M 190-60(14)

A TRANSISTORIZED REACTIVITY
MEASUREMENT SYSTEM

metadc303824 :







Reactors-General

SCTM 190-60(14)

A TRANSISTORIZED REACTIVITY
MEASUREMENT SYSTEM

Leonard Ehrman, 1414-2

ABSTRACT

An all-transistor system has been developed to be used in measuring
the reactivity of the reactor in the Sandia Engineering Reactor Facility. In
operation, the system triggers a Pulsed Neutron Souree (PNS) in the Reactor
and counts the resulting neutron flux, thus giving a measure of the time con-
stant of the Reactor. The counting is done in eleven time-sequenced counting
channels. The Reactor time constant is a measure of the Reactor reactivity.
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A TRANSISTORIZED REACTIVITY MEASUREMENT SYSTEM

Section 1 -- Design Criteria of the Pulsed Neutron Technique for Reactivity Measurements1

If a nuclear reactor, operating in the range from $ = ~-15 to delayed critical, ($ = 0), is pulsed with a
short burst of neutrons at time t = 0, and a neutron detector is placed in the reactor assembly to monitor the
neutron flux decay rate, one can, by neutron counting, determine the reactivity of the reactor. The monitoring
period should begin after the early transients from the burst of neutrons have died out, and continue until the
delayed neutron fraction has become a sizeable fraction of the neutron flux. The desired monitoring time
interval for observation is indicated in Figure 1. During this time interval, the flux # can be shown to decay
exponentially, i. e.,
b.=0 e ot

where any steady-state background is considered subtracted out.

The decay constant, «, is to be measured and related to reactivity.

a=%g— (1-*4-%(—-) s

where B = delayed neutron fraction

Lg = prompt neutron generation lifetime

AK =K .. -1, whereK _,.is the neutron multiplication factor .
eff eff
AK . . .
The term, =5 defines a unit of reactivity called ''the dollar'' or § .
_ B
Therefore a = — (1 - §)
L

g

s _ _B
then « delayed critical = T -

g

The constant @, can be determined by a measurement of a with the reactor at delayed critical ($ = 0)

For any other «a

aza (1-9) ,
or$=1-0'—
c

Therefore, with « determined at delayed critical, reactivity can be calculated if o is measured between

the limits $=0to $=-15

Simmons, B. E., and King, J. S., A Pulsed Neutron Technique for Reactivity Determination, Knolls
Atomic Power Laboratory, Schenectady, New York.



One method of measuring o is to detect the changes in neutron flux levels, after a short burst of neutrons
is injected into the reactor, by counting during discrete intervals (At) over the time interval of interest as

shown in Figure 1. The count for each discrete interval is a point on a curve. The slope of this curve is q.

The method described in this report to measure o is an 11-channel, time-sequenced counting system.
One channel of the system is used for background counting; the other 10 channels count the decaying neutron
flux over discrete, and equal, time intervals. The design of the electronics for this counting system is based

on the following considerations.

Let No be the initial count rate expected, where N0~ (00 (neutron flux), and Nt ~ (bt s

then N, =N_ ey N

t background t
Define r =Tl as the reactor time constant, then NT = N0 e T (background assumed subtracted)
L
At delayed eritical: 7, : =&
For the Sandia reactor, assume: L =54x 10—6 seconds
B-8.5x10°

then -6
-54x10 sec 6.35x 103 sec

€ 8.5x%10-3 sec
At a reactivity of § = -15

_6.35x10 3 sec  6.35x 1073 se

r = - c _ -3
-15 1- (-15) 16 0.4x107° sec

In three time constants the neutron flux counts should decay from No to 0. 005No. Since the reactivity
measurement range of interest is contained between $ =0 and § = -15, the reactor time constants indicate the

monitoring time intervals.

For $=0

31.=3x6.35x 1073 sec =19, 05 x 1073 sec
For $ = -15

31 ,5=3%0.4x10 7 sec=1.2x107° sec

The counting channel ''width'' depends on the reactor time constant and the number of counting channels
used. For 10 adjacent counting channels, the channel width will be one-tenth of 3 reactor time constants.
Thus, the maximum and minimum time intervals for monitoring are 20 x 10—3 seconds and 1 x 10_3 seconds

respectively, giving counting channel width of from 2 x 10-3 seconds to 0.1 x 10-3 seconds.

The estimated maximum number of counts per channel, which should occur at delayed critical, neglecting

the background count, is calculated in the following manner:

t _r
= T
Np foNoe

ﬂlﬂ'
—

NT=N0r [1 -e
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System Timing Requirements

Figure 2.
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Assign T values, 0.3, 0.6 - - - - - - 3. 0, and solve the equation for N, in terms of t/r and No‘ A value of

T
N0 can be assumed on the basis of the maximum counting rate of the fission-chamber detector. Assume

No = 105 counts per second, then the maximum counts per channel are:

Channel Number Counts

164

122
90
67
49
37
27
20
15
11

QO W 0O g O U B W N =

[y

The number of counts per channel are subject to statistical variation. Therefore, to smooth the statistical

variations, the counting cycle is repeated 1000 times before a counter readout is made.

The background count was assumed to be subtracted for the previous calculations to be correct. To
correct the counts in the 10 channels, a background count is made just prior to triggering the pulsed neutron
source. The background counter has the same channel width as the 10-channel counters. The channel widths
can be varied by 20 microsecond time intervals; that is, the channel widths vary from 100 microsecond to

2000 microseconds in 20 microsecond steps.

The cyclic repetition rate is variable from 1 cycle per second to 10 cycles per second. The trigger
for the pulsed neutron source, a 3-volt positive pulse into a 50-ohm load, is supplied from the counting

system.

The timing requirements for the system are illustrated in Figure 2. A background count is started at
time To, and is ended at time T0 + At. The time interval for the background count is At, the counting

channel width. At T, time, the pulsed neutron source is triggered. At T, time, the monitoring time interval

1 2
is initiated and continued until T3 time. During this interval, each counting channel is gated on for an
interval At. At T3 time, all resets are made, and a count is added to an operation counter which is variable

in decade steps, 10-100-1000.

The next cycle starts at To time., After the set number of operations, the cycle is stopped and a
visual readout of the counters is made. Figure 3 shows the block diagram of the system. The building blocks

are transistor logic circuits. The operation of the system is described in the following paragraphs.

The timing pulses, T, for the system, are generated from a crystal-controlled 50-kilocycle oscillator.
The channel width selector can be set to trigger the blocking oscillator at intervals in multiples of 20 micro-
seconds from 20 microseconds to 2000 microseconds. Initially, the flip-flops, A, B, C, D, E, F G,

H are set OFF, A = K, B= ]§, etec. F

2" F11
1 is set ON. The operation counter is preset to zero and the delay

counter if preset to the desired delay in terms of the number of timing pulses required.

10



Reference to the timing diagram of the system Figure 4, will indicate the operation of the flip-flops.
A start signal arms the Start Gate so that the S term into AND Gate No. 12 is true. A pulse from the
repetition rate oscillator turns flip-flop H ON. The leading edge of H is used to set flip-flop G ON. The next
timing pulse, T, sets flip-flop A ON. The logic for setting A ON is:

A'=GSTB ,

where the sumbol A' means set flip-flop A to the ON condition. The terms on the right-hand side of the logic

are the necessary conditions for A to be true.
Flip-flop B is set ON with the same logic,
B'=A'=GSTB ,

inhibiting the next T pulse at AND Gate 12.

A is ON for the interval between two clock pulses, T
A'= AT ,
also,
C'=A'= AT

C is turned ON when A is turned OFF. AND Gate No. 14 and the OR Gate are set so that the next clock pulse,
T, sets one count into the delay counter, turns C OFF, and turns D ON. The leading edge of flip-flop D
operates the PNS trigger.

PNS Trigger =D
C'=CT=D!
Delay Counter = T (C+D)

The Delay Counter sets D OFF and E ON after N-1 clock pulses, where, N is the delay time, in terms of
clock pulses, between triggering the PNS and counting the output pulses of the neutron detector. AND Gate
No. 17 is armed by E, so that, the next and subsequent clock pulses, T, are applied to the Shift Register shift

line. F_ is set OFF and F

1 is set ON according to the logic expressions:

2
F =Fy Fg Fy Fg Fg ¥y Fg Fg Fiyg Fyy T
1 =— n v v o v w r ol w
Flg=F) F3 Fy Fg Fg Fg Fg Fg Fyy Fiy T

At the next clock pulse F_ is set OFF and F, is set ON. The counters, No. 1 through No. 10 are each

2 3
sequentially turned ON for the interval between two clock pulses.

When the flip-flop F_ . is set OFF' and F', set ON, flip-flop B is set OFF, flip-flop E is set OFF,

11 1
flip-flop H is set OFF through a blocking oscillator, and a count is added to the operation counter.

The next pulse from the repetition rate generator starts the cycle again. The operation counter turns

the START Gate OFF when the preset count is completed.

11
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Section 2 -- Electronics

System Design

The entire purpose of the system under discussion is to implement the block diagram of Figure 3. A
small number of basic transistor building blocks, constructed on printed circuit cards, have been developed,
which, when properly interconnected with each other and with some chassis mounted components, perform
this function. The cards which have been developed are: 1 megacycle decade counter, 200 kilocycle shift
resistor, and a two-input diode transistor AND Gate. In addition, one special purpose AND/OR Gate card has
been made. If the forward signal and the feedback loop connections of the decade counter are omitted from the
card, we then have a card with 4 flip-flops mounted on it, each with an X' and X' input, as well as an X and an
X output. A standard decade counter can be modified to be used as a preset counter by the addition of two
transistors in parallel with transistors Q3 and Q5 of the decade. Thus we have the capability of individually
setting or resetting any of the stages of the decade. If a decade is set to what would normally be a count of N,
it will then count 10-N times before its register is full. If we then use the transition of the last stage to reset
all the stages, through a suitable delay, to N, we have converted the counter from a decade counter, or count
by 10, to a count by N counter, where N is between 1 and 10. Two counters can be cascaded and used to count
from 1 to 100. The reset logic is controlled by a separate 10-position rotary switch for each stage of a preset

counter, while the delay is obtained with a blocking oscillator.

The outputs of the 11 channels of decade counters are presented in two ways. A permanent record is
printed by a Berkeley Model 1452 Digital Recorder, while a visual display is shown on a Berkeley Model 5916
In-Line Readout. By means of a stepping switch scanner the channels are scanned sequentially, starting with
the background channel. The scanning can be done automatically, if it is desired to read all eleven channels
at 1-second intervals, or manually, if it is desired to monitor one channel for a long interval of time. In
addition, decades 4, 5 and 6 of channel 1, and decades 3 and 4 of channel 10 are displayed continually in binary

coded decimal form by means of indicator lights.

The frontispiece is a photograph of the complete system. The remainder of this section will be devoted

to a discussion of the individual components.

Power Supplies

The regulated power supplies used in the system are Lambda Model 2095M's., Two are used for -5
volts, and a third for +5 volts. Supply regulation against both line and load disturbance is 0. 15 percent. The
two negative supplies are designated -5 (A) and -5(B). The drain on -5 (A) is 1. 75 amperes, -5(B) is 1. 25
amperes, and 15 is 1. 7 amperes. The supplies are rated at 2 amperes each. Due to power dissipation within
the supplies, they are isolated from the interior of the rack by a sheet metal enclosure which is cooled by a

Rotron muffin fan.

Decade Counter Chassis 1 and 2

The Decade Counter Chassis contains the 11 channels of decades necessary to count and store the
neutron flux rate. Chassis 1 consists of 5 channels of decades, with 6 decades per channel. These channels
are used to count the second through sixth channels of information. Chassis 2 contains 6 channels of decades.
It is broken down into 1 channel of 6 decades, and 5 channels of 5 decades. The 6 decade channel measures
the first channel of information, while the remaining channels measure the background count and the seventh

through tenth channels.

13



The wiring of the individual chassis is shown in the Appendix, Figures A-1 and A-2. A typical decade

counter is shown in Figure A-3.

Figure A-3is a 1-megacycle decade, with a 1-2-2-4 code. The signal level is either
0 or -4 volts, and is emitter-follower coupled. The decade output is brought out from pins E, K, U and Y,

isolated by 18, 000-ohm resistors, and transmitted through the appropriate cabling to the Scanner Chassis.

Control Chassis

All the timing functions necessary to gate the signal pulses to the counters are generated internally in
the Control Chassis. The inputs to this chassis are the START signal and the neutron detector output, ''Count
In. "' The outputs are the PNS trigger and the gated counts to the decade counter chassis. The control chassis
wiring diagram is shown in Figure A-4. Individual components will be discussed in this section - there will be

no attempt to give an integrated operational description, as this would parallel the description given in Section 1.

The timing pulse source is shown in Figure A-4. Transistors Q7 and Q8 form a crystal controlled
50-kc sine wave oscillator. Transistors Q9 through Q11 shape the sine wave into a 0. 15 microsecond pulse
train with a 50-kc repetition rate. This pulse then goes to the channel-width selector, a two-stage preset
counter, which can be set to give one output pulse for from 1 to 100 input pulses. This pulse, in turn, is
shaped by a blocking oscillator whose output is a -3v, 0. 15 microsecond pulse. Thus, starting with a 50-kc
oscillator, we have a crystal-controlled pulse source whose frequency is variable from 50 kc to 500 cps, giving

a channel width of from 20 to 2000 microseconds,

The low-frequency oscillator, Q14 of Figure A-4, is used to determine the repetition rate of the
system. It is a double-base diode oscillator, the frequency of which is controlled by a 250 K-ohm potentiometer.

The oscillator output is a negative pulse, with a repetition rate varying from 1 to 10 cps.

The neutron count pulse is converted into a standard negative pulse by means of transistors Q5 and Q6
of Figure A-4. A positive pulse with an amplitude greater than 10 volts into Q5 will produce a -3 volt, 0. 15

microsecond pulse at pin 6 of Ty

The gate control binaries are emitter-follower coupled flip-flops, with transistor ON and OFF inputs.
The output levels are nominally 0 and -4 volts. These have been fabricated on printed circuit cards, with four
flip-flops per card. The circuitry is the same as that of the 1-mc decade counters, with the complementary

triggering and cross-coupling circuits removed.

The fourth component, shown in Figure A-5, is the shift register. It is composed of eleven identical
stages, ten of which are used to gate the 2-Input AND Gates ON, while the eleventh is used as a neutral
position. The shift registers have been fabricated on printed circuit cards, with five stages per card. To
operate as an eleven-stage register, three cards have been placed in series., The integral feedback loop from
Q27 to Q5 has been broken, and the feedforward and feedback signal paths have been provided by proper wiring

of the plug-in sockets.

The circuit used to gate the neutron count pulses to the various decades is a diode-transistor AND Gate,
shown in Figure A-6. The load on the output is a 91-ohm coaxial cable. One input to the AND Gate is a shift-
register pulse, while the other input is the neutron count pulse as reshaped by Q5 and @6 of Figure A-4.

These Gates have been fabricated with five Gates per printed circuit card.

14



AND Gates 12 through 16, and the OR Gate are contained on the board shown in Figure A-7. Only one

such card is used in the system.
The delay selector is a single-stage preset counter, similar in design to the channel width selector.

Scanner
The purpose of the scanner chassis is to permit the operator to select any channel of decade counters
and to read out non-destructively the stored count. The schematic of the scanner is shown in Figure A-8.

The operation of the scanner is as follows:

The decade counter outputs are cabled into the stepping switch. The stepping switch output goes to
three low-frequency amplifier cards, which change the signal level to either 0 or -22 volts. The outputs of

the amplifiers are then monitored by the In-Line Readout and the Digital Recorder.

There are two possible modes of operation of the scanner. In the continuous mode, the scanner will
upon operation of the START switch, automatically scan all 11 channels and return to a home position. In the
manual mode, the scanner will scan only as long as the START switch is depressed. When the START switch

is released, the scanner remains in its last position.

The stepping rate of the scanner, 1 cps, is determined by the double-base diode oscillator, Q1. A
negative pulse from the oscillator sets the flip-flop, composed of Q2 and Q3, ON. This, in turn, energizes a
murcury relay through transistor Q4. When the mercury relay closes, the coils of the stepping switches are
grounded, causing the interrupter contacts of the stepping switches to open. When all three interrupters are

open, the flip-flop is reset, causing the stepping switch to step.

A microswitch is mechanically connected to one of the stepping switches, and is used as an off-normal
contact. When this stepping switch is in its last position, the microswitch opens, thus opening the SET line to
the flip-flop, and preventing any further rotation of the stepping switch. To start the scanning cycle again,
the start button, S1, is depressed, bridging the open microswitch. If manual operation is desired, toggleswitch
S2, in series with the microswitch, is opened. The stepping switches will then operate only as long as S1 is

depressed.

Cabling
The cabling diagrams of the system are given in Figures A-9, A-10, A-11.
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Section 3 -~ Operation

The measurement system has been designed to be as simple to operate as possible. There is one
switch on the front of the relay rack which controls all AC power in the system. Turning this switch ON powers

the entire system.

Four quantities must be decided upon before measurements are made. They are the trigger repetition
rate, channel width, count delay and total number of cycles desired. The repetition rate can be varied between

1 and 10 cycles per second by means of a front panel control.

The channel width is chosen by means of two rotary selector switches. The basic timing frequency of
the system is 50 kc. This can be divided by any integer from 1 to 100, giving a frequency range of 500 cps to

50 ke. The channel width is thus variable between 20 and 2000 microseconds.

The delay counter selector switch can be set to give a delay of from 1 to 10 channel widths before the

neutron pulse counting begins.

The total number of cycles desired is controlled by a rotary switch. By this means, the measuring

cycle can be ended after 10, 100 or 1000 pulse cycles.

Once these four parameters have been set, the operation is straight forward. The Trigger Output is
connected to the PNS, the neutron detector output is connected to the Count Input, and the system is reset.
Then the START button is pushed. As long as the operating cycle is still on, the Operate light is lit. When
the cycle is over, the light goes out. The stored count can then be printed out by operating the scanner

switch. The scanner should not be operated during the operating cycle of the control chassis.

The operating cycle can be stopped at any point by operating the STOP button. This will stop the

system at the end of the current operation cycle. The operation can be continued by use of the START button.

The entire system can be cleared by means of the RESET switch.
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Figure A-1. Schematic, Decade Chassis No. '1
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Figure A-2. Schematic, Decade Chassis No. 2
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Figure A-3.

A Typical Decade Counter

6—1,1 1 MC INPUT

é— Q9 OUTPUT
¢——Ql RESET INPUT
<—— QR RESET INPUT
&—— Q10 OUTPUT
€—— Q11 OUTPUT
<——Q3 RESET INPUT
&—— Q4 RESET INPUT
<—— Q12 OUTPUT
S—r=KEY

€—— 45 VOLTS
€—— GROUND
<——=5 VOLTS
<——Q13 OUTPUT
&——Q5 RESET INPUT
é——Q6 RESET INPUT
<——Ql4 OUTPUT
¢<——Q15 OUTPUT
€<——Q7 RESET INPUT
<——Q8 RESET INFUT
¢——Q16 OUTPUT

NOTES:

Capacitor values are ex-
pressed in micromicro-
farads unless otherwise
specified,

Resistor values are ex-
pressed in ohms unless
otherwise specified,

All transistors ZN240
All diodes T9G
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Figure A-5.

Schematic, 5-Stage Shift Register

KET
|
i
R&
|
i | | BINARY
R27 Y
: et gz"g % 2 BINAR 22305 523(')(% 3 BINARY R40 R42 < 4 BINARY R45 R47§ 5 BINARY R50
! 3 s aio : Qs a6 620 REC Qa2 022 620 620 % Q27 Q28 520
g
< ! ] RI19 RI8 R2| R20 | R23 R22 R25 R24
i -L L 1.2K I.2K 1.2K 1.2K 1.2K 1.2K 1.2K 1.2K
i Cil Cio Ci13 Cci2
I o 130 130 130 130
I bt = ¢
| a3 Q4 Q19 Q20
1 Q2 Q7 Qie Q23 Q24 Q30
|
i TO BASE TO BASE TO BASE TO BASE
! B (e OF Q6 R7 R9 OF Q6 RIO RI2 OF Q6 OF Q6
i i AT i 1K 1K 1K 1K
| P — -
E(_T_"_' R}:!KG - T = R4l = = — R46 =
3K
| R26 TO BIAS R8 R N
! -'\NT NETWORK c2 62 e & o l
| 0.0IUF c24 0.0IUF !
& e Son SIS 8% c|zo:[ 200 o I 2 i I 66
= | — = -
| iils 30K R28 R29 Rss O "9 L - = g G e oo T
I T0 39K 39K 1.2K = o i =
— p—AN— b
L NETWORK NETWORK| R43 R44
D&+ R57S 39K 3.9K 39K 3.9K 3.9K 39K
| ,_ZKT BIAS NETWORK
. +av
1
1
c
i RS54
i
Fé&t 240
|
]
EXS
c22 R59
v OIUF. 47
T€ =
v
X
¥

Pl

AT——— SPARE

!
B(—,——— LEFT HAND RESET

c(—%—— Q3 out
Dé——— 04 ouT
Eé— Q9 out
F é+———— 010 OUT
H&+——— KEY
JE—— SPARE

Ké4———— RIGHT HAND RESET

Lé+——— SPARE
MEF——— +av
N&———— GND

Pé&t—— -4V

Ré+——— SHIFT INPUT

s(—r——-: SPARE

TéT— QI5 OUT
LR —
vef——— Q21 ouT
w(—+—: 022 OUT
X é4——— Q27 OUT
v(—%—— 028 oUT
Zéi——— SPARE

Qle ouT

FOR APPARATUS LIST SEE SK9(1413)4568

23



ve

Ji
(¢ ﬁ— Q2
D ¢+—CR3 All transistors ZN240
E ¢~ CR4 All diodes T9G
Fé&—Q4
H € CR5
K 6—:— CR6
! -5V
U ¢ CR7 39K |
V &—CR8 A '
W &+ Q8 R4 R7
X €+—CR9 39K 39K
|
| CRI CR3 CR5
31 " Q2| y-p —s—¢ - Q4 | yl-n —>—4 - Qe QIo
B et JI-E —p—4 4@ JI-K —u——@ .
Y ¢ cro CR4 CR6
z 6| Q0 - RE\;II—C e H=F Ji-Z
N R5 R6 > R8 RI4 RI
Preheway 3.9K 10K 39K 10 K 39K 39K .oi
L é:— KEY
N - = = = = = 3 -
Figure A-6. Schematic, 2 Input and Gate
1} 150GLYF
€2 15CCUIF
c3 150GUYF
TR T
6 150UYF
%8 15004 F
C!! T95
il e
o, 136
s TG
& T
I | 133-022-01 AMPKENOL
AN B P 5 D 1
J|—— —_————— = = 4 = = = - - - 1 ——————————— ;I NZUO
- n
=
v - e
i o =
Ri R3 e
IK IK 2y 3 &
J.c_, h_.2 , 13 [
Insloo: IF“KZ Igoo ﬁ;‘ = A
= = T
b 2 4 210 330
“ cR2 i ” CR4 £y T
?I . ? S [
L L L = =RI3,47K z:: :E:
&3 &4 11 VALOR
T2 VALOR
T3 VALOR
T PULSE INPUT u uL:u
NOTES: - = s
I. UNLESS OTHERWISE SPECIFIED, RESISTANCE 150 &l2 18 oIL 3 31 vu.;n
VALUES ARE IN OHMS, CAPACITOR VALUES 3 2L 3 321 VALOR
ARE IN MICROMICROFARADS.
2. FUNCTION OF JI IS AS FOLLOWS!:
A- T PULSE INPUT M- +5Vv
B— & I3 INPUT N — GND
C- & I3 OUTPUT P = =5y
D- & 14 INPUT R - & 12 INPUT
- & 14 OUTPUT S - & 12 INPUT
F- & I5 INPUT T- & 12 QUTPUT
H- & 15 OUTPUT U= OR INPUT
J- & 16 INPUT V — OR INPUT
K— & 186 QUTPUT W—- OR OQUTPUT
L- & I2 INPUT X — KEY

Figure A-T.

Schematic, AND Gates 12-16 and OR Gate



14 13 12 11 : 10 9 A 8 9 iy 6 5 4 3
J21 J22 J23 J24 425 426 A XAI-F 8 XAl-J  C XAl-M D XAlI-P_ E XAl-S F XAl-U G XAl-W _H
| |
A—KIA-I A——KIA-3 A—KIA-5 A——KIA-7 A“—KIA-9 Ac—KIA-I| XAI-D—R*’--"I?‘JZI—A T LS ‘—R"'-?JZX-E LR . ar LR fwen LRl oy Ra “ag 0
8 ——KIB-I B<—KIB-3 B<—KIB-5 B——KIB-7 B<—KIB-9 B~—KIB-II —5-J2l-c ~£-J21-d “4-J2l-e 5—J2i-h 5 J2kj 3921k 5 J2l-m A X A
€ —KIC-l C<—KIC-3 C~—KIC-5 C——KiC-7 C&—KIC-9 C——KIC-II 5 J22-A mEJ22:8 370880 2 J22-E 4 U2RSF 4 J22-H g Y22y ‘5V—a T B
D—KID-I D“~—KID-3 Dé—KID-5 D«—KID-7 Dé—KID-9 D“—KID-II —5J22-c —J22-d = J22-e i g—dJ22-h = J22-j 5 J22-k 5 J22-m GND
g —KIE-] E<—KIE-3 E¢—KIE-5 E——KIE-7 E&—KIE-9 E“—KIE-II e J23-A 4 J23-8 ~—=-J23-C ! i —J23-E =—y23-F & J23-H o) 5D c c
F——KIF-I Fé—KIF-3 F<—KIF-5 F<—KIF-7 F+—KIF-9 F<~—KIF-II =—J23-c —J23-d —==J23-e . 3J23-h ——J23-j ——J23-k —~—J23-m D 0 D
H—KIG-1 He—KIG-3 H—KIG-5 H<—KIG-7 H—KIG=9 H<—KIG-II g J24-A —f-J24-B ~—J24-C ) | ~g—J24-E —g—J24-F —5— J24-H —5—J24-J KIA-R — K2A-R— K3A-R—
J=—KIH-1 Jé&—KIH-3 Je—KIH-5 J——KIH-7 Je—KIH-9 J<—KIH-1I -2-924-¢c ——J24-d ——J24-e : i g J24-h ——J24-j 5 J24-k —5—J24-m =L 1924 . J19-16 ST
K=——K2A-l Ké&—K2A-3 K—K2A-5 K——K2A-7 K—K2A-9 K——K2A-II —==J25-A o V25-B o v25-c i I o y25-E g J25-F 7o Y25-H "o Y25-4J KIB-R — K2B-R—" K38-R—
L—K2B-1 L—K2B-3 L<—K2B-5 L“—K2B-7 L“—K2B-9 L~—K2B-1I = J25-¢ —=-J25-d Ty J25-e | 5 925-h T J25-i ~IoJBSEk ~Ji-d25-m H H H
M—K2C-I M&—K2C-3 M~—K2C-5 M—K2C-7 M<—K2C-9 M——K2C-!| > J26-A —J26-8 ~——J26-C | ——J26-E ~——J26-F ek ——J26-J Jve-23 15 —e-7
N——K2D-1 Née—K2D-3 N——K2D-5 N——K2D-7 N<—K2D-9 N——K2D-II et PO e K2C-R — K3C-R—
P —K2E-I Pé&—K2E-3 P~—K2E-5 P<—K2E-7 P“—HK2E-9 P«—K2E-|| R6 K K K K
R —K2F-1 Ré—K2F-3 R——K2F-5 R—K2F-7 R“—K2F-9 R<—K2F-II 200 OHM & L L
§ —K2G-! S—K26-3 S~ K2G6-5 §«—K26-7 S——K26-9 S K2G-II 5W XA2-F XA2-J XA2-M XA2-P XA2-S XA2-U XA2-W —— J19-22 ——J19-14 ——JI9-6
T—K2H-l T—K2H-3 T—K2H-5 Te—K2H-7 T<—K2H-9 T<—K2H-II| 3 R A | . : D E i : R G [ - H i KIDER =t Kk2D-R— K30-R—
U—K3A-I U“—K3A-3 U—K3A-5 U<—K3A-7 U—K3A-9 U~—K3A-II | CR5 XA2-D—- == J2I-K e J21-L ——J21-P =2ioR —-J21-S -—>—J21-T e o N oy N oo
V——K3B-1 V<—K3B-3 Vé—K3B-5 Ve—K3B-7 V——K3B-9 v—K3B-1 |[IN3® ~£-y2i-n ~5—J2l-p ~§-J21-1 “£-y2l-u ~£—y2i-v “E—y21-w P I &
W —K3C-| W<—K3C-3 W~—K3C-5 W<—K3C-7 W—K3C-9 W—K3C-II —2- y22-K —2—g22-L e ~=—J22-R e J2eEs ——=ug2-T KIE-R — K2E-R— K3E-R—
X —K3D-1 X“—K3D-3 X<—K3D-5 X“—K3D-7 X——K3D-9 X“~——K3D-Il —=—J22-n ——J22-p —5J22-t 2 j22-u ——Ja2-v =g W —J19-20 —J19-12 —Ji9-4
£ ——KIA-2 Y—K3E-3 Y&—K3E-5 Y<—K3E-7 ¢——KIA-IO —2—J23-K e y23-L Series-P ~=—J23-R —=—y28cs —-J23-T A pEered T
0——KIB-2 Z“—K3F-3 Z&<—K3F-5 Z——K3F-7 d“—KIB-10 ——J23-n P ——J23-1 ——J23-u ——J23-v ——J23-w ¥ T T
e—KIC-2 0“—K36-3 o“—K3G-5 a~—K3G-7 e<—KIC-I0 =l 5= d24-k ——J24-L g J24-P g J24-R —5—J24-5 ——J24-T G els el g e-3
¢ ——KID-2 b——K3H-3 bée—K3H-5 b—K3H-7 f<——KID-10 _I_—S —o—J24-n ——J24-p 5-J24-1 J24-u e—J24-v —J24-w KIG-R — K2G-R — K3G-R ——
P——KIE-2 £“—KIA-4 £<—KIA-6 c“——KIA-B h—KIF-10 "foour o y25-K L 5 425-P 7o ¥25-R o y25-8 —5-J25-T Wl i Y s W o
——KIF-2 d——KIB-4 d<—KIB-6 d—KIB-8 j—KIF-10 1 ~2-J25-n P Tiv25-1 1 y25-u = 2s-v - J25-w w w
A —KIG-2 e*KIC-4 e<—KIC-6 e“——KIC-8 A—KIG-I0 —— Jy26-K [ ——JabrP ——J26-R =25 —— ]2 6=T K== KZH-R—X K3H=R—
r——KIH-2 f~——KID-4 fé—KID-6 f<—KID-8 m+<—KIH-10 L R23 A —J19-17 —JI9-9 —Ji19-1
r——K2A-2 hée—KIE-4 h<—KIE-6 h<—KIE-8 n——K2A-I0 7 800 K2 2o B e e e e - = = -———— T INTERRUPTER b Yt i {
:—K2B-2 |“—KIF-4 j~—KIF-6 j<—KIF-8 p——K2B-I0 5W : z z z
s —K2C-2 &k——KIG-4 k—KIG-6 k—KIG-B r——K2C-10 R21 R22 XA3-F XA3-J XA3-M XA3-P XA3-S XA3-U XA3-W
$—K2D-2 me—KIH-4 mé&—KIH-6 m<—KIH-8 se—K2D-10 800 00 | e ol rF SR w0
¢+ ——K2E-2 née—K2A-4 n<—K2A-6 n<—K2A-8 t——K2E-I0 5W CR9 2W XA3-D —<-ser—J2I-U e J21-V 5 =t >
u——K2F-2 pée—K2B-4 p—K2B-6 p—K2B-8 u—K2F-I0 “"’I__’_ ] | E—J2l-y -5 v21-cc S-v21-00 =2 EE
v—K2G-2 r&—K2C-4 r<—K2C-6 r<—K2C-8 Vv-~—K26G-10 cr =—y22-V =Emi2e-2 —J22-0 —Z vJ22-b J19 XA3-x J20
w——K2H-2 s¢—K2D-4 5<—K2D-6 S——K2D-8 w K2H- 10 Jantls 2 _j22-y —5—J22-ccC ——J22-DD —s RdsEE ! XAS=V !
x——K3A-2 1<—K2E-4 t<—K2E-6 t—K2E-8 %“——K3A-10 =—y23-V < J23-2 #4239 ~=—J23-b 2 e 2
y—K3B-2 u~—K2F-4 u<—K2F-6 u——K2F-8 y<—K3B-10 J23-y —= ——J23-cc ——-J23-DD :-$—J23—EE 3 i 3
3—K3C-2 vé—K2G-4 v—K2G-6 v——K2G-8 ¢——K3C-10 T _y24-v ~L_J24-W ~Ly24-x | E-J24-Y ~-J2a-z &-J24-0 —5-J24-b XA3-R
AR—K3D-2 Wwe—K2H-4 we—K2H-6 w-——K2H-8 AA~—K3D- 10 L _J24-y 8 _y24-2 -8 _y24-aa - -2 o o 4 SN 4
BB —K3E-2 X“—K3A-4 % K3A-6 X% —K3A-8 2-y25-V ?—OJZS—W 2 y25-x o e e o 5 T 5
CC— K3F-2 y<—K3B-4 y<——K3B-6 y-—K3B-8 °I_T_J25_y 7425'1- = J25-AA T T iTe o 6 57 6
DD—K36-2 g<—K3C-4 3 K3C-6 3 —K3C-8 —J26-V ——J26-W —J26-X B - — XA3-H
EE——K3H-2 AA— K3D-4 AA“— K3D-6 AA——K3D-8 INTERRUPTER 7 YAS-E 7
BB<— K3E-4 BB<— K3E-6 SEash o 2l - e - 8 Y3 8
CC— K3F-4 CC— K3F-6 oy -5V OFF NC g 5
DD&— K3G-4 DD K3G-6 il NORMAL s2 +5v +5v XA2 -V
EE «<—K3H-4 EE— K3H-6 t CONTACT y { 10 CTE s 10
1 J19-39 Lr8 20 R14 R i L XAZ-R !
R7 5 50K RO RIS 620 CR6 s?;lm’r ca 1330 gHM %SG 12 Y PT 12
300 OHM N 'i?l, 8 — =B 10K T 12K w3en [TEE ooiuf |a2 e :: ok Sl '
c3 K4 [ - XAZ-H 4
RI R2 E Q4 Bl
GRIBI s'oHN (oo - 2:003LR L aypia7 f(l)z( H -5V Ql |COSUF 12 XA2-E I
INI58 5w 5W RI2 1 2N493 l 16 e 6
CR2B ol R3 12K -5v 17 XAV 17
INISRRa ol 2000k [+ can |I§ XAIT 18
Sk | =" % TRANSISTOR BASING DIAGRAMS £ XAI-R =
sy al Q2,03 Q4 gt =B | ) 2 e 20 TR 20
L i 2N433  2N240 4JDIAI7 ZNZS0S -0 Sl ] 2neso NOTE 21 D 21
CR3 5w I W e é: ik 1K I EENMTOAL::I?ED TO ADD OFF NORMAL 22» Ay 22
-22vV ¥ 'IE; 22: XAE 23
CR £ E GRD 24
= (INIST. RIS § 38 FiT 38
62 OHM 39 . 39
T
14 I3 12 I ; 10 9 8 | i 6 5 4 3
FOR APPARATUS LIST SEE SK9(1414)14096
Figure A-8. Schematic, Scanner Chassis "

SK9(1414)14031

25



P3

P22

Pil

P2i

MUVOWLOIT-XY JZEZa0CnkFD>3F X >N d00VAWL OUT 2 JEZ0a0CEOFD>2T X >N

o< a
@
I I R I b it e e s Y o O FTLLPALAL LA O <DV OWLOT XY ISZo0CNOFD>EX>N L<DOOWLOT~XISZ000rn0-D>3x>N
. A.» 3 MmO A A A A AN AN A A A A ;/W/A.a A AN N AN A A A~ A A A A
o ~ eV 4++4 BIEEEY IW-rllliJlxxxxxv-r-rxrlllrLlu u a® -Tgl-v|1g11|1l.| o i e il 00 D Ml o et i el el M
< ; < i g
= ~
© © N )
= ] & <
m 0 0 o
< o o
"n n
< z <
< <
w
-
o
<
o
[
: % % # L %
oY I3 [ 1 L I ) o (1 Ol 0 6 LS [ I8 £ i | ] IR 1 I (5 o (5 1 165 O (N 50 O O 0 o ) O 0 S 5
w R T it it =
SC0O00WLINXYX ISZACnkFD>3TX>No0OA £defh.]kmnpr$quV1yqﬂvM%mWﬁ %
["2]
o o0 I1|111I|.||||T|l||..|Lxlll..lx(ﬁllllllllllullvll S (el £ B 1M BER 5 30 S 1598 IR £ (G R 2l W R A A R ol SR
w2 nﬁ vy N N VN v 47.\1 /uL/!\ —“/ N T/
. 200 0oL I™X 20 xnED> X >N oo QUoOwcoc—~xgca- - 3 >R mOO W
M = > T T 1 <Moo W
.
-
”ABCDIFGHJKLMNPORSTUVWXYZOWABCDEFGMJKLMNPQRSTUVWXYZ m L CO0UOWLOT Y IS Za0CnkFD>3 X >N A<D OOWLOTISX 1220 0C0FD>3 X >N
o |11111rL|1|LILI-111|IAI‘IlllfLI‘l-Iylnlllltlv'I NJ_ +++4+FF3+4 4 o it 5wl L ‘Txﬁ.lr;niwl " W% ~ A4 A N ~AA A N N w_.% i N AN N AN A A A p u-l-ll |1Iuw1||\_|1w|\.|l\
§ & oT1] | ILﬁ.lvlllllrllllxllr1|||llll EREL e M e Ll ) ()] ] Rl PA.-. [l S i il el Bt
3 8 - 3 3
2 3 P 8
z = o =
< < o)) =} )
g z 2
. =z
) & b3
w o=l
=3
@ W
3
()]
=y
£
3]
9 ©
i g i
w T XLXLLL Ry NSNS E R o .
SN0 QWLIDPXYX IIZACND>TX>NOoODO Ldefhlkmnprtfuvw Y?A%CWE [ w
L4 o w
< < 5 16 5 A I S (I G I O (NSO T I 5 e I T I 0 8 0 B O B e B e e e e o Pt Pt
aitd T X3 il I # W N L /W V
o N 2 v v \V<ﬁ v vfmrkﬁﬁwrﬁiu >N 0O oW
m SANOOWLIDXYXJISZACNFDI>IX>NOO e € R T@maai
oy=f
et > N
_S<d<mo 0admo N<pnoow  PLIConoow NEODOVOoOW VICDOO WL ¢ PABCDEFGHJKLMNPORSTUVWXYZGWABCDEFGHJKLMNPORS nwvw >
ay oN oeN as Y o = 0 © A A A A~ N N NI N7 N7 N N7 N7 N7 N N A A A~ N 4
o 7 b ] a o ] a o ] i Dy e R 2 HE4 £ 1 i Dl e o b A S G A SR
[ &8 08 2 108 < &% R e A i | 2 R B O * i ol M e S B e S e o £ L D e D Bl R It I B Bl )
o Ly % | o L T < <
| T < ] i o o
g < s < ©
©0 o © % © M mo b k
o o o -1 o o =a © ©
2 z p z » n 2 o 2
< z z = =
< < < - < 3} © ©
. - z z
s o~
=
w w
2 2 g
]
< < -
o © ©
0 I3
w @ i
i
a o 4
a S "
el Ol
' mmm gg ._A wm
EHEEEE SEE g 78
e olo o o
+o] 1| 1o ==l ool IS I B 1 KRR KO8 S5 L 50 L1 ~8 | »
g a2 il TITTT S8 o
<< mO oW LOITH>X) = m 04 IRE W (e (0 ) OO I ) o S ) IO 00 1 l:l:lllrxlll}llllxﬁ
%l.l___ n_m_ Ilﬁ\luﬁl W/ _M f W VW v W N W 111 ~ N 1 N
o TV O £ —x c Q- - 3 SN MO O W
SC<DmOOWLIODXYX ISZAXwk-D>2TxXx>NOo Q £ rE 2 0Oa.w

26

CABLE 7

R. M. S.

CABLE 6
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Pratt and Whitney Aircraft Division
Public Health Service

Rensselaer Polytechnic Institute

Sandia Corporation, Albuquerque
Schenectady Naval Reactors Operations Office
Stevens Institute of Technology

Sylvania Electric Products, Inc.
Tennessee Vally Authority

The Surgeon General

Union Carbide Nuclear Company (ORGDPF)
Union Carbide Nuclear Company (ORNL)
USAF Project RAND

. Geological Survey, Albuquerque

. Geological Survey, Denver

. Geological Survey (Stringfield)

. Naval Ordnance Laboratory

Naval Postgraduate School

Naval Radiological Defense Laboratory
. S, Patent Office

University of California, Berkeley
University of California, Livermore
University of Puerto Rico

University of Rochester

University of Rochester (Marshak)
Walter Reed Army Medical Center
Watertown Arsenal

Westinghouse Electric Corporation (Schafer)
Wright Air Development Center

Yankee Atomic Electric Company
Technical Information Service Extension
Office of Technical Services, Washington
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