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CHAPTER 4

PRINCIPLES OF OPERATION

INTRODUCTION

This chapter furnishes the principles of operation of the Computing Set. Section I describes
the principles of operation for each function section of the equipment, and is based on the
Computing Set block diagram in T.O. 31Ml-2FMNl-3. For purposes of the discussion, each
block on the diagram is considered a functional section of the equipment. Section II describes
the principles of operation of the circuits contained within the functional sections described
in Section 1. The theory of basic circuits has been excluded. Refer to T.O. 31-1-141 for
basic circuit principles of operation. Section III describes the functional operation of each
mechanical assembly of the Computing Set.

SECTION I

FUNCTIONAL SY;:;TEMOPERATION

4-1. GENERAL.

4-2. This section contains the overall pr in-
ciples of operation for each functional sec-
tion of the Computing Set and is based on the
Computing Set block diagram in T.O.31M1-
2FMNl-3. The Computing Set provides a
means for translating transmissivity read-
ings along a runway into the runway visual
range (RVR) value in digital form. To ac-
complish this, the equipment employs 12
functional sections. These are described
in paragraphs 4-3 through 4-107. In addi-
tion, there are a number of standard net-
works used throughout the Computing Set.

~, The test conditions of the Computing Set
are described in paragraphs 4-86 through
4-96. The block marked CONTROL CIR-
CUITS is not considered to be a functional

,.-.., section of the equipment. It is discussed as
applicable with the other functional sections.
In. addition, the block marked AUXILIARY

MESSAGE DEVICE is not a functional sec-
tion of the Computing Set.

4-3. NOISE DISCRlt\lL"'JATIONANTI INPUT
NETWORK.

4-4. The input to the Computing Set from
the Transmissometer Set consists of a con-
tinuous train of pulses. The Transmiss-
ometer Set pulses, from one installation to
another, vary in amplitude from 5 to 25
volts at a level of 10 to 20 volts dc and in
width from 20 to 50 microseconds. Slight
variations in pulse amplitude and width
will occur at each installation. Signals out-
side of the frequency range of 45 cps to 40K
cps are extraneous and are not considered by
the equipment. It is necessary to distinguish
between the signal from the Transmiss-
ometer Set and any noise that could be
accompanying the signal. It is also neces-
sary to eliminate narrow spikes of large-
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amplitude noise. Both functions are ac-
complished in the Noise Discrimination and
Input Network. In addition, this network
pr-ovides for impedance-matching ofthe Com-
puting Set and the Transmissometer Set.
Also, the network provides for lighting pro-
tection. The network consists of a high-pass
filter, an emitter-follower, a clipping cir-
cuit, an inverter amplifier, a monostable
multivibrator, and an output amplifier. Refer
to paragraph 4-29 for detailed discussion of
the network.

4-5. BACKGROUNDCORRECTION NET-
WORK.

4-6. It is necessary during operation ofthe
Computing Set to determine the portion ofthe
Transmissometer Set pulse train that is
contributed by ambient light conditions (back-
ground count). This background count is
always subtracted in the Computing Set from
the Transmissometer Set output to deter-
mine the true RVR value. The background
correction condition is introduced manually
or automatically (under certain conditions),
and the Computing Set control circuits then
couple the Transmissometer Set inputpulses
to the Background Correction Network and
inhibit certain control voltages that are
present during RVRcomputation periods. In
addition, the control circuits eliminate all
previous background information andremove
power from the lamp in the Transmissometer
Set. Another function is to initiate a delay
of 30 milliseconds before allowing input
pulses to enter the Background Correction
Network. This allows time for the Trans-
missometer Set projector lamp filament to
stop emitting light. Also, the control circuits
reset the Time Base Generator Network
to start a new and accurate timing cycle.
The Background Correction Networkconsists
of a 9-stage binary counter and associated
circuitry. Refer to paragraph 4-33 for a
detailed discussion of the network andcontrol
circuits.
4-2

4-7. TRANSMISSIVITYPROCESSINGNET-
WORK.

4-8. It is necessary during operation ofthe
Computing Set to count the input pulses from
the Transmissometer Set and subtract that
portion of the input pulse train that repre-
sents the background or ambient light. This
is accomplished in the Transmissivity Pro-
cessing Network. The network consists of an
ll-stage binary counter and associated cir-
cuitry. Refer to paragraph 4-39 for a de-
tailed discussion of the network.

4-9. COMPUTINGCIRCUITS.

4-10. The individual networks that are not
covered as part of any other functional sec-
tion of the ComputingSet as shown on figure
6-1 comprise the computing circuits. It is
necessary to provide a means of giving a
visual alarm whenever the computedprimary
RVR value is less than the RVR minimum
for the Air Force Base at which the Com-
puting Set is located. This is accomplished
in the RVR Field Minimum Network. Refer
to paragraph 4-48 for a detailed discussion
of the circuits. It is necessary during opera-
tion of the Computing Set to provide a means
of determining the average of ten RVRpri-
mary displays. The Divide By Ten Counter
is required for this purpose. Refer to para-
graph 4-51 for a detailed discussion of the
network. It is necessary to provide a means
of sending and receiving data to and from an
Auxiliary Message Device. This is accom-
plished in the Output Network. Refer to
paragraph 4-54 for a detailed discussion of
the circuits. It is necessary during operation
of the Computing Set to couple the RVR

. answers stored on the drum to the Primary
Processor. This is accomplished in the
Drum Circuits. The Drum Circuits consider
the light setting conditions, and also contain
the necessary delays and inhibit signals to
compensate for rotation of the drum. The
drum circuits also provide a counting signal
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to the Computing Circuits, and the alarm
signal to the Transmissivity Processing
Network. Refer to paragraph 4-99 for a de-
tailed discussion of the Drum Circuits.

4-11. PRIMARYPROCESSOR.

4-12. The purpose of the Primary Proces-
sor is to couple the RVE answer into the
Digital Display, and to provide for the appli-
cation of input pulses for averagingpurposes
to the Divide By Ten Counter andthe Second-
ary Processor. The Primary Prooessor
consists of 10 bistable multivibr-ators , one
monostable multivibrator, and the associated
gates and pulse drivers. Refer to paragraph
4-58 for a detailed discussion of the Pri-
mary Processor.

4-13. SECONDARYPROCESSOR.

4-14. The purpose of the Secondary Proces-
sor is to oompute an average of each group
of ten primary R\lR values, and to couple
the average to the Digital Display. The
Secondary Processor consists of 15 bistable
multivibr-ator s and the associated gates and
pulse drivers. Refer to paragraph 4-64 for
a detailed discussion of the Secondary
Processor.

4-15. LIGHTINGCOl\iDITIONSELECTOR
CIRCUITS.

4-16. The Lighting Condition Selector Cir-
cuits consist of the Detector and assooiated
circuitry. The purpose of the Deteotor is to
determine day or night conditions, and pro-
vide this information to the ComputingSet.
Refer to paragraph 4-69 for a detailed dis-
cussion of the principles of operation.

4-17. DIGITALDISPLAY.

4-18. The purpose of the Digital Display is
to provide a visual indication of the primary

RVF.value, and to provide a visual indication
of an average of each group of 10 primary
values. Refer to paragraph 4-106 for addi-
tional information.

4-19. POWERSUPPLY CIRCUITS.

4-20. The purpose of the Power Supply
Circuits is to provide all necessary power
levels, both ac and de, for operation of the
Computing Set. Refer to paragraph 4:-71 for
additional information.

4-21. TIlVIEBASEGENERATORCIRCUITS.

4-22. The Time Base Generator Circuits
provide the reference signal for the com-
puting cycle, and in conjunction with the
associated control circuits furnrsh all the
necessary reset and transfer functions vital
to the computer operation. The circuits
consist of a tuning fork oscillator, 15 bi-
stable multivtbr ator-s , and associated cir-
cuitry. Refer to paragraph 4-73 for a de-
tailed discussion of the circuits.

4-23. TEST CIRCUITS.

4-24. It is necessary to provide a means of
testing the operation of the ComputingSet to
determine if the equipment is operating
properly, and also to aid in maintenance.
This is accomplished by means of the Test
Circuits provided. Refer to paragraph 4-86
for a detailed discussion of the circuits.

4-25. STAI\11)ARDNETWORKS.

4-26. The Computing Set uses standard as
well as specialized networks. The specialized
networks are discussed as part of the func-
tional section in which they appear. The
standard networks consist of the Exclusive
OF. Circuit, the Monostable Multivibrator
Circuit, the Pulse Driver Circuit, the Emit-
ter-Follower Circuit, The Inverter Circuit,
the Gate Circuit, the Bistable Multtvibr ator
Circuit, the diode ORnetwork, and the diode
Al\TD network. Standard logic or schematic
symbols are used for these networks.
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SECTION II

FUNCTIONAL OPERATION OF ELECTRONIC CIRCUITS

4-27. GENERAL.

4-28~ This section contains the detailed
principles of operation for each functional
section discussed in Section L To accom-
plish this, simplified schematic and block
diagrams are employed. These diagrams
are to be used only as an aid in under-
standing the text, and are not to be con-
sidered as detailed diagrams, In addition,
these diagrams do not depict the physical
configuration of the equipment in any man-
ner. For detailed schematic diagrams refer

~ to T.O. 31Ml-2FMNl-3. For accurate parts
location diagrams refer to T.O, 31Ml-
2FMNl-4.

~. NOISE DISCRIMINATION AN"])INPUT
NETWORK,

4-30. Figure 4-1 is a block diagr-am of the
Noise Discrimination and Input Network.
Figure 4-2 is a simplified schematic dia-
gram of the network. Figure 4-3 is a timing
diagram for the network. The input signal
from the Transmissometer Set is coupled

V-Gf:
15 ± IOY

15:1:5 - _ t.
YO

into the Computing Set through a high-pass
filter consisting of A33Cl and A33Rl. It is
coupled through emitter-follower A33Q1 in-
to the clipping circuit. During the back-
ground check condition of the Computing
Set, relay K1 is activated (paragraph 4-40)
and the projector lamp in the Transmiss-
ometer Set is disabled.

4-31. The conduction of A33CR2 is con-
trolled by the setting of R98 or P<187,This
eliminates low-amplitude noise that accom-
panies the signal. Toeliminatenarrowbursts
of noise that are of large amplitudes, a
monostable multi vibrator (A33Q4 and A33Q5)
with a variable period is employed. Po-
tentiometer R99 (or R188) varies the width
of the output pulse of the monostable multi-
vibr-ator. This is variable from 12 to 55
microseconds. The input signal (A, figures
4-2 and 4-3} is amplified and inverted in
A33Q2 (B, figures 4-2 and 4-3) and coupled
to both the monostable multivibrator and
the output network consisting of A33Q3 and
associated components. A small delay to the
signal is introduced by A33R7 and A33C4

CI
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Figure 4-1. Noise Discrimination and Input Network, Block Diagram
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Fjgure 4-3. Noise Discrimination and Input Network, Timing Diagram

to permit proper operation of the network
(C,figures 4-2 and 4-3). The signal results
in an output pulse from the monostable
multivibrator (D, figures 4-2 and 4-3). The
output signal from the network (E, figures
4-2 and 4-3) will be present only if the
output, of A33Q3 (C) is wider than the output
of the monostable multivibrator (D). This is
due to the action of diodes A33CR3 and
A33CR4, which form an AND gate. Any
signal narrower than the monostable multi-
vibrator output is assumed to be a noise
burst. The Noise Discrimination and Input
Network also contains a series of inverters,
emitter-followers, and transistor drivers
to provide for the transfer of light informa-
tion to the Drum Circuits (paragraph 4-99).
Refer to sheet 9 of the Computing Set
schematic diagram in T.O. 31Ml-2FMNl-3
for a schematic representation of the cir-
cuitry.

4-32. In addition, resistors A33R47 and
A33R48 are included to protect Ql and Q2

against any current surges due to lighting,
Diodes A33CR27 and A33CR28 are included
to further protect Ql and Q2 against light-
ning bursts which exceed the back bias
ratings of these transistors.

4-33. BACKGROUND CORRECTION NET-
WORK.

4-34. Figure 4-4 is a block diagram of the
Background Correction Network. Figure 4-5
is a block diagram of the control circuits
associated with the Background Correction
Network. The input pulses from the Noise
Discrimination and Input Network are gated
into the nine-stage binary counter only dur-
ing a background check. The input pulses
are counted for a 48-second period, and the
count is stored until a new background
check is initiated. A count of 410 will result
in activation of the background alarm bi-
stable multivibrator (A10FF7). This makes
the associated gate (A17G5) inoperative,
thereby preventing input pulses from reach-
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The nine background binary stages are shown
in their "1" or "0" positions as applicable.
The 11 transmissivity binary stages are
shown in the complement stage. (The two
extra transmissivity stages represent the
two most significant bits and are always
set to "1".) With no pre-set condition, the
counter would reflect the total number of
input pulses. With the pre-set condition, a
total of 121 pulses would be required to
reset the counter to zero. At this point, the
counter would start to count from zero
once again. Therefore, with no pre-set condi-
tion' a total of 150 pulses would result in the
128, 16, 4, and 2 bistable multivibr ator s in
the ,;;1" condition. With the pre-set condition,
a total of 150 pulses would result in the 16,
8, 4, and 1 bistable multivibrators in the
"1" condition. It is apparent that this method
of binary subtr action results in an error of
1 in the final count. Refer to paragraph 4-64
for a description of the method of compen-
sation for this error.

T. O. 31Ml-2FMNl-2

than to extinguish it. A background correc-
tion condition will automatically occur upon
application of primary power •.This condition
is the result of the action of bistable multi-

....-----.vibrator A18FF5. A18FF5 is set to the "1", ,
. state when power is applied. It is then set to
the "0" state approximately 5 seconds after
the tuning fork oscillator has begun to oper-
ate. The transition from the "1" to the "0"
state causes a background check initiation.

4-37. At the end of the second 48-second
period, the complement of the background
count is gated into the Transmissivity Pro-
cessing Network (paragraph 4-39). Normally,
if the transmissivity counter were at zero
prior to operation, the total number of input
pulses at the end of the counting period
would be represented by the state of each
bistable multivibrator in the counter. For
example, a count of 120 pulses would be
represented by the 64, 32, 16, and 8 bi-

/-----...,stable multivibrators in the "1" condition,
and the remainder in the "0" condition.
However, complement transferal of the type
used between the Background Correction
Network and the Transmissivity Processing
Network is an automatic subtracting process
and results in a pre-set condition being
introduced into the transmissivity counter.
Refer to table 4-1.

~. TRANSMISSIVITY PROCESSING NET-
WORK.

4-40. The Transmissivity Processing Net-
work, operating in conjunction with the Back-
ground Correction Network and the asso-
ciated control circuits, consists of eleven

Table 4-1. Determination of Transmissivity Minus Background Count

BISTABLE
MULTIVIBRATOR 1 2 4 8 16 32 64 128 256 512 1024

BACKGROUND 0 0 0 1 1 1 1 0 0
•..."'-""',

TRANSMISSIVITY 1 1 1 0 0 0 0 1 1 1 1

4-38. Note the reversed states of the cor-»: _

responding bistable multivibrators. Assume
a transmissivity count of 150 with the back-
ground count of 120 as shown in table 4-1.

bistable multivibrators and associated cir-
cuitry. Figure 4-6 is a block diagram of the
Transmissivity Processing Network. Figure
4-7 is a block diagram of the control cir-
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cuits associated with the Transmissivity
Processing Network. During the background
correction mode, the input information is
applied to the Background Correction Net-
work. After the background counting period
is over, the information is applied to the
Transmissivity Processing Network due to
the action of contacts 5, 6, and 8 of relay
K1. (See sheet 10 of the Computing Set
schematic diagram in T.O. 31M-2FMNl-3.)
Prior to the application of the transmissivity
information to the Transmissivity Proces-
sing Network, the complement of the back-
ground count is applied to the Transmis-
sivity Processing Network when the COM-
PLEMENT GATE is formed (paragraph 4-85).
Refer to paragraph 4-33 for an explanation
of the Background Correction Network. As
explained in paragraph 4-38 the Transmis-
sivity Processing Network will count the
pulses applied to it and when the counter
reaches zero the background count will have
been subtracted. At this point, bistable
multi vibrator A30FF7 (figure 4-7) is set.
This permits the corrected transmissivity
count to be compared with the count on the
drum (paragraph 4-41). Note that bistable
multivibrator A30FF7 is reset during each
three second period by the RVR TRANSFER
GATE. The transmissivity count applied to
the Drum Circuits is compated with the
count contained on the drum. When the
counts are the same, the drum will be step-
ped one slot position and the next code on
the drum is compared with the count, etc.
(paragraph 4-41). Refer to paragraph 4-99
for an explanation of the operation pertinent
to the Drum Circuits.

4-41. When the transmissivity count is equal
to the value of the first crossover count on
the drum, the output of the thirteen-diode
OR gate in the Drum Circuits (figure 4-26)
falls to -12 volts (paragraph 4-103). This
enables gate A16G6 (figure 4-7) and the
output (ground) is applied directly to the
alarm gate (A17G1) and to the RVR Field
4-14 Change 7

Minimum Counter, the 20 microsecond mono-
stable multivibrator A6SS1, and the 100
millisecond m 0 nos tab I e multtvibrator
(A13SS1) thru an OR gate. The output of the
20 microsecond multivibrator then drives
the transmissivity counter pulse driver ~
(A12PD4 and AI2PD5) and the drum bistable ~
multi vibrators. I<s::>

4-42. The signal applied to the 100 milli-
second monostable multivibrator holds the
output of the thirteen-diode OR gate in the
Drum Circuits at ground for a period of 100
milliseconds. This inhibits accidental com-
parison of drum and transmissivity counts
while the drum is in motion.

4-43. The signal applied to the transmiss-
ivity counter pulse driver resets the counter
to zero each time the drum is stepped.

4-44. The signal applied to the alarm gate
is of the proper polarity to operate the gate
when another pulse (from the Drum Cir- ~
cuits, paragraph 4-102) is applied to the
gate. This sets the alarm multi vibrator ,
thereby disabling the transmissivity counter.
This will occur only when the sum of the
individual transmissivity counts has reached
3246 and in general, is an indication of an
equipment malfunction since the transmiss-
ivity count on the brightest day will not
reach 3264. (Twenty-two steps of the drum
are required before the alarm bistable multi-
vibrator is set.)

4-45. The signal applied to the OR gate
(figure 4-7) toggles the drum driving bi-
stable multivibrator by way of the 20 micro-
second multivibrator (A6SS1) each time the
count on the drum is equal to the count in ~
the transmissivity counter, thereby stepping
the drum to its next slot position.

4-46. The signal applied to the RVR mini-
mum multivibrators corresponds to the num-
ber of times the drum is stepped. When the
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drum has stepped enough times to equal the
RVR minimum for the Air Force base at
which the Computing Set is located, the
front-panel indicator will go off (assuming
it was on). For example, if the minimum

~. 'RVR is 20 (2000 feet) the drum must step
six times (from minus-minus to 10, 12, 14,
16, 18, and 20) before the indicator will go
off. Refer to paragraph 4-48 for an ex-
planation of the RVR Field Minimum Cir-
cuits.

4-47.· COMPUTING CIRCUITS.

4-48. RVR FIELD MINIMUM COUNTER.

4-49. Figure 4-8 is a block diagram of the
RVR Field Minimum Counter and its asso-
ciated control circuitry. The RVR Field
Minimum Counter consists of five bistable
multivibrators and the associated control
circuitry. The purpose of the RVK Field

»<>, Minimum Counter is to turn on the FIELD
MIN. (ALARM) indicator lamp in the event
that the RVR field minimum is not reached.
The RVR minimum value is inserted into the
Computing Set by means of S4. When the
transmissivity count corresponds to the value
of the first crossover point on the drum, the
drum is stepped to its next slot (paragraph
4-99). Each time the drum is stepped, a
pulse is applied to gate A5G4. When the
count of these pulses is less than the RVR
minimum setting of switch 84, the output of
inverter A512 will be at -12 volts and the
RVR minimum bistable multivibrator
(A30FF6) will be set due to the action of
gate A5G3. Once the count in the RVR
Field Minimum Counter is equal to the
RVR minimum setting, the output of inverter

~A5I2 will rise to ground, and the RVR
.ninimum bistable multivibr ator will be re-
set due to the action of gate A5G2 and the
leading edge of the 3 SECOND GATE. Note

r--. that a maximum of twenty-two pulses can be
received by the counter, with each pulse
corresponding to a different RVR value.

For example, six pulses would be equivalent
to a value of 2000 feet because the first pulse
would indicate the drum stepped from minus-
minus to 10, the second corresponds to 12,
etc.

4-50. Once the RVR count in the RVR Field
Minimum Counter has reached the minimum
RVR value permissible, gate A5G4is disabled
by the action of inverter A5I2, thereby
preventing any additional pulses from being
counted by the RVR Field Minimum Counter.
The trailing edge of the 3 SECOND GATE
then resets the RVR Field Minimum Counter.

4-51. DIVIDE-BY-TEN COUNTER.

4-52. Figure 4-9 is a block diagram of the
Divide-By-Ten Counter and its associated
control circuitry. The Divide-By-Ten Count-
er basically consists of four bistable multi-
vibrators. The counter serves the function of
providing one output pulse for every ten
input pulses. There are two decade counters
in the Computing Set, and the operation of
each is identical. For purposes of identifica-
tion, the decade counter that couples the
input pulses to the Secondary Processor is
referred to as Divide-By-Ten Counter and
the decade counter that controls the opera-
tion of the Secondary Processor is referred
to as the Sample No. Counter. Refer to
paragraph 4-64 for an explanation of the
operation pertinent to the Secondary Proces-
sor. The 400 cps input pulses are applied to
the Divide-By-Ten Counter through gate
A16G8 and inverter L4.2012. After the counter
has counted nine pulses in straight binary
fashion, the tenth pulse results in the proper
polarity being applied to gate A20G4 by
means of the second and fourth bistable
multivibrators. The gate is then operative,
and the output is amplified in pulse driver
A12PD3 which resets all bistable multi-
vibrators, thereby coupling one pulse to the
secondary processor.
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