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GPS ANALOG COMPUTER

1.0 MACHINE ORGANIZATION

An overall view of the GPS analog computer is given in Figure 1.1.

The component complement is as follows:

BCU INTEGRATORS ~ 12
BCU SUMMERS : = 12
COEFFICIENT POTS ~ 48 (MAX)
VDFG _ ~ 2 (5 SEGMENT)
GENERAL PURPOSE SUMMERS ~ 20
MULTIPLIERS/DIVIDERS ~ 2
LIMITERS : it o 2
DEAD zom/msﬁmsxs 2 2
FIRST ORDER LAG e 4
SAMPLE & HOLD p . 8
LOGIC CONTROL UNIT ~ 1
COMPARATORS ~ 6
ELECTRONIC SWITCHES ~ 6

" RELAY SWITCHES ~ 8
NOISE UNIT , ~ 1

The problem solution is controlled from the control console which

contains the display scope, the master generator, and the i'SOV REF. supply.




PAGE 2

JHNAOS 104
IINN DVT Y300 ISY¥id
LINA TIOH %

"TdNVS ~ H%S

"1 HI09Td

ATddNS YHMOd Hd0DS AVIdSIa

ATddNS HONHITAHY YHLOJIN0D

SHHEWWAOS HSOd¥Nd TVIHENED ¢ Sdo
VOLVIDHEINT Nog ~ LNI
L0d INHIOIJAAHOD d HOILVIENED
HHLSVIH
i ae e s e L e |
1 ATdeng Ardd0s sorwg | _“ A09) ! d4d008
i $370H1d7375 1HIHYT 4 NG Y awvro it ¢ Algis m AVIdSIA
if 1 i oatytabay il
o NSigp Avdaag ot g ¢ = 4
i Alddns ol R = i
L IINIVIATY AL poag- w.m:, L i 1% Arddos |
Auizd ] 5 #
) | 091019535 |
f AN Araens Avd i [
,_ EEdaatallif #0954 800 3 iaims b
ﬂ‘ \ t S1530305H
| 104 | towsnnn szved | vomtnon wgmoy | b ll | ewaz ovz
| -
| _, | |
_ dIna 3stof |t i sdb RELTZE B L sdh I HES |
i T ELeT H2Lime HI4IMS =55 PR | i
i W d| dja|dldl d|ala]d]a]aldlif
1 MG /iaow § 2 5 14 H TS
i f : |
! s RIZIZE B ez 2] _,
b ! | $ayrLims §
: i DM0M031)2377 |
di d|dld]4]d t
did|d]d} gld sJb
[ axa n
ANEL IMEYVING INT | AN £y SYLYVHI WA |
7 TR T Y] -
g d 0HINeD
> 1 n_ d|d 21bhe7

szoo DOTYNY Sd9

dTOSNOD TOYINOD




PAGE 3

The individual cbmpononts are housed in slide out trayé; each tréy
contains one type of computing element. The comparator tray, for example,
contains six comparators. FEach Sample & Hold tray contains four Sample &
Hold units. In the upper left hand corner of each tray there is a name-
plate which identifies the type of computing components to be found in
that tray and a number to distinguish between trays coutaining the same type
of components. Each unit within a tray is identified by a letter. - Thus
each computing component has a unique identification.

As illustrated in Figure 1.1, the GPS Analog Computer contains two basic
Computiﬁg Units (BCU) each of which contains six BCU integrators, six
BCU summers and a maximum of 24 coefficient pots.. The pots are laid out
in 4 rows each containing 6 pots, and are labeled 1 through 24. The
first 6 pots, which are located directiy above the BCU integrators, serve
a dual purpose. They can serve as regular coefficient pots or can be
used to set the initial condition on the integrator directly below.

To facilitate patching each BCU contains 30 horizontal trunk lines
labeled L1 through L30. These trunk lines terminate along the sides
of the BCU unit. There are 12 vertical trunk lines labeled J1 through
J12 which terminate just below the -OUT of the integrators and just
above the OUT of the summers. There are two trunk lines ML1 & ML2
which terminate on bath BCU switch panels and on the master generator.

These trunks facilitate patching to the display scope. The BCU switch

panels also contain jacks supplying the TSDV.REF supply voltage.
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. ' An amplifier is regardéd as being overloaded when .its 0u£put vbl'tage-
exceeds 55 volts., An overload indication is provided for each BCU
integrator and each BCU summer. These overload indicators are located
at the top of the BCU tray. All other amplifiers have their 0.L.
indicators mounted on their respective trays. Some components contain

- more than one O.L. indicator, because they contain more than one
amplifier, Each  amplifier in the unit is provided with an 0.L. indicator.
A component having multiple overload indicators is regarded as beiﬁg

overloaded when at least one 0.,L, indicator is 1lit.

1.1 START UP PROCEDURE*

1) Turn on the individual power switches for each regulated supply,

the reference supplieé and the oscilloscope power supply.
. 2) Power is supplied to alllfilaments and power supplies by

depressing the FILAMENT START button on the power control trays.

3) On each power control unit there is a ready light. Plate power
cannot be applied until the ready light is on. When starting the computer
for the first time in the day there should be a warm-up period of 30
mingtes. Make sure the intensity control on the display scope is turned

all the wéy down (CCW) during this warm up period.

*Ch2 & 3 should be read before reading the start up procedure.
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4) Depress the PIATE START buttons on the power contrdl trays.

5) Each component has its own plate power switch located on its
respective tray. The components to be used may now be activatéd.

6) Adjust the power éupplies for the correct output voltage
starting with the power control supplies. (REFER TO FIGURE 1.1 FOR
THE LOCATION OF THE POWER SUPPLIES). Using the screw driver adjust-
ment, set the supplies on the power control tray to +100 VOLTS. Set
the voltage on the 300V supplies directly below the power control fray to
300 VCLTS. Use the appropriate screwdriver adjﬁst pots. Patch the out-
puts of the regulated sﬁpplies'(f 15V reference, i 15V regulated, : 100V

regulated) to INFDIR for scope display. Using the calibrator line as a

reference, set these supplies to ‘the correct veoltage.
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GPS ANALOG COMPUTER

2.0 DISPIAY SCOPE

The display scope is a single channel 17" cathode ray oscilloscope.
It is used as an X-Y plotter for plotting one problem variable against
another or for plotting one problem variable vs a calibrated time sweep

from the master generator.
2.1 FUNCTION OF CONTROLS

VERTICAL VOLTS/IN - Step attenuator providing an OFF position and
AX1S
sensitivities of 10,1,.1,.01 VOLTS/IN with the
yoke switch in series and 20,2,.2,.02 VOLTS/IN
with the yoke switch in parallel.

MULTIPLIER Calibrated petentiometer providing a 10 to 1

attenuation of the step attenuator setting

VERTICAL Ay ; e
POSTTTION Adjusts the vertical position of the trace.
DC INPUT This jack provides a direct connection to the

vertical atténuator.

YOKE SWITCH This switch is located just above the deflection
yoke. In the series connection the vertical
sensitivity is that selected on the attenuator.

‘In the parallel position the sensitivities

are decreased by a factor of two.
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. HORIZONTAL VOLTS/IN Step attenuator which provides a sweep position,
AX1S ’ '
an off position, and sensitivities of
10,1,.1,.01 ¥/IN.
MULTIPLIER Calibrated potentiometexr providing a 10 to 1

attenuation of the step attenuator setting.

HORIZONTAL Adjusts the horizontal position of the trace.
POSITION
DC INPUT Provides a direct connection to the horizontal

input attenuator.

Z
AXIS INTENSITY controls the trace intensity.
FOCUS focuses the trace
Z AX1S provides a connection to the grid of the CRT

for Z axis modulation.
The internal sweep is not used. Select OFF on
the MS/IN switch.
72.2 OPERATOR MAINTAINENCE

Before using the scope the operator should balance the horizontal and
vertical amplifiers as follows: Select.OFF on both the vertical and
horizontal scale selector switches. Set the DG BAL. (Screw-driver adjust

on front panel) so that no spot shift occurs as the vertical and horizontal

multiplier controls are rotated.
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GPS ANALOG COMPUTER

3.0 MASTER GENERATOR

The master generator is the control center for the GPS computer. It

supplies all the synchronizing signals necessary for operation as listed:

1)
2)
3)
4)
55

6)

7)

The

The

The

The

The

MG determines the solution repetition rate (REP. RATE)
time duration of the problem

generation of a step or pulse forcing function

sweep voltage for the display scope X axis

time dots & intensity signal for the scope Z axis

Provides clamped inputs for signals which are displayed on

both the X and Y axes.

The

calibrated voltage for amplitude measurements on both axes.

3.1 FUNCTION OF GOHTROLS

REP RATE

This control determines the number of solutions per second.
The rate is continuously variable from 15/SEC (CCW) to 60/SEC
(CW) . For synchronized operation the repetition frequency
must be a submultiple of 120. This control is adjusted for
no horizontal "jitter" of the scope display at the approximate
rep. rate desired. The optimum setting is the center between

the maximum and minimum lock in settings for any particular

rep. rate.
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. GATE WIDTH Determines the problem display time (the ].eng.th of the
operate time). This control is adjustable from 18 to 150 T.U.
(time units). A T.U. is 1/3014 seconds. The gate width is

related to the rep. rate by

1

- T 4 B e S M
. GATE WIDTH + OFF TIME = REP. RATE

The off time should be at least 20 msec.

fULSE WIDTH Determines the time duration of the step or pulse as selectgd
by the function selector switch (CCW minimum, CW maximum) .
When using a step forcing function adjust the step width to
be as long as the gate width.

TIME DELAY Delays the start of the step or pulse with respect to the
start ofrthe gate; it "allows time for everything to get

. started". This coﬁtiol is usually adjusted for the step to

start at the 4th timing dot which then becomes t=o0.

TIME DOT This control adjusts the brightness of the timing dots
INTENSITY

relative to the brightness of the trace.




BRIGHT DOT TIMING

SWEEP SPEED

=
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Determines the time interval between thé bright'
timing dots. This control is usually adjusted for
a bright dot every 5th time dot over the entire
gate width. Other intervals from 2 to 7‘can be
adjusted. Adjustment c¢an be facilitated by
patching the NEG. INTENSITY into the iNI-DIR of the
master generator. Adjust the controls for a
display and observe that the repetition rate-of_the
bright dot is correct.

VOLTS

TIME

-10

~ED

[k—M_HIZ::BRIGHT DOT

Determines the slope of the sweep voltage. (The
sweep voltage is a ramp). The function of this
control is similar to that of the horizontal gain
control. To prevent X-Y cross coupling, the scope
gain should be set to the minimum possible value,
especially the multiplier control, and adjustment

of the swéep display should be made with the sweep

speed control.
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. - TRIG MODE Determines the source of the timing signals either
internal or external. The external position is
used when two GPS computers are interconnected.
The trigger mode should be kept in the internal
position.

MAX VOLTS Determines the scale factor for the célibrator
-voltage setting.

CALIBRATOR Adjustahle 10 turn potentiometer used to select
the desired calibrated volﬁage output. Voltages
are adjustable from 0-10 VDC & 0-100 VDG.

INPUT SELECTOR Connects the INI, IN2 & IN1-DIR jacks through
~coupling & MSR circuits to the SCOPE output jack.

. i The horizontal s‘elector has a SWEEP position to

provide a time base,

POSITION

IN1-CAL  Patches the signal on the INI jack to the
SCOPE output jack through a clamp circuit.
The calibrator line on the horizontal axis
is displayed alternately if the IN OUT
switch is IN. The vertical calibrator line
is displayed alternately with the input

when the IN OUT SCALE TWO switch is IN and

the IN OUT switch is OUT.




IN OUT

SCALE TWO
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IN2-CAL  This position selects the input on jack
IN2 for display. The calibrator line
can be made to alternate with the solu-
tion in the same way as for jack INT,
IN1-IN2 Alternately éisplays the clamped signals
on INT and IN2 if the IN OUT SCALE TWO is
IN and the IN OUT switch is OUT,
IN1-DIR CAL  Patches the input on the INT-DIR jack to
the SCOPE output jack. This position is
‘used to zero balance the computer ampli-
fiers. Tﬁe calibrate line can also be
made to alternate with the input signal.
The IN & OUT positions determine how the calibrator
line alternétes with thé problem solution. SCALE
TWO determines whether the forcing function (the
+50V step from the MG or + 50V regulated refefenee)
is applied during each operate time or during alter-
nate operate times. This permits a comparison of
the problem solution wifh and without excitation.
The SCALE TWO position is usually used to observe

the noise level in the problem and to check on in-

tegrator reset.




PLATE POWER ON/OFF

FUNCTION SELECTOR
STEP/PULSE

CAL., LINE
POS/OFF/NEG

MSL

REP RATE 25/60

JACKS

i 50V STEP

INTENSITY POS

SCOPE (RIGHT SIDE)

SCOPE (LEFT SIDE)
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Applies plate power to the M.G.

Selects a step or pulse forcing function.

Determines whether the calibrate line will be positive,
negative or off,
Coarse selector for the sweep speed. Position L is

the longest, in position M the sweep speed is

'approximately twice the speed of position L and

position S is approximately twice as fast as posi-
tion M.
Determines the maximum repetition rate for the

solution that can be selected from the rep rate pot.

‘With the switch in the 25 position the rep rate can

be varied from 15 to 25 rpé. In the 60 position the

rep rate can be varied from 30 to 60 rps.

These jacks provide tSOV step or pulse as selected
by the function selector switch. This output should
be connected to a pot for amplitude control since

the output voltage is not regulated.

. Provides Z axis modulation for the display scope.

X axis output from the M.G. This jack should be
patched to’the DC horizontal input on the display
scope.

Y axis output from the M.G. This jack should be

patched to the DC vertical input on the display

SCOpGu
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IN1, IN2 Inputs: jacks for signals to be displayed.
IN1-DIR Direct coupled input., This input is used to balance
the amplifiers.

MLT, ML2 Trunk lines from the BCU switch panels.
3.2 OPERATING PROCEDURE

The MG should be patched to the display scope by patching the left
SCOPE jack to the vertical amplifier DC input, the right scope jack to the
horizontal amplifier DC input’ and the POS INTENSITY to the scope Z AXIS.

A scope display can be obtained by setting the controls as follows:

CONTROL INITIAL SETTING
REP RATE CCW (minimum)
GATE WIDTH _ CW (maximum)
SWEEP SPEED ‘ CENTERED
TIME DOT ITENSITY . . CW  (maximum)
IN OUT ouT

IN OUT SCALE TWO ' ouT
HORIZONTAL INPUT SELECTOR SWEEP CAL

Adjust the display scope controls to obtain a sweep across the ehtire
screen. Once the sweep is obtained, the MG can be adjusted.

1) Adjust the SWEEP SPEED and the display scope horizontal amplifier
as explained in the function of controls section (Section 3.1)

2) Adjust the REP RATE for a synchronized display at the lowest
possible rep rate (CCW). Synchronization is characterized by
no horizontal jitéer.

3) Adjust TIME DOT INTENSITY for easy viewing.

4) Adjust the BRIGHT DOT TIMING for the desired repetition rate over

the entire gate ‘width,




5)

6)

7)

8)

E))

10)
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Patch the MG STEP into INI-DIR and display the wavefofm on the
scope. Adjust the TIME DELAY so that the step starts on the third
or fourth timing dot.

Adjust tHe gate width for the desired display time.

Adjust the sweep speed for the desireﬂ sweep display.

If the ﬁG step forcing function is to be used, adjust the PULSE
WIDTH so that the step is as wide as the gate.

Adjust the REP RATE for the desired value.

Patch the signals to be displayed into the appropriate jacks.
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. '~ GPS ANALOG COMPUTER

4.0 BCU INTEGRATOR

-

The BCU integrators are located on the BCU trays just below the first
row of pots. rArtypical integrator patchboard layout is shown in FIGURE 4.2
together with associated I.C. pot and a simplified schematic is presented
in FIGURE 4.1.

Each BCU integrator has a fixed RC of 3014,
________{}_lQQpr RC~3014

N ~OUT
1 s -0UT

-OUT
] 300K i \/

iR '
"l' ‘ +0UT
1 |:> | L HOUT

FIGURE 4.1 GPS INTEGRATOR SCHEMATIC

Before using the BCU integrator the operator must zero balance the
integrators as follows: Patch the integrator -OUT to the INI-DIR input
jack on the MG. (vertical input). Set the display scope sensitivity to

_.IV/IN. Adjust the -ZERO pot for zero volts output. Repeat this

ad justment for the +ZERO pot using the +OUT jack. The integrator is now

ready for operation.
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L
— ouT
INTA
i ) +ouT + 00T

ZERO~ ZERO+

N ®

-GUT -ouT -ouT

Ia

O e O

GPS INTEGRATOR PATCHBOARD LAYOUT

FIGURE 4.2
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4.1 SETTING AN INITIAL CONDITION

Although the reference voltage for the computer is 50 volts, the
maximum value of the initial condition is 6 volts. If the initial
condition is zero, no external patching is required. For a non-zero
initial coﬁdition, the following procedure may be used. Select IC on the
NORM/IC switch above the integrator. Patch the i 50 V STEP from the MG
into the IN jack of the I.C. potentiometer. Patch a red grounding piug
into either integrator input jack. Monitor the integrator output on
INT-DIR. Twiddle the I.Cf pot until the desired IC is set. The integrator

is reset to zero value during the computer "off" time. The initial

condition is established again at the beginning of the next solution.
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GPS ANALOG COMPUTER

. 5.0 BCU SUMMERS

The BCU summers are located on the BCU trays just below the third row
of pots. The patchboard layout of a typical summer is shown pictorially

in Figure 5.1 and a simplified schematic is shown in FIGURE 5.2.

i
1 meg
; : -out
-|A]
GRID -out
1 meg \\/////
DRSNS Y ) 7 S | —ouc
200K
5
A
200K
> AW,
100K
10 MW

Fig. 5.2 GPS Summer Schematic

The operator checks the summer for operation by depressing the BAL
button and observing that the 0.L. indicator lights and extinguishes when
the button is released. The summer can be zeroed by removing all inputs

and patching the OUT jack to IN1-DIR. The ZERO pot should be adjusted for

zero volts output on the .]V/IN scale.




A1}
O OFF @D oN O
ouT ouT our

ZERC

BAL
. O

GRID

@

GPS SUMMER PATCHBOARD LAYOQUT

FIGURE 5.1
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GPS ANALOG COMPUTER

6.0 COEFFICIENT POTENTIOMETER

Each BCU contains 24 coefficient potentiometers the first six having
the dual capability of operating in the normal mode or setting the IC on

the integrator directly below. FEach pot has the configuration of Figure

6.1. IN

IN Lot LR

10KA
ouT

WM—

Figure 6.1 GPS Potentiometer Schematic
NOTE: The first 6 pots only have 1 out.jack.
All potentiometers are calibrated for a 100K, load, the input
impedance of the operational amplifiers. The accuracy is f.5% for a
visual setting. Higher accuracy can be obtained by using the calibrator

line of the display scope as a reference.
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GPS ANALOG COMPUTER

7.0 GENERAL PURPOSE SUMMERS

The GPS has 5 trays of general purpose summers, 4 in each tray. The
schematic is shown in Fig. 7.1. These summers should be balanced using the

procedure used for the BCU summers.,

1 ]’h".:\:%EG

MEG
1 ]hi"'lpu'l".hv'l\cl 1 MEG
1 v A

i
[TATRS ]

ouT

1 1 MEG =il 7
JM’.”:"Y
. OUT
1 1 MEG
—AMIA -
L oUT

5 200K
00K
10 100K

[

'PTER

Fig. 7.1 General Purpose Summer Schematic
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GPS ANALOG COMPUTER

8.0 SAMPLE AND HOLD

A typical Sample and Hold patchboard layout is shown in Fig. 8.1.
The GPS computer has 8 such units each having the following operational
capabilities.

1. Track the value of a variable input voltage on command and hold
the instantaneous value of the signal being tracked when the command is
removed. The held value is presented as a constant output voltage. On
the next command the Sample and Hold will again track tbe input signal.
The held value may be read out continuously or on command.

2., The Sample and Hold may be used as an integrator with any one of

5 sensitivities. The Sample and Hold can be commanded to reset or it can

integrate continuously until its amplifier overloads.

CCMMAND QATE ENABLE GATE

O—0: o 0 ©

CeARSE
@zc:{o : (0 foo

! 360
TRACK 1600 gate  ouTPUT
BAL ZERO
@ @

INT I

R [ ouUTPUT

v OO @

GPS SAMPLE AND HOLD PATCHBOARD LAYOUT

FIGURE 8.1
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The Sample and Hold can be used as a double pole, single throw

. electronic switch.

8.1 PANEL CONTROLS

ON/OFF

TH/HT

SCALE
SELECTOR

COMMAND
GATE"

ENABLE

{‘l’ GATE

Applies plate and bias potentials.

Mode selector switch. When uséd as a Sample and Hold, the
TH position allows the unit to track and hold on command, HT
selects hold and track on command. When the Sample and Hold
is to be used as an integfator select the HT mode. The TH

position is used to manually reset the integrator.

Position A is selected to use the device as an electronic
double pole single throw switch. When used as an integrator,
positions 1 to 1000 select the integrator semnsitivity. When
used as a sample and Holdeositions 1 to 1000 indicate the
tracking speed and the holding ability of the circuit.

POSITION SWITCHING SPEED (-50V to +50V)  DECAY

1 25 msec 100uv/sec
10 25 msec 1 mv/sec

100 250 psec 10 mv/sec
300 75 psec 30 mv/sec
1000 25 psec ; 100 mv/sec

The command gate has two functions depending on the mode of
operation. When used as a Sample and Hold a high input (12-15
volts) causes the unit to track when the TH/H“ switch is in
the HT position and to hold when in the TH p;sition. When
used as an iﬁtegrator a high input signal causes the integra-

tor to reset to its initial condition.

lLogic input which presents the output voltage at the gate out-
put when the enable gate is high and zero output when the en-

able gate is low,



‘l' TRACK IN

INT IN

GATE
OUTFPUT

ouTPUT
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The signal to be sampled and.held is patched-into the TRACK
IN, The two TRACK IN inputs will sum at minus unity gain.
When used as an integrator the IC is patched into the TRACK
IN and is minus the sum of the two TRACK IN voltages.

Input for the device when used as an integrator. The two
inputs sum at minus unity gain. With the TH/HT switch in
the HT position a signal is required at the command gate in-
put to reset the integrator to its track in value. In the
TH position the inﬁegrate and reset timing are reversed,
This jack also serves as a signal input when used as an

electronic switch.

The output voltage appears at the gate output whenever the
enable gate is high.

Continuous output for any mode of operation.

8.2 OPERATING PROCEDURE

The sample and hold should be zero balanced for proper operation.

1. Turn the TH/HT mode selector switch to the TH position.

2. Turn on the plate power and allow 30 minutes warm-up.

3. Set the selector switch to 100.

4. Remove all inputs.

5. Patch the OUTPUL to IN1-DIR for scope display.

6. Set the toggle switch to the HT position énd adjust BAL
for minimum drift.

7. Set the toggle switch to the TH position and adjust the

fine zero for zero volts output,




SAMPLE AND
HOLD

INTEGRATOR

ELECTRONIC
SWITCH
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To use as a sample and hold, patch the input signals to the
TRACK IN. Patch the logic signal into the COMMAND GATE.

Set the TH/HT to the desired position and the scale selector
to the desired sensitivity. The output is taken from either

the GATE OUTPUT or the OUTPUT.

Set the TH/HT switch to HT. Patch the input signal to INT IN
and the initial condition to TRACK IN (if other than zero).
Set the scale seleétor to the desired integrator sensitivity.
If the integrator is to reset on command, patch the logic
command signal into the command gate. The output is taken
from either the OUTPUT or the GATE OUTPUT. Unlike the BCU
integrators, the IC can be set to any voltage between +50

volts,

Set the scale selector to position A and TH/HT switch to HT,
Patch the N.O, input to TRACK IN and the N.C. input to INT IN.
Patch the switeh coil (logic input) into the COMMAND GATE.
The output is taken from the OULPUT jack. The N,0. & N.C.

contacts can be reversed by selecting the TH position.
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GPS ANALOG COMPUTER

9.0 ELECTRONIC MULTIPLIERS

The GPS has two QSM multipliers which by appropriate patching can be

set up to divide. A multiplier patchboard layout is giveh n. FIG. 9.4
9.1 PANEL CONTROLS

SELECTOR SWITCH The selector switch selects the siénal output present on
the SELECTOR OUTPUT jacks. Positions fl’ £2, fl DIR, g fz DIR select the
signal patchéd-into the corresponding inpﬁt jacks. ©Positions 1, 2, 3 & 4
are for balancing the amplifiers.

MULT/DIV Selects the mode of operation. The unit can be used to multiply
or divide.

+2xy/—2xy Selects the input output relationship. In the +2xy position

the output signal is plus 2xy where x & y are the inputs signals patched

into f. & f2; -2xy selects minus 2xy where x & 'y are the input signals.

1
The input signals are normally patched into fl & f2.
£. DIRg f2 DIR These input jacks are used for calibration and the divider

1

set-up procedure.

'SELECTOR OUTPUT The selector jacks provide a signal output determined

by the selector switch,

OUTPUT The product 4+2xy is presented at the output jacks.

NUM™ When set up to divide, the numerator input is patched into the NUM
jack.

. The multiplier can be zero balanced by using the following procedure:
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1) Reﬁove all inputs
. 2) Check and adjust if necessary the t 15 volt reference supply.
Use the method outline in the start-up pfccedure.
3) Patch the selector output to INT-DIR on the MG for scope display
4) Select position 1 and adjust ZERO 1 for zero volts output
5) Repeat this procedure for positions 2, 3, & 4

6) Patch the circuit shown below

SELECTOR O +SCALE FACTOR
f
pik prg OUTEUT _
0 7 & ¢+ +2xy POSITION
FROM ’ [ ﬁfoiﬁﬂgmpr
REGULATED @} : L
JY :
B TO IN1-DIR
7) Select £. DIR on the selector switch. Using the calibrator line
1 &

as a reference, carefully adjust pot 23 for +5 volts. Repeat this
procedure by selecting fz DIR and adjusting pot 24,

8) Select position 4, The selector output voltage should be 50 volts.
Using the calibrator line as a refefence, set the.scale_factor pot

so that this voltage is -+50 volts.

9.2 OPERATING PROCEDURE
MULTIPLIER OPERATING PROCEDURE Patch the signals to be multiplied into f1

&-fz.'-Set the MULT/DIV switch to MULT. The output voltage is %2f1f2 de-
pending on the position of the 2xy/-2xy toggle switch. Note that the in-
put voltages should be scaled for a maximum value of 5 volts so that the

multiplier will not overload. Since the input impedance of the multipliers

. is constant it is not necessary to drive them with operational amplifiers.

DIVIDER OPERATING PROCEDURE (REFER TO FIG 9.2)

"1) Remove all inputs. Zero the four amplifiers using the same
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procedure as for the multiplier.r

2) Patch -15 V, DC from the regulated supply through a .1 attenuator
to f1 DIR.

3) Patch +50 V. REF through a pot to the above attenuator.

4) Select position 1 on the selector-and +2xy on the toggle switch.

5) Patch the selector output to the INFDIR for a display.

6) Adjust the step input pot for zero volts out.

7)  Apply the feedback connection from the output through a .1
attenuator into f2 DIR,

8) Select DIV on the MULT/DIV switch.

9) Select position 4 on the SELECTOR switch and adjust zero 4 for
zero volts out.

10) Patch the denominator input through a .1 attenuator into the f1
input.

11) Patch the numerator into NUM.

The scale factor for the above procedure is 50. The output voltage is

N
29__H¥. The range of the input voltages are
DEN
DEN ~ -50 V to O NUM ~ =50 to +50 QUOTIENT is ~ -50 to +50 volts

The scale factor can be changed to 5 by patching the numératbr'input
through a .1 attenuator. By removing the attenuator in the denominator
input the scale factor can be reduced to .5. ‘Note that the denominator
input must be negative., Positive denominators can be used if -2xy is

selected. on the -+2xy /{2xy toggle switch.
/ _
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GPS ANALOG COMPUTER

10.0 LIMITER

The GPS has two variable limiters. The input-output performance is a
negative gain adjustable symmetrical limit or a separately adjustable
positive aud/or negative limit. The limiter patchboard layout is shown in

FIG 10. 1.
PANEL CONTROLS

-LIM Adjusts the negative 1iﬁit

+LIM Adjusts the positive limit

+SYM ILIM  Adjusts the symmetrical limit

INPUTS For normal operation, the clamped inputs should be used. The
input voltages sum at minus unity gain. The direct inputs may be used
if thefe is no D.C. dfift on the input signal.

OUTPUT  The output for the +LIM -LIM & + SYM LIM are taken from ﬁheir
respective jacks. |
The amplifier output (AMP OUT) jacks provide an output voltage which is

equal to the sum of the inputs with a minus unity gain.
1.0.1 SETTING THE LIMIT LEVELS

Zero adjust the amplifiér'using the same procedure as was used for the
'general purpoée summers. Apply a ramp input with a large enough initial
condition so that the desired limit levels are exceeded. Patch the
appfopriate limit output to the scope using INI-DIR, TUse the calibrator

line as a reference when setting the limits.

+LIM OR -LIM  Set +SYM LIM pot (CCW). Adjust the appropriate lim pot for

the desired outpdt.

+SYM LIM Set the +LIM & -LIM (CCW). Adjust the SYM LIM pot for the

desired output.
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4LIM & -LIM Both limits can be set independently by setting the SYM LIM
CCW, and by adjusting the +LIM & -LIM for the desired limit values. The
output is taken from the +LIM OUT. : ¥

All limits are adjustable from 0 to +50 volts.
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GPS ANALOG COMPUTER
11.0 DEAD ZONE -~ HYSTERESIS

The GPS has two dead zone-hysteresis units (FIG 11,1). The input-
output performance is either a negative gain symmetrical dead zone or

hysteresis loop as selected by the D.Z. - HYST. mode switch,

11.1 OPERATING PROCEDURE: Remove all inputs. Select DZ on the mode con-
 trol switch. Patch the test jack to INT-DIR for scope display. Adjust
ZERO 1 for zero volts out. Patch the output jack to INT1-DIR. Adjust ZERO 2

for zero volts out.

DEAD ZONE ADJUSTMENT Construct a simple sinusoidal oscillator using two
integrators and a few pots. Patch the output of the oscillator to the
clamped input and to the INT-DIR (HOREZONTAL) jack. Patch the output to
INT-DIR (VERTICAL). Adjust the coarse & fine pots for the desired DZ
output. Use the herizontal calibrator line as a reference. The dead zone

is adjustable from 0 to 40 volts,

HYSTERESIS Select HYST. and use the same procedure as was used for the
.dead zone adjustment, The width of the hysteresis loop is constant

(-50 volts to 450 volts). The height is adjustable from 10 to 50 volts.
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12.0 FIRST ORDER LAG

A typical first order lag (F.0.L.) is shown pictorially in FIG. 12.1.

With the toggle selector in position P the input-output performance is

EOUT P
= 1 where P is the Laplace Transform variable & E is the
EIN 1 + 4P IN

sum of the input voltages. With the toggle selector in position 1 the

F E
input output performance 1is ouT 1

12.1 OPERATING PROCEDURE

&urn the plate power on and allow a 15 minute warm-up. Select 7P
on the toggle éelector. Patch the OUT jack to the IN®DIR for a scope display.
Adjust ZERO 2 for zero volts out., Select position 1 on the toggle selector
and adjust ZERO 1 for zero volts out. With the lever switch in X 0.17
position 7 can be varied from .0l to .2 seconds, in the X 1 position .1

to 2 seconds and in the X10 position from { to 20 seconds.,
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GPS ANALOG COMPUTER

13.0 NOISE UNIT

The GPS noise unit is shown in FIG. 13.1. The noise units uses a gas
diode in a magnetic field as a random voltage source. The distribution of
amplitudes very closely approximates the_normal probability distribution.
The power density spectrum is that of white noise shaped by a first order

filter.
1 2
P, = & T 05 o
™ 1 + 7w

t , the time constant of the spectrum,is adjustable over a range of .01
to .4 GPS seconds. At the widest bandwidth, the output appears to be white
noise to any system simulated on the GPS. The root mean square of the noise
is adjustable from 0 to 6 volts.

A large number of random processes can be appfoximated by passing white
noise through a first order filter. This capability is built into the noise
unit. For a modification of the frequency characteristics refer to the GPS
application note 2,

The panel meter on the noise unit can be used to indicate directly the
mean value of a problem variable during the computer "on' time. This meter
can also be used to measure the RMS value of a problem variable if the
process is Gaussian.

MEAN VALUE To measure the mean value of a variable during the
computer "ﬁh” time.

1) Select position 0. Zero the @eter on both the ﬁIO & XI positions.

2) Patch the signai into IN1 or IN2 and select the appropriate position

on the input selector.

-3) Select position B,




4) Use reverse bias switch for a upscale reading.

5) The average value of the input signal is

NOISE LEVEL \\\\\\

T FILTER

NOISE OUT
GENERATOR A

TIMES (METER READING IN VOLTS)

METER
ZERO
I%S ADJUST
N Cf __——| Cf 7/////
el T
. '\ %10 12 o f' |
LH@)QGQQ@E-FF

FIG 13.1

\\\\ l\\.:MODE SELECTOR

INPUT SELECTOR

GPS NOISE UNIT LAYOQUT
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GPS ANALOG COMPUTER

14.0 VARIABLE DIOﬁE fUNCTION GENERATORS (VDFG)

The GPS has two five-segment VDFG. Function generator A accepts only
negative inputs and function generator B only positive. A typical function
generator patchboard layout is shown in FIG. 14.2. A block diagram of the

VDFG is given in FIG. 14.1.

AMP
G
| T
IN DIR L sHAPING {____ OUT 7
IN (CLAMPED) . e NETWORK [ qp7 4
OUT 5
AMP OUT
FIG. 14,1 GPS VDFG SCHEMATIC

The IN DIR jack can bs used for input signals having no DC drift. The
clamped input jack is the one normally used. The AMP OUT jacks provide the
input variable with a minus unity gain factor. The AMP-FG toggle switch

selects the mode of operation either an inverting amplifier or a VDFG.

15 Iy 1> 14 14 ol
elielle b
C ZLRO

55 54 s$3 53 $i f)

Vil 52
@ 0™ 0

oir

0uTs oUTH evTl cutTa Ut i ]
O O O Q| e O

FIG. 14.2 GPS VDFG PATCHBOARD LAYQUT
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The AMP-FG switch should be kept in the AMP positidn when the VDFG
is not being used; The reason for this is to preserve the bias batteries,
The OUTi i =1...5 jacks provide the output voltage for each line segment
of the VDFG. These output jacks are normally patched to a general purpose
summer inputs jacks (with apbropriate gains) so that the various segments
can be added together to form the function.

All five segments have slopes which are continuously wvariable from
0 to 1. The intercepts are continuously variable in overlapping ranges.

INTERCEPT ' RANGE

I1 0 - 2.5 volts

I 2 2.5 - 5.0 yolts
I3 5.0 - 7.5 volts
I4 7.5 - 10.0 wvolts
I5 10.0 <= 13.5 wolts

14,1 OPERATING PROCEDURE

Apply the plate power and allow a 15 minute warm-up. Patch the AMP
OUT to IN-DIR for a scope display. Adjust the zero pot for volts out.
Patch the OUTi i la.eabiiintel thel dnput jécks of a summer. Observe the
output of the summer on IN1-DIR. It is suggested that each OUT jack be
patched into the summer one at a time. The breakpoint and slope of each
segment can then be set without interaction from the other segments. This
will also help the user to select the best summer input gains for the

individual line segments.
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GPS ANALOG COMPUTER

15.0 LOGIC CONTROL TRAY

The logic control tray (FIG. 15.1) is the control center for iterative
operation. This tray supplies the necessary hardware to:

1) Control the starting and stopping of the iterative action.

2) Generation of tracking gates during the computer "on" and "off"

time.

3) CGeneration of an (itl1)th gate.pulse on command,

4) Generation of a transfer pulse for the S&H units.

Reference to FIG., 15.3 will aid in the understanding of the various
output waveforms that are available.

TRACKING GATES The logic control tray contains three completely in-

dependent sets of tracking gates. One such unit is shown pictorally in

FIGURE 15.2.

T TV

FIGURE 15.2 TRACKING GATE
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PANEL CONTROLS The ON TIME/O?F TIME toggle switch determines
whether the tracking signals start with the computer hon” time or "off"
time. The Ti (i=1,2,3) pulse, which starts with computer ON or OFF time
as selected by the toggle switch, is of variable width (9 to 400 GPS
seconds). The Ti' pulse starts with the trailing edge of the Ti pulse, and
its width is also adjustable from (9 to 400 GPS secénds). The output is
taken from the Ti, Ti' jacks.

The logic control unit also contains a gated oscillator. The output
of the géted oscillator is a pulse train having an adjustable frequency
from 30Hz to BO KHz as selected by the multiplier and calibrated pot.

The pulse width is adjustable from O - 3 msec. The oscillator has an
output when the GATE Iﬁ is high.

ITERATIVE . ACTION The iterative operation may be either fixed
or variable as selected by the FIX/VAR toggle switch. 1In the FIX position a
preset counter sends qut a pulse to reset the master flip flop. Once the
master flip flop is reset all tracking gates ané timing gates originating
from the logic control become zero. In the VAR position the master flip
flop will continue to operate until the iterative stop button is depressed.
Once the iteration procedure is stopped it can be started either by depress-
.ing the start button or by receiving a high input signal in the AUTO START
+ jack. For a fixed number of iterations the TO jack should be patched to
thg counter input. The counter output should be patched to the +FROM

COUNTER jack. See FIG. 15.1 for the location of these jacks.
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The logic control tray also provides a transfer gate which is a
5 msec. pulse that starts at the computer "off" time. A typical use for
a transfer gate would be to transfer a variable from one S& to another
during the "off" time.

The FIXED INTRODUCE provides a high output during the computer

"on" time and a low output during the "off" time.

The (i+l)th output provides a high output during the computer "on'"
time whenever the COMP jack became high during the last problem cycle.
The logic control also contains one flip flop, two nor gates and one

nand gate. These gates are separate from the logic signals generated by

this tray and still function even though the iteration has étopped.
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GPS ANALOG COMPUTER

16.0 COMPARATORS

A typical comparator unit is shown below in FIG. 16.1.

MEoE

Bt
&

FIG. 16,1 .GPS COMPARATOR PATCHBOARD LAYOQUT

The comparator has an output of zero volts when the sum of its analog
inputs is greater than zero and an output of +12 volts when the sum of its
inputs is less than zero. A 50 usec. pulse is also generated each time the
sum of the input voltages becomes negative. The mode indicgtor illuminates

each time the sum of the analog inputs goes negative.

16,1 OPERATING PROCEDURE

Apply power to the comparator and allow 15 wmin. warm-up. Set both
analog inputs to zero by patching red bottle plugs into inputs A & B. Set
the BAL adjust so that the mode indicator just extinguishes. Patch the
analog inputs into input jacks A & B. .For accuracy the inputs should be
from operational amplifiers. The comparator output can either be taken

from the OUTPUT or the PULSE OUT jacks.




PAGE 50

GPS ANALOG COMPUTER

17.0 ELECTRONIC SWITCHES

A typical electronic switch is shown below in FIG. 17.1.

ON
NO OUTPUT
GrrTrae

/

NC OUTPUT
C O

ARM INPUT
o

COIL INPUT
@ O

FIG. 17.1 GPS ELECTRONIC SWITCH PATCHBOARD LAYOUT
. COIL INPUT The logic signal is patched to the coil input.
ARM INPUT The signal to be switched is applied to the arm input.
N.C. OUTPUT The signal on the-arm input appears at the N.C. OUTfUT
when the COIL INPUT is low.
N.O. OUTPUT The signal on the arm,inpﬁt appears at the N.O, OUTPUT

when the coil inbut is high.

Operating Procedure Patch the signal to be switched into the arm

input. Patch the logic signal and the desired output. For best results

the arm input should be from an operational amplifier.
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GPS ANALOG COMPUTER

18.0 MISCELLANEOUS EQUIPMENT

1) Each BCU has an eight position selector switch. The dual inpﬁté are
labeled 81 thru S8. The dual output jacks are labeled SCOPE. This
switéh is normally used to select signalé for scope display.

2) The brown switchcraft boxes are‘tiepoints. They can provide any
jack on the computer with two inputs. Some of these boxes have been
modified and have resistors, capacitors or diodes in series with the
common output lead. The contents of the modified boxes is clearly marked.

3) The red phone jacks are ground plugs.

4) The stainless steel jacks are used to ﬁatch two patchcords.
together.

5) The gray boxes are attenuators having a summing junction input.
The output is the sum of the inputs times the marked attenuation. .1 and

.2 attenuators are available. FEach attenuator has 3 input jacks,
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19.0 OPERATIONAL NOTES

The basic unit of time for the GPS computer is 1/30]4 second, or
approximately 1/3 msec. By definition 1 GPS second equals 1/3 msec. real
time. The timing dots are generated by the MG every 2 GPS seconds. They
are equally spaced and are independent of the sweep linearity of the
‘display scope.

Some care Shouid be exercised when patching the reference supplies
to the problem set up. Patch to the reference supply lagt since the
patch-cords short to ground when they are inserted into the jacks.

PROGRAMMING SYMBOLS

POTENTIOMETER
A input
B output
N component description
AMPLIFIER A e
B b .D
C e
Ay B; C inputs
a, b, ¢ input gains
D output
N  component description
INTEGRATOR

A input

I.C. initial condition

D inverted output

C output

N component description
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HYSTERESTS

TRUNK

NOISE UNIT

FUNCTION GENERATOR
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0 B
N.

Dz
input
output
dead zone (max value)
description of component

e

input
output
peak of hysteresis plot
description of component

()

description of component

T B
N.U.

setting of T filter
output

input
output .
description of component
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MULTIPLIER A Pi. Has

-F.' ¢ X E

G

N

clamped input

direct input

output

component description

W

ZHOg

DIVIDER ' A D - C

denominator

numerator

quotient (output)
component description

= 0w P

SAMPLE & HOLD A

integrator input

track in input

command input

gate output-

output

enable input

selector setting
description of component

Zg="HEHUOOWmE >

NO | C
ELECTRONIC SWITCH AN

NC |

input

coil input

N.O. output

N.C. output

description of component

il o
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OR

AND

LIMITER
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P C

D

N

=Zoo0pE

inputs

pulse output

output

description of component

R s

T ¢
i )
E
F

i
L
20| )

ol

E:ﬁ§#=w e o

inputs

+LIM out

-LIM out

+LIM out

amplifier out

+LIM setting

-LIM setting
description of component

N

i 2/%) e RS

input
output with transfer function 7P

output with transfer function 1

description of component




