from the plate, pin 1, of V1204, to the
grid, pin 7, of V120B. Resistor R260 is the grid
return for V120B. Diode CR118 in the gate
reset line circuit (fig. 20 and par. 33b) couples
the negative 120-volt line to the grid of V120A
through grid resistor R263. This keeps the po-
tential of the gate reset line at —120. volts
except during the gate reset pulse.

e. In the TEST and FREQ. COUNT positions
of S103A, segment 2, the timing signal from
the clock pulse generator (as selected by TIME-
SECONDS switch S104) is coupled through
capacitor C192 to the cathode, pin 1, of injec-
tion diode V118B. In the SCAN COUNT and
COUNT OFF positions, capacitor C192 is con-
nected to + 120 volts. This is the same potential
as that applied to other contacts of the switch
segment through individual resistors and S104.
This prevents false pulses to C192 due to
switching operations between different de po-
tentials. In the T.I.M. position, pulses from
T.I.M. STOP jack J103 are coupled to the
cathode of V118B. Incoming negative pulses
are coupled to VI118B, driving the cathode
strongly negative. The diode had previously
been cut off because the plate was negative with
respect to the cathode. With the cathode driven
negative, the diode conducts and a negative
pulse is applied from the V118B plate to the
V120A cathode. This triggers V120 (¢ above).

28. Start Binary V119 and Injection Diode

V118A
(fig. 17)

Start binary V119 is a conventional flip-flop
circuit (par. 19) with two stable states, and is
similar in circuit deseription to V120 (par. 27).
Either V119B is conducting while V119A is
cut off or V119A is conducting while V119B is
cut off.
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a. With V119B conducting, its plate, pin 6, is
negative with reapect to ground. In the TEST,
FREQ. COUNT, and SCAN COUNT positions
of 5103A, segment 1, the negative timing sig-
nal from the clock pulse generator (as selected
by TIME-SECONDS switch S104) is coupled
through capacitor C184 to the cathode of injec-
tion diode V118A. In the COUNT OFF position,
+ 120 volts is connected to C184. This serves no
function directly but prevents development of
false pulses during switching operations. Other
contacts of S103A, segment 1, have 120 volts
applied through individual resistors and TIME-
SECONDS switch S104. The false pulses would
be generated if different dec potential levels were
applied to C184. In the T.I.M. position, pulses
from T.I.M. START jack J102 are coupled to
the V118A cathode.

b. From capacitor C184, the negative pulse
is applied to the cathode of cut-off diode V118A
(e below). The megative pulse to the cathode
causes V118A to conduct, plate voltage is
dropped and this negative pulse is directly cou-
pled to the grid, pin 7, of the conducting half of
the binary, and -cuts off V119B. Further nega-
tive pulses coupled through injection diode
V118A to V119B grid, pin 7, will have no effect
until the binary flops again.

c. In this state, the voltage at V119B plate,
pin 6, rises above ground potential. The posi-
tive output from V119B is coupled through
crossover network C188 and R253 to the grid,
pin 2, of V119A. This action triggers a change
in the binary to its other stable state, produc-
ing a negative output transient at V119A plate,
pin 1. Paragraph 27a describes the action that
this negative output transient has on gate con-
trol binary stage V120, The net effect is to allow
the gate (V116) to open and a count to register.

d. Cathode resistor R249, bypassed by capaci-
tor C186, is common to both halves of the start
binary stage and is connected to the —120-volt
line. Injection diode V118A cathode, pin 5, is
biased negatively through voltage-divider re-
sistors R241, R242, and R243, which are con-
nected between chassis ground and the —120-
volt supply line. Diode CR115 prevents the
positive-going inhibit start voltage (par. 31b
(7) (¢)) from affecting the required negative
potential at the cathode circuit of start binary
V119.
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e. In the plate circuits, resistor R244 is the
plate load for V119B and, with R245, forms a
voltage divider to drop the 220-volt bus voltage
to a suitable value for tube operation. A sym-
metrical circuit is used for V119A plate, pin 1,
with R252 the plate load, and R251 connected
from plate to ground to form another voltage
divider from the 220-volt line to ground.

f- Resistors R252, R246, and R248 form a
voltage divider between the 4220-volt and the
—120-volt supply lines. Grid voltage for pin 7
of V119B is taken from the junction of R248
and R246. This is directly connected to the
plate, pin 2, of V118A. This voltage is more
negative than the cathode and the diode is cut
off. Pulses from S103A, segment 1, (a above)
cause the diode to conduct. A symmetrical cir-
cuit is used for the V119A grid, pin 2, with
resistors R244, R253, and R254 making up a
voltage divider acvross the same potentials.
Diode CR118, in the gate reset line circuit (fig.
20 and par. 33b), couples the —120-volt supply
line to the grid, pin 2, of binary V119A through
grid resistor R254.

29. Readout Conirol Diodes CR114 and

CR116
(figs. 17 and 43)

The final output transients of binaries V119
and V120 are used for the opening and closing
of gate stage V116, and for the development of
a readout control voltage which is applied to
the control grid, pin 2, of reset amplifier V121.
Diodes CR114-and CR116 are connected so that
the readout control line will be positive when
either V119A plate, pin 1, or V120B plate, pin
6, is positive (the tube section is nonconduct-
ing). When neither plate is positive, the read-
out control line is biased negatively through
R285 by the —120-volt supply line. A more de-
tailed circuit analysis of the readout control
line is given in paragraph 32b.

30. Reset Circuit Analysis, Introduction

a. Circuits Affected by Reset Action. Analysis
of the reset circuit requires an understanding
of a number of actions which must occur at the
end of each counting interval. Paragraph 16
describes how the counting interval is deter-
mined by the setting of TIME-SECONDS
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switch S104. The following circuits are affected
by reset voltages:

(1) The 1-me and all five of the 100-ke

counter assemblies must first receive
a clear voltage, which destroys the
electron beam in the beam switching
tubes. An instant later, the beam must

(2) Binaries V119 and V120 in the gate

control circuit must receive a negative
polarity pulse on their control grids,
pin 2, so that the initial stable state of
each binary is restored. In this man-
ner, section A of each binary is re-
turned fo its initial cutoff state.

be switched to the zero position, so (3) Injection diode V118A must be set
that the numeral zero will appear on into a state, immediately after a dis-
each of the six Nixie indicator tubes play period, in which it cannot couple
before a new counting interval occurs. timing signals into start binary V119
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Figure 18. Reset circuit, functional block diagran.
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and recycle the gate control ecircuit.
This condition must persist only dur-
ing the resetting cycle.

(4) Clock counter assembly A 301 is reset
for the next counting interval. Unlike
the I-mc and 100-ke counters, however,
the clock counter circuit is reset to a
count of nine instead of to a count of
zero (par. 257).

h. Major Circuit Elements. The major circuit
elements which make up the reset circuitry are
illustrated in the functional block diagram (fig.
18), and consist of the following:

(1) Diode matrix network CR114 and
CR116, which receives the final output
of start binary V119 and gate control
binary V120.

(2) Reset amplifier V121A, which receives
two separate and distinet input sig-
nals at discrete intervals (par. 31).

(3) Cathode follower V121B and signal-
passing diode CR117, which function
together as a driving source for the
time delay circuit.

(4) AUTO-MANUAL switch S105, which
1s assumed to be in the AUTO position
throughout the discussion in para-
graph 31.

(5) The time delay cireuit, which is made
up of DISPLAY TIME control R275
and charging capacitor C194.

(6) Reset control (one-shot) multivibra-
tor stage V122, which develops an
output pulse used in driving three ele-
ments in the reset circuit.

(7) Reset generator V123, which initially
develops the clearing voltage and, an
instant later, the zero resetting volt-
age for the 1-me and 100-ke counter
assemblies.

31. Reset Circuit, Block Diagram Signal
Paths
(figs. 18 and 19)

The functional block diagram (fig. 18) and
the idealized waveforms (fig. 19) of the reset
circuit use a time scale which is vital to the
understanding of the sequence of events dis-
cussed in this paragraph.
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«. Time Seale. The time scale used is an arbi-
trary one, but is essential for purposes of dis-
cussion. It consists of four divisions, as follows:

(1) Time 1 represents the start of the
counting interval.

(2) Time 2 represents the end of the
counting interval and the beginning
of the display period. This display
period is variable, depending on the
setting of the DISPLAY TIME con-
trol (R276, fig. 20). Limits of this
control range from less than 1 second
to more than 5 seconds. During this
period, the Nixie indicators retain the
count, with their metallic numerals
glowing.

(3) Time 3 represents the end of the dis-
play perind and the start of the reset
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Figure 19. Reset control eirenit, idealized waveforms.
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(4)

cycle. The display is reset to zero dur-
ing time 3 and 4.

Time 4 represents the completion of
the reset cycle. Circuits in the fre-
quency counter are ready for the next
counting period after time 4.

b. Signal Tracing. Based on the arbitrary time
scale deseribed in « above, the following actions
occur. The waveforms shown in the block dia-
gram (fig. 18) are superimposed on the arbi-
trary time scale; those shown in the idealized
waveform chart (fig. 19) are more representa-
tive of the actual voltages existing at the desig-
nated circuit points.

(1)

(2)

(3)

(4)
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At time 1, the pulse from the selected
timing circuit in the clock pulse gen-
erator (or from T.L.M. START jack
in the T.I.M. position of S103), passes
through injection diode V118A, and
reverses the initial condition of start
binary V119. As described in para-
graph 28, the output transient of V119
causes a flip-flop action in gate control
binary V120.

At time 2, the stop timing pulse from
the selected timing circuit in the clock
pulse generator (or from T.I.M. STOP
jack J103 in the T.I.M. position of
S5103) passes through injection diode
V118B, and restores gate control
binary V120 to its initial condition.
During the time interval from 1 to 2
(figs. 18 and 19), the output voltage
from V120 opens gate stage V116. This
action permits signals from the trig-
ger circuit (fig. 2) to pass through to
the counters, with the count register-
ing on the Nixie indicator tubes.

A voltage obtained from the plate, pin
1, of start binary V119 is of negative
polarity from time 1 until V119 is
reset at time 3.

A voltage obtained from the plate, pin
6, of gate control binary V120 is of
negative polarity from time 2 (when
the counting interval ends) until the
next counting interval begins at time 1.

A diode matrix (fig. 18), consisting
of signal-passing diodes CR114 and
CR116, provides a negative output
voltage from time 2 until time 3. This

(6)

(7)

interval is the period when the outputs
of V119A and V120B are negative.

The negative output of the diode
matrix is amplified and inverted by
reset amplifier V121A. The VI121A
positive output (from time 2 to 3) is
coupled to the time delay drive circuit
consisting of V121B (a cathode fol-
lower) and diode CR117. This positive
output voltage is coupled through the
AUTO contact of AUTO-MANUAL
switch S105 to the time delay circuit
of R276 and C194. Depending on the
setting of DISPLAY TIME control
R276, the voltage across charging
capacitor C194 rises at a slow or fast
rate.

At the completion of the resistance-
capacitance time-constant period (time
3), reset control stage V122 is trig-
gered through S106A (fig. 20). This
stage, a one-shot multivibrator, pro-
duces a positive output pulse which
lasts from time 3 (the end of the dis-
play period) to time 4 (the completion
of the reset cycle). This output pulse
drives three circuits:

(a¢) The positive output of V122 trig-

gers reset generators V123 (fig. 21)
into conduction. This stage immedi-
ately develops one output of positive
polarity (the clear pulse) at its
cathode and, less than 1 microsec-
ond later, a second output of nega-
tive polarity (the reset pulse) at its
plate. The positive output clears the
electron beam in the 1-mc and all
five 100-kec counters. The negative
output resets the electron bheam in
all of the counters to the zero posi-
tion (par. 12b).

(b) The positive output of V122 is

simultaneously applied to the input
of reset amplifier V121 A where the
signal is amplified and inverted into
a negative output. This negative
output has no effect on negatively
biased cathode follower V121B in
the time delay drive circuit. How-
ever, the negative-going output volt-
age is applied as a reset signal to
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clock counter A 301 and to binaries
V119 and V120 in the gate control
circuit. Diode CR118 is a clamp that
assures that only the negative out-
put from reset amplifier V121A is
coupled into the clock counter and
binary circuits.

(c) The positive output of V122 is si-
multaneously applied to injection
diode V118A. This diode is normally
biased negatively and couples nega-
tive pulses to start binary V119 dur-
ing a counting interval. However,
for a period of approximately 10
milliseconds after time 3 (the end
of the display period), diode V118A
must be inhibited from passing
timing signals to the gate control
circuit. This is accomplished by
driving the cathode of the diode
highly positive (approximately 50
volts with respect to ground) to
prevent the start of another count-
ing period prematurely.

32. Reset Circuit, Stage-by-stage Analysis

a. Review of Binaries V119 and V120 (fig.
17). The input signal to the reset circuit is de-
veloped by the condition of start binary V119
and gate control binary V120. Three conditions
of the binaries must be considered in this
analysis, as follows:

(1) Binary V119 in its normal or pre-
count state, with V120 also in its
normal or precount state. This condi-
tion exists at the start of each counting
interval.

(2) Binary V119 in its reversed state,
with V120 also in its reversed state.
This condition exists during a count-
ing interval (par. 27).

(3) Binary V119 in its reversed state,
with V120 restored to its normal or
precount state. This condition exists
after each counting interval, since the
suppressor grid of gate stage V116 is
driven negative to prevent the input
gignal from passing to the 1-me and
100-ke counters.

b. Siynal Passing Diodes CR114 and CR116.
Diode CR114 (fig. 17) is connected from V119A
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plate, pin 1, to the readout control line. Diode
CR116 is connected from V120B plate, pin 6,
to the same readout control line. One diode
(CR114) receives the output of binary V119A,
which is in its reversed condition during a
counting interval. The second diode (CR116)
receives the output of V120B, which is in its
normal condition at the end of a counting inter-
val. Because of the circuit arrangement of the
diodes, the following actions occur:

(1) In the normal or precount condition,
the readout control line is maintained
positive by start binary V119 and
diode CR114.

(2) During the counting interval, the
readout control line is maintained
positive by gate control binary V120
and diode CR116.

(3) After the counting interval, however,
neither diode is able to hold the read-
out control line positive, It is at this
instant that the negative voltage from
the —120-volt supply (connected
through R285) causes the line to go
negative. This instant marks the be-
ginning of the readout period.

(4) The negative voltage from R285 exists
on the readout control line until a
positive output pulse from reset con-
trol stage V122 (fig. 18) overrides the
negative potential. When this happens,
the readout control line becomes posi-
tive again, and is maintained positive
because start binary V119 is reset to
its normal state by the time the V122
output has disappeared.

¢. Detailed Analysis. On the basis of @ and b
above, the reset circuit can be analyzed with
reference to the triggering of reset amplifier
V121. This stage serves two separate and dis-
tinet functions during the reset cycle. Para-
graph 33 gives a detailed analysis of V121.

33. Reset Amplifier V121
(fig. 20)

a. Amplifier Input Signal. Stage V121A am-
plifies and inverts the negative voltage which
exists on the readout control line at the begin-
ning of the readout period (par. 32b6(3)). The
negative signal is coupled through resistor R267
to the grid, pin 2, of V121A. The resulting posi-
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tive signal (developed across plate load resis-
tor R268) is de coupled through resistor R269
to the grid, pin 7, of cathode follower V121B.
Resistor R269 serves as the de coupling path;
R271 couples a fixed negative bias voltage to the
grid.

b. Amplifier Output Signal. The positive sig-
nal produced across V121B cathode load resistor
R274 is coupled through R273, CR117, AUTO-

MANUAL switch S105 (AUTO position), and
DISPLAY TIME control R276 to charging
capacitor C194, Diode CR117 is part of a volt-
age-divider network, consisting of resistors
R274, R273, and R275, which is connected be-
tween the —120-volt power supply and chassis
ground. Diode CR118 prevents the positive sig-
nal at the plate of reset amplifier V121A from
appearing on the gate reset line at this instant.

+220V
—
r'y
RESETTO
CLOCK COUNTER
R268 R2 72§ VIA JIOS, PIN 2
38K IK 4
I(L =9 BN 3
5 RESET TO VII9 o
(——“-"AND Vi20 GRIDS = RESET
ci93
RESET R269 JUF SI06AQ  _0si088
AMPLIFIER | MEG
vizl
5687WA I e DISPLAY TIME
(= S R273
¥ di --;7—« 22K
— R276
h 6 10 MEG
A B CRIIT AUTO ci94
== IUF
R27I R274 05
| MEG 39K
R277 R278
MANUAL CRIIB 220K 220K
R267 INIS8
220K v == — —
TE —120v ~120V
=120V
+220v  +220V +220V
r282S R279 R283
IOK 100K c196 I MEG
LOIUF G
L (—0
: "??0 _ OUTPUT, VIA R287 AND R288,
It ® To RESET GENERATOR VI23 GRIDS
RESET ais |
CONTROL R284 LUF
vi22 Py IMEG
12AT 7WA
R286
s A ¢ 120K
e 1 INHIBIT START VOLTAGE TO JUNCTION
5 8 3 A R28S OF R243 AND R242, AT VIIBA CATHODE
680K
cius ;J:
LOIUF R28I -120V
2.700
_ =  READOUT CONTROL VOLTAGE FROM DIODES
“*— CRIl4 AND CRII§
TME625- 218~ 35-18
Figure 20. Reset amplifier and control circuit, schematic diagram.
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Diode CR118 clamps the gate reset line to the
—120-volt supply. The diode low forward re-
sistance bypasses the positive output pulss from
V121A, and the negative polarity of the gate
reset line is not disturbed.

c. Gate Reset Line. At the instant the negative
voltage on the readout control line ends (par.
32b(4)), a negative transient appears at the
plate of VI121A. This transient is coupled
through capacitor C193 to the gate reset line.
Diode CR118 allows this negative transient to
be coupled to the desired circuits, while prevent-
ing the previous positive output from affecting
the gate reset line. The following is an explana-
tion of the diode action:

(1) Under quiescent conditions, diode
CR118 is conducting because of its
connection to the —120-volt source.

(2) A negative pulse applied to CR118
biases this diode in the reverse direc-
tion, and assures that the negative
transient from V121A plate will be
coupled to the grids of binaries V119A
and VI120A. The same negative pulse
is dc coupled through connector J105
and its mating plug P301 to reset clock
counter A 301 (par. 25f(3)).

(8) The negative transient at V121A plate
is also coupled to cathode follower
V121B. The negative signal voltage is
reproduced across cathode load resis-
tor R274, but also biases coupling
diode CR117 to cutoff. Because of this,
no negative signal ever reaches charg-
ing capacitor C194, which must be
charged in a positive direction to ac-
complish its purpose in the DISPLAY
TIME circuit.

34. Automatic and Manual Modes of
Operation

(fig. 20)

The signal that triggers reset control stage
V122 is the voltage that rises expotentially
across charging capacitor C194. Two modes of
operation are possible, depending on the posi-
tion of AUTO-MANUAL switech S105.

. Automatic Mode of Operation. In the
AUTO mode of operation, the voltage built up

across capacitor C194 is dc coupled through
RESET switch C106A to the grid, pin 7, of
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V122. RESET switch 3106 is a spring-loaded
type, and is shown in its normal position. Under
this condition, V122B is triggered when the
voltage across capacitor C194 reaches a pre-
determined level. The time required to charge
C194 to this level is determined by the setting
of DISPLAY TIME control R276. Paragraph
35 describes the circuit action after V122 is
triggered.

b. Manual Mode of Operation. In the MAN-
UAL mode of operation, switch 8105 opens the
circuit line from reset amplifier V121 to the
DISPLAY TIME control.

(1) Pressing RESET switch S106A opens
the circuit line between charging ca-
pacitor C194 and the input to reset
control stage V122. This action pre-
vents reset control stage V122 from
being triggered until the RESET
switeh is released from its depressed
position.

(2) When switch S106 is held in its de-
pressed position, S106B couples the
—120-volt line through resistor R278
to the grid, pin 2, of reset amplifier
V121A. Applying this negative volt-
age to the V121A grid produces a posi-
tive pulse that is coupled to V121B
grid, pin 7. The positive pulse is re-
produced across cathode load resistor
R274. (The action is identical with
that deseribed in paragraph 33b when
reset amplifier VI21A receives a nega-
tive signal from diodes CR114 anu
CR116.)

(3) The positive pulse at V121B cathode,
pin 6, is coupled through attenuating
resistor R272 to charging capacitor
C194, and the capacitor charges rap-
idly. Capacitor C195, in the V122B
grid circuit prevents any sudden
changes, due to switching action, from
triggering V122 prematurely. When
RESET switch 8106 is released from
its spring-loaded to its normal posi-
tion, capacitor C194, now fully
charged, is reconnected to the grid,
pin 7, of V122. In this manner the con-
duction that would ordinarily be
reached at the end of the display period
during automatic mode of operation is
duplicated.
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(4) Manual resetting of the equipment is
possible during the automatic mode of
operation. This is true because of the
connection of the grid, pin 2, of gate
control binary V120A to the gate reset
line. A manually initiated reset pro-
duces exactly the same conditions that
normally exist at time 3 (fig. 18) in
the automatic mode. This change in
the condition of gate control binary
V120A can be obtained at any instant
of the automatic cycle.

V122,

35, Reset Conirol Circuit

Analysis

Stage

Reset control stage V122 is a monostable mul-
tivibrator. In its stable state, the A section is
condueting, and the B section is cut off. This is
determined by the connection of +220 volts de
to the grid of the A section, pin 2, through
resistor R283. Plate load resistors for the B
and A sections, respectively, are R279 and R282.
The two sections have a common cathode resis-
tor, R2&1.

a. Feedback Loop. As the voltage developed
across capacitor C194 rises, the potential at the
arid of V122B, pin 7, begins to rise. When the
erid voltage rises sufficiently to cause conduc-
tion of this section, the voltage at the plate, pin
6, drops. This negative voltage change is cou-
pled through capacitor C196 to the grid of
V122A, pin 2. The resulting decrease in plate
current through V122A is reflected in a drop in
the voltage developed across R281. This change
in voltage is equivalent to a voltage rise at the
grid of V122B and positive feedback action is
achieved through the common cathode resistor.

b. V122B Conducting, V122A Cut Off. The
regenerative process proceeds rapidly until
V122A is completely cut off and V122B is con-
ducting fullv. The entire nrocess of reversing
the condition of this circuit takes place very
rapidly, with the result that a positive pulse is
developed at the plate of V122A, pin 1. This
pulse, approximately 50 volts in amplitude, is
used to drive three circuits in the reset cycle.

(1) The positive pulse passes through de
coupling resistor R284 to drive reset
amplifier V121A. The resulting nega-
tive output of V121A plate, pin 1,
causes the resetting of clock counter

AGO 3508A

A 301 and gate control binaries V119
and V120 (par. 33¢(2)).

(2) The positive pulse is also fed through
coupling capacitor C197 and signal
dropping resistor R286 to the junction
of resistors R241 and R242, at injec-
tion diode V118A cathode (fig. 17).
Here the positive voltage pulse pre-
vents another counting interval from
starting until reset control stage V122
has returned to its initial condition.
Injection diode V118A cannot pass
timing signals from the clock pulse
generator as long as its cathode is
positive, Because of this inhibit start
pulse, all of the reset transients are
given time to decay completely before
a new counting interval begins.

(3) A third path for the positive output
pulse of V122A is throuch coupling
capacitor C198 to grid resistors R287
and R288, in reset gensrator V123.
This signal path is described in detail
in paragraph 36.

¢. Return to Stable State, V122A Conducting
and V1228 Cut Off. The discharge path for
coupling capacitor C196 is through grid return
resistor R283 to the +220-volt supply line.
Vhen C196 discharges sufficiently, the A sec-
tion of reset control stage V122 begins to con-

+220V
POSITIVE
PULSE
FRCM
vI22,PIN|
R29! RESET
-LWB 240K GENERATOR
1200 viz3
5727/2021W
RESET LINE
RrR288 R287
6,800 68K (TO COUNTERS VIA

JIO& THRU Jllt)
s 10 O B
——»CLEAR LINE

(TO COUNTERS VIA
JIOE THRU JIIN

3

R293 RZ94
510 12K

-120v 20V . -120V
TME625—218-35-19

Figure 21. Reset generator V123, schematic diagran.
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duct again, with a corresponding increase in
the voltage drop across common cathode resis-
tor R281. Stage V122B is soon restored to cut-
off (while stage V122A is conducting fully)
until the next charging voltage from delay time
capacitor C194 starts the cycle again.

36. Reset Generator V123
(fig. 21)

Reset generator V123 is a gas-filled thyratron
which is normally cut off by the negative 120-
volt supply voltage applied through resistor
R289 to the screen grid, pins 5 and 7, and
through resistors R287 and R288 to the control
grid, pin 1. The cathode, pin 2, is tied (through
R292) to the junction of voltage-divider resis-
tors R293 and R294. The cathode potential is
less negative than the grid potential. Capacitor

.C200 bypasses low-frequency variations to
ground. The series combination of resistors
R292 and R294 make up the cathode resistor.
Resistor R291 is the plate load resistor. Capaci-
tor C199, connected between the plate and cath-
ode, is the charging capacitor for the output
signal developed at the plate, pin 6.

a. At the start of the reset cycis, a positive
pulse of approximately 50-volt amplitude is
coupled from the plate, pin 1, of reset control
stage V122 through capacitor C198 and resis-
tors R287 and R288 to the grids of reset genera-
tor V123. This incoming pulse is sufficient in
amplitude to overcome the grid-to-cathode bias
of V123 and the thyratron fires. With a heavy
flow of current through V123, the potential at
V123 cathode, pin 2, increases to a large posi-
tive value. This positive spike is applied to the
I-me and all five of the 100-kc counters as a
clearing voltage. It effectively destroys the elec-
tron beam within each of the beam switching
tubes (par. 125).

b. As capacitor C199 discharges through re-
sistor R292, the spike at the cathode, pin 2,
rapidly disappears. Simultaneously, the poten-
tial at V123 plate drops rapidly and produces a
negative pulse on the reset line to the counter
assemblies. This action resets the counters, and
their associated Nixie indicators, to zero (par.
126(2)).

¢. When capacitor C199 has discharged suffi-
ciently, the current through reset generator
V123 becomes too small to maintain ionization,
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and V123 ceases to conduct. Capacitor C199
then recharges to the B+ potential through
plate resistor R291.

37. Power Supply
(fig. 22)

a. General. The power supply provides dec
outputs of +220, +180, 4120, —60, and —120
volts. Three ac outputs of 6.3 volts are produced
by the secondary windings of transformers
T101 and T102.

b. 115-volt or 230-volt Operation. Either 115-
volt or 230-volt source power can be used by
the frequency meter, depending on the position
of 115V-230V switch S102 on the rear panel.
When 8102 is in the 115V position, source
power is applied to both primaries of T101 in
parallel, and to both primaries of T102 in par-
allel. When S102 is in the 230V position, source
power is applied to both primaries of T101 in
series, and to both primaries of T102 in series.
In 115-volt operation, 3.2-ampere fuses are
used; in 230-volt operation, 1.6-ampere fuses
are used.

¢. Standby Condition. When switch S101 is
in the STANDBY position, source power is
supplied to the primary windings of trans-
former T102 (b above) and 115 volts ac is ap-
plied to the STANDBY indicator lamp. The
secondary of T102 supplies 6.3 volts ac to the
crystal oven and XTAL OVEN ON lamp (par.
17a).

d. Power Condition. When switch S101 is in
the POWER position, source power is supplied
to the primaries of both T101 and T102, and
to the blower motor circuit. Source power is
removed from the STANDBY indicator lamp.

e. Circuit Description. The detailed circuit
analysis below deseribes the circuit with
POWER-STANDBY-OFF switch S101 in the
POWER position.

(1) Blower motor cirewit. With 115V-
230V switch S102 in its 115V position,
the 115-volt ac power connected to
terminals 1 and 2 of transformer
T101 is also applied to the full-wave
bridge consisting of rectifiers CR109
through CR112. With the 115V-230V
switch in the 230V position, the pri-
mary windings of T101 (terminals
1-2 and terminals 3—4) of T101 are in
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(2)

series. The primaries then function as
an autotransformer to provide 115-
volt input across terminals 1 and 2 to
the bridge rectifier. The rectified dc
voltage, filtered by capacitor C109 and
resistor R116, is used to drive blower
motor B101. Resistors R115 and R117
are voltage-limiting resistors. Capaci-
tors C111, C112, C120, and C130, are
radio-interference filters. The voltage
across the motor terminals is approxi-
mately 110 volts de.

Positive output eircuit. The ac voltage
developed across terminals 5 and 6 of
T101 is applied to the full-wave bridge
consisting of rectifiers CR101 through
CR104. The negative side of the bridge
is grounded; the positive output of
the bridge is applied through protec-
tive resistor R101 to filter capacitor
C101. Capacitor C102 is a high-fre-
quency bypass. The +220-volt line is
applied to the plates of the Nixie tubes,
clock counter tubes V301 through
V304, and to V119 through V123 in
the gate control and reset circuits.
Resistor R110 drops the line voltage
to provide a +180-volt potential to
the 1-me and the five 100-ke counter
assemblies. The --180 volts is also
applied to the cathodes of the Nixie
tubes. Stages V101 and V102 provide
a regulated —+120-volt potential for
the clock pulse generator (V103-V111)
and the input trigger channel circuits
(V112, V113, V114, and V116). Volt-
age control V101 is a dc voltage am-
plifier whose output is de coupled to
positive series regulator tube V102.
Tube V102 is connected in series be-
tween the 4-220-volt line and the
+120-volt output line. The effective
change in resistance of V102 keeps
the 120-volt line voltage constant. The
regulated —60-volt output is used as
a reference voltage. Resistors R105,
R109, and R108 from a voltage divider
between the -4120-volt output line
and the —60-volt output line. Regu-
lating action is as follows:

(a) The voltage at the grid, pin 1, of

V101, depending on the setting of

R109, is slightly negative. If the
+120-volt output line varies, ap-
proximately one-third of this change
in potential is applied to the grid
of V101. This error voltage is am-
plified and inverted by V101, and
applied to grids, pins 1 and 4, of
V102, This action changes the cur-
rent flow through V102 to oppose
the original voltage error, and re-
stores the plus 120-volt output to
the correct value.

(b) Resistors R111 and R114 prevent

parasitic oscillations in V102. Cath-
ode resistors R112 and R113 help
keep the current balanced between
the two sections of dual-triode V102.
If either half of the tube begins to
draw more than half the current,
the additional current through R112
or R113 increases the negative bias
of that section. This circuit arrange-
ment inereases the current in the
half of the tube that has too little
current and decreases the current
in the half of the tube that has too
much current. The final result is
that the currents in each half are
essentially balanced.

(¢) Capacitor C103 couples any sudden

variations in the 4-120-volt line to
the V101 grid. These sudden varia-
tions in the feedback loop are nearly
three times greater than the dec
error voltage available at the arm
of R109 and are therefore effective
in reducing ripple on the +-120-volt
line,

(3) Neguative 120-volt output cireuit. The

ac voltage developed across terminals
7 and 8 of T101 is applied to a full-
wave bridge consisting of rectifiers
CR105 through CR108. The positive
side of the bridge is grounded and the
negative output of the bridge is con-
nected through protective resistor
R106 to the -—120-volt unregulated
de line. Capacitor C106 filters this
output voltage; C107 is a high-fre-
quency ac bypass. The output of the
unregulated —120-volt supply is ap-
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plied to the gate reset and readout
control lines, the cathodes of V118A
and V118B, the grids and cathodes of
V119, V120, V121, and V123, the
cathodes and grids of clock counter
stages V301 through V304, and the
cathodes of all tubes (including beam
switching tubes) on the counter as-
semblies.

Negative 60-volt output circuit. Re-
sistor R107 drops the —120-volt out-
put at the junction of resistor R106
and filter capacitor C106 to —60 volts.
Zener diode CR1183 is a regulator
similar in operation to a gaseous volt-
age regulator tube. The Zener diode
has a ecritical voltage below which
negligible current is drawn by the
diode. At this critical point, the diode
begins to draw current. The amount
of current drawn increases rapidly
with very small increases in applied
voltage. As an example, if the output
of the —120-volt line should change
due to variations in ac line voltage or
in the load by 10 percent, or 12 volts,
the current through resistor R107
will change by approximately 2 milli-
amperes. The voltage across Zener
diode CR113 will change by approxi-
mately .2 volt to adjust the current
drawn by CR113 by 2 milliamperes.
In this way, the output across
Zener diode CR113 is held relatively
constant despite large variations in
the unregulated —120-volt line. Be-
cause of the fast response time of the

Zener diode, the regulating action
eliminates ripple, and no filter capaci-
tor is needed. Capacitor C108 is an
ac bypass for exceptionally sharp
transients. The output of the regu-
lated negative 60-volt supply is applied
to the grid of gate V116, the cathode
of input amplifier stage V112, and to
a voltage divider in the plate circuit
of V114.

X-x heater circuit, Terminals 9 and
10 of transformer T101 provide 6.3
volts ac heater power for all tubes on
the 1-mec and 100-ke counter assem-
blies, as well as for reset generator
V123. This filament voltage is super-
imposed on the —120-volt supply to

eliminate the danger of arc-over from
adjacent cathodes operating near the
—120-volt level.

Y-to-ground heater circuit. Terminals
11 and 12 of transformer T101 pro-
vide 6.3 volts ac heater power for the
heaters of all other tubes in the equip-
ment, as well as for POWER indicator
lamp DS101.

Accessory power circuit. A parallel
output of T101, terminals 11 and 12,
at 6.3 volts ac, and a parallel output
of the +220-volt line are connected
to ACCESSORY POWER jack J104,
at the rear panel. The jack is a con-
venient means of connecting operating
power to any accessory equipments
which may need these ac and de
potentials.
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CHAPTER 2
TROUBLESHOOTING

Warning: When servicing the frequency
meter, be careful not to contact the B voltages
(from —120 volts to +220 volts de). Even
with ac power removed, high dc potentials may
still be retained as charges on capacitors. Be-
fore touching exposed parts, short them to
ground. Be especially careful when checking
the ac input circuits at fuseholders XF101 and
XF102, at terminals board TB104, and at the
terminals of POWER-STANDBY-OFF switch
S101.

38. General Instructions

Troubleshooting at field and depot mainte-
nance level includes all the techniques outlined
for organizational maintenance and any special
or additional techniques required to isolate
defective parts. The field and depot mainte-
nance procedures are not complete in them-
selves but supplement the procedures deseribed
in TM 11-6625-218-12. The systematic trouble-
shooting procedure, which begins with the
operational and sectionalization checks that can
be performed at an organizational level, must
be completed by means of sectionalizing, localiz-
ing, and isolating techniques.

39. Troubleshooting Procedures

a. General. The first step in servicing a
defective frequency meter is to sectionalize the
fault. Sectionalization means tracing the fault
to the major assembly or circuit responsible
for the abnormal operation. The second step is
to localize the fault. Localization means tracing
the fault to a defective part responsible for
the abnormal condition. Some faults, such as
burned-out resistors or rectifiers, arcing,
shorted transformers, ete., often can be located
by sight, smell, and hearing. The majority of
faults, however, must be localized by signal
substitution and by checking voltages and
resistances,
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b. Sectionalization and Localization. The
tests listed below aid in isolating the source
of trouble. To be effective, the procedures
should be followed in the order given. First
localize the trouble to a single stage or circuit.
Then isolate the trouble within that stage or
circuit by appropriate voltage, resistance, and
continuity measurements. The service procedure
is summarized as follows:

(1) Visual inspection. Visual inspection
enables the repairman to locate faults
without testing or measuring circuits.
This inspection is valuable in avoiding
additional damage to the frequency
meter which might oeccur through im-
proper servicing methods, and also in
forestalling future failures. Power-off
visual inspection checks are given in
paragraph 27 of TM 11-6625-218-12.
With power-on, visual inspection often
enables the repairman to locate tubes
with open filaments and gassy tubes
which give off a bluish-purple glow.

(2) Resistance measurements. The use of
resistance measurements to locate
trouble will prevent further damage
to the equipment if possible short cir-
cuits are present. To assist in the
localization of such faults, trouble-
shooting data include the normal re-
sistance values as measured at the
tube sockets and at key terminal
points. The normal resistance values
at any point can be determined by
referring to the resistance values
shown in diagrams (fig. 25-26) or by
the resistor color code (fig. 40). Be-
fore making any resistance measure-
ments, turn off the power.

(3) Voltage measurements. Most troubles
either result from abnormal voltage
or produce abnormal voltages. Normal
voltages at tube sockets and key ter-

AGO 3508A

W/



START BINARY

INJECTION DIODE
VII9 V118
12AT7WA

5726/6ALSW

A OV DC 6.3V AC OvVDC 6.3VAC

(o]
AQVDC 6.3V AC

A
A -78V
36K o
RESETVIZIIAMPLIFIER GATE CovTROL BINARY
5687 A TWA
a7V ov 0oV 0C 6.3V AC

0o

10K
214V

26K
0V DC 6.3VAC

0
0V DC 6.3VAC
(o]
o
RESET CONTROL GATE
viz22 vz
I2AT7 WA 5726/6ALSW

o7 OV DC 6.3V AC
ov S
iOMEG 2,700
220V ov
oK [

120V
0vDC 6.3VAC
0

oVDC 6.3VAC TMEG

VOLTAGE CONTROL
ML%WA

70V

SERIES REGULATOR
VIo2
6080WA

70V

2,700
CATHODE FOLLOWER-TRIGGER STAGE GATE Lo
Vi
5687
220V 121Iv
ov 10K 12K

6,200
OVDC 6.3VAC
o

OV DC 6.3VAC

22K
TRIGGsﬁS STAGE o INPUT e|'|‘2PL|FIER
v 6AUSWA : 20K RATTWA - ov pC_6.3VAC
52V v (¢}

6,200 2,900 6.3VAC
o

33v

0VDC 6.3VAC o

g %

PROTECTIVE DIODE -METER RECTIFIER G
5726/6AL5W

NC -24V

0V DC 6.3VAC 482K

DIVIDE-BY-I0 STAGE
VIO

0
RESET GENERATOR 12AT7 WA
M
220V AL -120V sov
16K 34K
ov

16K

-120V
90K

-120VDC 3.15VAC
6K
-120VDC 3.15VAC
6K

-lsv
miev

OV DC 6.3VAC

(¢]
OVDC 6.3VAC

OV DC 6.3VAC
oK o

DIVIDE — B\XEIO STAGE
12AT7TWA

DIVIDE—B\X—;O STAGE
12AT 7TWA

32v

8OV

|3V

OV DC 6.3VAC

OV DC 6.3VAC
0o

REAR

85v

arvyv

33K

[ ]

FRONT

DIVIDE-BY-5 STAGE
V08

12AT7WA

. LINE VOLTAGE AT II5V, 60 CPS,

2. VOLTAGE READINGS ABOVE LINE,
RESISTANCE READINGS BELOW LINE,

3.UNLESS OTHERWISE SHOWN, VOLTAGES
AND RESISTANCES ARE MEASURED TO
GROUND. DC VOLTAGE READINGS TAKEN
WITH A 20,000 OHMS-PER-VOLT METER.

4.MINDICATES MEASUREMENTS TAKEN
WITH VACUUM TUBE VOLTMETER.

5.NC INDICATES NO CONNECTONS.

6. A INDICATES MEASUREMENTS TAKEN
WITH ELECTRON TUBES VI8 AND VII9
REMOVED FROM THEIR TUBE SOCKETS.

7.0 INDICATES MEASUREMENTS TAKEN
WITH ELECTRON TUBES VII8 AND VI20
REMOVED FROM THEIR TUBE SOCKETS.

8 .RESISTANCE MEASUREMENTS MADE
WITH OHMMETER TEST PROD CONNECTED
FROM NEGATIVE SIDE OF BATTERY TO
CHASSIS GROUND.

DIVIDE-BY-5 STAGE
VIO6

12ATTWA

33K

BINARY

NOTES:
9. FRONT PANEL CONTROL SETTINGS:
ity SETTING FOR
CONTROL SETTING FOR RESISTANCE
VOLTAGE MEASUREMENTS | e nSUREMENTS
POWER-STANDBY - OF F | POWER | OFF
TIME - SECONDS | l |
I
FUNCTION TEST COUNT OFF
AUTO ~MANUAL MANUAL| MANUAL
INT.~EXT. INT. INT.
DISPLAY TIME FULL COUNTERCLOCKWISE | FULL CLOCKWISE
TRIGGER VOLTAGE FULL CLOCKWISE FULL CLOCKWISE
SENSITIVITY FULL CLOCKWISE

FuLL C%OCKVIISE

SHAPER ONE SHOT
MUL I&IOB‘RATOR

| s814A

23,8V, RN 26.5V
28K 145K
s 42v
0 18K
BRVEE OVDC 6,3VAC
5 10K °
OVDC 6.3VAC 888V 6.3VAC
S 1ABK [}
20y
20K 30K

s

=

Figure 23. Tube socket voltage and resistance diagram, main chauunis, bottom view.
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GATE CIRCUIT RECTIFIER CLOCK PULSE GENERATOR CIRCUIT
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220V 220V W27V W27V [&5a 220V 225V 145V 145V oV 120V Wﬁﬂ 96V o8V e 98V
oK Re 72 iok® O Times | OTmes o222 10K s {__crios ] o i [__crios | e 125K 26K° | | V28K {Ris7 | 38K°
~120V 57V 57V ___NM 34V TOP 96V 96V 96V 83V
57 o {cia3}
O%K {F‘W" F P6K" O%6K (R273] MO “Lail4 30K TOP OgaK (RI37] Z8KC < TOP- 28K 3K
~17V -17V | s7v 57V (7272] 57V [ -17v \/ s | o120V —r 51 96V 026V 95V
220V 214V A i ‘ 120V 96V 528V 3 N
OoK '[RZEB ] aTK O | e e O12.5K 28K° 28K {ci32 } O
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05K OK? ST [R266}— 00 Sall 380K O12.5K ‘ RI&T 34KC O3aK
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ok I0K" | ok R290 NM | ©rz.5k s 34K | O3aK 134K
17V [Rze5)-2N0 (Rz7T) -47V -78v0 | O-78V ~120V ~17V | 120V NM__ o 102V 102V S 95V
T L o 500k O 37K | O37sK LReed) 6K MECT - oo (T 4350 e wilh
~120V D-118v ~79V ~79V 55 NM -118V 0 mi7v. | W7V 102V 'I
Ogx —{Re26!] G,BK 27K O%7K [ ci92 } we © S 3 MEG? 4 MEG O33k RIS2 ]"‘
~120V N7V A-T78V ~9IV N7V g
| o kO 1R254, 36K° O375K Bk 4 MEG?
220V (7Y — A0V . A0V 7 NM 102V 02V 80V
oK BE 0K | AT -{cle7 | M <«—BOTTOM ' 33K O33k 140 34K
220V A IOV A0V mﬂ. -7V | 102V
OoK 0K Olok NM© 380K TIKC
~120V A-78V_ | A -78V ~79V -80V NM 110V 1OV
O R248 om0 SerO Omen O x—{R286 Mo Lo ol [mgaJ
S . 5 - -80 ® I8V
Ogggv (R243] '22:2" R249}—= '?SEG l | D;;K'zw CRID. 92:0 I i O2 MEG _[_faof"} NMC
.. 80V 80OV 80V
SIDE 2 ' SIDE | CHASSIS e | Oza——[RiT6}——2¥o
¥ e 1 OV o328V I RI97 ]- S
LA 4 MEG 34K '
L2V 92.8V 92.8V
el s 4 33K O3ax (RIS }—=53%0
112V | 12V
NOTES 33K PESPEI . > s
0. FRONT ONTROL SETTINGS. .
. LINE VOLTAGE AT II5V, 60 CPS. ONT PANEL CONTROL SETTINGS A gﬁ—of: oﬁ‘é RIBG
. 2. VOLTAGE READINGS ABOVE LINE, el | SE:;E":%%EFOR | Sgg's”ff“ggﬂ NIV HIV 92 8V
RESISTANCE READINGS BELOW LINE. l B olV__ - .
" i s, | MEASUREMENTS | MEASUREMENTS T | O35 {6z }— 2950
UNLESS OTHERWISE SH L m BI6V W6V
- OWER-STANDBY- | POWER 7.0 e
AND RESISTANCES ARE MEASURED TO SFF e £ i 33K ams | ©7 meo -
GROUND. DC VOLTAGE READINGS TAKEN :
: WITH A 20,000 OMMS-PER-VOLT METER. - S0F B
TIME-SECONDS | | |
4. NM INDICATES NOT MEASURED (READINGS . el bRl 05 ol
MAVE NO SIGNIFICANCE). > WO
F TEST FF
8, A INDICATES MEASUREMENTS TAKEN WITH UNCTION &9 COUNT ©
ELECTRON TUBES VII8 AND VII9 REMOVED AUTO-MANUAL | MANUAL MANUAL /
FROM THEIR TUBE SOCKETS., INT.- EXT. INT, INT, FRONT OF
8. O INDICATES MEASUREMENTS TAKEN WITH CHASSIS
: SE
ELECTRON TUBES VII8 AND VI20 REMOVED ISPLAY. Ve EEEEK&?:EJTER § FOLL AU
FROM THEIR TUBE SOCKETS.
R
o R AR N R s e TRIGGER VOLTAGE | FULL CLOCKWISE | FULL CLOCKWISE
VACUUM TUBE VOLTMETER, SENSITIVITY FULL CLOCKWISE | FULL CLOCKWISE

8o ALL RESISTANCE MEASUREMENTS TAKEN WITH

OHMMETER TEST PROD CONNECTED FROM '
NEGATIVE SIDE OF BATTERY TO CHASSIS GROUND,

9¢ TOP SIDES OF TERMINAL BOARDS ARE CLOSEST
TO CHASSIS; BOTTOM SIDES CLOSEST TO VIEWER,
WITH EQUIPMENT AS ILLUSTRATEDe

Faigure 24. Voltage and resistance diagram, terminal boards TB101 through TB103. _ TM6625-218-35-25
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TOP
-62Vv -120V
2 4TH BINARY
4 V304
5814A
12K 65K
-62V -120V
3D BINARY
V303
5814A
12K 65K
-62V - 120V
2D BINARY
V302
5819A
12K 65K
-60V -120V
IST BINARY
V30l
5814A
12K 65K
BOTTOM
P30I
NOTES:
1. LINE VOLTAGE AT 15V, 60 CPS, FROM TOP OF TUBE SOCKETS TO CHASSIS
GROUND,

2. RESISTANCE READINGS BELOW LINE, VOLTAGE C- STANDBY]OFF] SWITCH IS IN
READINGS ABOVE LINE. POSITION.

3, VOLTAGES ARE MEASURED AS FOLLOWS: 0. [INTJ-[EXT.] SWITCH IS IN POSITION.
A.CLOCK COUNTER ASSEMBLY A 30l IS AS 4, RESISTANCES ARE MEASURED BY REMOVING
PLUGGED INTO MATING JACK JIO5, ON MAIN CLOCK COUNTER ASSEMBLY A 30l FROM MAIN
CHASSIS, CHASSIS, ALL MEASUREMENTS ARE FROM
8. TUBES V30! THROUGH V304 ARE REMOVED INDIEATED POINTS TO SHORTED PINS 2,4,6,
FROM TUBE SOCKETS.VOLTAGES ARE TAKEN AND 8 OF CONNECTOR P30I,

TM6625-218-35-26
Figure 25. Voltage and resistance diagram, clock counter assembly A 301.
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|-MC BEAM SWITCHING TUBE

-120v l 120V

36K

115y

I70K 2

115V

170K

120V

36K

52v

30K

17V NOTES:

35K

l VOLTAGE READINGS ABOVE
60V LINE: RESISTANCE READINGS
36K BELOW LINE.

2, EACH COUNTER IS PLUGGED
115V INTO ITS MATING RECEPTACLE
170K JI0O6 THROUGH Jili, AT
i BOTTOM OF MAIN CHASSIS.
170K 3, NIXIE TERMINAL BOARD CON-

NECTORS P40I THROUGH P406
120V ARE PLUGGED INTO PRINTED
36K TERMINALS AT TOPS OF

i PRINTED CIRCUIT BOARDS

oK AS0I,A 601 THROUGH A 605,

120V 4,FOR VOLTAGE MEASUREMENTS:

36K A. VOLTAGE IS MEASURED
FROM INDICATED TUBE
'37:: SOCKET PIN TO CHASSIS
GROUND.
B. LINE VOLTAGE IS 115V, 60CPS,
C.[POWER- STANDBY —OFF
2 I00-KC BEAM SWITCHING TUBE SWITCH IN POSITION
=20V 120v 0o INT,- EXT,] SWITCH 1S m
C 36K
POSITION. k ]
120V _logv E. 20,000 OHMS-PER-VOLT
36K 193K METER USED,
s2v lo2v 5, FOR RESISTANCE MEASURE-
106K 193K MENTS?

1200 A, RESISTANCE 1S MEASURED
102y T FROM INDICATED TUBE SOCKET
193K PIN TO THE COMMON + (80~
e 52v VOLT LINE, AVAILABLE AT
ok 106K UNUSED PIN C ON EACH CON-

NECTOR P40l THROUGH P40S6.
102v 3‘;:’( 8.[POWER- STANDBY - OFF
193K SWITCH IN POSITION,
102y 5 7 O— S0V 6. ALL VOLTAGE MEASUREMENTS -
193K 3 36K TAKEN WITH "0" NUMERAL ON
NIXIE INDICATOR TUBE LIT.
120v 8 |9O 102v A.SAME READINGS WILL BE
36K 22 193K OBTAINED AT CORRESPONDING
7 SPADES AND TARGETS IF ANY
120V 21 Sov OTHER NUMERAL ON NIXIE
SeK o INDICATOR IS ILLUMINATED.

6 B.READINGS AT GRID TERMIN-
102V 51 120v ALS 4 AND 16 WILL BE RE-
93K e VERSED WHEN AN ODD

@) NUMERAL ON THE NIXIE INDIC~
102y io2v ATOR IS LIT.
193K 193K 7 PIN NO. 18 DOES NOT EXIST
120y e ON TUBE BASE.
36K 36K
=120V -30V
6K 106K

; TM6625-218-35-27
Figure 26. Voltage and resistance diagram, beam switching tubes.
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S, P

minal points are shown on figures
23 through 26. Compare readings
taken with normal readings shown.

(4) Operational tests. Operational tests
frequently indicate the general loca-

40. Test Equipment Required

The following chart lists the test equipment
required for troubleshooting the frequency
meter. Associated technical manuals and as-
signed common names are also listed.

Test equipment

Audio Oséillator BS-882A /. =~ i o -
OseilloscopeOST8A Y= = cviianas oL et e
Fest Set, Electron Tube TVN_T/[Uiss i ar o b
Electronic Multimeter TS-505A/U_. . __ . ___ __ ...

Multimeter tSAN/URM-_105% - -0~ o 00 i

Technical manual | Common name

BMO11=2684 A =t v e Audio oscillator
TMEl1120d ot o vt chie e s R Oscilloscope
BMeTI-b0R3T i s e e Tube tester

PM 1156511 — === ooy N Vtvm
TME116625-203-12 "=~ s - i vl A Multimeter

tion of trouble. In many instances, the
results of the tests will determine the
exact nature of the fault. The equip-
ment performance checklist in para-
graph 28 in TM 11-6625-218-12 is a
good operational test.

(5) Troubleshooting chart. The trouble
symptoms listed in this chart (par.
42) will aid in localizing trouble.

(6) Intermittent troubles. In all these
tests, the possibility of intermittent
troubles should not be overlooked. If
present, this type of trouble often can
be made to appear by tapping or
jarring the equipment. Gently move
the wiring to check for loose connec-
tions, and tap the components with
an insulated tool such as a fiber rod.
It is possible that the trouble is not
in the frequently meter itself, but in
the installation (mounting, loose or
damaged cables, the equipment under
test, etc.). Always be sure the installa-
tion is satisfactory before trouble-
shooting the frequency meter.

(7) Signal substitution. The principal ad-
vantage of the signal substitution
method (par. 43) is that it usually
enables the repairman to localize a
trouble accurately and quickly to a
particular stage when the preceding
tests have not been successful. An
audio oscillator, a multimeter, and an
oscilloscope are items of test equip-
ment that can be used in the signal
substitution procedures applicable to
this equipment.

AGO 3508A

41. Checking B+ and B—
Shorts
a. When to Check. When any of the follow-
ing conditions exist, check for short circuits
and clear the troubles before applying power:
(1) When the nature of the trouble symp-
tom is not known.

(2) When abnormal symptoms reported
from operational tests indicate possi-
ble power-supply troubles.

(3) When the plastic insulation on fila-
ment wiring on the underside of the
chassis shows evidence of melting or
charring. This condition usually indi-
cates a short circuit in filament wir-
ing or an internal short in the heaters
of electron tubes.

Circuits for

b. Conditions for Tests. To prepare for the
short-circuit tests, proceed as follows:

(1) Remove the top and bottom cover
plates from the frequency meter (par.
27b, TM 11-6625-218-12).

(2) Do not plug in the power cord while
taking short-circuit measurements.

(3) Remove electron tubes V101 and V102
from their sockets.

¢. Measurements. Make the resistance meas-
urements indicated in the chart below. More
than 20 percent difference from readings in
the chart should be considered abnormal. If
abnormal readings are obtained, perform the
additional isolating procedures listed in the
chart. When the faulty part is found, repair
the trouble before applying power to the unit.
When replacing faulty rectifiers or tubes in the
power supply, always check for shorted filter
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capacitors. Frequently a faulty filter capacitor
will cause the rectifier to go bad. In such cases,
replace the faulty capacitor before installing
the new rectifier.

Note. Be sure to connect the negative test prod of the
multimeter to chassis ground for checking the positive
power supplies. Reverse the test prods for checking the
negative power supplies.

Point of measurement

(to ground) Normal indication Isolating procedure

Pini6iofiV101—== snuaie Lo 5 i o PhilCeEt e e Check R102, R103.

RintblofetVI01 Eceiie o n el ool HOKESE=Eas e Check R104.

PindlfofaVAQT et oo o s - vnans - 425 e Check C103, R105, R109, and R108.

Bint2:or-pinibiof V1025 s r TOR =2 et asd If resistance is high, check R110 for open circuit. If
resistance is low, check CR101 through CR104.
If resistance is zero, check C101 and C102 for
shorts.

PinslioripindiofaVil025 0> a0t o RS e Check R111 or R114, respectively, if pin 5 or V101
checked out satisfactorily.

Pin:3sorpin Grof- V02 = i S s 125Kt e e Check R112 or R113, respectively. If resistance is
very low, check C104 and C105 for shorts. Check
decoupling capacitor C178.

Negative terminal of capacitor C108____| 8K _____________ If resistance is very low, diode CR113 may be de-
fective. Check C108 for short.

If resistance is approximately 5,000 ohms, check
R107 for short.

If resistance is very high, check R107 for open
circuit.

Negative terminal of capacitor C106____| 6K _____________ If resistance is very low, check C106 and/or C107

for short. Check CR105 through CR108. If re-
sistance is over 10K, check R107 for open circuit.

42. Troubleshooting Chart

The troubleshooting chart is designed to
supplement the operational checks in TM 11—
6625-218-12. Proceed with the steps of the
checklist until a symptom of trouble appears.

Caution: If operational symptoms indicate
the possibility of sheort circuits within the fre-
quency meter, make the short-circuit tests in
paragraph 4lc before applying power to the
unit.

Symptom Probable

trouble Correction

1. With POWER-STANDBY - OFF |No ac power is applied to the fre-|Check for input voltage.

switch in STANDBY, STAND- quency meter.
BY and XTAL OVEN ON lamps

Check line cord.

do not light. Fuse F101 or F102 is open_________ Replace fuse. If the replacement fuse

blows, check for short circuit at
S101 or in T102.

Note. Check to see that fuses of correct
rating for the source voltage are in use
and that the 115V-230V switch is in cor-
rect position.

2. STANDBY and XTAL OVEN ON |Crystal oven or DS103 lamp defec- | Replace defective part.

lamps light, but XTAL OVEN/| tive; T102 defective.

ON lamp does not cycle off and
on after suitable warmup.

46
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Symptom

Probable trouble

Correction

10.

1] =

With POWER - STANDBY - OFF
switch in POWER position,
POWER lamp does not light.
Blower motor operates.

Same as above but blower motor is
inoperative.

POWER indicator lamp lights, but
blower motor fails to operate.

POWER indicator lamp and blower
motor operate, but numerical in-
dicators do not light or are er-
ratic.

Lighted numerical indicators can-
not be reset to zero by RESET
switch.

When RESET switch is operated,
all numerical indicators register
zero but no further action takes
place.

Numerical indicators do not cycle in
either position of AUTO-MAN-
UAL switch.

Same as symptom 9 and FUNC-
TION switch in TEST position,
INPUT LEVEL meter does not
deflect to green area (near cen-
ter) of scale.

Same as symptom 9 but INPUT
LEVEL meter does deflect to
green area of scale,

AGO 3508A

POWER lamp defective____________
T101 secondary defective__________

F101 or K102 epents i o oo o

T101 defective

Blower motor B101 defective_______

Resistor R115, R116, or R117 open.
Diodes CR109 through CR112 de-
fective.

If all numerical indicators are out,
check R110 and +220-volt output
of power supply.

If one or more numerical indicators
light, trouble is in unlighted nu-
merical indicators, in an associated
resistor on the Nixie tube board
assembly, or in the associated
counter assembly.

Reset generator stage inoperative___

Clock pulse generator or gate control
circuitry defective.

TRIGGER VOLTAGE control R214
incorrectly set or defective.

Oscillator, input amplifier, or cath-
ode follower stage V113A defec-
tive.

Defect in clock pulse generator
stages V104 through V111, gate
control stage V120, or trigger
stage V115 or V113B.

Replace POWER indicator lamp.
Replace T101.

If replacement fuse blows, check
V101, V102, T101, C109, C112, and
C120. Make short-circuit tests
listed (par. 41c).

Replace T101.

Replace defective part.

Replace R110.

Check 220-volt output from power
supply to Nixie tube board assem-
bly (fig. 29).

Check tubes V101 and V102.

Replace unlighted numerical indica-
tors.

Check associated resistors on the
Nixie tube board assembly (par.
44).

Replace associated counter assembly.

Check wiring and connections.

Check tube V123. Replace defective
part in reset generator stage.

Check that AUTO-MANUAL switch
is in AUTO position.

Check that INT.-EXT. switch is in
INT. position.

Check tubes and associated parts in
clock pulse generator and in gate
control binary V120.

Adjust or replace R124.

Check V103, Y101, C119 and asso-
ciated components.

Check V112 and V113 stages and as-
sociated components.

Replace defective tube or associated
part.
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Symptom

Probable trouble

Correction

12,

13.

14.

15.

16.

Al

18.

19.

20.

Oscillator fails to tune to 100 ke___

Numerical indicators do not count
correctly in TEST position of
FUNCTION switch.

Resetting of all TIME BASE AD-
JUSTMENTS does not produce
correct indications in TEST po-
sition of FUNCTION switch.

Count is correct for shorter count-
ing intervals but incorrect
for longer counting intervals.
(FUNCTION switch in TEST
position.)

Count is wrong in all positions
of TIME-SECONDS switch.
(FUNCTION switch in TEST
position.)

All counts high and cannot be
corrected by readjusting
TIME BASE ADJUSTMENTS.
(FUNCTION switch in TEST
position.)

Counts are double the correct
amount. (FUNCTION switch in
TEST position.)

One numerical indicator and those
to the left of it (as viewed from
front panel) remain at zero and
do not count.

One numerical indicator remains
dark while all others function
normally.

Crystal Y101 defective ___________

C114 has changed value___________
FREQ. ADJ. C119 misalined or de-
fective.

One or more TIME BASE ADJUST-
MENTS incorrectly set.

+120V ADJ R109 incorrectly ad-
justed.

V101, V102, or associated part de-
fective.

Divide-by-5 stage V106 defective ___

Potentiometer R155, R174, R185,
R196, or R204 defective.

Dropping resistor R165 or R190 de-
fective.

Defective tube in clock pulse genera-
tor (V103 through V111).

Defective FUNCTION switch S103__

Stage producing shortest incorrect
counting interval is defective.

TRIGGER VOLTAGE control R214
improperly adjusted or defective.

One or more counter assemblies may

be skipping certain digits.

Gate stage V116 defective

Defective counter assembly associ-
ated with first (right-hand) mal-
functioning numerical indicator.

Defective numerical indicator ._____

Open anode dropping resistor on
Nixie tube board assembly.

Replace Y101 (par. 32, TM 11-6625—
218-12).

Replace C114.

Adjust C119 (par. 55); replace if
necessary.

Adjust TIME BASE ADJUST-
MENTS (par. 17¢, TM 11-6625-
218-12).

Adjust R109 for +120 volts output
(par. 54).

Replace defective tube or part.

Replace V106 or defective associated
part.

Replace defective potentiometer.

Replace defective part.

Replace defective tube.

Replace S103.

Replace defective tube or part in
faulty stage.

Adjust or replace R214,

Check counter assemblies by substi-
tution.

Check for correct bias at pin 1 or
V116. Replace defective part in
grid circuit.

Check connections at top and bottom
of suspected counter assembly. Re-

place counter assembly, if neces-
sary.

Replace numerical indicator.

Replace defective resistor.
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Symptom

Probable trouble

Correction

21.

22.

23.

24.

25.

26.

217.

28.

Numerical indicators function prop-
erly in AUTO position of AUTO-
MANUAL switch, but cannot be
reset by RESET switch in MAN-
UAL position.

INPUT LEVEL meter does not
function although equipment op-
erates normally.

With an input signal applied, nu-
merical indicators count contin-
uously in all positions (except
COUNT OFF) of FUNCTION
switch.

Numerical indicator skips two con-
secutive digits.

One number on numerical indicator
fails to light, but equipment op-
erates normally otherwise.

Two or more numbers on any nu-
merical indicator light simulta-
neously (numbers may also be
skipped).

Equipment operates properly in
TEST position of FUNCTION
switch, but not in FREQ.
COUNT position.

Equipment operates properly in
INT. operation but not in EXT.
operation.

RESET switch S106 defective______

Dc coupling resistor R278 or R272
defective.

Meter M101 defective ._____________
Diode V114 defective

C1717, R221, R222, R223, or R224 de-
fective.

Gate control binary stage V120 de-
fective.

Poor connection to associated counter
assembly.

Defective spade resistor on beam
switching tube socket.

Defective target load resistor on
Nixie tube board assembly.

Defective numerical indicator ._____

Short between target connections on
Nixie tube board assembly.

Defective target load resistor on
Nixie tube board assembly.

Input signal level too low, or im-
properly connected to COUNTER
INPUT jack J101.

J101, C175, R211, or S103 defective __

External 100-kc source signal level
too low or improperly connected to
EXTERNAL 100 KC jack.

INT.-EXT. switch S107 or R127 de-
fective.

Replace S106.

Replace defective resistor.

Replace meter.
Replace V114.

Replace defective part.

Replace V120 or defective associated
part.

Check connectors P401 through P406
at tops of printed circuit boards
for good contact.

Check spade resistor for first of dig-
its skipped. Replace if necessary.

Check target load resistor for first
digits skipped. Replace if neces-
sary.

Replace numerical indicator.

Eliminate short.

Replace defective resistor.

Check connections.

Rotate SENSITIVITY control R211 |
clockwise to increase frequency
meter sensitivity. Increase signal
input level.

Repair or replace defective part.

Check connections. Increase signal
input level.

Repair or replace defective part.
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NOTES?

| « SIDE | OF TBIOI FACES RIGHT SIDE OF

CHASSIS. SIDE 2 FACES LEFT SIDE OF
CHASSIS.

2. SIDES |OF TBIO2 AND TBIO3 FACE
FRONT OF CHASSIS. SIDES 2 FACE REAR
OF CHASSIS.

3. TOP SIDES OF TERMINAL BOARDS ARE
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CLOSEST TO VIEWER,WITH EQUIPMENT
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4, TOP TERMINALS OF RIOI, RIIO, RIIS, AND
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43. Signal Substitution

a. General. Signal substitution procedures
help to localize troubles to the input stages in
the frequency meter. The TEST position of
FUNCTION switch S103 enables the technician
to apply either the internal 100-ke oscillator or
an externally generated 100-kec test signal to
the equipment (depending on the position of
INT.-EXT. switeh S107) in place of the usual
input signal. The repairman can then check
the performance of the equipment (par. 42,
symptoms 13 through 18) since the numerical
indicators should indicate the frequency of the
test signal with an accuracy of =1 count or
#+10 parts per million, whichever tolerance is
greater. Rotating TIME-SECONDS switch
5104 through its various positions checks the
frequency dividers of the clock pulse generator.

b. Input Amplifier V112,

(1) Apply a 100-ke signal from the audio
oscillator to the grid, pin 2, of V113A,
and observe the pointer deflection on
the INPUT LEVEL meter.

(2) Apply the identical signal to the grid,
pin 7, of V112, Compare the indica-
tion on the INPUT LEVEL meter
with the indication observed in (1)
above. If little or no voltage gain is
shown by input amplifier V112 (as
indicated on the meter), troubleshoot
the input amplifier stage.

44. Troubleshooting Numerical Indicators and
Nixie Board Assembly

a. Check the Nixie indicator tubes by sub-
stitution.

b. Check resistors R401 through R466, on
the Nixie tube board assembly, by resistance
measurements from the appropriate pins of
their respective beam switching tubes (fig. 26).
The correct indication on the multimeter for
each measurement from beam switching tube
socket pins 2, 8, 5, 7, 8, 10, 12, 13, 15, and 17
to terminal C (the unused terminal, fig. 29)
on the top of plugs P401 through P406, respec-
tively, is 36K.

¢. Check anode dropping resistors R471
through R476, on the Nixie tube board assembly
by removing the Nixie tubes from their sockets.

Connect the ohmmeter successively between
pin F of ACCESSORY POWER jack J104 and
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pin 2 of each numerical indicator tube socket.
The indication on the multimeter should be
12,000 ohms for each measurement.

45. Troubleshooting Plug-in Clock Counter
Assembly A 301

Trouble is best localized to the clock counter
assembly by substitution of a clock counter
assembly known to be satisfactory. The de-
fective assembly may then be checked by
voltage and resistance measurements (fig. 25).

46. Troubleshooting Plug-in 1-mc and 100-
ke Counter Assembilies

Trouble is best localized to a 1-me or 100-ke
counter assembly by substitution of a counter
assembly known to be in good operating condi-
tion. Voltage readings can be made on the beam
switching tubes only, as the other two electron
tubes on each counter assembly are not accessi-
ble when the counter assembly is plugged into
the frequency meter. Figure 26 shows voltage
and resistance readings of beam switching
tubes on both the 1-me and 100-kc counter
assemblies, with the assemblies plugged into
their normal operating positions in the fre-
quency meter.

a. General. The charts in b and ¢ below give
resistance readings from pins of the two elec-
tron tubes mounted on each counter assembly
printed circuit board. The assembly must be
withdrawn from the frequency meter, and both
tubes removed from their sockets. Make meas-
urements from each tube socket pin to con-
nections D, E, and F at the bottom of the
printed circuit board after connecting these
points together. Figure 34 identifies the printed
wiring terminals on the printed circuit boards.
The observation of neon tubes .in localizing
troubles within a counter assembly is outlined
in d below,

b. 1-mec Counter Assembly.

Tube Pin Norm(a ;ﬁ?ﬂf e If abnormal
V501 1 Infinite Check for short in filament
wiring to B+, B—, or
ground.
2 3K Check R522, C504.
3 154K | Check R526, R525, CR502,
R523, R517, C502,-R516,
} R501.
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ﬁ’ V501 | 4

| ’ Tube Pin

Tube Pin ‘Norm{ag ilr;:iai}cation If abnormal
14.7K Check R518, C501, R501,
Rb524, C503, R519, R521,
C507.
5 3K Same checks as pin 2.
6 14.7K Check Rb16, C501, C502,
C508, R501, R517, R525,
R526.
7 15.4K Check R519, R521, CR501,
Rb524, R523, C505, C503,
Rb518, R501.
8 3K Same checks as pin 2.
9 Infinite Same checks as pin 1.
V504 1 0 Check wiring.
2 470K Check R527 and C507.
3 24K Check R528.
4 Infinite Check for short in filament
wiring.
5 Infinite Same checks as pin 4.
6 0 Check wiring.
7 470K Check R529 and C508.
8 24K Check R531.
9 Infinite Same checks as pin 4.

¢. 100-ke¢ Counter Assembly.

d. Observation of Voltage-dropping Tubes.
Observation of the two neon voltage-dropping
tubes, V502 and V503 (for the 1-me counter),
or V2 and V3 (for the 100-kc counter) is useful
in localizing trouble within a defective counter
assembly. Plug the defective counter assembly
into the frequency meter, apply power, and
observe the neon tubes.

(1) If both neon tubes are dark, either
no B voltage is reaching the counter
assembly or the common voltage-drop-
ping resistor in the path is open.

(2) If only one neon tube glows, check
for trouble in the multivibrator plate
resistor or cathode follower grid re-
sistor of the unlighted tube.

(3) If the neon tubes are lighted (or
flicker with a low-frequency input
signal such as 30 cps), the trouble is
in the cathode follower or beam
switching tube circuits.

47. Dc Resistances of Transformers and

Coils
The dc resistances of the transformer wind-
ings and the coils in the frequency meter are
as follows:

Normal indieation
(obms) 1f abnormal Transformer or coil Terminals Ohms
Vi 1 28.6K Check R14, R13, R15, C2, TIOL o o 1-2 2.4
C9. 34 2.4
2 43K Check R17, R18, R21, C3, 5-6 13.6
C4, R20, R13. -8 10.5
3 15K Check R186, C5. li-ig i‘ess :ﬁ‘“‘ 1
4 Infinite | Check for short in filament = LR
wiring. 13 |1 et gen ot 1-2 88
5 Infinite Same checks as pin 4. 34 88
6 28.6K  |Check R13, R20, R21, C3, 5-6 Less than 1
ce. 0| oo 1-2 11
7 43K Check R19, R15, C2, R14,
P02 e = e 1-2 7.2
R13.
8 15K Same checks as pin 3. § 55 L SE e e e 1-2 11
9 Infinite Same checks as pin 4.
V4 1 0 Check wiring. 48. Checking Waveforms
2 510K Check R22 and C8. (fig. 35)
3 100K Check R23, C7, C6. i . >
4 Infinite Clisok for Ehort i flatoant Certain troubles that do not permit rapid
wiring, localization to a stage through operational tests
5 Infinite Same checks as pin 4. can be localized by checking waveforms. Figure
g § OK C:e“k W‘;;“g-d 35 shows significant waveforms that exist at
19 Check E24 and 00, tube sockets or at the wiring side of multipin
8 100K Cheek R25, C8, C9.
9 Inbsite Same checks as pin 4. connect'ors J106 through J111 (fig. 28). Use
the oscilloscope and compare the waveforms at
AGO 8508A
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Figure 34. Counter assembly printed circuit boards, terminel identification.

the test points listed in figure 35 against the
typical waveforms illustrated. Note that the
waveform deteriorates in appearance as higher
input frequencies are applied to the instrument.
For example, in A, 10 clearly defined pips that
represent the switching of the electron beam
in beam switching tube V505, with a relatively
low frequency of 100 ke under measurement,
are shown. The waveform in B is different in
appearance. Both the leading and trailing edges
of the first switching count are rounded off
because the relatively high frequency of 1 mec
is under measurement. This phenomenom indi-
cates normal functioning of the equipment and
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is not to be misinterpreted as an indication of
malfunction. Special note should be made of
the use of waveform A. This waveform will
appear at pin 10 of counter A 501 and at pin
10 of counters A 601 through A 605. Trouble
within the equipment can be localized by ob-
serving waveforms as follows:

a. If the waveforms shown in A and B are
correct, proper operation of the 1-me counter
assembly and all preceding circuits (including
the clock pulse generator, input and trigger
circuits, gate stage V116, and gate control
stages) is indicated. By placing the oscilloscope
probe successively on pin 10 of each of the five

AGO 8508A
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100-ke counter assembly beam switching tube
sockets, waveforms similar to A and B should

appear. The time base must be multiplied by

a factor of 10 each time the probe is shifted
leftward (as viewed from the equipment front
panel) to the next counter assembly in the
chain. If the waveform disappears or if there
are missing pips the indication is that the
respective counter assembly circuit is defective.

b. If the waveforms shown in A and B are
incorrect or missing, check for the waveforms
shown at the input to the 1-me counter (C
and D).

¢. If the waveforms shown in A and B are
incorrect, but those shown in C and D are
satisfactory, trouble is then definitely localized
to the 1-mec counter assembly (V501 through
V505 circuits).

d. If the waveforms shown in C and D are
incorrect or missing, check for the waveforms
from trigger stage V113B (E and F).

e. If the waveforms shown in C and D are
incorrect, but thnse shown i» ¥ and F are satis-

! , AGO 3508A

factory, trouble is then loecalized to the gate
stage, the gate control circuit, or to the clock
pulse generator, as follows:

(1) Gate stage V116 functions properly
only when it receives the output of
gate control binary V120 at the start
and end of the counting interval. An
open line or defective part in the
signal path from the plate, pin 6, of
V120 to the suppressor, pin 7, of V116,
may be the source of trouble.

(2) Any failure in the gate control circuit
may be responsible for the lack of a
control voltage at gate control binary
V120 plate, pin 6.

(3) A failure in the clock pulse generator,
for the timing period in use, may be
responsible for the lack of triggering
of the gate control circuit.

f. If the waveforms shown in E and F are
incorrect or missing, trouble is then localized
to the preceding input and trigger circuits,
ineludi~~ stages V112 through V114.
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L—-uoo ussc—-l
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TRIGGER STAGE
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I0(FOR I-MC INPUT)
1 (FOR 100-KC INPUT)

TME625-218-35-45

Figure 85. Typical waveforms used to help localize troubles in counter assemblies and gate stages.
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CHAPTER 3

REPAIRS AND ADJUSTMENTS

Section |.

49. General Parts Replacement Techniques

Most of the parts in the frequency meter
can be reached and replaced easily without
special procedures. Before a part is unsoldered,
note the position of its leads. Wire the replace-
ment part in the same position as that occupied
by the old part. A part that has the same elec-
trical value but different physical size may
cause trouble in high-frequency circuits. Give
particular attention to proper grounding. Use
the same ground as in the original wiring.
Failure to observe these precautions may de-
crease the accuracy of the frequency meter.

50. Removal of Parts

a. Instructions for removal of the top and
bottom cover plates are contained in para-
graph 27b, TM 11-6625-218-12.

b. Instructions for removal of crystal Y101
from the oven assembly are contained in para-
graph 32, TM 11-6625-218-12.

¢. Instructions for removal of counter assem-
blies and Nixie numerical indicators are con-
tained in paragraph 30a, TM 11-6625-218-12.

d. To remove the beam switching tube (fig.
32 and 33) from a counter assembly, proceed
as follows:

(1) Remove the counter assembly from
the frequency meter as instructed in
paragraph 31b, TM 11-6625-218-12,

(2) Carefully disengage the socket board
assembly from the beam switching
tube.

(3) Free the beam switching tube by re-
moving four machine screws from
the retaining strap and removing the
strap.

Caution:

Hold the strap firmly
while removing the screws to prevent
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the strap from springing away and
throwing the screws and plate washers.
(4) Lift the beam switching tube from its
cradle.
(5) Orient the new tube so that the pins
line up correctly with the tube socket.
Replace the socket board.

(6) Secure the retaining strap with the
four machine screws and two plate
washers.

e. To remove the printed circuit board assem-
bly from a counter assembly (fig. 32 and 33),
proceed as follows:

(1) Perform the steps in d(1) and (2)
above,

(2) Shift the tube retainers of the two
electron tubes aside, and remove both
tubes from their sockets on the printed
circuit board assembly.

(3) Remove the cradle assembly (con-
taining the beam switching tube)
from the counter chassis assembly by
removing the four screws at the sides
of the chassis assembly.

(4) Remove the printed circuit board as-
sembly from the counter chassis as-
gembly by removing the four screws
and eight washers at the four corners
of the printed circuit board.

f. To remove the blower motor from the
chassis, proceed as follows:

(1) Remove the air filter clamp at the rear
of the frequency meter by removing
the two screws that secure the clamp
to the rear panel. The filter clamp is
located directly above the air filter
(fig. 5, TM 11-6625-218-12),

(2) Slide the air filter straight up and
out of its retaining bracket.
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(3) Remove the fan blade from the motor
shaft by loosening the two retaining
setscrews. Pull the fan blade out
through the opening in the rear panel.

(4) With the air filter removed, the three
screws that secure the blower motor to
the blower motor bracket are accessi-
ble from the rear of the instrument.
Remove these three screws while hold-
ing the motor. (Do not allow it to
fall into the chassis after all screws
have been removed.)

(5) There is sufficient slack in the wiring
to capacitors C120 and C130, which
are mounted on the motor frame (fig.
27), to permit turning the motor so
that the brush retaining caps are
accessible. Using a serewdriver, loosen
each of the two brush retaining eaps.
Expected brush life is a minimum of
1,000 hours of operation.

(6) Withdraw the defective motor brush
and spring. Insert a replacement brush
and spring.

(7) Reassemble the motor, fan, and air
filter by following the instructions
above in reverse order.

51. Repairing Printed Wiring Assemblies

a. General. Repairing printed circuit wiring
assemblies is more difficult and requires more
gkill than repairing conventional equipment.
Printed wiring can be damaged easily by heat;
be careful when soldering. Prolonged heat will
destroy the adhesive qualities of the agent
that bonds the copper foil to the base material.

b. Special Tools and Materials Required.
(1) Special tools. Special tools, some of
them small in size, are required for
repairing printed circuit assemblies.
(a) Pencil-type soldering iron, 25 watts.
(b) Small twist drills, No. 30 through
No. 60
(¢) Pin vise
(d) Small metal pick
(e) V4-inch brush
(2) Muaterials. A list of materials needed,
in addition to those used in trouble-

shooting conventional assemblies, fol-
lows:
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(z) Rosin-alcohol solder flux, spec MIL~

14256 (Sig C)

(b) Varnish (MIL-V-173A)
(c) Aleahol

c¢. Removing Part.

(1)

(2)

Removing protective coating. The pro-
tective coating on the printed circuit
board must be removed before start-
ing repairs. Carefully scrape or chip
the coating away with a metal pick,
knife, or other suitable instrument.
If scraping or chipping is not success-
ful, apply a hot soldering iron to the
coating to soften it. Never use a solv-
ent to remove the coating. Solvents
are difficult to control and may loosen
the copper foil from the printed cir-
cuit board.

Removing defective part. Cut the
leads of the defective part as close as
possible to the body of the defective
part. Unsolder each lead individually
as follows:

(a) Working from the foil side of the

board, use the tip of the soldering
iron to melt the solder at the foil
connection.

(b) Gently work the lead outward on

the foil side just far enough to cut
off the flattened portion of the lead.

(¢) While the solder is still molten,

carefully pull the lead out from the
component side of the board, to
avoid the risk of tearing the foil.

d. Clearing Lead Hole.

(1)

(2)

Molten solder will sometimes flow into
the lead holes while the part is being
removed. Avoid using a soldering iron
to remove the solder because the
amount of heat required may loosen
the foil. Do not clean the hole by heat-
ing the solder when inserting the new
part; the lead may catch the edge of
the foil and tear it away from the
board.

On the beam switching tube socket
boards, some of the leads are passed
through metal eyelets. The solder
often will flow into the eyelet where
it cannot be brushed away. Tap the
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board sharply while the solder is still
molten, and force it to flow out. If
the solder cannot be removed this way,
chuck a twist drill of suitable size
in a pin vise and carefully drill the
solder out from the foil side of the
board. This will form a hole large
enough to insert the new part lead.
Drilling from the component side of
the board can loosen the foil as the
drill passes through it.

e. Installing New Part.

(1) Scrape the leads clean with a knife.
Bend the leads carefully until the
distance between them is such that
they will fit into the holes from which
the defective part was removed. Mount
the part and clinch or swage the leads
close to the foil. This will form a
strong mechanical joint.

(2) Apply a small amount of noncor-
rosive, nonconductive rosin-alcohol-
mixture flux to the joint. Touch the
soldering iron tip to the part lead and
apply a small amount of solder (flux-
less 60/40 solder) to the junction of
the lead and the foil, Remove the iron
as soon as the solder flows into the
joint. Hold the lead firmly until the
solder sets. Remove any excess flux
with a small amount of aleohol.

f. Recoating Joint. After the solder cools,
inspect the joint to see that it is clean and that
solder has not flowed or dropped where it can
cause short circuits., Newly soldered joints will
become corroded if left uncoated, especially in
damp climates. Apply a coating of varnish
{MIL-V-173A) to the bare areas. Cover the
area completely and overlap the surrounding
coating areas.

g. Repairing Printed Conductor on the
Printed Circuit Board. The printed conductor,
which is a thin copper foil, can become damaged
and cause an open circuit. Generally, when
the foil is damaged in one place, it probably is
damaged at other points also. Therefore, the
entire board should be replaced. A defect in
more than one place on a board crowded with
many components means that it must be dis-
carded because the space in particular areas
is too small for repairs. When repairs must be
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made and the space is adequate, follow the
procedure below.

(1) Remove the loose or charred portions
of the conductor. Bend a piece of
tinned copper wire, about No. 20.
gage, into the shape of a staple. The
staple must be long enough to span
the defective portion of the conductor
and be clinched about 14 inch from
the end, after being inserted through
the assembly board.

(2) Drill two holes of proper size to re-
ceive the staple ends. The holes must
not be drilled through the foil, but
near the foil so that the staple will
be parallel to the foil. Insert the staple
from the component side of the board,
and bend the ends diagonally across
the printed conductor. There is greater
contact with the conductor when it is
bent diagonally rather than at right
angles to the foil. If possible, the
staple should make contact for about
V4 inch. Apply flux and use the solder-
ing iron to solder the staple to the
foil. Do not leave the soldering iron
on the joint any longer than necessary.

52. RF Cabling and Connector Service

The signal cord, CG—409E /U, uses type RG-
58/U coaxial cable. To repair or replace RF
connectors, follow the procedures in figure 36.

53. Wiring Legend
(figs. 27-30)

a. General. The wiring legend, shown in the
chart in b below, lists wiring used to inter-
connect parts mounted on the top of the chassis
(fig. 27), on the bottom of the chassis (fig. 28),
on the rear of the front panel (fig. 29), and
on the interior of the rear panel (fig. 30).
Jumper wires are shown on figures 28 through
30. The information listed in the wiring legend
is helpful to the technician in repairing or
replacing defective parts. Because frequent
reference to the overall schematic diagrams for
checking wiring connections are necessary, cer-
tain arbitrary numbers have been assigned to
the terminals on TB104 (fig. 30), and to the
terminals of toggle switches 8102, S106, and
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ASSEMBLY

NUT

OUTLINE

el

VINYL JACKET

— RG-58/U Ca
NUT

i

BRA|D§

3

*]5

SLEEVE

—

I
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OF BNC CONNECTORS TO RG-58/U CABLE

SLEEVE

PROCEDURE

l. CUT OFF SHARP.
BLE

e

2. CUT OFF VINYL
JACKET 1/2 INCH
FROM END, BEING
CAREFUL NOT TO
NICK BRAID,

3. CUT OFF INNER
INSULATION AND
WIRE UNDER BRAID
3/8 INCH FROM

VINYL JACKET.

4. TAPER OUTER BRAID. h

5. SLIDE SLEEVE OVER :)

TAPERED BRAID TO
FIT TIGHT AGAINST
VINYL JACKET.

Figure 26, Assembly of rf cable and connectors.

FINAL ASSEMBLY

=

FEMALE
CONTACT
QUTLINE

hﬂms

32

FEMALE CONTACT

I

g

=

SHOWN IN SECTION

=
[

SHELL

PROCEDURE

WITH SLEEVE IN PLACE,
COMB OUT BRAID, FOLD
BACK SMOOTH AS SHOWN,
AND TRIM TO 3/32 INCH
FROM END.

CUT INNER DIELECTRIC

1/8 INCH FROM BRAID,
BEING CAREFUL NOT TO
NICK INNER CONDUCTOR,
AND CUT OFF INNER
CONDUCTOR I/8 INCH
FROM END OF DIELECTRIC.

TIN INSIDE HOLE OF
FEMALE CONTACT, TIN
CENTER CONDUCTOR OF
CABLE, SLIP FEMALE
CONTACT IN PLACE AND
SOLDER, REMOVE EXCESS
SOLDER.

COAT END OF DIELECTRIC
WITH POLYSTYRENE
CEMENT AND PUSH INTO
SHELL AS FAR AS IT
WILL GO, THEN SLIDE
NUT INTO SHELL AND
SCREW INTO PLACE WITH
WRENCH UNTIL TIGHT.

. THIS ASSEMBLY PROCEDURE

APPLIES TO BNC
CONNECTORS.,

TME625- 218-35-34
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8107 (fig. 29 and 30). These arbitrary numbers
help locate wiring connections.

Caution: To prevent

incorreet wiring of re-

placement parts, be sure to be guided by the
notes on each parts location diagram (fig. 28—
30) which define top, bottom, front, and rear.
Left and right directions are as shown on the

parts location diagrams.

b. Legend.
Notes.

1. All parts are located on the bottom of the chassis,

unless otherwise indicated.

2. When parts on the main chassis are referenced,
top designates that connection which is closer to the
chassis. Bottom designates that connection which is
closer to the viewer, with the wiring side of the chassis

facing the viewer.
3. Front designates that

connection which is closer

to the front of the chassis. Rear designates that connec-
tion which is closer to the rear of the chassis.

From

To

B101-1; on top of chassis _ | R117, top terminal.

B101-2; on top of chassis _
C101, negative terminal ___.
C101, negative terminal __
C101, positive terminal ___
C101, positive terminal ___
C101, positive terminal ___
C101, positive terminal ____
Gl RTIZ o e e
C106, negative terminal __
C106, negative terminal __
C106, negative terminal __
C106, positive terminal ___
C109, negative terminal ___
C109, positive terminal ___
C111, R116
C115,
C117,
C119,
C119,
C128,

top; on TB102
top; on TB102
front terminal
rear terminal
top; on TB102

C125,
C132,
" C1835,

top; on TB102
top; on TB102
R1537 on FB102 .-

C13s,
C147,

top: on. TB102 -
R1%5; on TB102 __ -
C154, R184; on TB102 ____
C161, R193; on TB102 ____
C168, R203; on TB102 ____

{169, rear terminal

AGOC 3508A

C109, positive terminal.

CR101, CR103; on TB103.

CR113, ground lug.

J104F; on interior of rear
panel.

R101, bottom terminal.

XV102-5.

R113, R105.

J111F,

R106, bottom terminal.

T101-9.

CR113, ground lug.

R115, bottom terminal.

CR110, CR112; on TB103.

CR109, CR111; on TB103.

XV103-3.

XY101-4.

XY101-6.

R124, top; on TB102.

S103B-1, terminal 5; on
rear of front panel.

XV104-6.

XV105-6.

E104-6; on
panel.

XV106-6.

S104-5; on
panel.

S104—-4; on
panel.

S104-3; on
panel,

$104-2; on
panel.

3104-1; on
panel.

rear of front

rear of front

rear of front
rear of front
rear of front

rear of front

From

C177, thru lug, bottom; on
TB101.

C1179, top; on TB101

C184, standoff

C192, bottom; on TBI101. _
C192,
C193,
C193,
C193,
C194,
C194,

top; on TB101
front terminal
front terminal
rear terminal
front terminal
rear terminal

C199, R292
C200, front terminal __ ____
CR101, CR102; on TB103 _
CR102, CR104; on TB103 _
CR103, CR104; on TB103 _
CR105, CR106; on TB103 _
CR105, CR107: on TB103 _
CR107, CR108; on TB103 _
CR109, CR110; on TB103 _
CR111, CR112; on TB103 _
GRITS: RI0%- - - =
CR117, bottom; on TB101 _

J102, conductor; on interior
of rear panel.

J102, ground lug; on in-
terior of rear panel.

J102, ground lug; on in-
terior of rear panel,

J103, conductor! on interior
of rear panel.

J104, ground lug; on in-
terior of rear panel.

J104, ground lug; on in-
terior of rear panel.

J104E; on interior of rear
panel.

J104I; on interior of rear
panel.

Ji0bspreund = - - o=

J106-1

XV113-3.

XViie-1.

S103A-1, terminal W; on
rear of front panel.

S103A-2, terminal 'W; on
rear of front panel.

XV118-1.

CR118, R254; on TB101.

J105-2.

XVi21-1.

C200, ground lug.

S106A, terminal 2;
rear of front panel.

R294, C200.

R274, bottom; on TM101.

T101-5.

R101, bottom terminal.

T101-6.

T101-7.

R108, top terminal.

T101-8.

T101-2.

T101-1.

R218, bottom; on TB101.

S105, bottom terminal; on
rear of front panel.

S103A-1, terminal 5; on
rear of front panel.

J102, shield; on interior
of rear panel.

J103, shield; on interior
of rear panel.

S103A-2, terminal 5; on
rear of front panel.

J104A; on interior of rear
panel.

XV119, ground lug.

on

T101-12.
T101-11.

XV114-5.

T101-11.

XV114-3.

R291, bottom; on TB101.

XV111-8.

T101-12.

XVviid-4.

R278, R289, thru lug; on
TB101.

J107A.

XV123-6.

J107B.

XV123-3.

J107C.

XV123-4.

&5




From

From

To

10 9 D S i S e
J112; on interior of rear
panel.
J112, ground lug; on in-
terior of rear panel.
L102, top; on TB101 _____
L1103, bottom; on TB101 ___
M101, negative terminal; on
rear of front panel.
M101, positive terminal; on
rear of front panel.
R101, top terminal _______
R104, R114 standoff ______
R106, bottom terminal ___
o YT s o e SR R
R118, bottom; on TB102 __
R118, top; on TB102 _____
R121, top; on THI02 =
R122, bottom; on TB102 __
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J107F.

J107-4.

R235, top; on TB101.

J107-6.

XVizs-2.

J108A,

J108B.

J108C.

J108D.

J108E.

J108F.

J108-4.

J108-6.

J109A.

T101-9.

T101-10.

J109D.

J109E,

J109F.

J109-4.

J109-6.

J110A.

J110B.

J110C.

J110D.

J110E.

J110F.

J110-4.

J110-6.

J111A.

J111B.

J111C.

J111D.

J111E.

J111F.

J111-4.

J111-8.

T101-9.

T101-10,

R110, bottom terminal.

XY101, ground.

S107A, terminal 1; on in-
terior of rear panel.

S107A, terminsal 3; on in-
terior of rear panel.

XV113-9.

XVii13-1.

R222, bottom; on TB101.

R215, ground; on rear of
front panel.

R110, top terminal.

XV101-5.

R260, bottom; on TB101.

XV101-1.

XY101, ground.

XV103-2.

XV103-8.

S107B, terminal 2; on in-
terior of rear panel.

R122, top; on TB102 ____
R123, bottom; on TB102 __

R123, top; on TB102 ____
R124, top; on TB102 ____
R124, R126; on TB102 ___

R128, top; on TB102 _____
R132, top; on TB102 __...
R135, top; on TB102 ____
R138, top; on TB102 ____
R146, top; on TB102 ____
R154, bottom; on TB102 __

R154, top; on TB102 _____
R158, top; on TB102 _____
R162, top; on TB102 _____
R167. top: on TBIO2 .. -
R172, top; on TB102 _____
R173, bottom; on TB102 __

R173, top; on TBI102 ...

R174, left terminal; rear of
front panel.

R174, right terminal; rear
of front panel.

R177, top; on TB102 _____

R178, top; on TB102 _____

R183, bottom; on TB102 __

R183, top; on TB102 _____

R185, left terminal; on rear
of front panel.

R187, top; on TB102 _____

R188, top; on TB102 _____

R193, bottom; on TB102 __

R194, bottom; on TB102 __

R194, top; on TB102 _____
R195, top; on TB102 _____
R196, left terminal; on rear
of front panel.
R196, right terminal; on
rear of front panel.
R197, bottom; on TB102 __
R198, top; on TB102 _____
R204, left terminal; on rear
of front panel.

R204, arm; on rear of front
panel. .
R204, right terminal ______
R205; top; on TB102 ___..
R211, arm; on rear of front

panel.
R211, right terminal; on
rear of front panel.
R213, bottom; on TB101 __

XV103-1.

S107B, terminal 1; on in-
terior of rear panel.

XV103-6.

XV103-T.

S107A, terminal 2; on in-
terior of rear panel

XV104-2.

XV104-1.

XV104-17.

XV105-1.

XV106-1.

R155, arm;
front panel.

XV106-T7.

XV107-1.

XV107-6.

XV108-1.

XV108-6.

R174, arm; on rear of
front panel.

XV108-7.

R155, left terminal; rear
of front panel.

R155, right terminal; rear
of front panel.

XV109-1.

XV109-6.

R1B5, arm;
front panel.

XV109-17.

R174, left terminal; on
rear of front panel.

XV110-1.

XV110-6.

R204, left terminal; on
rear of front panel.

on rear of

on rear of

R196, arm; on rear of
front panel.

XV110-7.

XViii-1.

R185, left terminal; on

rear of front panel.
R185, right terminal; on
rear of front panel.
R228, bottom; on TB101.
XVili-6.
R196, left terminal; on
rear of front panel.
R205, bottom; on TB102.

R196, left terminal; on
rear of front panel,

XVil1-1.

S103B-1, terminal 3; on
rear of front panel.

R214, ground lug; on rear
of front panel.

R214, left terminal; on
rear of front panel.

AGO 3508A
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From

From

R214, arm; on rear of front
panel.
R216, top; on TB101
R218, top; on TB101
R221, bottom; on TB101 __
R221, R222; on TB101 ___
R223, top; on TB101
R225, bottom; on TB101 __
R225, top; on TB101
R234, bottom; on TB101 __

R234, bottom; on TB101 __
R234, top; on TB101
R235, top; on TB101
R242, top; on TB101
R244, bottom; on TB101 __
R224, top; on TB101
R248, top; on TB101
R248, top; on TB101
R249, top; on TB101
R252, top; on TB101
R254, top; on TB101
R255, top; on TB101
R260, top; on TB101
R261, R264; on TB101 ___
R263, top; on
R266, top; on
R267, top; on
R268, top; on TB101 _____
R ~top: on - TBI10L -
R272, bottom; on TB101 __

R274, bottom; on TB101 __

R274, top; on TB101

R276, arm; on rear of front
panel.

R276, right terminal; on
rear of front panel.

R278, bottom; on TB101 __

R279, top; on TB101
R282, top; on TB101
R283, bottom; on TB101 __
R283, top, thru lug; on

BIOLG e e il o
R287, top; on TB101
R288, top; on TB101
R291, bottom; on TB101 __

R291, top: o TBIOL ... ..

S101-11; on rear of front
panel.

S101-14; on rear of front
panel.

S101-18; on rear of front
panel.

S101-21; on rear of front
panel.

AGO 3508A

XViiz-2.

XViiz-s.
XViiz-3.
XViid-2.
XV114-1.
XV114-17.
XV115-6.
XV115-5.
S103A-1, terminal 4; on
rear of front panel.

X V101, standoff.
XVi1i6-6.
XV116-5.
XV1ig-5.
XVizi-a.
XV119-6.
XVviig-2.
XV119-17.
XV119-8.
XV119-1.
XV119-2.
XV120-1.
XV120-7.
XV120-8.
XVi120-2.
XV120-6.
XViz21i-2.
XVizi-1.
XViz21-1.

S106A, terminal 1; on
rear of front panel.
R278, R289, thru lug; on
TB101.
XVi2i-s.

S106A, terminal 2; on
rear of front panel.
5105, top terminal; on
rear of front panel.
S106B, terminal 2; on
_rear of front panel.
XVi122-86.
XVigz-1.
XVio2-2,

XVi122-2,

XV123-5,7.

XV123-1.

Plus 220-volt bus on Nixie
board.

XV123-6.

XF101, center terminal;
on rear of front panel.

T102-1.

T101-1.

XF102, center terminal;
on rear of front panel.

S101-24; on rear of front
panel.

S101-27; on rear of front
panel.

S5101-28; on rear of front
panel.

S102A, terminal 1; on in-
terior of rear panel.
51024, terminal 2; on
terior of rear panel.
S102A, terminal 3; on
terior of rear panel.
S102B, terminal 2; on
terior of rear panel.
S102B, terminal 3; on
terior of rear panel.
S102C, terminal 1; on
terior of rear panel.
S102C, terminal 2; on
terior of rear panel.
3102C, terminal 3; on
terior of rear panel.
5102D, terminal 2; on
terior of rear panel.
S$102D, terminal 3; on
terior of rear panel.
S103A-1, terminal 1; on

rear of front panel.
S103A-1, terminal 1; on
rear of front panel.
S103A-1, terminal 2; on
rear of front panel.
S103A-1, terminal 3; on
rear of front panel.
S5103A-1, terminal 4; on
rear of front panel.
S103A-1, terminal 4; on
rear of front panel.

in-
in-
in-
in-
in-
in-
in-
in-

in-

S103A-2, terminal 1; on
rear of front panel.
S103A-2, terminal 3; on
rear of front panel.
$5103B-1, terminal W; on
rear of front panel.
S103B-1, terminal 1; on
rear of front panel.
S103B-1, terminal 2; on
rear of front panel .
5103B-1, terminal 4; on
rear of front panel.
S106A, terminal 3; on rear
of front panel.
S106B, terminal 1; on rear
of front panel.
M 1 o P R
T101-11
T101-11
T101-11

T102-4.

XDS102, center terminal;
on rear of front panel.
T101-4.

S102B, terminal 1; on in-
terior of rear panel.
T101-3.

T101-1.
T101-2.
T101-4.

S102D, terminal 1; on in-
terior of rear panel.
T102-3.

T102-1.
T102-2.
T102—4.

S103A-1, terminal 2; on
rear of front panel.
S103A-2 terminal 2; on
rear of front panel.
S103A-1, terminal 3; on
rear of front panel.
5104, terminal W; on rear

of front panel.
S103A-2, terminal 2: on
rear of front panel.
L101, connected to S104
dummy lug; on rear of
front panel.

S103A-2, terminal 2; on
rear of front panel.
S103A-2, terminal 4; on
rear of front panel.

XV112-1.

5103B-1, terminal 5; on
rear of front panel.
$5103B-1, terminal 3; on
rear of front panel.
5103, ground lug; on rear
of front panel.
XV122-T7.

XVvizi-2,
XDS101, side terminal; on

rear of front panel.
XVi1o02-8.

| XV104—4.

XV105-4.

67



From To From To
THOZI2 s e o XVi02-7. EVIOB-B ool g XV109-4.
AW 1E A e R e e XV104-9. IO 0w s e o XV109-9.
T2 . oo o - XV105-9. XN IOGH Ao c ol XV110-4.
022 SNl e ) XDS102, side terminal; XVT09-g0 s et XV110-9.
on rear of front panel. NN 2T e el R XV113-2,
M ) XY101-7. > 75 B EE S I XV1iie-3.
4 1§ A S SR T XY101-3. b 9,74 b B TR T s e XVile—4.
TB104, terminal 2; on in- | XF101; on rear of front T G B e il XV115-1.
terior of rear panel. panel, ENAI8=G- oo e XV115-3.
TM104, terminal 3; on in-| XF102; on rear of front RVEIE S — = Fe XVviz2-4,
terior of rear panel. panel, KVEIR =GR so v terniain Ry XV115-17.
XDS103, center terminal;|XY101-1, KVITRRL. = ol XV115-4,
on rear of front panel. XVITR e Xvizz-9,
XDS103, side terminal; on | XY101-3. XMTVL-g o = L XVi115-3.
rear of front panel. 2 0 B e e S e XViis-4.
.0 Rl e SR e I e XVioz-s. EVITEIs o el e XVi117-3.
ANVIOI-d-n e s XV120-5. XNVIIBEY - e XVii7-4.
XV101—4 i e e o XV102-7. XV116—7 ________________ XV117_2_
Vil i y b L S | SO XV120-4.
XVI03-h oo o0 XV1056-4. XV117-4 XV120-9
XV s = o e AL S et S e g e e e '
SNy XV107-4. D s e XV120-5.
XV104—9 _________________ Xv107_9‘ XV118—4 ________________ XV120—9-
VIO h T e o XV106-4. XN ey XVi120-2.
BV e XV106-9. AN e XVi121-5.
XV s e o XViil—4. XNII9=9 - .. XVi2i-8,
V60 = - XViii-g. XNV121-d ool XViza—4,
XVIOT=6 cov v o XV108-4, B0 8 R e = T e XVvizz-9,
2 A e e XV108-9.
Section Il. ADJUSTMENTS

Note. Adjustment of the five TIME BASE ADJUST-
MENTS potentiometers is described in paragraph 17,
TM 11-6625-218-12.

54. Adjustment of 1120-volt

Supply
a. Remove tube V113 from its socket on top

of the frequency-meter chassis, permitting ac-
cess to a convenient |120-volt circuit point.

Regulated

b. Connect the positive lead of the multi-
meter, set on its appropriate de scale, to pin 1
of the tube socket. Connect the negative lead
to ground. Apply power to the equipment and
wait 1 minute for warmup.

c. Adjust the 4120V ADJ. control R109
(fig. 27), for an indication of 4120 volts on
the multimeter.

d. Remove power, disconnect the multimeter,
and replace V118 in its socket.

68

55. Seﬂing FREQ. ADJ. Capacitor C119

Whenever crystal Y101 or oscillator tube
V103 is replaced, the following procedure will
ensure a precise 100-ke frequency output from
the oscillator stage:

a. Connect a suitably accurate 100-ke signal
source (maximum error 1 cycle in 100,000) to
the horizontal plates of the oscilloscope. Fre-
quency Calibrator AN/URM-18 can be used,
if available. Connect the vertical plates of the
oscilloscope across pin 6 of tube V104 and
ground to isolate the oscillator stage from the
measuring circuits.

b. Adjust the screw of FREQ. ADJ. capaci-
tor C119 (fig. 27) until the Lissajous figure on
the oscilloscope indicates that the frequencies
are identical. Remove the screwdriver, and
recheck the pattern on the oscilloscope. Read-
just C119, if necessary, to obtain the proper
one-to-one ratio Lissajous figure.

AGO 35608A
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CHAPTER 4
FINAL TESTING

56. Purpose of Final Testing

The tests outlined in this section are designed
to measure the performance capability of a
repaired frequency meter. Equipment that
meets the minimum standards stated in the
tests will furnish satisfactory operation, equiva-
lent to that of new equipment.

57. Test Equipment
Testing

In addition to the test equipment listed in
paragraph 40, the following items are required
for final testing:

a. A receiver capable of receiving station
WWYV 10-mc signals.

b. Frequency Calibrator AN/URM-18, or
equivalent 1-me signal source, such as a crystal-
controlled, adjustable 1-mc oscillator.

¢. Transformer, Variable CN-16/U or equiv-
alent.

d. Pulse Generator AN/UPM-15, or equiva-
lent.

e. A mechanical stopwatch. .

f. A spare Frequency Meter AN/TSM-16,
known to be operating satisfactorily, or any
other source of accurate 1-second timing inter-
val pulses is satisfactory.

g. A three-position rotary switch, two 470-
ohm resistors, and one 47-ohm resistor. (These
are shown in figure 38 as S1, R2, R3, and R1,
respectively.)

Required for Final

58. Frequency Range, and

Accuracy Tests

a. Connect the frequency meter under test
and items of test equipment as shown in figure
37.

b. Calibrate the 1-mc output of the frequency
calibrator or signal source against the WWV
10-mc signal.

Note. A one-cycle per second beat between the two

signals represents an error of 14y part per million. This
accuracy is acceptable for testing the frequency meter.

Sensitivity,

AGO 3508A

FREQUENCY
METER
AN/TSM-I6

COUNTER
INPUT O

AUDIO
OSCILLATOR

TS-382A/U

OUTPUTO S0

10 KC, OR 200 KC

ELECTRONIC
MULTIMETER
TS-505A/U
FREQUENCY
CALIBRATOR
AN/URM-I8
OR
I-MC SIGNAL
ALTERNATE SIGNAL
CALIBRATED TO COUNTER INPUT
I-MC  — JACK
SIGNAL
WWV 10-MC
RECEIVER
—

TME625-218-35-35

Figure 37. Test setup for frequency range, sensitivity,
and accuracy tests.

¢. Set the audio oscillator successively to 20
eps, 10 ke, and 200 ke. Adjust the audio oscilla-
tor for 0.2-volt output at each frequency, as
indicated on the vtvm. The INPUT LEVEL
meter pointer should deflect within the green
area of the scale by a slight amount at each
of the three check frequencies. It may be neces-
sary to reset the TRIGGER VOLTAGE control
at the different check frequencies.

d. Repeat ¢ above with the audio oscillator
adjusted for maximum output (approximately
10 volts) at each frequency. The INPUT
LEVEL meter pointer should deflect into the
red area of the scale, and counterclockwise
rotation of the SENSITIVITY cortrol should
reduce the amount of pointer deflection.

e. Disconnect the output cable of the audio
oscillator. Connect the signal-source output to
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the frequency meter. Adjust the output of the
signal source to exactly 1 megacycle.

Note. Since the l-megacycle frequency imposes the
severest requirements on the frequency meter, accuracy
measurement at this frequency only is sufficient.

f. Rotate the TIME-SECONDS switch to the
1 position. The reading on the numerical in-
dicators should be within .001% of 1 million
(between 999,990 and 000,010).

59. Line Voltage Test

a. Connect the frequency meter under test
and items of test equipment as shown in figure
37. Insert Transformer, Variable CN-16/U
(variac) between the frequency meter and the
ac source power. Connect the multimeter (set
to measure ac volts) across the variac output.

b. Adjust the variac for a source-power in-
dication of 103.5 volts on the multimeter. Re-
peat the frequency range, sensitivity, and
accuracy tests given in paragraph 58.

¢. Adjust the variac for a source-power in-
dication of 126.5 volts. Repeat the frequency
range, sensitivity, and accuracy tests at this
voltage.

d. Turn off the frequency meter. Operate the
115V-230V switeh to the 230V position. Change
the operating fuses to 1.6 ampere, 250-volt type.
Connect the variac to a 230-volt power source,
and turn on the frequency meter.

e. Adjust the variac for a source-power in-
dication of 20 volts on the multimeter. Repeat
the frequency range, sensitivity, and accuracy
tests at this voltage.

f. Adjust the variac for a source-power in-
dication of 253 volts on the multimeter. Repeat
the frequency range, sensitivity, and accuracy
tests at this voltage.

g. Turn off the frequency meter. Operate the
115V-230V switch to the 115V position. Change
the operating fuses to 3.2 ampere, 125-volt

type, and reconnect the frequency meter to the
115-volt power source.

60. Display Time Test

a. Turn on the frequency meter under test
and set the FUNCTION switch to the TEST
position.

b. Rotate the DISPLAY TIME control fully
counterclockwise ; use the stop wateh and check

70

to see that the numerical indicators have a
display time shorter than 1 second.

c¢. Rotate the DISPLAY TIME control fully
clockwise, and check to see that a display time
longer than 5 seconds is obtained.

61. Time Interval Test

a. Connect the frequency meter under test
and items of test equipment as shown in figure
38.

FREQUENCY PULSE
METER GENERATOR
AN/TSM=-16 AN/UPM-15

(REFERENCE) |-SECOND

BB SIGNAL 2

SYNC OUTPUT
O IN

FREQUENCY
METER
AN/TSM-16
(UNDER TEST)

T.LM, START
T.I.M, STOP

(REAR PANEL)

TME625-218-35-36

Figure 38. Test setup for time interval test.

b. Rotate the TIME-SECONDS switch on the
reference frequency meter to the 1 position.
Connect the cable from the SYNC IN receptacle
on Pulse Generator AN/UPM-15 to terminal
2 (the 1 position) of TIME-SECONDS switch
S104 on the reference frequency meter.

c. Adjust the pulse generator for 3 volts
negative output, and adjust its pulse width to
0.2 microsecond.

d. Reset the frequency meter under test.
Rotate switch 81 (fig. 38) from OFF to START
and then to STOP within 1 second. The fre-
quency meter under test should indicate
100,000 (=1 count).

e. Repeat the procedures given in ¢ and d
above; use 3 volts negative output and a pulse
width of 10 microseconds from the pulse gen-
erator.

f. Repeat the procedures given in ¢ and d
above; use 8 volts negative output and a pulse
width of 0.2 microsecond from the pulse gen-
erator.

AGO 3508A
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9. Repeat the procedures given in ¢ and d
above; use 8 volts negative output and a pulse
width of 10 microseconds from the pulse gen-
erator.

62. External 100-kc Input Test

a. Connect the frequency meter under test
and items of test equipment as shown in figure
39.

b. Set the audio oscillator to exactly 100 ke
(calibrated) and adjust its output to 2 volts
as indicated on the vtvm.

c. Operate the INT.-EXT. switch, on the
rear panel of the frequency meter, to the EXT.
position. Rotate the FUNCTION switch to the

AGO 8508A

ELECTRONIC
MULTIMETER
TS-505A/U

AUDIO FREQUENCY
OSCILLATOR METER
TS-3824/U AN/TSM-16
EXTERNAL
QUTPUT © & +——0 |00 KC

(REAR PANEL)
TME625-218-35-37

Figure 89. Test setup for external 100-kc input test.

TEST position. The numerical indicators should
indicate 100,000 (=1 count).
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RESISTOR COLOR CODE MARKING
(MIL-STD RESISTORS)

AXIAL-LEAD RESISTORS
(INSULATED)

RADIAL-LEAD RESISTORS
{(UNINSULATED)

(END) (BODY)
S TOLERANGE N f//// (END)
2 N %
TOLERANCE | U secono
1 ﬂ SIGNIFICANT
MULTIPLIER FIGURE
SEGOND SIGNIFIGANT FIGURE (':)‘;E—r"é';‘-‘::nm e
FIRST SIGNIFICANT FIGURE SIGNIFICANT
FIGURE
RC-COMPOSITION RZ-COMPOSITION
» (END) (80DY)
L TOLERANCE \
PR < y ? (END)
= By il N
L SECOND
FOLERANGE SIGNIFICANT
MULTIPLIER FIGURE
SECOND SIGNIFIGANT MULTIPLIER S
FIGURE ({DOT OR BAND)
SIGNIFICANT
L————FIRST SIGNIFICANT FIGURE FIGURE
(DOUBLE WIDTH SIGNIFIES
FIXED WIRE-WOUND
RESISTORS)
RU-WIRE-WOUND RZ-COMPOSITION

RESISTOR COLOR CODE

BAND A OR BODY* BAND B OR END*® BAND C OR DOT OR BAND¥* BAND D OR END¥
FIRST SEGOND RESISTANGE
COLOR SIGNIFICANT GOLOR SIGNIFICANT COLOR MULTIPLIER COLOR TOLERANGE
FIGURE FIGURE (PERCENT)
BLACK 0 BLACK 0 BLACK 1 80DY + 20
BROWN i BROWN ] BROWN 10 SILVER i 10
RED 2 RED 2 RED 100 GOLD ts
ORANGE 3 ORANGE 3 ORANGE 1,000
YELLOW 4 YELLOW 4 YELLOW 10,000
GREEN 5 GREEN 5 GREEN 100,000
BLUE 3 BLUE & BLUE 1,000,000
PURPLE 7 PURPLE 7
(VIOLET) (VIOLET)
GRAY 8 GRAY 8 GOLD 0.1
WHITE 9 WHITE ] SILVER Q.01

#*FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH.
WHEN BODY COLOR IS THE SAME AS THE DOT (OR BAND) OR END COLOR,
THE COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS.

EXAMPLES (BAND MARKING):
10 OHMS *20 PERGENT: BROWN BAND A; BLACK BAND B;
BLACK BAND C; NO BAND D.
4.7 OHMS *5 PERCENT: YELLOW BAND A; PURPLE BAND B;
GOLD BAND C; GOLD BAND D.

EXAMPLES (BODY MARKING):
10 OHMS +20 PERCENT: BROWN BODY; BLACK END; BLAGK 0oT
OR BAND; BODY COLOR ON TOLERANCE END.

3,000 OHMS *10 PERCENT: QRANGE BODY; BLACK END; RED DoT

OR BAND; SILVER END. StD

Figure 40. MIL-STD resistor color-code markings.
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CAPACITOR COLOR CODE MARKING
(MIL-STD CAPACITORS)

TYPE INDICATOR ¥
FIRST SIGNIFICANT FIGURE
SECOND SIGNIFICANT FIGURE
/mmcnoa
~ (READING DIRECTION)

ppop [T

,_/' DECIMAL MULTIPLIER ¥ ¥
TOLERANGE

CHARACTERISTIC

* BLACK DOT: MICA DIELECTRIC
SILVER DOT: PAPER DIELECTRIC
*¥NDICATES NUMBER OF ZEROS ON PAPER TYPE.

MICA (CM) AND PAPER (CN)

MIL BUTTON-MICA FIRST SIGNIFICANT FIGURE

IDENTIFIER (BLACK)
SECOND SIGNIFICANT FIGURE

DECIMAL MULTIPLIER

CHARACTERISTIC CAPAGITANGE TOLERANCE
BUTTON=MICA (CB)

SECOND SIGNIFICANT FIGURE—
FIRST SIGNIFICANT FIGURE —
TEMPERATURE—‘
COEFFICIENT

INNER- —ﬁ%ﬁi h=
ELECTRODE TERMINAL

SECOND SIGNIFICANT FIGURE

FIRST SIGNIFICANT FIGURE DECIMAL MULTIPLIER
TEMPERATURE rCAPAGITANCE TOLERANCE
COEFFICIENT ]

U

NOTE: u
SPOTS MAY BE USED INSTEAD OF BANDS; TEMPERATURE
COEFFICIENT MARKING 1S LARGER.

CERAMIC-TEMPERATURE COMPENSATING (CC)

— DECIMAL MULTIPLIER
CAPACITANCE TOLERANCE

==

TERMINAL

iNNER-ELECTRODE\%_%E

SECOND SIGNIFICANT FIGURE
DECIMAL MULTIPLIER
CAPACITANCE TOLERANCE

FIRST SIGNIFICANT FIGURE

CHARACTERISTIC

MIL IDENTIFIER
(BLACK DOT)

INNER-ELEGTRODE
TERMINAL \*{] [!

FIRST SIGNIFICANT FIGURE
SECOND SIGNIFICANT FIGURE
DECIMAL MULTIPLIER

CHARACTERISTIC

MIL IDENTIFIER CAPACITANGCE TOLERANCE

(BLACK SPOT)
NOTES:

1. SPOTS MAY BE USED ON TUBULAR CAPACITORS;
CHARACTERISTIC SPOT IS LARGER AND MIL IDENTIFIER
IS ON SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS.

2. MIL IDENTIFIER OF DISK TYPE 1S ON REVERSE SIDE;
CHARAGTERISTIC SPOT IS LARGER OR SPACE BETWEEN
CHARACTERISTIC AND TOLERANCE SPOTS IS THREE
TIMES SPACE BETWEEN ADJACENT SPOTS.

3. TOLERANCE: YELLOW, +100%,-20% .

CERAMIC-GENERAL PURPOSE (CK)

CAPACITOR COLOR CODE

MULTIPLIER CHARACTERISTIC' TOLERANCE 2 TEMPERATURE
SIG COEFFICIENT
COLOR FIG NUMBER cc (UUF/UF/°C)
* DECIMAL OF CM|CN]CB|ICK| CM CN ce
OVER| IOUUF cc
ZEROS I0UUF|OR LESS]
BLACK o 1 NONE A 20 20 20 20 2 ZERO
BROWN 1 10 1 s|lE|B|W 1 -30
RED 2 100 2 c H X 2 2 2 -80
ORANGE 3 1,000 3 cl+s]o 30 -150
YELLOW 4 10,000 4 E| P -220
GREEN 5 5 F R 5 0.5 -330
BLUE 6 [ s -470
PURPLE =
(VIOLET) 7 T T w 750
GRAY 8 8 X 0.25 +30
WHITE 9 ) 10 i -330(%500) 3
GOLD 0.1 ] 5 +100
SILVER 0.01 10 10 10
I. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS,
2. IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. STD-C!
3. INTENDED FOR USE IN GIRCUITS NOT REQUIRING COMPENSATION,
AGO 35608A Figure 41. MIL- STD capacitor color-code markings. 73
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NOTES:

UNLESS OTHERWISE INDICATED:;:
RESISTANCE VALUES ARE IN OHMS,

CAPACITANCE VALUES ARE IN
MICROMICROFARADS,

C_— INDICATES EQUIPMENT MARKING.
INDICATES SCREWDRIVER ADJUSTMENT,

WAFER SWITCH 8104 IS VIEWED FROM THE

REAR OF THE CHASSIS AND IS IN
POSITION | A8 SHOWN?

MULTIPLY
FREQUENCY BY

10__100

m
o 10K

0
TIME-SECONDS

# INDICATES MINUS |20 VOLTS
FROM P301, PING, I8 TIED TO
R304, R313, R323, AND R332,

IN FREQUENCY METERS WITH
SERIAL NUMBERS | THROUGH

6, R206 I8 6,600 OKMS AND
RI29 18 IBK.

DIVIDE- BY- - P FROM TIOIB'I:I:-:"I:MAI?MLS Il AND 12
SHAPER ONE SHOT i 5 STAGE BINARY 5 STAGE ~
MULTIVI VIO6 .
OSC|h%£T0R VBI(I?: | zx.'r%% A 12AT 7 WA _ 12AT7WA o B i JORT TN |
5814A Ll A J
BOIA +120V REG @ w - | |
" E AD\J a'
— sih +120V B | VIO3
iy REG RISS +120V +120v
CI13 RI&E 2,200 RI47 RIS2 6,800 b o claa < GoK | VIO4
; RI38 RI43 ‘ |
o s o ‘%0 150K g g 7y g I'OMF 143 | SoK TIMING SIGNAL
e b Ty Y o c135 CI36 RIS6 18K 18K v ’ RI66 TO GATE CIRCUIT,
- i sl 33 24 47K = = . I0OK VIA S103 VIOS
31'6?‘ 6.3VAC RI36 J: % i |
YIOI 4 W TI02 RI37 Cl29 | RI68 |
?Ll;r? I00KC 3 /'M‘—'—'\ RI26 IOOK 00K 2 RI48 | (—— 470K - S04 (Nﬁ_i_—LD VIOS
¢ 5 TERM.S TERM.6 < 2 200 470K RIS4 Y 3 IMULTIPLY FREQUENCY_ BY
5~ cI22 .. 4.02 MEG 1e5 TIME — SECONDS] |
L 4,700 Ay - 0Ol SEC ' vVIO?7
OUTPUT
: = TR |_6 DIVIDE-BY-I0
@ m | STAGE, VIO9 .”?L c
[INT] 13 %0 J SEC FREQUENCY | seconNDS vioe
2 e OUTPUT FROM BY .
A 2 (4 RI63 A B DIVIDE-BY~-IO
RI24 | | B RI39 A B RI44 3%83 A 390K STAGE, VIO VIO9
12K oy [ 390K 390K
s:of .- 3 RI49 ‘ OUTPEITSE%%M 1O
[ | DIVIDE-BY- V
2 o) 270K = i34 RIGO RIGI CI38 RI64 | RI69 RI7| Ci4S STAGE, VI
g RI42 cl27 RI4S 220K 18K OIUF 220K 270K | :
RIIB IS RII9 RI2| ClI6 o RIS zg'gé o  OIUF 220K 18K OIUF o <
IUF 2,700 3,300 +OIUF e, 700 OUTPUT FROM VI
IBOK o0 . ; RI129 100 e CLOCK COUNTER
EXTERNAL 12K (NOTE 6 ) b i " 41 " A L L L o
100 KC I00-KC TEST AND ToleMe = e L —— = == = o i g |
L = — = 2 = = SIGNAL (TO SIO3B SEGMENT ) 5 g ~TER
R - ————— P P M (i > | LTI et G L ______________._._-_-?-———-—-—-—-—_-—-—-"-————-———-—I
| SEC OUTPUT R T T T T T T e . o PR | | CLO%ER,
«0l SEC OUTPUT . | 4TH BINARY COUN
TO SI04, TERM. 4 TO SI04, TERM. 3 TO SI04, TERM. 2 IST BINARY 2D BINARY 30 Vgél;lARY V304 A 301 |
120V REG .0l TIME aata aaias 5814 A 5814A |
: @ |sast Ap. |
l RI96 20 Fao: f
+120V +120V 100K +120V 00 |
bt REG REG RI9O Cl64 %, REG | TIME | a s, Lomen 4020V +2on
27K “T+OIUF @) | | BASE 6.3VAC | |
o TIME
RIBS RIO3 | 20y - E-(' Rgaﬁ oy
RIB4 R187 R307 R312
T&i ggg ';!,E 6,800 22K 22K 6,800 l 27K 39K 49'(
= RIO7 RIOB R205
. o oK 4,02 MEG INPUT ’
Ci54 CISS Cl6l Cl62 RIOS |
e T s 7 D g g | ResET 37K, K R335 RB37 2
4,
" bt SO RESET 2 &> 7o s pral ATK WK C314 47K 7K ;
i M AMPLIFIER Vi2) | | MINE €305 e il 5| | |
75 |
oy RIB3 CI58 RI94 : S R302 R308 | ias C316 |
4,02 MEG 047 UF 4,02 MEG A +220V 4 i 18K 5K or 8| |
[ .
RI7® RIBO 470K ik { : Y —
470K 470K 6 -120V # | R334
o e | | €302 C306 l . c3l caz | S315== 270K R338 c3i8
— REG | | 30 1309 _L c304 33 B3 sl 32 3 | 83 270K T 33
' CI56 ?1653 LIO! - |20V : a (JI—.--izov R329 :
% | : B A, JES P : ) Sl A
PUT B A | 33| R332 | R339% C3I9
5 2 K3 2 1 R3I3 R32) R . y
u ' ; ' . - Reos E‘!K 82K ' 82K < | 82K 82K ‘ i 24
2.700 ¥ I| I
RIS R2OI TE | | .
ngax' 270K 270K {NO = R308% C303 RESET R316 C307 RESE'i' R326 C3l2 RESET R333 cg'go R%%ET | .
R202 CI87 1.000 T 12K 1,000 TO 12K |y
RI82 CI82 RI92 CI59 A 12K 1,000 TO 2K ~ v NINE . NINE
o~ e RSB IRT P e 7
s L =S = o == ' -120V & 120V =120V -[20V# =120V ~I20V -l20ve  -i20v  -120v B i 5 R340 '
DIVIDE-BY - DIVIDE-BY~- DIVIDE-BY -
10 STAGE 10 STAGE 0 STAGE . i e e e
V|| o U o R b e e————— w— w— T TS SRR m—m—" gy, G S | N————————— W | e . _
|2\£|T079wn I2AT 7WA I2AT7 WA

Faigure 42. Clock pulse generator and clock counter, schematic diagram.
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INPUT AMPLIFIER

CATHODE

PROTECTIVE

METER

) GATE ———————

T..M. STOP _——— TRIGGER STAGE — -
JIO3 ' ‘i‘%w FOLLOWER DIODE RECTIFIER VIS VII138 | VII6 VT
2 A VII3A VII4A vVii4B 6AUGWA (172) 5687WA | 5725/6ASEW 5726/6ALSW
(1/2) 5687WA (1/2) 5726 /6 ALSW (1/2) 5726 /6 ALSW |
; — & SIGNAL OUTPUT
. s AN\~ +120V | TO |1-MC COUNTER
8 SIGNAL FROM R228 ﬂ A 501 Vi |
CLOCK PULSE st Ml HeOv R216 +120V ci7e 470 | BIERY. Ve R237 -
GENERATOR 8 AE AT IK OIUF | 22K
VIA SI04 o |
T LI04 = | LIO3
[Tol.M, START] FREQ, COUNT 2.5 MH e e CI79 ‘ SOOUH
< 4,700 200UH |
JIO2 SCAN COUNT R217 (NOT IN ALL 510 |
COUNT OFF el EQUIPMENTS) —_— f REI  Chross =
120V | IK |
* 5 | TlM, ; 4,700 |
~ 15 | c183 |
VIR & TRIGGER | 6 \ol \E s | R22| 7 2 5 9 R22'9 cer | |
4 VOLTAGE S SBOK 10K 10 | |
) R214 3 “ )4 . 2 . |
SIOSA SIO3A | 2.500 51038 | | |
SEGMENT/ SE%MEN? SEGMENT; > - A |
. il / | |
: 3
/ / F R222 | :
- / } 200K Ly R23| R232< R233 182
: / : - 12K 240K 20K
R215 R2|2 s OIUF |
! , 470 / 100K 0-50UA ‘ ' |
: ’ R218 ! R2I9 INPUT o by [ T R226
: : 12 K / ., 22K LEVEL S 33K 6,200 |
;, ff 4 I’ + |
/ .
! 5103 ¢ = = / = = = == = = = |
/ [FUNCTION] / -60V / I00-KC SIGNAL ~-60V |
SR o o ORI |, L ST 1 1 A SRS T e SR e R R - e e d oy # FROM OSCILLATOR
JIO! -—|( STAGE VIO3 -60V |
) s | |
’ |
COUNTER CI75 R2!| l
INPUT 04T UF | MEC = Tt 3 |
20CPS-IMC |
.ZV RMS" |
50V RMS UKL j
L |
EIOI |
+220V 4220V +220V +220V +220V 4220V 4220V <4220V +220V +220V |
G - qEseT To
R250 S R257 R258 R256 CLOCK COUNTER
. R244 = R245 R251 < R252 R268 R272 R282< R279 R283 |
= 20K 12K 2k < 120K oK N &5 120K 39K IK VIA JIOS, PIN 2 0K < 100K €  cioe | MEG oo, |
cle4 Cl92 | & A3 14 3 | OIVF Cl198 240K
R255 : - oo RESET ,000 68K
C-},?? 10K (NOTE 4) CiISFS
| R284 | l. UNLESS OTHERWISE INDICATED:
53 JUF R2688 . (TO COUNTERS VIA y
OOK 100KS. Cl88 5 R259 100K == 24 5 R266 | . 6,800 . CI99 JIO6 THRU JiiI) RESISTANCE WVALUES ARE IN OHMS,
54 I0OK 47K DISPLAY TIME ' .OIUF CAPACITANCE VALUES ARE IN
2 > R273 7 eone | MICROMICROFARADS.,
22K |
L 3 3A 3 L% 8 3 120K CLEAR LINE 2, [ INDICATES EQUIPMENT MARKING,
——p— | A A el R276 < Apen AR A | (TO COUNTERS VIA
R arw 8| s T Res3 3 nons Caonn A—,1""18 |5 B 10 MEG Bl s T5. R292 106" THRU. J1ID 3, WAFER SWITCH SEGMENTS ARE PART
680K 12 K 680K CRI7 AUTO 270 | OF FUNCTION SWITCH SIO3 AND ARE
Y L R289 IN POSITION 2 AS SHOWN:
. = = R2NS R2TA SI05 - C195 IOK
. " B | MEGS, 39K . JOIUF ok i CSOE.:JNT
) CRIIS i R275 R27T7 Cio4 R278 C200 R293 R294 FREQ. " COUNT
R2AS R R249 C186 R260 R26| CI9| R267 g 60K
|§0K i JOK LOIUF 47K 10K OIUF 220K 39K MANUAL f,ﬁ'g'g 220K :[l UF < 220K 2, DO PEUF 510 12K cammn:
CRII6 S b 1 & & T - TEST Tl M.
=120V = o @ ~120V ~120V S -120v  -120V ~120V -120V ~120V - 120V -120V  -20V
2 20V 120V GATE RESET LINE GATE RESET LINE
2
READOUT CONTROL £ __ Gt e READOUT CONTROL READOUT CONTROL |
INRIBIT_START 2 INHIBIT START INHIBIT START i FUNCTION -
| SI03 IS SHOWN VIEWED FROM REAR
INVECTION GATE CONTROL INJECT4ON RESET | RESET | OF EQUIPMENT. SIO3A IS WAFER
IOOE START BINARY BINARY DIODE AMPLIFIER RESET CONTROL GENERATOR | NEAREST KNOB.
i VI20 V1188 vi2l - VI22 vi23 | 4., C192 IS SIOUUF IN FREQUENCY METERS
(/Z2)B726/6AL5W I2AT TWA I2ATTWA (1/72) 5726/6ALSW 5687WA I2AT TWA 85727/2D2I|W ; WITH SERIAL NUMBERS | THROUGH 6.

Figure 43. Input, gate, and reset circuits, schematic diagram.
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Fagure 44. 1-me counter,

100-ke¢ counter,
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and numerical indicator circuits, schematic diagram.
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- 120V

RESET
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2 OF A602~ A 605
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INPUT | CLEAR
PULSE
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NOT USED

NOTES

L UNLESS OTHERWISE SHOWN:
(A) ALL RESISTORS ARE IN OHMS,

(K=1000)
(B) CAPACITORS ARE IN MICROMICROFARADS,

2.% FINAL COUNTER HAS NO
OUTPUT CONNECTION.

3, REFERENCE DESIGNATIONS ON COUNTER
| ASSEMBLIES A 60l THRU A 605 ARE
ABBREVIATED, PREFIX THE PART
DESIGNATION WITH THE ASSEMBLY

DESIGNATION, FOR EXAMPLE, A GOIRI
IS THE COMPLETE DESIGNATION FOR
RESISTOR RI ON COUNTER ASSEMBLY
A 60I.

4,WHITE DOT ON NE-8I DIODE INDICATES
POSITIVE POLARITY LEAD,
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