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The table below lists other publications which may be of intere

st to the readers of this manual,

Unless otherwise indicated by title or footnote, all are maintenance handbooks.
tenance handbooks directly applicable to a particular system are normally supplied with the sys-
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Handbook of Analog Computation

Basics of Parallel Hybrid Computation
580 Reference Handbook

580 Console Components Manual
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580/680 Digital Voltmeter, Model 26. 268

TR20/TR48 Repetitive Operation Display Units,
Models 34. 034 and 34.035
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0001-3
0016-0
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NOTICE

In order to enable us to process your requests for spare parts and replacement items quickly
and efficiently, we request your conformance with the following procedure:

1. Please specify the type number and serial number of
the basic unit as well as the EAI part number and de-
scription of the part when inquiring about replacement
items such as potentiometer assemblies or cups, re-
lays, transformers, precision resistors, etc.

2. When inquiring about items as servo multipliers, re-
solvers, networks, printed circuit assemblies, ete,,
please specify the serial numbers of the major equip-
ment with which the units are to be used, such as:
Console, Type 8811, Memory Module, Type 4. 204,
Serial No. 000, etc. If at all possible, please in-
clude the purchase order or the EAI project number
under which the equipment was originally procured.

Your cooperation in supplying the required information will speed the processing of your requests
and aid in assuring that the correct items are supplied.

It is the policy of Electronic Associates, Inc. to supply equipment patterned as closely as possi-
ble to the vequirements of the individual customer. This is accomplished, without incurring the
prohibitive costs of custom design, by substituting new components, modifying standavd com-
ponents, etc., wherever necessary to expedite conformance with requivements., As a result,
this instruction manual, which has been written to cover standavd equipment, may not entively
concuy in its content with the equipment supplied. It is felt, however, that a technically quali-
Jied person will find the manual a fully adequate guide in undevstanding, operating, and main-
taining the equipment actually supplied.

Electronic Associates, Inc. reserves
the right to make changes in design,
or to make additions to or improve-
ments in its product without imposing
any obligation upon itself to install
them on products previously manufac-
tured,
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SECTION 1

LINEAR COMPONENTS

CHAPTER 1

DUAL DC AMPLIFIER 6. 614-1

1.1 INTRODUCTION

The Dual DC Amplifier Tray, Model 6.614-1 (Figure 1.1) is installed in the positions shown in
Figure 1.2. The tray contains two etched-circuit boards; one contains two independent high-gain
amplifiers, the other contains two independent precision resistor networks which provide input
and feedback components for the two amplifiers. These amplifiers are transistorized and de-
signed for optimum stability and frequency response. Each amplifier may be used in conjunc-
tion with its provided network to perform linear computations such as summation, integration,
and multiplication by a constant. Accessory components allow use of the amplifier for operations
such as multiplication and division of variables and the generation of analytic or arbitrary func-

tions.

AMPLIFIER CARD 6,615 AMPLIFIER NETWORK 12,898

Figure 1.1. Dual DC Amplifier, Model 0.6.0614-1

1-1-1
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CHAPTER 1 DUAL DC AMPLIFIER
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F-igu're 1.2. Location of Dual DC Amplifiers
1.2 TECHNICAL DATA

The following specifications refer to the complete 6.614-1 Dual DC Amplifier when operated in
the computer.

Offset

Unity-Gain Inverter .........c.cceeveiiiiiiinnnnaa..,. 20 Microvolts, Maximum

Noise

F HBandWidth.......-.--......---o--""""“"'
] -+ 1.5 Microvolts, Peak-to-Peak

Low Frequency Gain

IOHZ ---....o-na-----|-uoll-'-‘---'---..c----as--p. asdh

BOOBZ . srsvieoneshsivn st 086 8dns et anan o st ns s pnsins

80 db

B00DHE ..vvvveessnnnnsssssnsnssniniinaniiii | g 6 o

Frequency Response (3 db) for Unit Gain Inverter

With 10K ..connrensnssesstennssniniinn g
WﬂhIOOk R DR R KL R o e 4 . k}Iz’ Mlllimum
- 25kHz: Minimum
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1.3 OPERATING CONSIDERATIONS

The data in this paragraph is general operating information. The maintenance personnel should
be familiar with this material to assist in rapidly isolating amplifier troubles and to eliminate
causes of apparent faults due to improper amplifier usage.

1.3.1 Amplifier Balancing

The amplifiers should be periodically balanced to assure computer accuracy. Under normal
circumstances, the amplifier will remain balanced for periods of weeks. However, at intervals
it is desirable to check this condition, and if an amplifier is found to be unbalanced, then an ad-
justment should be . The period between balance checks depends to a large extent on the
application of the ampl ifier. For uses which might be unusually sensitive to amplifier unbalance,
maulm:emnee peraﬁnn@l should recognize the fact that most amplifier and network malfunctions

can b& detected hy ehe'_jf_‘f ing amplifier balance. Consequently, it is recommended that a check of
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ight; after a few
lamps light;
When power is initially applied to the computer, all of the overload

- ; hen switching
tarily flicker w
seconds all of the lamps should go out. The lamps may also momen

from set pot Lo some other computer mode,
1.3.2 Amplifier Patching

m=-ga an p al]d the dual I ESIStOI !lEtWOI kS
Ot t]le duai 1111 g mn 1 hfiet‘S
I and arr a“ged fOI patchl“g ease. Ihe ]lOIl—lllleaI COlllp()llenIS

i d short patch cord runs
are also located in close proximity to the amplifiers for ease of patching an
or use of bottle plugs,

i i W rack/store network,
Patching, when using an amplifier in conjunction with an integrator network, t /'t in
ibing th units.
or one of the non-linear components, is covered in the chapters describing these

ifi i i i ith a resistor
section is therefore limited to the description of an amplifier used in conjunction w
network.

Figure 1. 3a illustrates two of the more common amplifier patching arrangements. The upper

mplifier makes use of the standard 4-connector bottle plug and provides a summing circuit as
a - ‘

hown schematically in Figure 1.3b. This configuration has two gain-of-one and two gain-of-
s
ten inputs for summing, inversion, or multiplication,

The lower amplifier of Figure 1.3a is shown patched for one gain-of-one and three gain-of-one
e low

The simplified schematic of the configura-

the RJ terminals of different amplifier resistor
networks together, additional inputs are made sailiale,

tenth inputs by using two, 2-connector bottle plugs,

tion is shown in Figure 1.3c. By connecting

as shown in Figure 1. 3d.

A eviously indicated, these are only two of many possible amplifier configurations, An im-
s pr ’

(unassigned) for
Failure to Provide a feedback

S0on as the computer is switched

t point to note is that all amplifiers, whether used (assigned) Oor unused
portaltl' plm‘ problem solution, st be provded with featiaes,
icu bl
a par.t for an amplifier will cause that amplifier to overload ag
circui

to any mode other than SP.

he de operational amplifiers are rated for normal linear Operationa] gyt
The dec
hus the amplifier patching arrangements, regardlesg of the appl
mum. T i
u tput level does not exceed either plus or minus 10 volts,
that the ou

Puts of +10 volts maxi-
ication, should be such

€ amplifierg are capable
5.)

(Th
f slightly higher linear outputs to allow for minor scaling discrepancie
of s -
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— : 100K 100K
4 CONNECTOR =
BOTTLE PLUG _| RY ‘,.‘_‘
CAN BE USED | ;- @™ o\
IN THIS AREA
Q) O
1 _.OIFO
10O O
. O . O () Simplified Schematic (Gain of 1 and 10)
@ AP
2 CONNECTOR QO o0 s 100K 10K
BOTTLE PLUGS — .
'CAN BE USED' 'O | O
IN THESE AREAS : O%/E]O
= o
LoaTe
' 1O O |
| DUAL AMPLIFIER
O i e B (c) Simplified Schematic (Gain of 0.1 and 1)

(@) Pre-Patch Panel Configuration A
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1.4 THEORY OF OPERATION

1.4.1 Basic Block Diagram

The Model 6.614-1 Dual DC Amplifier consists of a 12.898 Dual Input Network and a 6. §15F?uaje
DC Amplifier Card. The components for one channel are shown in block diagram P 1?- lguth
1.4. The major components consist of the input/feedback resistors, the stabilizer am;)lllffer, e
chopper, and the de amplifier. The circuit is arranged so that the drift-free CharaCtemStlc.S .
an ac amplifier are used to cancel the effects of drift in the dc section. The resulting circuit has

s : he necessity of
excellent long-term stability, and allows the use of wideband de amplifier without t
frequent manual balancing.

Inputs to the amplifier are applied through the input impedance Zin' The dc and low frequency
components of the signal voltage at the summing junction (SJ) cannot pass directly to the input

of the dc amplifier section because of C1. Instead, they are connected through R3 to contact 9
of chopper D1. (A chopper or synchronous vibrator consists of a coil-driven vibrating reed (8)
that alternates between the contacts (9,7) on each half cycle of the coil excitation voltage.) The
chopper alternately grounds contact 9 producing a 60 Hz square wave input to the stabilizer ampli-
fier. After amplification, the resulting signal is de-modulated (or synchronously rectified) at
the second contact (7) of the chopper. The resulting signal at contact 7 is a pulsating de whose
polarity is the same as the polarity of the signal at the summing junction. The dc signal is

filtered by R6 and C2 and applied through R5 to the input to the de amplifier section.

Thus dec ow
very low frequency signals are amplified by the stabilizer amplifier and by the de amplifier.

The circuit from contact 9 of D1 to contact 7 is a modulated carrier-type amplifier that provides

high-gain dc amplification with very low drift. The stabilizer is Phase sensitive ; if the polarity
of the summing junction signal changes, the phase of the modulateq signal changes and the

polarity of the pulsating dc output voltage changes.

High frequency components of the input signal are passed by C1 o the de amplifier, and are
amplified by the gain of the dc amplifier only. The open loop gain of the amplifier thug depends
extremely high because

' At higher frequencieg
is decreased but remains high enough to satisfy all expecteq Computer Operationg

One of the criteria for a high quality operational amplifier ig that the out
the input voltage is zero. This zero correspondence between input anq 4
amplifier balance. The manual adjustment process to insure thjg corre

on the frequency of the input signal. At very low frequencies, the gain ig
the stabilizer amplifier is placed in series with the dc amplifier,

) thg gain

Put voltage pe zero when

utput Voltages jg called

; Spondence is
balancing and it must be accurately made, following the Procedure dese SR

ribed in Sub-p
1.3.1. The amplifier would require more frequent bala.ncing Withoyt Stabilizat; e
5 e . on, i
compensation produced by chopper stabilization allows the amp)jf;q,, to The drige
attention.

be ugseq for Weeks without

1-1-6
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ifi tion is fed back
Any component of the amplifier output voltace due to drift in the dc amplifier sec .
; ifi i an - -

BBt o fesubick Impedance Z_ to the summing junction of the amplifier. Since any

: | ilizer section, filtered,
duced voltage has a very low frequency, it will be amplified by the stabilize . 4 S
| ifi i e drift- =
then applied as a drift-correction signal to the input of the dc amplifier section. T

; in of the
duced component in the output voltage is reduced by a factor equal to EAGeriSetirn 8270
stabilizer section,

The amplifier in the stabilizer section has a very high gain. Since it is connected to the summing
Junction, it serves as a monitor of the summing junction voltage. Under normal circumstances,
the input current of the operational amplifier is equal to the feedback current, and the summing
Junction is at virtual ground. If the currents are not equal, the amplifier is not performing pro-
perly, and the summing junction departs fromvirtualground. This rise in voltage is amplified
by the stabilizer and results in a large stabilizer output signal that is used to trigger an overload

indicator which informs the user that the amplifier is not operating properly.

Since the stabilizer is a sensitive monitor of the summing junction voltage, the magnitude of its
output voltage is also an indication of the balance of the amplifier. The 580 amplifiers are
balanced accurately by connecting the stabilizer output to the voltmeter on the control panel and
adjusting the balance potentiometer until the voltmeter reads zero.

1.4.2 The DC Amplifier Section

Figure 1.5 is a simplified schematic diagram of the 6. 615 Amplifier, The patch panel Summing

minal of Figure 1,5, The

Q1 through R2 and C1, The
ut
Two reverse-connected diodes (CR1 and CR2) are connected from the j

junction (B) of the operational amplifier is connected to the INPUT ter
ac components of the input signal are applied to the base of transistor

dc components of the input signal are connected through R3 to the input of the stabilizer section

: nput to groung to limit
the charge of C1 should an overload occur. This feature allows the a

following an overload condition. The voltage at this point ig normal]

duction point.

Transistors Q1 and Q2 comprise the dc amplifier input stage,

Transistop Q2 j
: . . is ;
common-emitter configuration with R7 (in resistor network NW1) proyi ding wais ;Onnected in a
' eli-biag, T i
volt ransistor

age d!‘op a :
volt) across the base-emitter diodes of Q2 as its operating voltage T . ( Dproxlmately 0.3
. . . , . 1 ) .
of Q2 provides a load for Q1. This configuration giveg the amplifiep itter-bage
pedance. The base circuit of Q1 is completed through R1, ang the ba

components form a voltage divider between -15 volts and +15 volts

Q1 is used in the emitter-follower configuration, and uses the

2 relatively high

1 hput im-
ance Potentiomet

€r. Thege
The balance Potentiom

t from the Stabilizep s

sets the optimum operating point for Q1, as indicat

ed by a zepq outpy eter

ection,
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The high-frequency roll-off of the input stage is controlled by C3 and R4, whl.ch prorndes ::; -
increasing degenerative feedback from the collector of Q2 to the base g mcrfh ame
frequency, A q4c feedback is provided by R15 which tends to keep the collector of Q2 at the sTh
potential, regardless of temperature variations which affect the conductivity of Q1 and Q2. F

stabilizer output ig connected through R6 and R5 to the input of Q1.

The output of Q2 is coupled to the base of Q3 through NW1-R5. Bias for Q3 is provided by
NW1-R4, NW1-R5, and Ri16, The feedback network consisting of R7 and C5 provides high-fre-
quency roll-off for the Q3 stage. Capacitor C4 provides correct phasing for higher frequencies,
The collector load for Q3 consists of resistors NW1-R3 and NW1-R1

Resistor NW1-R3 provides direct coupling from the output of Q3 to the base of Q4, as well as
forming a voltage divider with NW1-R1 to set the operating point for Q4. The Q4 stage is con-
nected in the common-emitter configuration. The emitter is connected to +15 yolts rather than
ground, to establish the correct operating points for Q4, Q5, Q6, and Q7. The collector load
for the stage consists of the parallel combination of NW1-R2 and R10. Capacitor C7 Provides
high-frequency degenerative feedback for this stage, and the network consisting of C6 and R8
provides a high-frequency roll-off for @4, and Q5,

‘The collector of Q4 is connected to the base of Q5 through a current limiting device, R17., This
device has a high positive temperature coefficient of resistance, Providing an increas et
resistance with an increase in current flow. This helps to stabilize the OPeration of Q5 by
limiting base drive. The Q5 stage is connected as an emitter-follower

Q7, eliminating cross-over distortion in the output stage,

The output stage consists of transistors Q6 and Q7, connected in g compleme ntary_symn'lmy
configuration. This circuit arrangement provides the advantageg of Push-puly OUea i wi X
single-ended input. Both transistors are connected ag emittel’-followers_ Since - D -
(PNP) conducts with a negafive input and transistor Q7 (NPN) conducts wig, Rt
of the transistors delivers current to the load regardlesg of input Polarity, i zerml-’ut. one
both transistors conduct equally, and the voltage drop across the load is zero. Cure o mpn-xt,
devices R18 and R19 perform a function similar to that of R17; by Providing oy = ent limiting
resistance with an increase in current, they protect the output trmismm from €ase in

rent flow. Resistor R13 provides a dc feedback to the base of Q4 Which teng . ZcesgivE cur-
of the amplifier at zero volt with a zero input and compensates fop minor P the outpyt

ture variation. transistor and temper, .

1-1-10



CHAPTER 1 DUAL DC AMPLIFIER 6. 614-1

1.4,3 The Stabilizer Section

The stabilizer section consists of a four stage uirect-coupled amplifier (Q8, Q9, Q10, and Q11),
input and output coupling capacitors (C8 and C12 r¢ spectively), and a 60 Hz chopper (D1). The
stabilizer pre-amplifies the dc and very low frequency components of the signal appearing at the
amplifier summing junction, and applies the resulting signal as an input to the dc amplifier sec-
tion,

1.4.3.1 The Stabilizer Amplifier. The stabilizer amplifier receives its input
from the summing junction through resistors R3, R11 and capacitor C8. The chopper grounds the
Junction of R3 and R11 sixty times each second, making the input appear as a series of pulses be-

tween ground and the input level. These pulses are coupled through C8 to the base of transistor
Q8.

The input stage of the stabilizer consists of transistor Q8 and Q9. Transistor Q8 is connected
as an emitter-follower, and uses the base-emitter voltage drop of Q9 to provide operating volt-
age. The circuit arrangement of Q8 and Q9 is similar to the arrangement of Q1 and Q2 in the de
amplifier section, and provides a relatively high input impedance. Resistors NW2-R1 and
NW2-R11 provide bias for Q8. Capacitor C9 filters high frequency transients from the input
waveform. Resistor NW2-R2 provides emitter load for Q8 and bias for Q9. Transistors Q9,
Q10, and Q11 are connected in the common-emitter configuration, and are directly coupled
through resistors NW2-R4 and NW2-R6. Capacitor C10 provides high-frequency degeneration
for the Q11 stage, removing unwanted high frequency components from the output waveform.,
Resistor NW2-R8 provides a feedback to the junction of NW2-R1 and NW2-R11, adjusting the
bias on Q8 to maintain the stabilizer amplifier transistors at the correct operating point, The
network consisting of R12 and C11 provides phase correction for very low frequencies, and
filters high frequencies from the NW2-R8 feedback loop.

The stabilizer amplifier consists of an emitter-follower input stage which is non-inverting, and
three common-emitter stages which provide an overall phase shift of 540 °. This would constitute
an apparent 180° phase shift, or an inversion from input to output. This cannot be tolerated by
the overall amplifier, since the dc amplifier section provides a 180° phase shift. Any feedbaek
under these conditions would be regenerative, and the amplifier would be unusable. For this
reason, contacts 7 and 8 of the chopper demodulate the output of the stabilizer amplifier, to
provide a pulsed output to the filter network (R6 and C2) having the same polarity as the input.
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Figure 1.4 shows how one pole of the chopper (pin 8) alternately grounds the stabilizer 1nputth(P1n 9)
and the stabilizer output (pin 7), The closing of contacts 8 and 9 at a 60-cycle rate t?auses 1; -
stabilizer input to appear as a series of pulses as described previously. This permits amplificati
of very low frequencies or dc levels, while isolating the amplifier operating levels through tf]e-

use of a coupling capacitor. Contacts 8 and 7 effectively shift the phase of the output by providing

a short RC charge or discharge time for C12 when closed, and a longer time (through R6) when

oben. This operation is more easily understood with the use of examples.

It the input to the summing junction tends to go positive, the input to the stabilizer amplifier
consists of a series of positive pulses. The output waveform at the collector of Q11 then con-
sists of a series of negative going pulses, Note, however, that during the time that the input
pulse is present (positive), the output (negative) at the junction of C12 and R6 is connected to

ground through contacts 7 and 8 of the chopper. This allows C12 to charge rapidly to the level
at the collector of Q11,

to ground.

The chopper arm then closes to contact 9, driving the stabilizer input

The collector of Q11 goes from its negative level toward ground at this time, and the positive
changeis coupled through C12 and R6 to the input of the dec amplifier,

of contact 7 and the arm of the chopper thus makes the apparent output
pulses which are filtered by C2 and R6 and provide a dec input to the de

The dec restoring action
a series of positive
amplifier through R5,
If the input to the summing junction tends to 80 negative, the stabilizer input is a series of nega-
from a negative level toward
scharge path for C12 when the
Pber break ang contacts 8 gng

7 close, the collector of Q11 goes negative and the change is coupleq through C12 apg R6 to the

tive pulses. The output at the collector of Q11 is a series of pulses
ground. In this case, the chopper provides a short time constant g;
collector of Q11 is close to ground. As contacts 8 and 9 of the chgo

filter capacitor, C2,

1.4.3.3 The Stabilizer Filter. The stabilizer output filter, Consisting of ¢ it

. apacito
C2 and resistor R6, has a time constant of three seconds. Thijs jg extremely long with p : r
to the stabilizer output waveform, consequently reducing the ippl ey

€ at the junctjop of R6 and R5
to a negligible level.

1.4.3.4 Stabilizer Functions. The stabilizer Performg the APparent)
tions of (a) pre-amplifying dc and very low frequency input signals, ang ®) ma_intaiy- dual func-
amplifier summing junction at a point very close to groung Potentia] gyep Wide vapj " ﬂ-1e
amplifier balance. When the amplifier feedback loop is closed (a5 TR o Vanatio?s in
applied, the amplifier output should be zero volt, Any departure of al ampm:i :nd no input jg
this point is coupled through the feedback resistor to the Summip T output from

g Junctigp This Causes the

1-1-12
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stabilizer to generate a correction voltage which returns the amplifier output, and consequently,
the summing junction, to zero. If an input signal is applied to the summing junetion, the stabili-
zer again generates a voltage. In this case, however, the output of the dc amplifier is shifted
from ground potential, to produce an output with a polarity opposite to that of the input, and a
magnitude equal to the input voltage multiplied by the ratio of the feedback resistance to the input
resistance, This output produces a potential at the summing junction equal in magnitude and
opposite in polarity to the input signal, returning the absolute potential at the summing junction
to a point very close to ground. It is in this way that the stabilizer attempts to keep the summing
junction at ground regardless of input voltage changes or variations within the dc amplifier.

1.5 MAINTENANCE AND TEST PROCEDURES

The 6. 614-1 DC Amplifier is ruggedly constructed from top quality commercial grade components.
All components are operated well below ratings to assure a long, trouble-free equipment life,

The wﬁ Pprocedures outlined below are designed to provide a maintenance technician with simple
and convenient

t procedures for monitor: ng amplifier performance on a regular basis,

1.5.1 Frequency Response (Closed Loop)

!Aﬁ!I-'l_-t‘._ 1l

ise of the operational amplifier is accomplished by applying a
input to the amplifier and observing the output
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Connect the output of a well-regulated audio oscillator to the amplifier input.
Connect an ac voltmeter to the oscillator output. Vary the oscillator frequtf:ncy
from a few cycles to about 200 ke, Be certain that the amplitude of the ogeillator
output remains constant over the frequency range. If it goks ot atay constant,

, ck point.
the oscillator amplitude control must be adjusted for each frequency check p

i i ase).
There must be less than 0.5 db peaking at any frequency (6% amplitude increase)
The 3 db rolloff frequency (minimum) should be 125 kHz for 100k/100k and 400
kHz for 10k/10k input and feedback resistors.

If the operational amplifier fails this test, it is probably due to a malfunction
in the dc amplifier section.

1.5.2 Offset Measurement

Periodic checks for excessive amplifier offset are performed by monitoring the amplifier sum-

ming junction using standard feedback components,

The offset measurement is made utilizing

a Hewlett-Packard 425A (or equivalent) microvoltmeter,

Proceed as follows:

113

After a warm-up period of at least one half hour, careful}

¥ balance the amplifier
under test using the standard procedure,
Using standard feedback connections, measure the offset

at the amplifier Summing
Junction with respect to high quality ground.

If the amplifier is operating properly, the offget should not exceeqd 120 microvolt
volts,

RJ

1-1-14
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Figure 1.7. Test Civcuit foy Me&Suring e LLoscopg
tse




CHAPTER 1 DUAL DC AMPLIFIER 6. 614-1

1.5.3 Noise Measurement

The noise content “o‘f the amplifier can be observed with the circuit shown in Figure 1,7. Balance
the amplifier and observe the output on the oscilloscope. The rms noise should be less than 1.5
millivolts peak-to-peak in either the gain of one or the gain of 10 configuration.

' 1.5.4 Output Current Capability
I ’ I = - s 8 »

‘The amplifier's ability to deliver rated current is checked with the circuit in Figure 1.8. The

load resistor need not be a precision resistor.

1 in the R position and measure the amplifier output voltage.
‘meas




CHAPTER 1

DUAL DC AMPLIFIER 6. 614-1

1.5.5 Phase Shift

ification table below
Connect the amplifier as shown in Figure 1.9, selecting R from the specificatio

and using the top network resistor as the feedback resistor.

iR

osc

; "Y' sensitivity to
Set oscillator to 1000 Hz at 20 volts peak-to-peak; scope "Y' se

SO i e
20 millivolts/centimeter and "X sensitivity to 5 volts/centimete

e, . ; ipse 0,1°
Read phase shift in millivolts. Read vertically on minor axis of ellipse
= 35 millivolts,

Phase Shift Specifications

R Phase Shift

100k 0. 4° Maximum (140 Millivolts)
10k 0.1° Maximum (35 Millivolts)

R R
AN ® AAA
V PHASE
g SHIFT
10K I0K

p—— AN A, O = /_

Y X

?

=

10K

Figure 1.9. Test Circuit for Phgse Shift

1.6 TROUBLE ANALYSIS

The amplifier is used with several different types of networkg depending on
perform. Unsatisfactory performance by an operational amplifjey could e
malfunction. The malfunction can usually be isolated to g Particulap

suspected modules with ones that are known Fo be.sood: Unlike most
ment, a faulty operational amplifier usually identifies itself imme diat

1-1-16

the Operation it must
due to g network

chassig by intercha.nging

types

of electronic equip-
ely,
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amplifier fails, the output voltage of the amplifier characteristically flops to its plus or minus
ampl it _ _
limit (up to +13 volts, depending on load).

1.6.1 Failure to Balance

| The most common indication of unsatisfactory amplifier operation is failure to balance pro-
perly. If an amplifier will not balance, the malfunction can be localized to either the dc or
l stabilizer section with the following procedure,

1. Mount the amplifier on a service shelf and plug the assembly into the amplifier's

rack position, Patch a feedback resistor around the amplifier and remove all

Itage of the amplifier with an oscilloscope or voltmeter
> balance potentiometer.

should alternate between plus and minus limits (about 13
rol is turned from one end to the other. A slight de-
7!’ ’Iﬁ me ampliﬁ.er fails to dﬂ thm t'he n‘:m unction is

L A A -
&

e Yl: £
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OR

a. AND b.
SENSITIVITY=2v/CM
SWEEP SPEED=5ms/CM
(a) Step 3 ®) Step 3

C. AND d.
SENSITIVITY =Imv/CM
SWEEP SPEED=5ms/CM

(c) Step 4 (@ Step 4

e.
SENS 5
ALL WAVEFORMS TAKEN AT swzhé ':Tsl';é-g Imu/cm
PIN 3 OR 7 OF THE CHOPPER e =Sme/oM
(STABILIZER OUTPUT),

Figure 1,10. Amplifier Troubleshooting Wavefory g
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Table 1.1. Troubleshooting Symptoms

- Wavetorme Possible Causes (In
Step Trouble (See Figure 1.9) Order of Probability) Comments
iy e i I — 1; Other DC Ampli- H., F. noise is a prob-
Frequent: Ql; p no pro
1 E:gil;e equency fier Transistors; CR3 lem characteristically
Ly caused by a de ampli-
fier component failure.
yow Bremiency b Q8;Q9;Q010;Q11 L.F. noise is gener-
: Noise ally caused by a sta-
""" bilizer amplifier com-
ponent failure,
a2 OR b Feedback resistor not | These symptoms indi-
patched correctly; R17, | cate that the stabilizer
18,19, open; dc ampli- | is unable to correct
fier transistor Q1-Q5. the summing junction
error; check feedback
loop carefully, then de
amplifier components.
mr e | Stabilizer Transistors | This problem is gener-
Q8-Q11 ally caused by a sta-
o bilizer amplifier com-
d C8 Open ponent, Also examine
the chopper and the
stabilizer output filter.
- __:. ‘These components
close the feedback loop
inset pot mode; also
check connector pin U

for relay volts (-20),




APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists,

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible,

Category "A' - The parts in category "A" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B'" - The parts in category "'B" are proprietary items that are available only from EAL

If proprietary items are veplaced with items ob-
tained from othey sources, EAI cannot assume
vesponsibility for a unit not opevating within its
published specifications.

ORDERING INFORMATION

To expedite your order for replacement parts the procedures below should be followed:
1. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAL'ls curvently revising the part mumbering sys -
tem. All parts effected by this revision are iden-
tified using the new and the old number (the number
in parenthesis). All parts should be ordered using
the new number, The old number is provided to
;”9!‘ reference parts that may still be identified

- bhysically, or in other publications by that number.

Wheordiriog oty

lies (networks, printed circuit cards, etc.), specify the
equipment the assembly is to be used with. If possible,
ber or the EAI project number of the original equipment

s, note if mounting hardwar

ord g hardware is required. If hard-
order the statement "INCLUDING MOUNTING HARD







ITEM

REF. DESIG.

DESCRIPTION

EAI NO. “CAT.

Connector Block:

Lettored
(DUAL AMPL 0.6.0614=1)

Connector Block: White

00 542,1547~1 B

00 542,1544=2 B

1 |c1-0

12

11

1€2=()

€3-0)
Ca=()
€5-0
c6-()
c7-0

c8-()
c9-()

c10=()

cl1-0)

IClz'()

0.6.0615 DUAL DC AMPLIFIER CARD

Capacitor

Capacitor

Capacitor, Fixed, Ceramic:
39 pf +5%, 1000V
(Sprague 20C265(10TCC-Q39) or equal)

Capacitor, Fixed, Ceramic:
12 pf 57, 1000V _
(Sprague 40C502(10TCC-Q12) or equal)

Capacitor, Fixed, Plastic:
0.0033 uf +5%, 200V
(Sprague 192P332S2 or equal)

Capacitor, Fixed, Plastic:
0,033 uf *5%, 200V
(Gudeman 356 or equal)

Capacitor, Fixed, Ceramic:
22 pf +5%, 1000V
(Sprague 19C411(10TCC-Q22 or equal)

Capacitor

Capacitor, Fixed, Ceramic:
20 nf -40% +60%, 150V
(Centralab DDMr203 or equal)

Capacitor, Fixed, Ceramic:
47 nf +20%, ZSV
. (Sprague 3C15 or equal)

Capacitor, Fixed, Electrolytic:
100 uf -10% +100%, 6V

(Int. Elect. Ind, APS-102 or equal)
|Capacitor

00 521.0166~-1 B
00 516.0260-0 B

00 515.0103-0 A

00 511,1120-2 A
(00 515.0091-0)

00 522.1332-0 | A
(00 521.0170-0)

00 522,2333-0 A
(00 521.0181-1)

00 515.0096-0 A

00 521.0165-0 B

00 515.0180-0 | A
00 511.5473-4 | A
(00 515.0234-0)

00 516.0261-0 A

00 516.0264-0 B

'rﬂl Avmumuw OF PARTS.

UNIT TITLE

DUAL DC A.MPI.IFIER
MODEL NO.

0.6.0614=1  Sh. 1 of 4 Sh.

1=1-23



‘CAT.
ITen| REF. DESIG. ———— - I BAl MG
A

473=-0

13 |C13-(), Capacitor, Fixed, Plastic 00 522.2
» » > -o
14=() 0,047 uf +5%, 200¢ (00 '521,0172-0)

(Sprague 192P47352 or equal)

14 [CR1=(),2=()|Diode 00 614.0007-0 B

16 |CR4=() Diode 00 614.0199-_-0 B

L Chopper: 6.3V, 60 CPS, 120 ohms Coil; DEDT 00 530.0065-0 | A

(James C4215 or equal)
00 592.,0062<0 B

18 |NW1=() Integrated Circuitry: Resistor Network
19 |nw2-() Integrated Circuitry: Resistor Network 00 592.0063-0 E
20 |P1 . Connector, Plug: 22 Contacts; Male 00 542.0419=0 A
(Amphenol 133-022-23 or equal)
21 1Q1-(),3-(), |Transistor: (Amperex ME901 or equal) 00 686.0238-0 | A
22 8-2.-(-)() Transistor ‘ 00 686.0109=0 B
23 |1Q4=0) Transistor 00 686,0129=0 B
24 |Q5 Transistor 00 686,0328-0 B
25 1Q6=() Transistor (GE 4JX1C1286 or equal) 00 686.0091=0 A
26 1Q7=0) Transistor (Texas Inst. N558 or equal) 00 686.0093-0 A
27 1Q9-0) Transistor 00 686.0248-0 B
28 (%}t_)-(-g) Transistor 00 686.0111-0 B
29 [R1-() Reszfgt’;;giti;:d; sg"’mfl’;’:;“"“’ 00 625.0475-0 | a
(Allen-Bradley CB or equal)
30 [rR2-0) Reﬁ;;f(";ﬂmgi’:;;: g‘/’:g““““’ 00 625.0683-0 | &

(Allen-Bradley CB or equal)

31 |R3-(),5-() |Resistor, Fixed, Composition:
: 220K ohms +5%, 1/4W ' 00 625.0224-0 | 4
(Allen-Bradley CB or equal) ‘

Mot Tun cATRSORY SOLUMN It O unckaans LowaLLY. "N Te JONIY FiTCE
8 -INDICATES PARTS THAT SHOULD BE PURCHMASED FROM EAl, l
DUA
| AL DC AMPLIFTER
oate 10/ 11 , g7 MODEL NO,
T 0.600614-1 Sh. 2 ¢ l
141-24 —=s 3k

L—-‘ "‘“‘t



ITEM

REF. DESIG.

DESCRIPTION

EAl NO.

*CAT.

32

33

34

35

36

37

38

- 39

40

41

= 42

43

Ré=()

R6~()

R7-0)

R8~()

R9-()

R10-()

R11=-()

R12-()

R13=()

R14=()

R15-()

R16~()

R17-0)

[19-0

Resistor, Fixed, Composition:

68 Ohms t57:, 1/"“
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
29K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
4.7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
5.1K ohms +5%, Ll/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
4,7K ohms +5%, 1/2W
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:
15K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
27K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
180 ohms +5%, 1/4wW
(Allen~Bradley CB or equal)

Resistor, Fixed, Composition:
100K ohms +5%, 1/4W
Qﬁllen-Brad;ey CB or equal)

Resistor, Fixed, Composition:
8.2K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
3.3 megohms +5%, 1/4wW
(Allen—Bradley CB or equal)

Resistor, Fixed,-Camposition:
33K ohms 5%, 1/4w

|Resis tor, Non-f, inear

(Allen-Bradley CB or equal)

00 625.0680-0

00 625,0223-0

00 625.0472-0

00 625.0512-0

00 626.0472-0

00 625,0153-0

00 625,0273-0

00 625.0181-0

00 625.0104-0

00 625.0822-0

00 625,0335-0

00 625.0333-0

00 646.0065-0

g%l ;3 9‘! ﬁ ,Sh} - ,:AI|
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EAI NO. *CAT.
ITEM| REF. DESIG. DESCRIPTION i 650.0075-0 A
: 9 Contacts

XD1 Socket, Electron Tube: ‘
45 (Elco 05-4008 or equal) 48 £50.0162-0 A
46 | XQl=-(), Socket

3-0,8-0 00 650.0121-0 [ A

¢ 3 Contacts
2= Socket, Transistor:

Y )lt?—() ft):},lru (Au;at 8069-1G1 or equal)

7'()99'()’

10-():

11-()




irem| Rer. DESIG. DESCRIPTION EAl NO.
1 |CR1 Diode (TIIT G-187 or equal) 00 614.0043=-0 A
2 |K1=-() Relay 00 618.0189=0 | B
3 |R6 Potentiometer 00 642.0587=0 B
4 |R7=-() Resistor, Fixed, Composition: 00 626,0101-0 | A
100 ohms *5%, 1/2W
(Allen-Bradley EB or equal)
5 Resistor, Precision (Matched Set) 00 640,0027=-0 B

"ROM EAIL.

VAILABILITY OF PARTS. [UNIT




APPENDIX 2

DRAWINGS

©ecessary schematics and wiring diagrams of equipment described in

tate locating a particular sheet, an index is provided that lists the model
omponent, the type of drawings, and the associated drawing number.

ance with standard drafting practices for electro-mechani-
bols are in accordance with current government stand- B
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6.615 Dual DC Amplifier Card




NOTE:
1. UNLESS OTHERWISE SPECIFIED ALL RESISTORS ARE £10%, 1/4 W.
= 2 FOR COMPLETE COMPONENT REFERENCE DESIGNATION ADD STAGE
NUMBER IN PARENTHESIS. (EX. QI--(2) ).
——————_———— _I 3. VALUE TG BE DETERWINED AT TEST BY QC.

:
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l ® R4 2l







CHAPTER 2

1-2-2
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Figure 2.2, Location of 0.6.0704-2 Quad Amplifiers

2.3 OPERATING CONSIDERATIONS

The operating information in Section 1, Chapter 1, apply directly to the quad amplifiers

Refer
to these sub-paragraphs for information concerning amplifier balancing and over

load indication
respectively.

The quad amplifiers may be used as inverters or high-gain amplifiers, de
connections. Figure 2.3 illustrates the internal‘connections of the amplif
patching required for operating one amplifier of a quad as an inverter,

Dending on the patching
lers, and shows the

2.4 THEORY OF OPERATION

The quad amplifier uses two 6. 615 Dual DC Amplifier Cards; therefore the th
3
is the same as described in Section 1, Chapter 1. “OrY of operation

2.5 MAINTENANCE AND TEST PROCEDURES

The tests provided in Section 1, Chapter 1 also apply to the quad am

plifierg
should be identical.

» and the test results

QUAD DC AMPLIFIER 6.704-2
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; Figure 2.3. Quad Amplifier, Simplified Schematic and Patching
: 2.6 TROUBLE ANALYSIS

Since the same amplifier circuit is used for both the dual and quad amplifiers, the difficulties

cur within the amplifiers are identical. The most common amplifier problems, to-
Epics auses are listed in Table 1.1, located in Section 1, Chapter 1.

Inverter Network are usually easy to identify by patching

hy



APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A'" - The parts in category "A'" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B" - The parts in category "B" are proprietary items that are available only from EAI,

If proprietary items ave replaced with items ob-
tained from other sources, EAI cannot assume
responsibility for a unit not operating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

1. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAl is curvently vevising the part mumbering sys-
tem. All parts effected by this vevision ave iden-
tified using the new and the old nmumbey (the number
in paventhesis). All parts should be ovdered using
the new number. The old number is provided to
cross veference parts that may still be identified
bhysically, or in other publications by that number.

2. When ordering‘ complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment

purchased.

S When ordering expansion components, note if mounting hardware is required. If hard-
ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
WARE".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART

SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES

THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
HYSICALLY COMPATIBLE WITH THE ORIGINAL COM-

1=2=5 ='_:.
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RIPTION EAl NO. *CAT.
iTem| Rer. pEsiG., DESC

1 n Connector, Plug: 22 Contacts; Male 00 542.0488<=0 A
(Amphenol 133-022~43 or equal)

2 |Rl thru 4 |Potentiometer 00 642.0587~-1 B

3 Commector Block: Lettered 00 542.,1547=2 B
(QUAD AMPLIFIER 0.6.0704-2)
4 Connector Block: White 00 542,1544=2 B

0,6.0615-1 DUAL DC AMPLIFIER CARD

Identical with 0.6.0615 except Item 20 is
deleted (see Book 2, Section 1, Chapter 1).

0.12,0981 INVERTER NETWORK CARD

1 |Crl Diode (ITT G-187 or equal) 00 614,0043-0 A
2 |K1,2 Relay 00 618,0285-0 B
3 |R1-(),2=() |Potentiometer 00 640,0152-0 B
4 |R3=() Resistor, Fixed, Composition: 00 625.0101-0 A

100 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

¥ COLUMN I8 DESIGNED TO INDICATE AVAILABILITY oF rARTS. [UNIT TITLE

PARTS THAT SHOULD s& wm:n--w-n '-O;::';;"-
TS BH 3 y M D FR g /

Wm B¥ RiRchasso QUAD DC AMPLIFIER

WODEL NO. gaune |
7 jagey®




ITEM| REF. DESIG,

DESCRIPTION

EAl NO.

*CAT.

\ Cl-()

4 Ca-()

5 C5-()

6 |C6-0)

7 Cc7-Q0)

8 C8-()

9 Cc9- ()

10 C10-()

11 Cl1l-()

12 Cl2-()

13 Cl3-(),
14-0)

16 CR4- ()

Capacitor
Capacitor

Capacitor, Fixed, Ceramic:
39 pf +5%, 1000V
(Sprague 20C265(10TCC-Q39) or equal)

Capacitor, Fixed, Ceramic :
12 pf +5%, 1000V
(Sprague - 40C502(10TCE-Ql2) or equal)

Capacitor, Fixed, Plastic:
0.0033 uf +5%, 200V
(Sprague 192P33252 or equal)

Capacitor, Fixed, Plastic:
0.033 uf +5%, 200V
(Gudeman 356 or equal)

Capacitor, Fixed, Ceramic:
22 pf +57, 1000V
(Sprague 19C411(l0TCC-Q22 or equal)

Capacitor

Capacitor, Fixed, Ceramic:
20 nf -40% +60%, LS50V
(Centralab DDM-203 or equal)

Capacitor, Fixed, Ceramic:
47 nf +20%, 25V
(Sprague 3Cl5 or equal)

Capacitor, Fixed, Electrolytic:
100 uf -107% +100%, 6V
(Int. Elect. Ind. APS-102 or equal)

Capacitor

Capacitor, Fixed, Plastic:
0,047 uf +57, 200V
(Sprague 192P47352 or equal)

14 | cR1-(),2-()| Diode

15 CR3-(),5-()] Diode (ITT G-187 or equal)

Diode

00 521,0166-1
00 516.0260-0

00 515.0103-0

00 511,1120-2
(00 515,0091-0)

00 522.1332-0
(00 521.0170-0)

00 522.2333-0
(00 521.0181-1)

00 515.0096-0

00 521.0165-0

00 515.0180-0

00 511.5473-4
(00 515,0234-0)

00 516.0261-0
00 516.0264-0
00 522.2473-9

(00 521,0172-0)

00 614.0007-¢

00 614.0043-0

00 614,0199.¢

—_—
e NOTE! THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY op ParTe Tl
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY, < JuNniT TITLE\

.INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI,
8 DUAL DcC AWLIFIER CARD

MODEL NO.

paTE 3 /20 , g o

1-2-8 h.l of 3 g,




N EAl NO. *CAT.
ITEM| REPF. DESIG. ERRERFTIO
: 00 530,0065-0 A,
17 | b1 chogper : 6.3V, 60 CPS, 1.’12(3 ohms Coil: DPDT 53 5
(James C4215 or equa
! . -0 B
18 | NW1-0O) Integrated Circuitry: Resistor Network 00 592.0062
19 | NW2-() Integrated Circuitry: Resistor Network 00 592.0063-0 B
20 | P1 Connector, Plug: 22 Contacts: Male 00 542.0419-0 A
(Amphenol 133-022-23 or equal)
21 |Q1-(),3-O),| Transistor: (Amperex ME9OL or equal) 00 686.0238-0 A
8-() : '
22 1Q2-0 Transistor 00 686.0109-0 B
23 1Q4-0 Transistor 00 686.0129-0 B
24 1Q5 Transistor 00 686.0325-0 B
25 | Q6-0) Transistor (GE 4JX1C1286 or equal) 00 686.0091-0 A
26 | Q7-0) Transistor (Texas Inst. N558 or equal) 00 686.0093-0 A
27 | Q9-0) Transistor 00 686.0248-0 B
28 | Ql0-(),11-0| Transistor 00 686,0111-0 B
29 | R1-0) Resistor, Fixed, Composition: 00 625.0475-0 A
4.7 megohms +57%, 1/4W
(Allen-Bradley CB or equal)
30 |R2-0) Resistor, Fixed, Composition: 00 625.0683-0 A
68K ohms +57, Ll/4W
(Allen-Bradley CB or equal)
31 | R3-(),5-() |Resistor, Fixed, Composition: 00 625.0224-0 A
220K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
32 |R4-0) Resistor, Fixed, Composition: 00 625.0680-0 A
68 otme +57 . 1/4w
(Allen-Bradley CB or equal)
13 |R6-0) Resistor, Fixed, Composition: 00 625.0223-0 A
22K ohms +5%, 1/4u .
(Allen-Bradley CB or equal)
34 |R7-0) Resistor, Fixed, Composition: 00 625.0472-0 A
4.7K ohms +57, 1/4u
(Allen -Bradley CB or equal)
l!;lté:lchri'm}dﬁ;;;u,nv'pr mparTs. [UNIT TITLE :
PURCHASED LOCALLY. ‘
'BE PURCHASED FROM EAl. DUAL DC AMPLIFIER CARD |
i f—:
MODEL NO. ) R
| 0.6.0615  sh,2 of 3 Sh. |

Too-a



EAl NO. *CAT.
T
EM| REF. DESIG. DESCRIPTION
00 625.0512-0 A
35 | R8-0) Resistor, Fixed, Composition:
5.1K ohms +5%, 1/4W
(Allen-Bradley CB or equsl)
: 00 626.0472-0 A
36 |R9-0) Resistor, Fixed, Composition:
4.7K ohms *5%, 1/2w
(Allen-Bradley EB a equal)
: .0153-0 A
37 | R10-() Resistor, Fixed, Composition: L
15K ohms +57,, 1/4W
(Allen-Bradley CB or equal)
. -0 A
38 [R11-() Resistor, Fixed, Compesition: 00 625.0273
27K ohms +57, 1/4W
(Allen-Bradley CB or equal)
39 | R12-() Resistor, Fixed, Composition: 00 625.0181-0 A
180 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
40 | R13-() Resistor, Fixed, Composition: 00 625.0104-0 A
100K ohms +57, 1/4W
(Allen-Bradley CB or equal)
41 | R14-() Resistor, Fixed, Composition: 00 625.0822-0 A
8.2K ohms +57, 1/4W
(Allen-Bradley CB or equal)
42 | R15-() Resistor, Fixed, Compesition: 00 625.0335-0 A
3.3 megohms +57, L/4W
(Allen-Bradley CB or equal)
43 | R16-0O) Resistor, Fixed, Composition: 00 625.0333-
33K ohms +5%, L/4W 333-0 A
(Allen-Bradley CB or equal)
44 | R17-() Resistor, Non-Linear 06 it
.0065-
19- () 328 B
45 | ¥XD1 Socket, Electron Tube: 9 Contacts
(Elco 05-4008 or equal) 00 650.0075-0 A
46 | XQ1-0), Socket 0
3-(),8-0) 0 650.01'62-0 A
47 | XQ2-(), Socket, Transistor: 3 Contacts
4?() thru (Augat 8069-1Gl or equal) 00 650.0121-0 A
7-0),9-(),
10-0),
11-0)
P T mica s ranYe THAT SHouLD ok FUREHASKE tacatey, " "ARTE TUNIT TSR
B ~INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI,
DUAL pc
4 13 oate 5,20 ,gg MOOUGELO:?.
. . 5
Sh. 30f 3 Sh.
1-2-10



APPENDIX 2

DRAWINGS

mwmwamm:mmmm@mmmpmmmm
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model
mmroﬁmhmﬁwq___ it wmeofdrmm and the associated drawing number.
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CHAPTER 3

A v

DUAL INTEGRATOR TRAY, MODEL 0. 12, 1611

AND

POTENTIOMETER, INTEGRATOR TRAY, MODEL 0. 12. 1675

3.1 INTRODUCTION

This chapter describes the 0. 12,1611 Dual Integrator Tray and the 0. 12, 1675 Potentiometer
Integrator Tray which are installed in the positions shown in Figure 3.1. The 0.12. 1611 Inte-
grator Tray and its associated patch block is shown in Figure 3.2. In addition to the basic inte-
grator circuits, logic circuits to control the operation of the integrators are also housed in the
tray.

The integrator circuits in each of the trays are identical. The 0.12, 1611 contains two of these
integrator circuits, while the 0. 12. 1675 contains only one integrator. The patch terminals
normally associated with the second integrator are used to provide patching connections to

five assigned potentiometers.
* POT-INTEGRATOR TRAY, MODEL 0.12.1675

A0O A02 AOB ¢ AlO ATTEN | AR A8 ATTEN.
A03 o | pro- | a3 PI5—
; P14 P19
B .
AMPL AMPL | MULT | amPL E AMPL | INT |-———|AMPL | MULT | AMPL |[===~
> | A04 hat o “lcomp. | Als TS -
A0l AOS A0Q All : als ale | lo/Al:
A20 A22 A28 = A30 A32 A38 |ATTEN
A23 R a33 P35
u My,
N ‘P39
AMPL AMPL | MULT | AmPL K | ampL AMPL | MULT | AMPL |~~~
o B[ FEMELS R ot S [ AL | MULT | PAMBL | s
Az4 A34 /5
Bz A2s A29 A3 A3S A39 | p/a .
A40 A42 | Quap | A4s AS50 as2 | quap | Ase |aTTEn
443 | oo : asy | Los P55
DFG u
AMPL DFG Psg
AWPL | —=——| ampL |-—=-] AMPL AMPL | = =-—| AMPL [-—=-
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Adq A4g T/5 s AS54 A56 T/S
A4l
A45 | Aa7 | ags D/A AS| A55 A57 | ASS D/A
A&0
:52 SINE/ | A68 |aTTEN . ATO A72 | SINE/ | ars | ATTEN
€3 [cosiNg Pes-| o A73  [cOSINE P75
e il L la P69 : i P79
T ——— AMPL | AMPL [————{ AMPL
MDFG X MDFG
" Ass | age umirer] ara | aze LIMITER
1 285 | A67 | aes A7! A75 | A77 | A7

Figure 3.1. Patch Panel Layout, Showing Integrator Tray Locations
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INTEGRATOR TRAY, MOD

e @
jv‘ u.

Figure 3.2. Model 0.12.1611 Integvator Tray and Palching Avea

3.2 TECHNICAL DATA

Integrator Drift (Hold Mode) with Second Time

Scale Selected ..osveecnces I . 25 Microvolts/SEC, Maximum
Integrator Reset Time (from Full Scale)
Milliseconds Time Scale .......coc0ae0 S G o 30 Micros
; ==io econds to
Seconds Time Scale ....coceviveecnacns. S O 2 Milliseconds to 1%1%

Bandwidth in IC Mode with Fast-Milliseconds
Time Scale Selected ...ocevecncen o o i, B «+» 300 kHz, Minimum

Total Instantaneous Dynamic Error
Fast-Milliseconds Time Scale ......... creeseiaen. 0.08% at 200 Hz

0.4% at 1 kHz

3.3 OPERATING CONSIDERATIONS

Figure 3.3 shows typical patching for integrator operations. Additiona] petohin
a
ating information is given in the 580 Reference Handbook (EAI Publjc ation Numbg nd oper-
er

Patching for the 0.12. 1675 Pot-Integrator tray is identical to the lowep siberas 00 800. 2055-0).
or

Figure 3. 3. patching in

1-3-2
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INTEGRATOR TRAY, MODELS 0.12.1611 AND 0. 12. 1675
CHAPTER 3

TEE BOTTLE PLUG
TWO-PRONG BOTTLE PLUG

TWO-PRONG BOTTLE PLUG

TWO-PRONG BOTTLE PLUG

A 1 TEE BOTTLE PLUG

IDENTICAL WITH SINGLE
INTEGRATOR

TWO-PRONG BOTTLE PLUG
TWO-PRONG BOTTLE PLUG
FOUR-PRONG BOTTLE PLUG

—— o

DUAL INTEGRATOR
0.i2.1611

DUAL AMPLIFIER
0.6.0614-1

Figuve 3.3. Typical Integrator Patching
3.4 THEORY OF OPERATION

Both the 0.12. 1611 Integrator Tray and the 0.12. 1675 Pot, Integrator Tray include the operate
and initial condition electronic switches, the integrator feedback capacitors, and the logic con-
trol circuits (see Figure 3.4). Since the -0 and -1 integrators in the 0. 12. 1611 and the integra-

tor in the 0. 12,1675 are identical only the -0 integrator and its control circuits are described
in this section.

The level-shifter/drivers (transistors Q9-Q12) develop complementary drive signals, at the
correct levels for the electronic switches, from the Mode Select signal. The electronic
switches each consist of a field-effect transistor (FET) and a PNP transistor. Each switch is
analogous to a "form-C'" relay contact; the input signal is connected to the "arm'', the '""normal-
ly-closed'' contactis grounded, and the "normally-open'’" contact is connected to the input of the
amplifier. The transistor is equivalent to the normally-closed contact, and the FET is the
equivalent of the normally-open contact; the input signal is connected to the junction between
the emitter of the transistor and the source terminal of the FET. The transistor and the FET
in each switch are complementary, When the drive signal to the switch is low, the transistor
is saturated, grounding the input signal, and the FET is cut off. When the drive signal goes
high, the FET conducts, coupling the input signal to the operational amplifier, and the trans-
istor is cut off. Since the drive signal to the operate and initial condition electronic switches
are complementary, only one switch couples a signal to the amplifier at any time.

1-3-3
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MODELS 0.12.1611 AND 0.12.16¢

INTEGRATOR TRAY,
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Figure 3.4. Integrator Tray, Simplified Schematic



CHAPTER 3 INTEGRATOR TRAY, MODELS 0. 12. 1611 AND 0. 12. 1675

In normal integrator operation, the summation of the analog input current is patched to the OJ
terminal. This terminal is connected to the arm of the hold relay, K1. When the hold relay is
de-energized, the OJ terminal is grounded through the normally-closed contacts of the hold
relay and the readout relay in the amplifier select system. When the tray is addressed for
readout, the readout relay is energized, connecting the normally-closed terminal of the hold

relay to the derivative readout bus.

The integrator feedback capacitors, all of which mount on the printed circuit board, consist of

a 9 microfarad capacitor (C2), two adjustable capacitors (C18 and C19) valued at 0. 002 micro-
farad and 0. 018 microfarad respectively, and dua_ll 0.5 microfarad capacitors (C1A and C1B)
packaged in a single sealed enclosure. The capacitors are connected from the FAST and C
terminals through contacts on the time scale (TS) relay (K2) and hold relay (K1) to the OJ ter-
minal. When the TS relay is de-energized (1 8 Mode), capacitor C2 (9 microfarad) is connected
between the FAST and OJ terminals, and C1A and C1B (equaling 1 microfarad) are connected be-
tween the C and OJ terminals. In the energized state (2 microsecond mode) adjustable capaci-
tors C18 (0. 002 microfarad) and C19 (0. 018 microfarad) are connected from the C and FAST
terminals respectively to the OJ terminal. The table below indicates the value of the feedback

capacitors in the different operating modes.

Table 3.1. Integrator Feedback Capacitor Values

Fast Terminals Time Scale Feedback Capacitor Value
Bottled 1 SEC 10 pF
Bottled 2 MS 0.02 uF
Not Bottled 1 SEC 1pF
Not Bottled 2 MS 0.002 uF

The network consisting of diodes CR3, CR4, and CR21 is designed to provide rapid initializing

of the integrator without overloading the.amplifier. For example, if a positive initial condition

is being set, the transient current through the feedback capacitors causes diodes CR4 and CR21 to
conduct through R36. The resultant positive voltage at the junction of CR4 and CR21 is fed to the
amplifier input as an inverse feedback. Similarly, if a negative initial condition is being set, the
transient current through the feedback capacitors causes diode CR3 to conduct through R36. The
resultant negative voltage at the junction of R36 and CR3 is coupled through CR21 as an inverse
feedback signal. The value of R36 is selected so that the amplifier receives a feedback signal
only when its transient current capacity nears a maximum value. Thus the integrator can be
initialized in a very short time without causing amplifier overloading.

1-3-5
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INTEGRATOR TRAY, MODELS 0.12.1611 AND 0.12.1675

Di i itor
todes CR23 and CR24 protect the operate electronic switch from damage during peak capacitor
charging currents, or if signal is inadvertantly patched directly to the 0J terminal instead of

being coupled through an input resistor. Diodes CR1 and CR2 protect the initial condition elec-

tronic switch in the same Wway, against low-impedance signal sources patched to the IJ terminal.

Logic control of the integrator tray is accomplished using a series of AND and OR gates which
in turn control the TS and HOLD relays and the electronic switches.

The IC switch is controlled by OR-1 and the Q9, Q11 level shift/driver circuits. When either
the IC patch terminal or the SP line goes low, the base of Q11 goes low, the transistor con-
ducts and the base of Q9 goes high. With its base high, transistor Q9 conducts and a -20 volt
drive signal is connected to the gate base junction of Q1 and Q3. The negative drive voltage
causes the FET (Q3) to conduct coupling the input signal to the amplifier and causes Q1 to cut
off lifting the ground from the IJ terminal. When the IC terminal and the SP line both go high,
FET Q3 is cut off and transistor Q1 conducts grounding the IJ terminal.

Operation of the OP switch is identical with the IC switch except that it takes one input (ST) to
control the OP switch.

The HOLD relay is controlled by two OR gates (OR-2 and OR-3), an AND gate (AND-1) and a
level shifter (LS). The HOLD relay is normally in the energized state. If the SP, ST or IC
and OP signals go low the outputs of OR gates 2 and 3 go low. Transistors Q14 and Q15 form
an AND gate (AND-1) whose output goes high if both inputs are low. With the output of the AND
gate high the input to the level shifter is at +5 volts and its input is at 0 volt and the relay is de-

energized. If none of the inputs to OR gates 1 and 2 go low the relay remains energized.

The operation of the time scale relay depends on the logic level at the TS patch terminal. When
the signal at the patch terminal goes low, the base of Q16 is negative and the transistor conducts,
When Q16 conducts pin 4 of relay K2 is grounded and the relay is energized. If the signal at

the TS patch terminal goes high, the driver Q16 does not conduct and the relay is in the de-

energized state.
3.5 CIRCUIT DESCRIPTION

Refer to Schematic D00 012 1612 0S or D00 012 1684 0S for the following description of the
circuit.

Transistor Q9-Q12 form the level-shifter/driver circuit for the electronic switcheg Q1-Q3
Qs

and Q2-Q4. Transistor Q11 receives the mode select signal as ap input, The Q11 stage i
e is

1-3-6



CHAPTER 3 INTEGRATOR TRAY, MODELS 0.12.1611 AND 0.12. 1675

connected as a phase inverter, developing complementary signals at its collector and emit-
ter. The inverted signal at the collector of Q11 is connected to the base of inverter Q9.

The collector of Q9 provides the drive signal to the initial condition electronic switch, Q1-
Q3. The non-inverted signal from the emitter of Q11 is coupled to common-base buffer Q12.
The non-inverted signal at the collector of Q12 is connected to the base of Q10, and the sig-

nal at the collector of Q10 drives the operate electronic switch.

The operate and initial condition electronic switches are identical. The operate electronic
switch, consisting of Q2 and Q4, receives a drive signal from the collector of Q12, This
signal is connected directly to the gate terminal of Q4, and through R4 to the base of Q2.
When the drive signal is low, Q4 is cut off and Q2 is saturated. The conducting of Q2 ef-
fectively grounds the operate analog signal through R6. When the drive signal goes high, Q2

is reverse biased and Q4 couples the operate signal to the |J terminal.

Diodes CR17 and CR18 form an OR gate used as the input to the drive B (IC switch drive)
circuit. Diodes CR10, CR17 and CR18 form an OR gate which along with the OR gate formed
by diodes CR11, CR15 and CR29, and the AND gate consisting of Q14 and Q15 serve as an
input circuit for level shifter Q13. The emitter of Q13 is connected to pin 1 of relay K1,
Transistor Q16, connected as a driver stage, controls the operation of the time scale (TS)
relay.

3.6 MAINTENANCE AND TROUBLESHOOTING

Apparent malfunctions in the integrator tray are frequently due to patching errors. Before
attempting to troubleshoot, assure that the patching is correct.

The second step in troubleshooting requires isolation of the problem to the integrator sections
or the control section. Remove the malfunctioning integrator and insert a test shelf. Mount
the integrator tray on the test shelf, and using Figure 3.4, check for control signals, driver
outputs, etc. A schematic component location diagram for each of the integrator cards is
provided in the integrator or control sections, standard troubleshooting procedures can be

used to determine which component is malfunctioning.
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APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A" - The parts in category '"A" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B'" - The parts in category "'B'' are proprietary items that are available only from EAL

If proprietary items arve veplaced with items ob-
tained from other souvces, EAI cannot assume
responsibility for a unit not operating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

1. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAl is currvently revising the part numbering sys-
tem. All parts effected by this revision are iden-
tified using the new and the old number (the number
in parenthesis). All parts should be ovdered using
the new number. The old number is provided to
cross refevence pavts that may still be identified
bhysically, or in other publications by that number.

2. When ordering complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the FAI project number of the original equipment

purchased.

3. When ordering expansion components, note if mounting hardware is required. If hard-
ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
WARE".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND

PHYSICALLY COMPATIBLE WITHE THE ORIGINAL COM-
PONENT,
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T, [ DESCRIPTION EAI NO. *CAT.
1 | n Connector Block: Whitel 00 542,1545-2 B
2 Conne(.!tor Block: thte!‘ed 00 542'1547-7 B

(DUAL INTEGRATOR 0,12.1611)
0.12.1612 DUAL ELECTRONIC INTEGRATOR CARD
1 |c1,3 Capacitor 00 525.0023-0 | B
2 | C2,4 Capacitor 00 521,0138=0 B
3 |c5,18 Capacitor 00 525.0085-0 B
4 | c6,7,11,12 | Capacitor, Fixed, Ceramic: 00 515.0405-0 A
470 pf +5%, 500V
(Erie 831-000-X5R0-271J or equal)
5" | €5,18 Capacitor 00 524,0084-0 B
6 |C8,14 Capacitor, Fixed, Electrolytic: 00 517.1476=4 A
47 uf +20%, 35V . (00 516.0269-0)
(Sprague 150D or equal)
6a | C10,19 Capacitor 00 524.0085-0 B
7 |c13 Capacitor, Fixed, Ceramic: 00 511.5473=4 A
47 nf +20%, 25V (00 515.0234=0)
(Sprague 3Cl5 or equal)
8 c1l5 Capacitor, Fixed, Ceramic: 00 515.0074=0 A
330 pf +10%, 600V :
(Corngll-Dubilier JBZ601YP331K or equal)
9 |c17 Capacitor, Fixed, Ceramic: 00 515,0238-0 | A
3.9 nf +10%, 200V
(Vitramon VK33BW392K or equal)
10 |CRr1,2,5,6, | Rectifier 00 614.0110-0 | A
24,26 (Solitron Devices, Inc., CER-68 or equal)
11 | CR3,4,7,8, | Diode 00 614.0007-0 | - B
17,18,21,22
12 | cr9 Diode: Zener 00 614,0214-0 | A
(Motorola 1/4M 6,24710 or equal)
13 CR10 thru |Diode 00 614.0293-0 B
16,19,27, .
28,29,30,31
I 00 648,0004=0 |
e NOTE: THE CATE . NED TO INDICATE avAILABILITY OF PARTS. [UNIT TITLE
& INDICATES PARTE THAT SHOULE Bt pemCHATED LOCALLY.
DUAL INTEGRATOR TRAY
MODEL NO.
- DATE 4 /29 /68 0.12:1611 Sh. 1lof 3 Sh.

p-7

-
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ITEM| REF. DESIG. EAI NO. *CAT.
DESCRIPTION
15 K1 Relay 00 618.0303-0 | B
16 | K2 g .0171-0 A
Relay: 18 VDC, 520 ohms Coil, 00 618
4 Form C Contacts
(Allied Control T-154-4C-520 or equal)
| Connector, Plug: 22 Contacts; Male 00 542.0488-0 | A
(Amphenol 133-022-43 or equal)
18 |Q1,5,11,12 Transistor 00 686.0258-0 B
19 1Q2,6 Transistor 00 686.0270-0 | B
20 |Q3,4,7,8 |Transistor 00 686.0245-0 | B
21 |1Q9,10 Transistor: 2N3646 00 686.0230-0 | A
22 1Q13,16 Transistor: 2N3638A 00 686.0305-0 | A
23 1Ql4,15 Transistor: 2N3638 00 686.0250-0 | A
24 |R1,2,7,8 Resistor, Precision (Matched Pair) 00 640.0109-0 B
25 |R3,4,9,10 |Resistor, Fixed, Composition: 00 625.0272-0 A
2,7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
26 |R5,11 Resistor, Fixed, Composition: 00 625.0112-0 A
1.1K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
27 R6,12 Resistor, Fixed, Ccunpoaition: 00 626.0109-0 A
1 ohm +5%, 1/2W : '
(Allen-Bradley EB or equal)
28 |R13,14 Resistor, Fixed, Composition: 00 626.0102-0
' 1K ohms +5%, 1/4W A
(Allen-Bradley CB or equal)
29 |R15 Resistor, Fixed, Composition: 00 626, .
820 ohms +5%, 1/2W 6.0821-0 | A
(Allen-Bradley EB or equal)
‘ ion:
30 |r16,17,18, |Resistor, Fixed, Composition: 00 )
20 1.2K ohms +5%, 1/&W 625.0122-0 | A
(Allen-Bradley CB or equal)
31 |Rr19,27 Resistor, Fixed, Composition:
' 2.2K ohms +5%, 1/4M 00 625.0222-0 | A
(Allen-Bradley CB or equal)
FRoTaiTHE caTESORY coLuMi I8 DEMONES 1L L ckatn Locauiy, o [UNITTITCE
B -INDICATES PARTS THAT sSHOULD BE PURCHASED FROM EAI,
| PUAL INTEGRATOR TrAY
MODEL NO
pate 10 /11 /767 0 i
212.1611 Sh. 2 of 3 Sh.

~ = 1 '.‘
1-3=12




ITEM

REF. DESIG.

DESCRIPTION

EAl NO. *CAT.

32

33

34

35

36

37

38

39

40

41

42

R21

R22

R23,24,42

R25

R26

R36,37

R38

R39

R40,41

R43, 44

XK2

Resistor, Fixed, Composition:

1.8K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
15K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
10K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
18K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
1.5K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
10 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
390 ohms +5%, 1/2W
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:
10 ohms +5%, 1/2W
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:
3.3 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
100 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Socket

00 625.0182-0 A

00 625.0153-0 A

00 625.0103-0 A

00 625,0183=-0 A

00 625.0152-0 A

00 625.0100-0 A

00 626.0391-0 A

00 626.0100-0 A

00 625.0339-0 | A

00 625.0101-0 A

00 650.0079-0 |.B

NOTE: THE CATEGORY cCOoLUM
A - INDICATES FAI.T'
® - INDICA TES PARTS

DATE 10/ 11 l67

N IS DESIGNED TO INDICATE AVAILABILITY OF PARTS,
THAT SHOULD BE PURCHASED LOCALLY.
THAT SHOULD BE PURCHASED' FROM EAl.

MODEL NO.

UNIT TITLE

DUAL INTEGRATOR TRAY

0.12,1611

Sh. 3 of3 Sh.

v

1-5
1-3-13



ITEM

Conneator Block:
0.12.1675)

Lettered (POT-INTEGRATOR

EAI VO, FOAR
REF, DES|G, DESCRIPTION
, 00 542.0488-0 A
1 [p2 Connector, Plug: 22 Contacts; Male
(Amphenol 133-022-43 o equal)
' 00 542.1545=2 B
2 |J1 Connector Block: (White)
| 00 542.0569-0 A
3 Connector, Plug: 23 Contacts; Male
(Amphenol 133-022-21 or equal)
4 00 542.1547-9 B

NED TO
MN I3 DESIS
TESOAY COLU it
i CI:DI'CA‘TI' PARTS THAT IHO:‘I:: o
: -INDIGO TES PARTS THAT SHO

INDICATE AVAILABILITY oF PARTS,
PURCHASED LOCALLY,

URCHASED FROM EAI,

pATE 1o/ 14 /g7

UNIT TITLE

INTEGRATOR poT TRAY

MODEL No.

1=3=1%

0.12.1675-0 ¢ 1 of ] Sh.

f F i | ™ F == F . | ¥ & P |



ITEM| REF. DESIG. DESCRIPTION EAI NO. ‘CAT.

1 Jec1 Capacitor: Matched Pair 00 525.0011-0 B
2 |c2 Capacitor: 00 521,0138-0 B
3 |c6,11 Capacitor, Fixed, Ceramic: 00 515,0405-3 A

470 pf 5%, 500V
(Erie 831-000-X5R0-471J or equal)

4 |c8,l14 Capacitor, Fixed, Electrolytic: 00 517.1476-4 A

47 uf +£20%, 35V
(Sprague type 150D or equal)

5 |C13 Capacitor, Fixed, Ceramic: 00 511,5473-4 A
0.047 uf +£20%, 25V (00 515.0234-0)
(Sprague type 3Cl5 or equal)

6 |Cl15 : Capacitor, Fixed, Ceramic: 00 515.0405-3 A
330 pf 107, 600V
(Cornell-Dubilier LA6T33C4 or equal)

7 |C17: Capacitor, Fixed, Ceramic: 00 515.0237-0 A
3900 pf +10%, 200V
(Vitramon VK31CW392K or equal)

8 |Cl18 Capacitor: 00 524.0084=-0 B
9 |Cl19 Capacitor: 00 524,.0085-0 B
10|crR1,2,24 Diode: 1N4002 00 614,0110-0 A
11|CR3,4,17, Diode: 00 614,0007-0 B
18,21
12| CR9 Diode: Zener, 6,2V 00 614,0214-0 A
(Motorola type 1/4Mb,2AZ10 or equal)
13|CR10 thru Diode 00 614,0293-0 B
16, 19, :
27 thru 31
14|CrR23 Stabistor 00 648,0004-0 | B
15Kl Relay: 00 618,0303-0 B
16|K2 Relay, Armature; 4 Form C, Coil 520 ohms, 00 618.0171-0 A

18V (Allied Control T154-4C-520 or equal)

171p1 Connector, Plug: 22 Contacts; Male 00 542,0419-0 A
(Amphenol 133-022-43 or equal)

CATEGORY COLUMN I8 DESIGNED To | . TTIT
T T CaTes anTe Ta BMoULD we Foncheses cacaery |
® -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl. SINGLE INTEGRATOR CARD
! MODEL NO.
*2 : e s oaTE 12/ 14 ! A2 00.012,1684 ShLL,of 3 Sh.
1-3-15

: mass |
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ITEM| REF. DESIG, - EAI NO. “CAT.
DESCRIPTION .
- A
18 1Q1,11,12 Transistor: 2N3640 00 686,0258-0
19 1Q2 Transistor 00 686,0270-0 B
20 1Q3,4 Transistor 00 686.0245-0 B
- A
21 Q9’10 Transistor: 2N3646 00 686.0230-0
22 |1Ql3,16 Transistor: 2N3638A 00 686.0305-0 %
23 |Ql4,15 Transistor: 2N3638 00 686.0250-0 A
24 IR1,2 Resistor, Precision: Matched Pair 00 640,0109-0 &
25 |R3,4 Resistor, Fixed, Composition: 00 625.0272-0 &
2.7K ohms #5%, 1/4W
(Allen-Bradley CB or equal)
26 |R5 Resistor, Fixed, Composition: 00 625,0112-0 A
1.1K ohms *5%, 1/4W
(Allen-Bradley CB or equal)
27 |R6 Resistor, Fixed, Composition: 00 626,0109-0 A
1 ohm +57, 1/2W
(Allen-Bradley EB or equal)
28 |R13,14 Resistor, Fixed, Composition: 00 625.0102-0 A
1K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
29 |R15 Resistor, Fixed, Composition: 00 626,0821-0 A
820 ohms +5%, 1/2W
(Allen-Bradley EB or equal)
30 |R16,17,18, | Resistor, Fixed, Composition: 00 625.0122-0 A
20 1.2K ohms %57, l/4W ‘
' (Allen-Bradley CB or equal)
i ition:
1 |R19,27 Resistor, Fixed, Compos 00 625.0222-0
g 2,2K ohms #5%, l/4W A
(Allen-Bradley CB or equal)
i i ition: _
1 Resistor, Fixed, Composit 00 625.0185.
e 1.8K ohms #57, Ll/4W 5.0182-0 A
(Allen-Bradley CB or equal)
Resistor, Fixed, Composition: B
sl i 15K ohms, 5%, L/4W 625.0153-0 A
(Allen-Bradley CB or equal)
 NOTE: THE CATEGORY COLUMN I8 DESIGNED TC:i l:s;z;:::;::—:":t:" OF ParTs. JUNIT TITLE
A - INDICATES PARTS THAT m:::: :' PURCHASED FROM EALL
® - INDICATES PARTS THAT $H SINGLE INTEGRATOR CaRD
MODEL No.
DATE 127/ 14 ‘g7 00.0
12.1684 g , of 3 Sh.

1<3-16




ITEM| REF, DESIG. DESCRIPTION EA|l NO. *CAT.
34 |R23,24,42 | Resistor, Fixed, Composition: 00 625,0103-0 A
10K ohms 5%, 1/&W
(Allen-Bradley CB or equal)
35 |R25 Resistor, Fixed, Composition: 00 625.0183-0 A
18K ohms %5%, L/4W
(Allen-Bradley CB or equal)
36 |R26 Resistor, Fixed, Composition: 00 625.0152-0 A
1.5K ohms 5%, L/4W
(Allen-Bradley CB or equal)
37 |R36 Resistor, Fixed, Composition: 00 625,0100-0 A
10 ohms £5%, l/4W
(Allen-Bradley CB or equal)
38 |R38 . Resistor, Fixed, Composition: 00 626.0391-0 A
390 ohms %5%, 1/2W
(Allen-Bradley EB or equal)
39 |R39 Resistor, Fixed, Composition: 00 626.0100-0 A
10 ohms 5%, 1/2W
(Allen-Bradley EB or equal)
40 |R4O Resistor, Fixed, Composition: 00 625,0339-0 A
3.3 ohms %57, 1/4W
(Allen-Bradley CB or equal)
41 |R43,44 Resistor, Fixed, Composition: 00 625.0101-0 A
100 ohms 5%, 1/4W
(Allen-Bradley CB or equal)
42 | XK2 Socket Relay: 00 650,0079-0 B
froTE: "‘H:.‘i::l‘:::“; ‘:&:‘:‘;:"_:":‘:;:’;:z TO INDICATE AvaILASILITY OF PARTS. [UNIT TITLE
o -INDICATES PARTS THAT SHOULD Bk ::::::::D EPeALLY:
2 FRERLEAT SINGLE INTEGRATOR CARD
MODEL NO.
- e : oate 12 7/ 14 / 67 00.012,1684 Sh-3 Of3 Sh.
1-3-17/18
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standard drafting practices for electro-mechani-
/in accordance with current government stand-
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SECTION 2

NON-LINEAR COMPONENTS

CHAPTER 1

HIGH ACCURACY QUARTER-SQUARE MULTIPLIERS, MODELS 0.7. 0146 and 0. 7. 0150
1.1 INTRODUCTION

This chapter describes the 0.7.0146 High Accuracy Quarter-Square Multiplier and the 0. 7. 0150
Dual Quarter-Square Multiplier. These units are installed in the positions shown in Figure 1.1
in standard computers. The trays (Figure 1.2) are similar in that each contains the same printed

circuit cards but are dissimilar in the patching areas.

The amplifier circuit is described in detail in Section 1, Chapter 1. Therefore, the amplifier

is illustrated and described only as a basic operational amplifier in this chapter.

* QUARTER-SQUARE MULTIPLIER MODEL 0.7.0150

AOO ATTEN | AD2 | a0s ATTEN c Al0 ATTEN | A12 e A ATTEN
P0O- | A03 pos-| Pio- | a3 : PIS—
PO4 PO9 L Pl4 G PI9
AMPL | INT |———-| AMPL AMPL [———— E AMPL | INT [-—=—] AmMPL | MULT | AMPL |————
COMP | AO4 1S | comP. | ata | o T/S
A0 F/R | A0S A09 | D/A All F/R | AIS oo as | oa
A20 ATTEN | 22 A28 |ATTEN | A30 ATTEN | A32 [ ] A38 [ATTEN
P20- | A23 P25- R P30- | A33 fiiw P35~
P24 P29 : P34 s P39
AMPL | INT [————|AMPL AMPL |====] K | aMPL | INT [=—==| AMPL | MULT ——==
3
COMP | A24 T/S COMP. | A34 | T/S
A2i F/R | a2s A29 | p/a A3I F/R [ a3s |0 D/A
As0Q ATTEN | A42 ‘| A48 |ATTEN AS50 ATTEN | AS2 | QuAD:| ASE |ATTEN
P40- | A43 P45- : pso- | as3 [ (Lo P55
P44 . DFG. . P49 v PS4 | OFG : P59
AMPL | INT |——-=] AMPL |\=r~==| AMPL [=—~—-] n | ampL | INT [-==-] AmPL [==-=| ampPL |-—=-
MDFG 5 ;
COMP | A44 |- A4s - T/5 s comp. | As4 /s
A4l F/R | Aa5 | pa7 )| Ass | b/a ASI F/R ASS AS9 D/A
AB0 ATTEN| A62 | SINE/!| A68 |ATTEN AT70 ATTEN | A72 A78 | ATTEN
Peo-| A63 |cosing PES- ’T‘ p70- | AT3 P75
[ DU P&9 4 P74 P79
AMPL [ INT f————| AMPL [ f aMPL [-oe] N AMPL | INT [————| AMPL |- AMPL |————
NDEG K
COMP | A64 | ABEB | LIMITER| 3 COMP. | A74 LIMITER
A6| F/R | A65 | a67. | Ase I A7l F/R a75s AT9

Figure 1.1. Patch Panel Layout Showing 0.7.0146 and 0.7.0150 Quartey-Square
Multiplier Locations
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CHAPTER 1 6 AND 0,7.0150

QUARTER-SQUARE MULTIPLIERS, MODELS 0.7.014
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(b) Multiplier Tray, 0,7.0150

Figure 1.2, Multiplier Trays
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0150
ER-SQUARE MULTIPLIERS, MODELS 0.7.0146 AND 0.1.
CHAPTER 1 QEART

Th ltiplier circuit uses the quarter-square principle, illustrated by the following identity:
e multiplie

XY 2__ lX-le
5 5 5

The use of this identity reduces multiplication to the operations of squaring and summation.

The squaring operations are performed by two function generating networks on the multiplier

card, and the summation is performed by the output amplifier.

Each multiplier is capable of multiplying two variables and division. In addition to these
functions, the 0.7.0146 is capable of squaring two variables independently, or extracting the

square roots of two variables independently.

1.2 TECHNICAL DATA

The following specifications refer to the multipliér circuit when patched for multiplication,

and include the output amplifier measured at 75°F room ambient.

Static Error
x|+ |y | 220V ..., ol veeees. 40,015% of Full Scale, Typical
+0. 025% of Full Scale, Maximum
Xand ¥ = 0V coocensss T (o .. +0.0025% of Full Scale, Maximum
Input Impedance

EACH INDIE oieae iva se s ieiane oo sromininiros s siasio’s 1Bk

1.3 OPERATING CONSIDERATIONS

These multiplier, while containing similar circuits, are somewhat different in operation,
Typical multiplication patching for each multiplier is shown in Figure 1.3. Note that the
upper multiplier in the 0.7.0146 tray contains patch terminals to permit patching inputs to ‘
both sections of the multiplier. The lower multiplier and the 0. 7. 0150 multiplier do not
contain this feature. The 0.7.0150 tray also contains patch terminals for MDFG readout,
(See Chapter 5, Section 2 of this manual for MDFG information.) Additional multiplier

operational information is contained in the 580 Reference Handbook (EAI Publication Number
00 800, 2055-0).

2-1-3



CHAPTER 1
QUARTER-SQUARE MULTIPLIERS, MODELS 0.7. 0146 AND 0.7.0150

e@ [-O
L4 L4
4 X,

OUTPUT FROM |A._'...3¢.
UPPER MULTIPLIER ——— 1R NI |
|B "||
DI _;:
'/ / l’/ Y A
10 vl B A A B o B
T e e i
7 _ MULT
iNPUTS  |-x —2B Y@ " \puTs
P 4 LOWER
. 2@ |-x@_L_ _x!MULTIPLIER
___{ > & +Y! _Yg— ;; INPUTS
OUTPUT FROM - | DUAL MULTIPLIER
LOWER MULTIPLIER — 0.7.0146

(@) 0.7.0146 Multiplier

w@® |[+0O

@ [-O

ouraur rmow — 2 [ |12
INP of |-

MULTIPLIER UPPER O | xO

MuLTIPLIER | YO 5O

-vQO O;

“® | O

) O}

OUTPUT FROM +O )

LOWER INPUTS TO | |xO) [1O

MULTIPLIER LOWER

MuLTIPLIER | [+YO | xO

O 70

MULTIPLIER

0.7.0150

(b) 0.7.0150 Multiplier

Figuve 1.3. Multipliers Patched for Multiplication,
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CHAPTER 1

1.4 THEORY OF OPERATION

As previously stated, the operation of the quarter-square multiplier is based on the identity:

xv=1/4 [X+7° - (Xx-v?7]

This identity is readily implemented by analog computer circuits. Figure 1.4 shows a basic
multiplier circuit employing this technique. Referring to this circuit, note that +X and +Y

are summed through resistor R1 and R2, and +X and -Y are summed through R3 and R4.
Diodes CR1, CR2 and CR3 are each reverse biased at different potentials by individual bias
resistors connected to a negative potential. The value of the input resistor to each diode (rep-
resented by Ri)’ and the potential at which each diode begins to conduct, is carefully selected

' R.
+x . R i
HXNO

CRI

Py R2 —BIAS

CR2

—BIAS R¢b

CR3 'f

—QO XY
—BIAS

>
S
S
<
>
S
>
<
b
o
:UT
i

+BIAS

Figure 1.4. Simple Quarter-Square Multiplier
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.0146 AND 0.7. 0150
CHAPTER 1 QUARTER-SQUARE MULTIPLIERS, MODELS 0.7.0

oximation to
50 that the output current from the CR1-CR2-CR3 network represents an appr

—_— t which approxi-
[ X ; 12 Similarly, the CR4-CR5-CR6 network produces an output curren .
z - esu
mates - [— L4 2. The minug Sign within the parenthesis indicates that the r

represents the difference between X

a Y : = 3: .
ue o Y' Ih.e mir 1us Si gn

olarit
before the parenthesis results from the reversed p Y
of CR4-CR6 Compared with CR1-CR3

: 1 drawbacks:
This simple circuit could be used to multiply, but it suffers from severa

1. The value of X and Y must be = zero.

: : i ximation must
2. Since only three diodes are used in each squaring circuit, the appro

necessarily be coarse, and substantial errors result,

i ifi in Figure 1, 5.
To correct the first of these difficulties, the circuit may be modified as shown . tl-“guadditicm
e
The addition of resistors R5 throughR8 and diodes CR7 through CR10, together wi

Rj
+x Rl

+XING

-y R2

CR2
| -X RS

—BIAS Reb
4
CR3 T

—O XY
!

-BIAS

CR4

+BIAS

.

CRS

+BIlAS

CRe

+BIAS

. drant Quarter-Square Multipli ey
. Simple Four Qua
Figure 1.5.
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CHAPTER 1 QUARTER-SQUARE MULTIPLIERS, MODELS 0.7.0146 AND 0.7. 0150

of an inverted value of X, permits either or both inputs to be negative in polarity. This cir-
cuit thus provides full four-quadrant multiplication. Diodes CRT7 through CR10 may be thought
of as input selecting diodes, since they determine which input summing networks (resistors
R1-R8) are connected to the squaring circuits for any combination of input amplitudes and

polarities, The following table (Table 1.1) indicates the conducting diode or diodes for all

input combinations.

The four-quadrant multiplier of Figure 1.5 still suffers from the inaccuracy imposed by the
small number of diode networks. The accuracy may be improved to any degree required by

adding more diode networks in parallel with CR1-CR3 and CR4-CRS.

Table 1.1, X and Y Combinations and Conducting Diodes (See Figure 1.4.)

Number Condition Conducting Diode(s)
1 X>0, Y>0, X>Y CR17, CR9
2 X>0, Y>0, Y >X CR17, CRI10
3 X>0, Y<0, X>Y CR7, CR9
4 X>0, Y<0, Y>X CR8, CR9
5 X<0, Y>0, X>Y CR8, CRI10
6 X<0, Y>0, Y>X CR7, CRI10
7 X<0, Y<0, X>Y CR8, CRI10
8 X<0, Y0, Y>X CR8, CR9
9 X>0, Y>>0, X=Y CRT
10 X>0, Y<0, X=Y CR9
11 X<0, Y>0, X=Y CR10
12 X <0, ¥<0, X=X CR8

1.5 CIRCUIT DESCRIPTION
Since the circuit descriptions for both the 0.7.0146 High Accuracy Quarter-Square Multiplier
and the 0.7.0150 Dual Quarter-Square Multiplier are identical, only the 0.7.0146 is described

below.

Refer to Schematic D00 007 0146 0S for the following description. The card consists of two 21-
segment function generator networks, and the precision 10k amplifier feedback resistor.

2-1-7



CHAPTE
TER 1 QUARTER-SQUARE MULTIPLIERS, MODELS 0.7.0146 AND 0.7.0150

The two function generator networks are identical except that the diode and reference voltage
polarities for the second network are the reverse of those shown along the upper part of the

Schematic, Therefore, only a partial schematic of DFG?2 is provided, to illustrate the polarity

reversal, and only DFG1 ig described in this section.

The function generator circuit consists of six groups of diode networks. The first network
consists of diodes CR1-CR4 and the associated bias and input resistors. The +X, and +Y

1 1
Inputs are summed by R1a and Rlb, while the -X. and -Y, inputs are summed by Rlc and R1d.

The four R1 resistors are precisely matched, ané encapsulated in an epoxy compound. The
encapsulation assures protection and assists in maintaining a common temperature for the
resistors, as well as preventing any mixing of the resistors in a matched set. The summing
junction of Rla and R1b is connected to the anode of CR1a, while the summing junction of Rlc
and R1d is connected to the anode of CR1b, The CRI diodes perform the input selection func-
tion corresponding to diodes CR7 and CR8 of Figure 1. 4; they are very carefully matched at
a selected current level, and placed in an epoxy case. The epoxy case is coded with the last

three digits of the EAI part number to indicate the current level at which the diodes are matched.

The CR1-CR4 network produces the first three segments of the squaring curve as the summa-
tion of +X1 and +Y1 or -X1 and ~Y1 increases in a positive direction from zero. Since all
diodes have a finite forward voltage drop, the first segment could not be produced until the
input sum reaches this finite value to cause diodes CR1 and CR2 to conduct. This would re-
duce the accuracy of the square curve produced by the function generator for low input values.
To eliminate this error, positive bias voltages are applied to the anodes of CR1a and CR1b by
temperature compensated networks R2-R4 and R13-R15. The bias voltage is adjusted so that
CR1a and CRI1b are just at the threshold of conduction with no input signals. This forward
biasing is necessary only for the networks producing the first positive and negative-going

segments.

Diodes CR2, CR3 and CR4 produce the first three segments of the Squaring curve. Diode CR2
is normally reverse-biased by the voltage divider between the input +10 volts and -10 volts
When the input goes sufficiently positive to overcome the reverse bias, g current flow

s through
R5 and CR2 to the common cathode junction of all segment diodes.

: AS the input continues to
increase, the reverse bias for CR3 is overcome, and a current flows through R7 and CR3

Note that resistor R6 acts as a biasing resistor for CR2 and as part of the input resistance
for CR3 and CR4., This dual use of resistors reduces the number of precision Components
required, and results in a more stable circuit than that represented by Figure 1.
each diode has a separate input and bias resistor. Resistor R12 adjusts the bias
CR2 through CR4, so that the breakpoints oceur at the proper input leyelg to gene

4, where
for diodes
rate an

2-1-8
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CHAPTER 1 QUARTER-SQUARE MULTIPLIERS, MODELS 0, 7.0146 AND

accurate squaring curve. Thermistor RT3, shunted by R11 and in series with R10, provides
temperature compensation for the bias potential. The shunt and series resistance trim the
compensating curve of the thermistor to the exact characteristics required by the fixed re-

sistors and the diodes in the circuit.

The five remaining segment-generating networks are identical in theory and operation.
Diodes CR6 through CR9 in the second network generate segments 4 through 7; diodes CR11
through CR14 form the third network and generate segments 8 through 11, Diodes CR16
through CR19, CR21 through CR24, and CR26 and CR27 form the fourth, fifth, and sixth
networks respectively, and generate the remaining ten segments, so that the complete

squaring curve is produced by a total of 21 straight line segments.

The negative DFG (DFG2) is identical with the circuit just described, except that the diodes
are reversed and bias potentials of the opposite polarity are used. The negative circuit sums
the +X2 and -Y2 signals and the -X2 and +Y2 signals to provide its inputg. The output of the

negative circuit thus provides output current representing the - [u term in the multiplier

2
identity.

1.6 MULTIPLIER ADJUSTMENT PROCEDURE

The adjustment procedures for both the 0.7.0146 and 0. 7. 0150 multipliers are identical
except for the patch panel positions. Figures 1.5 and 1.7 indicate the differences in patching.

1.6.1 Required Equipment

1. Null Voltage Test Set or Equivalent
2. Test Patch Cords - As required

1.6.2 Preliminary Steps

1. Temperature. To calibrate the multiplier within specifications, the ambient
temperature should be 85°F (29.5°C) within +2°F (+1°C). During the time
when adjustments are being performed, the ambient temperature should
not vary by more than +0. 3°F (+0.16°C). Since the multiplier must be
operated in the service position while adjustments are performed, these
temperature requirements are imposed on the computer surroundings for
the period of adjustment.

2-1-9
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1.6.3

QUARTER-SQUARE MULTIPLIERS, MODELS 0.7.0146 AND 0.7.0150

NOTE

For maximum accuracy, the specified ambient
temperature vange must be maintained when
making multiplier adjustments. Failure to ob-
sevve this precaution may result in excessive
ervoy. If the ambient tempevature specifica-
tions cannot be met, it is suggested that the unit
be veturned to EAI for re-calibration.

2. Equipment Warm-Up. Prior to performing any adjustments, the equipment
should be allowed to stabilize at operating temperature. This requires a
minimum of one-half hour with power on for the computer. Follow the man-
ufacturer's instructions concerning warm-up and calibration of the null
voltage test set (or equivalent).

Adjustment Steps

1. Remove the multiplier tray to be adjusted, and place it on a service shelf,

2. Patch the circuit of Figures 1. 6a and 1. 6¢ for the upper multipliers. Patching for the
lower multipliers is shown in Figures 1. 6b and 1. 6d,

3. The adjustment procedure consists of providing precisely measured inputs

to each squaring circuit, and adjusting the breakpoint potentiometers on the
card to produce the required output (see Figure 1.7). The nu1 voltage test
set must be capable of measuring the input and output voltage to within

+0. 05 millivolt. Note that the outputs specified are not the precise square

of the inputs, but differ by an amount necessary for Proper "fitting" of the

Table 1.2 lists the in-
puts applied, the outputs required, and the controls for the 4s

justment for both the upper and lower multipliers,
carefully and in the order listed.

segmented approximation to a true square curve,

quaring ad-
Perform the adjustments

4, If difficulty is encountered while attempting to perform any ad

k justment, a
component in the associated segment group is brobably at fay

t. K the
switching error in procedural Step 5 (Table 1.2) exceeqs S ot

. ] Livolt, the
matched diode set or the matched resistor set for the segment '

group must
be replaced.
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CHAPTER 1

QUARTER-SQUARE MULTIPLIERS,

Table 1.2. +Squaring Card Adjustments

MODELS 0.7.0146 AND 0.7.0150

Step 1 Step 2 Step 3 Step 4 Step 5
Adjustment | DPut FR2 Output \ FR2 Adjust FR1 Input Switching
Voltage \ § Voltage \ R R- Position Error
1 +0. 370 +0. 0143 R-15 S ] e
2 +0.0143 +0. 0143 R-4 s
3 +1,360 +0. 1854 R-12 s | e=e--
+1.360 +0. 1854 P R +1 MV
4 +2.520 +0. 6343 R-27 s | -----
5 +3.260 +1.0634 R-24 s | -----
+3. 260 +1.0634 P R +1 MV
6 +4. 470 +1.9974 R-39 - R
7 +5.230 +2.17359 R-36 g —====
+5.230 +2.7359 —— R +1 MV
8 +6. 420 +4,1210 R-51 g I e
9 +7. 260 +5,2712 R-48 80l e
+7.260 +5,2712 - R 11 MV
10 +8.530 +7, 21755 R-63 s |
11 +9. 350 +8.7425 R-60 B | seea
+9, 350 +8.7425 S R & M
12 +9. 9999 +9. 9999 R-70 g8 1
+9. 9999 +9. 9999 G R it

2-1-12

5. When all steps for the 12 adjustments have been completed, the +squaring

circuit is properly set. To set the -squaring circuitg

» patch the configur-

ation shown in Figure 1.8a for the upper multiplier and Figure 1 8b for the
lower multiplier, and perform the steps in Table 1, 3 for each adjustment

The procedure is identical with the procedure outlineq above; only the gj 1
3 1 a
polarities differ. e

6. When all steps for the 12 adjustments on the negative squaring circuit e
complete, the multiplier should be carefully removeq from the Servise
shelf and returned to its operating position,
tend to disturb the adjustments.

Avoid pPhysical shocks which may



- ARE MULTIPLIERS, MODELS 0.7.0146 AND 0.7. 0150
CHAPTER 1 QUARTER-SQU

Dnz4-| DR36-I Dn4e—| DRGO-I

Figure 1.7. Quavter-Square Multiplier Tray (Models 0.7.0146 and 0.7.0150)
Showing Adjustment Locations

Table 1.3. -Squaring Card Adjustments

Step 1 Step 2 Step 3 Step 4 Step 5 I

di Input FR2 Output \ FR2 Adjust FR1 Input Switching i

Adjustment Voltage \ S - Voltage \ R R- Position Error E
1 -0.370 -0.0143 R-15-1 s | ceeaa
2 -0.370 -0.0143 R-4-1 R | -
3 -1. 360 -0.1854 R-12-1 s | @ —ee--
-1.360 -0. 1854 -—— R +1 MV
4 -2,520 -0. 6343 R-27-1 S |
5 -3. 260 -1.0634 R-24-1 Sl I a=mes
-3.260 -1.0634 ——— R +1 MV
6 -4, 470 -1.9974 R-39-1 SIS S
74 -5.230 -2.7359 R-36-1 s o TEE S
-5. 230 -2.7359 e R 11 MV
8 -6, 420 -4,1210 R-51-1 ST
9 -7.260 -5.2712 R-48-1 =T A =
-1.260 -5.2712 Sae s R +1 MV
10 -8. 530 =T.2755 R-63-1 Si 0l e
1 -9.350 -8.17425 R-60-1 B -l et
-9.350 -8.7425 ———— R +1 MV
12 -9, 9999 -9.9999 R-70-1 g B
-9.9999 -9.9999 . R +1 MV

2-1-13



QUARTER-SQUARE MULTIPLIERS, MODELS 0. 7. 0146 AND 0.7. 0150
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APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-

cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained

as quickly as possible,

Category "A' - The parts in category ""A'" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B'' - The parts in category "B" are proprietary items that are available only from EAI

If proprietary items are replaced with items ob-
tained from other sources, EAI cannot assume
responsibility for a unit not opevating within its
published specifications.

ORDERING INFORMATION

To expedite your order for replacement parts the procedures below should be followed:

1: Specify the EAI part number and description of the part required. The model number and

serial number of the next higher assembly should also be included.

- NOTE

EAl'is cuvvently revising the part numbering sys -
tem. All parts effected by this revision ave iden-
tified using the new and the old number (the number
in paventhesis), All barts should be ordered using
the new wumber. The old number is provided to
cross vefevence parts that may still be identified
physically, or in other publications by that number.

FL When ordering. complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment
purchased,

3'

T

When ordering expansion components, note if mounting hardware is required, If hard-

;ﬁg ég needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
;E)IYSICALLY COMPATIBLE WITE THE ORIGINAL COM-

.

2-1-15






1 1n Connector Block: White 00 542.1545-2 | B
1 |clo1 Capacitor, Variable: 00 524.0076-0 A
. 15-60 pf, 500V
(Erie 538-011-F or equal)
B N [0 Diode (Matched Pair) 00 614,0287-0 | B
; 3 |CR2-() thru|Diode 00 614.0199-1 B
CR4=() ,CR6=
, () thru
', CR9-(),CR11
-() thru
‘ CR14=-(),
CR16~()
- thru CR19-
() ,CR21-()
| thru CR24=-
! () ,CR26~() ,
CR27-()
I 14 |crs5-0 Diode (Matched Pair) 00 614.0287-1 | B
-
5 |CcR10-() Diode (Matched Pair) 00 614,0287=2 B
.
. |6 [cri5-0) Diode (Matched Pair) 00 614.0287-3 | B
‘ 7 |CR20-() Diode (Matched Pair) 00 614.0287=4 B
" |8 [cr25-(0) Diode (Matched Pair) 00 614.0287-5 | B
9 |P1 Connector, Plug: 22 Contacts; Male 00 542,0419-0 A
d (Amphenol 133-022-23 or equal)
10 |R1-(),16=() {Resistor, Precision 00 640,0110-0 B
| 28=(),40-() |
52=(),64=()
11 |R2-(),13-() |Resistor, Fixed, Film: 00 634.0636=0 | A
. 55.26K ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
. 12 |R3=(),14=() {Resistor, Fixed, Film: 00 634.0639-0 | A
145-0 | 429 ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
e NOTE! THE CATEGORY COLUMN I8 DESIGNED TO INDICATE AVAILABILITY oF PARTS. [UNIT TITLE
A - INDICATES PAH:: :::::::::: :: FUIGHAI‘D LOCALLY. 2
- ICATES PAR PURCH L4 M KAl
) i B =Y DUAL 1/4° MULTIPLIER
[MODEL NoO. |7
3-5 osrs 10/ 11 /67 0.7.0146 Sh. 1 of 6 Sh.
o G [0 et
321217

e ——— N i e

F

il




ITEM

REF. DESIG.

DESCRIPTION

EAl NG,

.“T.

13

14

15

16

17

18

19

20

21

22

23

24

25

26

R4=(),15-()

R5=()

R6=()

R7=-0)

R8-()

R9-()

R10-()

R11-()

R12-()

R17-()

R18-()

R19-()

R20=-()

R21-()

Potentiometer

Resistor, Fixed, Film:
85.52K ohms +0,5%, 1/8w

(Int. Resistance Co. CEA-TO or equal)
Resistor, Fixed, Film:

14,93K ohms +0.5%, t/8w
(Int. Resistance Co. CEA-TO equal)
Resistor, Fixed, Film:

55.41K ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
Resistor, Fixed, Film:

11.54K ohms +0,5%, 1/8W
(Int. Resistance Co. CFA-TO or equal)
Resistor, Fixed, Film:

10,6K ohms +0,5%, 1/8W
(Int, Resistance Co. CFA-TO or equal)
Resistor, Fixed, Film:

386.3K ohms +0.5%, 1/8W
(Int. Resistance Co, CEA-TO or equal)
Resistor, Fixed, Film:

38.9K ohms *+0.5%, 1/8W

(Int. Resistance Co. CEA-TO or

equal)
Potent iometer

Resistor, Fixed, Film:
104K ohms +0.5%, 1/8W

(Int. Resistance Co. CEA-TO or

equal)
Resistor, Fixed, Film:

4,001 ohms +06.5%, 1/8W

(Int. Resistance CEA-TO or equal)

Resistor, Fixed, Film:
75.81K ohms +0,5%, 1/8W
(Int. Resistance CEA-TO or equal)

Resistor, Fixed, Film:
3,487 ohms +0.5%, 1/8W
(Int. Resistance CEA-TO or equal)

Resistor, Fixed, Film:
48.89K ohms +0.5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)

00 642,0696=0

00 634.0636-2
00 634.0636-3
00 634.0636-4
00 634.0636-5
00 634.06363-6
00 634.0636-7
00 634.0636-8

00 642,0696~5

00 634.0636-9
00 634,0637-0
00 634.0637-1
00 534.6537-2

00 634.,0637-3

NOTE: THE CATEGORY COLUMN IS DESIGNE
A - INDICATES PARTS
B -INDICATES PARTS

D TO INDICATE AVAILABILITY OF PARTS,

THAT SHOULD BE FURCHASED LOCALLY.
THAT SHOULD BE PURCHASED FROM EAIl.

pate 10/ 12 , 67

UNIT TITLE

2
DUAL 1/4° MurTIPLIER

MODEL Ng,
0-7.0146

Sh. 2 of 65}1.




ITEM| REF, DESIG. DESCRIPTION EAl NO. *CAT.
r;
27 | R22-() Resistor, Fixed, Film: 00 632,2321-2 A
2.32K ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
28 | R23=() Re#istor, Fixed, Film: 00 634,0637-6 A
27.96K ohms +0,5%, 1/8W
(Int. Resstance Co. CEA-TO or equal)
29 | R24-(), Potent iometer 00 642,0696~0 B
36=(),51-()
63=()
30 | R25-() Resistor, Fixed, Cilm: 00 634.0637-6 | A
77.39K ohms *0.5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
31 | R26-() Resistor, Fixed, Film: 00 634.0637-7 | A
37K ohms +0.5%, 1/8W
(Int. Resistance Co. CEA=-TO or equal)
32 |R27-() Potentiometer 00 642.0696=-3 B
33 |rR29=-() Resistor, Fixed, Film: 00 634.0637-8 A
85.04K ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
34 |R30-() Resistor, Fixed, Film: 00 634,0637-9 A
965.5 ohms +0,5%, 1/8W
(Int. Resistance Co, CEA-TO or equal)
35 |R31=() Resistor, Fixed, Film: 00 634.0638-0 A
63.44K ohms +0,5%, 1/8W
(Int. Resitance Co, CEA-TO or equal)
36 |R32-=() Resistor, Fixed, Film: 00 634.0638-1 A
847.5 ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO or equal)
37 |r33-0 Resistor, Fixed, Film: 00 634.0638-2 | A
48,64K ohms +0,5%, 1/8W
" (Int. Resistance Co. CFA-TO or equal)
38 |R34-0) Resistor, Fixed, Film: 00 634.0638-3 | A
: 531 ohms +0.57, 1/8W
(Int. Resistance Co. CEA-TO or equal)
39 |r35-0 Resistor, Fixed, Film: | 00 634.0638-4 | A
33.58K ohms +0,5%, 1/8W
(Int. Resistance Co. CFA-TO or equal)
THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY oF PARTS. |[UNIT TITLE
i A - INDICATES PARTS vun: SHOULD BR PURCHASED LOCALLY. 9
» _|"plch'fl' PARTS THAT SHOULD BE PURCHASED FROM EAl. D.uAL 1/4, M.U.LTIPLIER
MODEL NO.
L— DATE 10/ 12 Vs 67 0.7.0146 Sh. 3 of .6 Sh.
B LS I
e 2-1-19
B S =SS —— s




ITEM

REF. DESIG.

DESCRIPTION

EAl NO. *CAT.

40

41

42

43

45

46

47

48

49

50

51

52

R37=()
R38=()

R39-()

R&1-()
R42= ()
R43= ()
Ré44- ()
R46~ ()
R47=()

R48=(),
70-()

R49=-()

FRSO-' O

R53-()

Resistor, Fixed, Film:
24.11K ohms +0,5%, 1/8w
(Int. Resistance Co. CEA-TO

Resistor, Fixed, Film:
3.34K ohms 0.5%, 1/8W
(Int. Resistance Co. CEA-TO

Potent iometer

Resisto r, Fixed, Film:
71.18K ohms +0.5%, 1/8w
(Int, Resistance Co, CFA-TO

Resistor, Fixed, Film:
500 ohms +0,5%, 1/8W
(Int. Resistance Co. CFA-TO

Resistor, Fixed, Film:
53.84K ohms +0,5%, 1/8W
(Int. Resistance Co. CFA-TO

Resistor, Fixed, Film:
429 ohms +0.5%, 1/8W
(Int. Resistance Co. CEFA-TO

Resistor, Fixed, Film:
270 ohms +6.5%, 1/8W
(Int. Resistance Co. CFA=TO

Resistor, Fixed, Film:
29,83K ohms +0,5%, 1/8W
(Int. Resistance Co. CEA-TO

Potent iometer

Resistor, Fixed, Film:
13.85K ohms #0.5%, 1/8W
(Int. Resistance Co, CEFA-TO

[Resistor, Fixed, Film:
2 ,48K ohms *#0,5%, 1/8W
(Int. Resistance Co. CEA-TO

Resistor, Fixed, Film:
64.3 ohms +06.5%, 1/8W
(Int. Resistance Co. CEA-TO

or

or

or

or

or

or

or

or

or

or

or

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

00 634,0638-5
00 634.0638-6

00 642.0696=2 B

00 634.,0638-7
00 634.0638-8
00 634.0638-9
00 634.0639-0
00 634.0639-2
00 634.0639-3

00 642.0696-0 B

00 634.,0639-4
00 634.0637-4

00 634.0639-6

A - INDICATES PARTS
B -INDICATES PARTS THAT sSHOULD B

NOTE! THE CATEGORY COLUMN I8 DESIGNED TO |N_D|CA'I'I AVAILASILITY OF PARTS,
THAT SHOULD BE PURCHABED LOCALLY.
& PURCHASED FROM EAlL.

pate 10712 7 67

UNIT TITLE

%
DUAL 1/4 MUIT IPLIER

MODEL No,
0146

T _¢
.

2=1=20

Sh.4 of 6 Sh.




ITEM

REF. DESIG.

DESCRIPTION

EAl NO. *CAT.

53

55

56

57

58

59

60

61

62

63

64

65

R54~()

R55-()

R56-()

R57-()

R58-()

R59-()

R60- ()
R61- ()

R62=()

R65=()

R66~()

R67-()

R68-()

Resistor, Fixed, Film:
312 ohms +0.5%, 1/8W
(Int. Resistance Co. CEA=TO

Resistor, Fixed, Film:
43,78K ohms +0.5%, 1/8W
(Int. Resistance Co. CEA-TO

Resistor, Fixed, Film:
279.8 ohms +0.5%, 1/8W
(Int. Resistance Co., CEA-TO

Resistor, Fixed, Film:
34,62K ohms +0.5%, 1/8W
(Int. Resistance Co. CEA-TO

Resistor, Fixed, Film:
203 ohms +0.5%, 1/8W
(Int. Resistance Co, CEA-TO

Resistor, Fixed, Film:
25.87K ohms *0.5%, 1/8W
(Int. Resistance Co. CEA-TO

Potent iometer

Resistor, Fixed, Film:
9.8K ohms +0,5%, 1/8W
(Int. Resistance Co, CEA=-TO

Resistof, Fixed,Film:
687 ohms +0,5%, 1/8W
(Int. Resistance Co, CEA=TO

Resistor, Fixed, Film:
59.08K ohms +0,5%, 1/8W
(Int, Resistance Co, CFA-TO

Resistor, Fixed, Film:
173.5 ohms +0.5%, 1/8W
(Int. Resistance Co., CEA-TO

Resistor, fixed, Film:
(Int. Resistance Co. CEA-TO

%gsiator, Fixed, Film:
8.013 ohms +0.5%, 1/8W
(Int. Resistance Co. CFA-TO

or

or

or

or

or

or

or

or

or

or

or

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

equal)

00 634,0639=7 A

634.0639-8 A

00 634.0639-9 A

634.0640-0 A

634.0640-1. | A

00

00

634.0640-2 A

00 642.0696-6 B
00 634,0640-3 A
634.0640-4 A

00 634.0640-5 A

00 634.0640-6 A
00

634,.0640-7 A

00 634.0640-8 A

o MO TES THE

A

pate 10/ 11

CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS.
. INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
® - INDICA TES PARTS THAT SHOULD BE PURCHASED FROM EAL.

167

UNIT TITLE

DUAL 1/42 MULTIPLIER

MODEL NO.

0.7.0146 Sh.5 of 6 Sh.

S

2e17777




IT
EM| REF. DESIG. DESCRIPTION EAl NG *CAT.
66 | R69=~() Resistor, Fixed, Film: 00 634,0640-9 A
413 ohms +0.5%, 1/8W
(Int, Resistance Co. CFA-TO or equal)
67 | R100 Resistor, Precision 00 638.1048-0 B
39K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
69 |RT1-(), Thermistor 00 646.0098-0 B
2=() ‘
70 | RT3=() Thermistor 00 646.0099-0 B
71 | RT4=() Thermistor 00 646,0100-0 B
72 |RT5=() . Thermistor 00 646,0101-0 B
73 |RT6-() Thermistor 00 646.0102-0 B
74 | RT7=-() Thermistor 00 646.0103-0 B
75 | RT8=() Thermistor 00 646.0104=0 B
0.,7.0145-2 MULTIPLIER CARD
Tdentical with 0,7.0145-1 except
Item 9 is deleted.
TR AR ExTEsony covumn s oRatoNeD 7o (iEATE AYICERILTY o ante [UNIT TITLE
B -INDICATES PARTS THAT SHOULD SE PURCHASED FROM EAl. 5
DUAL 1/4° MurTIPLIER
MODEL No,
10 » 12 - 67 0
-5- - DATE .7.0146 Sl'l.6 of 6 Sh‘
2=1-22

Mdads



0.7.0150)

ITEM| REF. DEsIG. DESCRIPTION EAI NO. *CAT.
1 | ck1,2 Diode 00 614,0007-0 B
2 | J1 Connector Block: Yellow 00 542.1545-1 B
3 Connector Block: Lettered (MULTIPLIER 00 542,1552-5 B

o NOTES TH

E CATEGORY COLUMN 18 DESIGNED TO INDICATE AVAILABILITY OF PARTS.
A = INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES FARTS THAT SHOULD BE PURCHASED FROM EAl,

oaTE 19/ 147 f7

UNIT TITLE

DUAL (1/4)2 MULTIPLIER

MODEL NO.
0.07.0150

Sh, 1 of 1 Sh.

2-1-23/94
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CHAPTER 2

MULTIPLIER, MODEL 0. 7. 0148

2.1 GENERAL DESCRIPTION

The Model 0. 7. 0148 Multiplier (Figure 2.1) is used in conjunction with a dc amplifier to produce
a four quadrant product of -XY/10 from inputs of +X, -X, +Y, -Y. In addition to multiplication,
the Model 0.7.0148 is capable of performing the mathematical operations of division, squaring,

and square root extraction.

The operation of the multiplier is based on the identity:

XY = 1/4 [X + V)? - X -)?]

which reduces multiplication to the operations of summation and squaring. The squaring opera-
tions are performed by diode function generators which produce a seven segment straight line
approximation to a square law curve. The complete multiplier assembly contains four squaring
circuits whose outputs are summed by' an external amplifier.

0O000!

29 )
2o of abubab

al’
3
|

?".:'.9‘ Bl mie. mie
- b in ¥ N

Figure 2.1. 0.7.0148 Multiplier
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CHAPTER 2 MULTIPLIER, MODEL 0.7. 0148

2.2 TECHNICAL DATA

Static Error - (X +Y) - 20 Volts .......c0...vnn... ..... +40 Millivolts, Typical
+80 Millivolts, Maximum

Phase Shift (Multiplying +10 Vdc by 20Volts,

Peak-to-Peak) at 1.0 kHz ., 0.26°, Maximum

2.3 OPERATING CONSIDERATIONS

The patching for the multiplier is shown in Figure 2.2. The input voltages +X, -X, +Y, and -Y
are connected to proper patching terminals as shown in Figure 2.2b. The MJ and FB terminals
are connected to the AJ and O patching terminations of a dc amplifier. Allfour inputs (X, +Y)

must be patched. The output can be changed to +XY/10 by interchanging the +X and -X input o7

the +Y and -Y inputs. Note that the multiplier does not have any feedback resistor except the

one (R1) in the multiplier. An appropriate symbol for the multiplier is also shown.

St Lwe [0
@ [CO —D—ﬂo .
QO w0 DFG ) xa.}_g

OlO0

+IN > 1
WE ox R 2
18O 2@ 2N >—‘ +: 'WYE
1O 2a @ & icfi 2al |
pete-aim e Er) S |
+xO +O L DFG +xQO +Q
_xo -YO | =IN -XO —YO

OO
ra (> FB ()98
n'g} ? ”8} 3
DUAL MULTIPLIER DUAL MULTIPLIER

0.7.0148

0.7.0148
(a) Simplified Schematic [FB () Multiplier Patching
+X
+X
0.7.0148 XY
’ by MJ =
+Y -Y
+Y
-y (c) Symbol

Figure 2.2. Multiplier Patching
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CHAPTER 2 MULTIPLIER, MODEL 0.7.0148

2.4 CIRCUIT DESCRIPTION

A simplified schematic of the Model 0., 7. 0148 Multiplier is shown in Figure 2.3. For simplic-
ity, only one segment in each diode function generator is shown. The inputs to the multiplier are
applied to the terminals designation 1A, 1B, 1C, and 1D. The output of the squaring cards

(S1 to S4) are connected to the summing junction of an external amplifier. The feedback resistor

(R1) for the amplifier is located on the multiplier chassis. The upper two X2 DFG's accept net

. | ’ X +Y]2

positive inputs and produce a current at S1 or S2 that is proportional to 1/10 [ 5 Y] « The
scale factor of-1/10 is obtained by the choice of circuit resistance values; this scaling is intro-
duced so that the output voltage from the amplifier does not exceed 10 volts. The two lower

DFG's accept net negative input and produce an output current at S3 or S4 that is proportional to

2

\
]
]
]
]
L
'] :
3 o B ETsT
L
J

-1/10 [X 5 Y]Z_—' The total summing junction current is proportional to

"y E

and produces an amplifier output voltage of -XY /10, Assume that +5 volts is applied to the 1A
terminal and -8 volts is applied to the 1B terminal. (Then -5 volts is at 1C and +8 volts is at 1D.)
With these inputs applied to the DFG's as shown in Figure 2.3, DFG 1 is not conducting because
the net input voltage is negative and increases the negative bias on the diode. The net input volt-
age to DFG 2 is positive and the diode conducts permitting the sum of the inputs to be squared.
The contribution of the DFG to the output voltage of the amplifier is

BT s
L2 | "Io[2] 4

(The minus sign is due to inversion in the amplifier.) The third DFG is cut off; the fourth con-
ducts. The contribution of this DFG to the output voltage of the amplifier is

L L [E-YP_ 1 [5esf | 169
10| 2] 10| 2 40
The net output from the amplifier is

189 9 160 _
+ - Iﬁ = Tﬁ- = +4 Vﬂlts

wh;_t@bagméﬂ"m*h the designated output of XY/10 or = -(+5) (-8)/10 = +4 volts. For other input

~ voltages, different combinations of the DFG's conduct. Thus input voltages of any polarity com-

= -
S L5 RN

. 938




CHAPTER 2

MULTIPLIER, MODEL 0.7.0148

Of&

2

RI
3550 .
: ANA-
IC X2 DFG#ZW I - - 3
|:I‘_‘l (-5v), R H 1
T CRI 1
| s2 W, L
- (+gv)l R2 | | ] @-- 6.070 D
O A s MJ
L-- —_— c = .-J (]
' —(X+Y)
= | INDICATES A PATCH
X2 DFG #3—| PANEL TERMINATION
' (+5V) R :

MODEL 0.7.0148

MULTIPLIER

The multiplier contains four etched-circuit cards, Model 0, 7, 0044, each of whi
biased-diode squaring circuits. The DFG on the left side of Drawing €007 00
positive inputs; the DFG on the right side accepts net negative inputs,
produce a seven segment straight-line approximation to an x2 function,
similar, the circuit description is confined to the positive input DFG,

2-2-4

Figure 2.3. Multiplier, Simplified Schematic

ch containg two

44 08 accepts net

The diode funetion generators
Since both circuits are



CHAPTER 2 MULTIPLIER, MODEL 0.7.0148

Diodes CR1 to CRT are biased to conduct at progressively increasing voltage magnitudes. As

each diode conducts, the equivalent input impedance of the external amplifier is decreased, the

gain of the amplifier is increased. Thermistors R14, R16, and R24 are used in the bias circuits
to compensate for the effects of temperature variations. Variable padders are included in the

] bias networks so that the breakpoints of the segments can be adjusted. Inputs to the function gen-
erator (INPUT 1 and INPUT 2) are applied at circuit board terminals 5 and 6.

1/

The four 0.7, 0044 cards are connected as shown in Drawing D00 007 0148 0A to form a Model
0.7.0148 Multiplier. Resistor Rl is the feedback resistor for the external amplifier,

2,5 MAINTENANCE

-~
|
- The Model 0.7.0148 Multiplier requires very little maintenance. The adjustments are very stable
- and normally the unit is tested only to ensure the operator's faith in its performance.
|
=
2.5.1 Error Test
=
|
- The following test provides a convenient means of checking the operation of the multiplier.
o 1. Connect the circuit shown in Figure 2.4a. Balance the amplifiers. Be sure

that computer reference voltages are within specifications. The input and
feedback resistors for amplifier number two and the input resistors for ampli-

= fier number four should be matched resistors. If desired, the oscilloscope
may be replaced by an XY recorder.

-} 2. Adjust the oscillator controls to that it is operating at 5 cycles per second,
20 volts peak-to-peak. Set the oscilloscope Y sensitivity to 10 millivolts/centi-
meter dc with a zero volt reference in the center of the screen; set the X sensi-

- tivity to 2 volts/centimeter.
' 3. An oscilloscope pattern similar to Figure 2. 4b should be observed. A tilted
- ‘waveform is caused by misalignment or reference unbalance. Specifications

call for an error not to exceed +80 millivolts; however, it is relatively simple
| to hold the maximum error to +50 millivolts, The error voltage is measured
from the zero line to the largest peaks as shown.

that the multiplier is not operating within specifications,
requires adjustment.
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OSCILLOSCOPE

1.0
x

50 MV '\/\

160
—*—— 0 MV
50 MV Mo
i s sl e

0
(b) l——20 VOLTS—J

Figure 2.4. Evvor Test

2.5.2 Adjustment Procedure

Each of the four diode function generators is checked by applying selected input voltages and ob-
serving the output voltage. Proceed as follows:

1. Place the multiplier on a service shelf and connect the circuit shown in
Figure 2.5a. The inputs to the multiplier are applied according to the schedule
in Figure 2.5b. Balance the amplifiers and be sure that the computer refer-
ence/voltages are within specifications,

2. Figure 2.5c lists the input and output check point voltages for the DFG card
rds,
Use coefficient potentiometer number one to set the output voltage of amplj
' . mpli-
fier number one to the values listed in the Vi column, Always begin with the
lowest voltage and continue in order to the highest voltage
3. The output voltage of amplifier number two shoulq correspond to th 1
e va
listed in the V_ column. (The V_ column includes e
; . an allowable tolerance for
each output voltage. The output voltage should be withip the allowabl
. = a
when checking the DFG; when adjusting the DFG, set the output 1t s
Voltage to the

given value. )

2-2-8
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MULTIPLIER, MODEL 0.7. 0148

§ —Vo
0.7.0148
0
L
_l_._
T Adjust v,
(Volts) | Cards 1 & 4|Cards 2 & 3 (Volts)
2.50 R1 R7 0.64 + .02
3.90 R2 R8 1.54 & .02
5.30 R3 R9 2.82 + .02
6.70 R4 R10 4,50 + .02
8.10 R5 R11 6.58 = .02
9,50 R6 R12 9.04 + .02
(c)

CHAPTER 2
+ 10V ﬁ
- oV
Card Polarity | Apply | Ground
Number of Vi Vi to Inputs
1 Plus +X, +Y | -X, -Y
2 Minus | -X, +Y | +X, -Y
3 Minus | +X, -Y | -X, +Y
4 Plus -X -Y| +X +Y
()
(@)

2.5.3 Troubleshooting

Figure 2.5, Multiplier Adjustment

4. If the output voltage is out of tolerance, adjust the appropriate potentiometer

listed in the ADJUST column. Be sure to adjust the potentiometers in ordér,

R1 to R6, RT to R12. The location of the adjustments is shown in Figure 2. 5d,

Malfunction in the Model 0.7, 0148 Multiplier can be localized by means of the adjustment pro-
cedure described above. The first segment that cannot be adjusted properly is probably at fault.
Check the components in the suspected DFG with measurements made in a DFG that is known to

be good. Test the unit after replacing any components.

| S .

2-2-7/8



APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category ""A" - The parts in category "A'"' are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B' - The parts in category ""B'' are proprietary items that are available only from EAI.

If proprietary items ave veplaced with items ob-
tained from other sources, EAI cannot assume
responsibility for a unit not operating within its
published specifications.

ORDERING INFORMATION

To expedite your order for replacement parts the procedures below should be followed:

L. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAI is curvently vevising the part numbering sys-
tem. All parts effected by this vevision are iden-
tified using the new and the old numbeyr (the number
in paventhesis). All parts should be ovdered using
the new number. The old number is provided to
cross refevence parts that may still be identified
bhysically, or in other publications by that number.

2. When ordering complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment

purchased.
3. When _ordering expansion components, note if mounting hardware is required. If hard-
ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-

WARE".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED, EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND

PHYSICALLY COMPATIBLE WITH THE ORIGINAL COM-
PONENT,

2-2-9






ITEM| REF. DESIG. ENERIFT W . -
1}c1,2,3 Capacitor, Fixed, Ceramic: 00 515.0241-0 | A
120 pf +10%, 100V
(Sprague 252C064121X9101B or equal)
2 1N Connector Block: White 00 542.1545=2 | B
3 [R1,2,3 Resistor, Precision 00 638.0764-0 | B
4 Connector Block: Lettered 00 542.1580-0 B
(MULTIPLIER 0,7.0148)
0,7,0044=2 1/42 MULTIPLIER CARD
1 |CR1 thru 14|Diode 00 614.0042-0 B
2 |R1,7 Potentiometer 00 642,0457-0 B
3 |R2,3,8,9 Potentiometer 00 642.0445-0 B
4 |R4,5,6,10, |Potentiometer 00 642,0444=0 B
11,12 -
5 |RrR13,39 Resistor, Fixed, Composition: 00 626,0301-0 A
300 ohms +5%, 1/2W
(Allen-Bradley EB or equal)
6 |R14,40 Thermistor 00 646.0004=0 B
7 |R15,41 Resistor, Fixed, Composition: 00 626.,0123-0 A
12K ohms +5%, 1/2W
(Allen-Bradley EB or equal)
8 |R16,42 Thermistor 00 646.,0004=0 B
9 |R17,43 Resistor, Fixed, Composition: 00 626,0824=0 | A
820K ohms +5%, 1/2W
(Allen-Bradley EB or equal)
10 |R18,44 Resistor, Precision 00 638.0282=0 B
‘|11 |R19,45 Resistor, .Precision 00 638.0283-0 | B
12 |r20,46 Resistor, Precision 00 638.0284-0 | B
13 |r21,47 [Resistor, Precision 00 638,0285-0 | B
14 [R22,48 Resistor, Precision Order by B
' : Description
15 in23.49 kesiitor, Precision 00 638,0541=0 B
b MOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE
A = INDICATES PARTS THAT SHOULD 'I_PURGHAIID LOCALLY.
® - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAL.
MULTIPLIER
[MODEL NO.
% —  oave 4 /29 / 68 0,7.0148 Sh.1 of 2 Sh.
! g - - 222411
: B Mdds



ITEM

EAl NO.

REF. DESIG. DESCRIPTION 'CAT.‘
16 | R24,50 Thermistor 00 646,0002-0 | B
17 | R25 thru 36| Resistor, Precision (Matched Pair) 00/ 648.0048-0 | B
51 thru 62 To be matched in pairs as {ndicated below:
R25 and R26 R51 and R52
R27 and R28 R53 and RS54
R28 and R3O R55 and R56
R31 and R32 R57 and R58
R33 and R34 RS9 and R60
R35 and R36 R61 and R62 :
18 | R38,64,37, |Resistor, Precision (Matched Pair) 00 640.0049-0 i
63

To be matched in pairs as indicated below-

R37 and R38
R63 and R64

FNOTE! THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF paRTs.
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE PURCHASED FRCM EAI,

DATE 4 /29 / g8

2=il=ly
2=2=12

UNIT TITLE

- MULTIPLIER

MODEL Ng,

0.7.0148 Sh.2 of 28h.




APPENDIX 2

DRAWINGS

This appendix contains necessary schematics and wiring diagrams of equipment described in
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model
number of each unit or component, the type of drawings, and the associated drawing number.
The drawings are bound into the manual in the order listed under the index Drawing Number
column,

EAI drawings are prepared in accordance with standard drafting practices for electro- mechani-
cal and electronic equipment. All symbols are in accordance with current government stand-
ards.

INDEX

Unit or Component

0.7.0148 Multiplier Assembly W/ D00 007 0148 0A
Wiring
7.044 1/4% Multiplier Schematic C007 044 08
: (Sheets 1 and 2)
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MOTE

2. ALL FIXED RESISTORS TO B
OTHERWISE SPECIFIED.
3 RESISTORS INPAIRS R25 826,

ILALL RECTIFIERS TO BE RADIO RECEPTOR 'OR-EBT

E %%, 0.1W UNLESS
27828,29 630,318 32,338 34,35636,

37 438, 51852,53 8
TO BE MATCHED TO 0.1

54 55 & 56,57

& 58,59 860, 61 8 62,63884

% RES. TOL.

| 4. 43, 2K OR 44.8K ; vALUE TO BE CETERMINED AT H.Q.GND
10V REF HIVIRED Pt ok MANUHACTURE -
P
R25 R39 RSI
25% 300 Gha 25K J
_“.__‘.-——'vw———— H T’
tsw /2w Mhﬁ"“
R26 Ra4 [ RS2
25K 14.8K 25K
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27K 27K
o AAA
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EY *i0%
EYELET Xiox 2w
s s E, [ @ 0 G B
— 1OV REF INPUT ® iweuT®2 +10V REFE el INPUT ®1 INPUT ™2 W0, GND
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CHAPTER 3

QUAD LOG X DFG, MODEL 0, 16. 0355

3.1 INTRODUCTION

The 0.16. 0355 Quad Log X DFG (Figure 3.1) located in positions 35 and 41 (see Figure 3. 2), gen-
erate a logarithmic function of an input variable. These units are extremely versatile since they
may be used to perform multiplication, division, squaring, and obtaining the square root, in

addition to the capability of raising an input to an unusual or variable power.

The output function of the Log X DFG is: e, = -5 Log10 (10 IXI ). The minus sign indicates that
the polarity of the DFG output (eo) is opposite to that of the input variable.

Figure 3.1. Quad Log X DFG, Model 0.16.0355

2-3-1
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CH
APTER 3 QUAD LOG X DFG, MODEL 0. 16. 0355

A00
ATTEN | AO2 AQB ATTEN ¢ 210 ATTEN | A12 AlB ATTEN
POO-| AO3 pos-| © pio- | aI3 A3 =
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AOI F/R | A0S aos |osa | TP Al F/R | AI5 Als | D/A
A20 ATTEN | A22 A28 [ATTEN [ A30 ATTEN | A32 A38 |ATTEN
P20- | A23 pas- | r p30- | A33 £B3A
P24 P29 5 P34 el
AMPL INT |————| AMPL | MULT | AMPL [-—-= K AMPL | INT |—==—| AMPL | MULT | AMPL |[—=~—
COMP | A24 T/s S COMP. | A34 T/
A21 F/R | A25 A29 | /A A3) F/R | A35 A39 | D/A
A%Q ATTEN | A42 'En_ﬁéﬁﬁ:”v A48 |ATTEN A50 ATTEN | as2 | ouap | ass |ATTEN
P40- | A43 06 P45- ; pso- | A53 | LOG P55
P44 P49 U P54 DFG P59
AMPL | INT | ——=--| amPL |5 AMPL |-—=-] AMPL | INT |[==—=-| AMPL }====]| AMPL |=——=
- MDFG
COMP | a4q /s s COMP. | A54 | AsE T/S
A4l F/R | A4s A49 | D/A ASI F/R ASS5 | AST | A59 D/A
AG0 ATTEN| A62 SINE/ | A68 |ATTEN ATO ATTEN | A72 SINE/ | A78 ATTEN
P60-| A63 |COSINE PE5- ; p70- | A73 |COSINE P75
P64 Pe9 U P74 P79
AMPL [ INT |————| AMPL |-——~| AMPL [-———] N | ampL | INT |-——— amPL |[-———| AmPL [————]
MDFG K MDFG
COMP AG4 AE6 LIMITER| = COMP. AT4 ATS6 LIMITER
A1 F/R | A65 | Ae7 | Ass A7 F/R | a7s | a77 | a79
Figuve 3.2. Location of 0.16.0355 Quad Log X DFG Trays
3.2 TECHNICAL DATA
Input Voltage ! RanE el 2 iiie sl s i s e aiais slsls ol o siataraio’ails s eleiels 0.1 Volt to 10 Volts
QOutput Voltage Range ......cceceeececeroncnnnanss «++s. 0 Volts to 10 Volts
StAtIC B TOr o vueerenreereostansnneenssnssseassnas ceeas  20.5% (£0.05 Volt), Typical
+1. 0% (£0. 1 Volt), Log X
Frequency Response..... ceresrsssrasaesiesassanaea... Compatible With Associated

Amplifier
NOISE 4uuvvunennnsennssasssasssssnnnansssesaseaaneae. <3 Millivolts (RMS)

3.3 OPERATING CONSIDERATIONS

Figure 3. 3 gives typical Log X DFG patching. For additional operating instructions see the
580 Reference Handbook (EAI Publication Number 00 800.2055-0).

3.4 THEORY OF OPERATION
Drawing C016 126 0S is the schematic diagram of the Log X DFG printed circuit card., Note on

this schematic that there are two separate but similar circuits. The circuit on the left-hand

side responds only to negative input signals; the circuit on the right-hand sige responds only to

2-3-2
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]
-3 LOG (+100X) FJ
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0.16.0355

Figure 3.3. Log X DFG Patching

positive input signals. These two circuits differ only in the orientation of the diodes with respect
to the bias voltages and also the polarities of the bias voltages. Due to this similarity, only the
right-hand circuit (sensitive to positive input signals) is described.

Figure 3.4 is a simplified schematic of the positive input circuit of the 0.16.0355 Log X DFG.

I
1
]
i
]
1
]
]
1
1
1 &
]
]
]
]
]

z%zgx Fd }
+m@— AN ‘ | o
. > R23

Positive Input Log X DFG Circuit, Simplified Schematic
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CHAPTER 3 QUAD LOG X DFG, MODEL 0. 16. 0355

This circuit functions in a manner similar to all of the DFG units of the 580 Computer; as the

input signal reaches various levels the input-to-feedback impedance ratio is changed, thus
changing the gain of the associated amplifier,

changes in slope of the amplifier output, or six
log curve,

In the case of the Log X DFG there are six

straight-line segments which approximate the

The main difference in the Log X circuit operation as compared to most other DFG units is that
with a near zero input all of the diodes are forward biased and conducting. Thus, when the input

(+IN) of Figure 3.4 is close to zero, resistors R25 through R31 are all in parallel and the ampli-
fier has a gain greater than 10,

As the input level increases toward +10 volts the diodes are reverse biased and their corresponding

resistors are removed from the parallel group. This process continues until the gain of the ampli-
fier is somewhat less than 0, 25 (20. 9K input resistor, 5K feedback resistor).

Figure 3.5 compares graphically the input-to-output voltages of the Log X positive input circuit,

Note that due to the inversion of the amplifier, the output signal is negative, or as

previously indi-
cated, -5 Log10 10 X .

This curve illustrates the initial steep slope of the output curve (requir-
ing a high amplifier gain) and the decrease in slope as X approaches 10 volts

(requiring very small
amplifier gain).

3.5 MAINTENANCE AND TEST PROCEDURES

The Log X DFG is factory calibrated prior to shipment. Adjustment should not be attempted
unless definitely indicated as necessary by the dynamic error check described in the following
sub-paragraph,

QUTPUT

INPUT
=51L0G4(10 1x1) 0<x<+10

Me»-ro< 4co4co

INPUT VOLTAGE

Figure 3.5. Graphical Input-to-Output Comparison of Positiye Input Log x pp G
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3.5.1

mic Error Test Procedure Log X DFG

This test can be used to indicate if adjustment of the Log DFG's is required and to check the
DFG output after completion of the adjustment procedure.

1. Set up the test circuit shown in Figure 3.6. (The setup shown is for the -Log
X cards -anJ.jry.v) An oscilloscope or voltmeter may be substituted for the VARI-

PLOTTER. Set the plotter Y input to 1.0 volt/inch sensitivity and the X input
to 1.0 volt/inch.

| .
| vamiproTTER




SHAPIEN b QUAD LOG X DFG, MODEL 0.16. 0355

2. Figure 3. 6b shows a typical error plot. Note that when checking a -Log X
card the resultant plot starts at the #ight and runs to the left side of the plotter.

3. If the error plot does not remain within the 0.1 voltlimits (0.1% error) refer

to the static adjustment procedure.

4. To check a +Log X card, substitute the plus for the minus card of Figure 3.6
and change the IC inputs to the two integrators to +10 volts. Change the +10
input to integrator 2 to -10 volts. The resultant error curve should be similar

to Figure 3.5c. Note in this case the plot will run left to vight.
3.5.2 Static Adjustment Procedure +Log X DFG
The setup temperature should be approximately 75°F.

1. Set up the test circuit shown in Figure 3. 7b.

2. Apply the inputs as indicated in Table 3.1 in the sequence listed, to the
+IN Terminal.

3. [If an adjustment is made, recheck the previous setting before proceeding to
the next adjustment (due to interaction between adjustments).

4, Repeat Steps 2 and 3 as necessary.

5. Set up the test circuit for the second +Log X card. Repeat Steps 2 through
4, but adjust the potentiometers on the NW1 Unit,

6. Set up the test circuit shown in Figure 3. Te, Apply the inputs listed in
Table 3.2 to the -IN termination.

7. Repeat Steps 3 through 5, but for the -Log cards,

(See adjustment notations
indicated in Table 3.2.)

Table 3.1. +Log X Adjustment Datg

_ _—
+X Input NumbiSJuStg(ftr;tntiometer DVM Readout
o 1 NW1-R22 -2.15V 10, o5y
WA 9 NW1-R42 ~5.23V 10, 05y
+9. 47V 3 NW1-R41 =6. 92V 10, o5v
ol NW1-R40 -8.13V 10, 05y
+6.51V 5 NW1-R39 -9. 05V 0, 05y
Wy e . NWI1-R38 ~9.179V 10, o5

2-3-6




QUAD LOG X DFG,

-Log X Adjustment Data

Adjustment

Number 1 Potentiometer

DVM Readout

NW1-R19
NW1-R5
NW1-R4
NW1-R3
NW1-R2
NW1-R1

+2, 15V £0. 05V
+5, 23V 0. 05V
+6. 92V +0. 05V
+8.13V £0. 05V
+9, 05V +0. 05V
+9, 79V £0. 05V

(a) Adjustment Locations

R42 R22 R38 R39

CHAPTER 3
Table 3. 2.
-X Input
-0, 32V 1
-0.16V 2
-2. 47V 3
-4.28V 4
-6.51V 5
-9.13V 6
R38 R39 R40 R4l
DVM Q_?a‘ O
@ | xO
XN +IN -0
O 1O
s |xO
w0 [0 |
@)
@) {g
+n0)
@) {8
1)
(b) +Log Test Setup |-NQ) l%o
QUAD LOG X DFG
0.16.0355

R40

R42

R22

RO 11O
QO | xO
s Q—' +n0)  [-e O
@ | O
FB x O
XN o E _Q
@) Q
FeQ
+INO)
e
@)
(c) -Log Test Setup -n0O @
QUAD LOG X DFG

0.16.0355

Figure 3,7. Log X Adjustment Location and Test Setup Patching

I

MODEL 0. 16. 0355
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3.6 TROUBLE ANALYSIS

Malfunction in the Log X DFG can be localized by means of the adjustment procedure described
in Sub-Paragraph 3.5.2 above. The first segment which cannot be adjusted properly is probably
at fault. Refer to Schematic C016 0126 08 for component values and location. Check the com-
ponents in the suspected segment with an ohmmeter, by comparing resistance measurements

between the cards or with other units. Recalibrate the unit after replacing any components.




APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A" - The parts in category ''A"" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category ""B" - The parts in category ""B'' are proprietary items that are available only from EAI.

If proprietary items ave replaced with items ob-
tained from other sources, EAI cannot assume
responsibility fov a unit not operating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

1. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAT is currently revising the part numbering sys-
tem. All parts effected by this revision are iden-
tified using the new and the old number (the number
in paventhesis). All parts should be ordeved using
the new mumber. The old numbeyr is provided to
cross veference parts that may still be identified
physically, or in other publications by that number.

2. When ordering complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,

include the purchase order number or the EAI project number of the original equipment
purchased.

3. When ordering expansion components, note if mounting hardware is required. If hard-

waArgés needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
W s "vn

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
PHYSICALLY COMPATIBLE WITHE THE ORIGINAL COM-
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ITEN| REF. DESIG, DESCRIPTION EAI NO. *CAT.
1 |cCRr1,2 Diode 00 614.0199-0 B
2 | Connector Block: White 00 542.1545-2 B
3 |R1,2,3,4 |Resistor, Precision 00 638.0765-0 | B
4 RS Resistor, Precision 00 638.1050-0 | B
5 Connector Block: Lettered 00 542.1551-8 B
(LOG DFG 0.16.0355)
0.16.0127-1 LOG X DFG_CARD
1 |CR1 thru 12| Rectifier 00 614,0042-0 | B
2 |R1,2,3,38, | Potentiometer 00 642.0448-0 B
39,40
3 |R4,41 Potentiometer 00 642.0444-0 B
4 RS,42 Resis tor, Variable, Wirewound: 00 642.0654=-0 | A
1K ohms +5%, IW
(Bourns 3365 or equal)
5 |R6,32 Resistor, Precision 00 638,0609-0 B
6 |R7,33 Resistor, Precision 00 638.0611-0 B
7 R8,34 Resistor, Precision 00 638,0470-0 B
8 |R9,35 Resistor, Precision 00 638.0610-0 B
9 |Rr10,36 Resistor, Precision 00 638.0608-0 | B
| 10 |R11,37 Resistor, Precision 00 638.0440-0 B
11 |r12,25 Resistor, Precision 00 638.0447-0 | B
| 112 |Rr13,26 Resistor, Precision 00 638.0450-0 | B
: 13 |RrR14,27 Resis tor, Precision 00 638.01;49-0 .B
14' R15,28 Resistor, Precision 00 638.0444-0 B
g 15 R16,29 Resistor, Precision 00 638.0441-0 B
S P e Resistor, Precision 00 638.0438-0 | B
- B

QUAD LOG X DFG

MODEL NO.
0,16,03:

Sh. 1 of 2 Sh. .
223-11°




ITEM| REF. DESIG. DESCRIPTION g st

18 |R19,22 Resistor, Variable, Wirewound: 00 642.0571-0 A

100 ohms +5%, W
(Bourns 3365P-1 or equal)

19 | RrR20,23 Resistor, Precision 00 642.0439-0 B

Identical with 0.16.0127-1 except for
the addition of Item 20,

20 Connector, Plug: 22 Contacts; Male £ 362.0415-0 A
(Amphenol 133-022-23 or equal)

ILITY OF PARTS, [UN
SIGNED TO INDICATE AVAILAB : T TITLE
CATEGORY COLUMN IS DE ) £
mers TH:- INDICATES PAATS THAT SHOULD BE Punc::::: ::;I:LII;I
5 - INDICATES PARTS THAT SHOULD BE PURC

QUAD LOG X DFg

MODEL No,
save 10 12 7 67 0.16.0355

Sh.2 of2 &,
»_ 1_'
2=3=12

P ——



APPENDIX 2

DRAWINGS

This appendix cntains necessary schematics and wiring diagrams of equipment described in

. te locating a particular sheet, an index is provided that lists the model
ponent, the type of drawings, and the associated drawing number.
manual in the order listed under the index Drawing Number
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NOTE:
|. ALL RECTIFIERS ARE SILICON DIODES PER DWG. A6l4 042 0.
2.ALL FIXED RESISTORS, EXCEPT R2! & 24 ARE £1%,.25W. R21 8
R24 ARE 10./%,.I5W.
3. CIRCUITRY ENCLOSED IN DOTTED LINES IS LOCATED ON 627-2
PRINTED CIRCUIT CARD.
-0V REF HQ GND + 10V REF

|
| Ri2 R25 |
| aa 20.9k 20.5k o |
I RI - ——— R38 '
£ e P | e b 2
1 i = prym T = # I
‘ Rr2 ¢ <} R39 |
x Ra7 R33 2K
| AA——AAN AV - Vv | '
19.6K cR3 277K 27.7K o 19.6K
R3 5. B +—— R40 |
| 2 R s RI9 w22 R28 R34 2K
WV AA—— [:3 100 nooﬁ AN A AKX |
| 21.2K CR4 13.06 13.0x cRI0 21.2K
| | |
| |
|
| |
| |
' |
|
I |
| |
L

mm&mgm

SCHEMATIC
LOG X DFG

1849|C 0I6 126 0S




4.1 INTRODUCTION

The 0. 16. 0360 Sine-Cosine DFG Tray may be installed in any of the positions indicated in

CHAPTER 4

SINE-COSINE DFG TRAY, MODEL 0.16. 0360

Figure 4.1. The tray (Figure 4.2) contains the following major sub-assemblies:

1. Two Sine-Cosine Function Generator Cards, Model 0, 16. 0361.

2. Two 10K ohms Passive Element Resistors.

3. One 100K ohm Passive Element Resistor.

The three upper and three lower patch terminals on the right side of the patch block provide
feed-through access to two MDFG units, if such units are supplied.

of this manual for information regarding the MDFG units.

See Section 2, Chapter 5

A00 ATTEN | AQ2 A08 | ATTEN ¢ AlD ATTEN | AI2 AI8 | ATTEN
POO- [ AO3 POS- S PIO- | AI3 PIS—
P04 P09 ; P14 PI9
ampL | INT |——=—=-| AmPL | MULT | ampPL |-——- B AMPL | INT |-—=—| AmMPL | MULT | AMPL [————
COMP. | AD4 /5 | fray COMP. | Al4 T/S
ADI F/R | A0S A0S | D/A All F/R | AIS ais | o/a
A20 ATTEN | A22 A28 |ATTEN | A30 ATTEN | A32 A38 |ATTEN
P20- | A23 P25- R P30- | A33 P35-
1]
P24 P29 N P34 P39
AMPL INT |=———| AMPL | MULT | AMPL |[———— K AMPL INT |=—==| AMPL | MULT | AMPL |—=—=~—
]
cOMP | A24 T/8 COMP. | A34 T/S
a2l F/R | A25 a29 | p/A A3l F/R | A35 A39 | D/A
A40 ATTEN | A4z ATTEN A50 ATTEN | AS2 o | ase [arren
Pao- | A43 P4s- ; P50- | as53 P5S
P44 i P49 u P54 - P59
AMPL | INT |——=-=| AMPL ——=-| N AMPL | INT |====]| AMPL | AMPL |[———-
K
COMP | A44 T/5 S COMP. | A54 T/S
A4l F/R | Aas D/A AS| F/R | ass AS9 | D/a
A60 ATTEN| A62 ATTEN| ATO ATTEN | A72 ar8 | ATTEN
P6O-| A63 PE5— = P70- | AT3 P75
P64 P69 i P74 P79
AMPL | INT |===——| AMPL ————] AMPL | INT |————[ ampL |- AMPL -
K
; COMP | A4 LIMITER 2 COMP. | A74 LIMITER
461 F/R | Ass I ATI F/R | A5 AT9

Figure 4.1. Location of the Sine-Cosine Tray, Model 0.16.0360
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CHATTSETA SINE-COSINE DFG TRAY, MODEL 0. 16. 0360

x

nm

Figure 4.2. Sine-Cosine Tvay, Model 0.16.0360

The sine-cosine (sin-cos) generator is designed for use with the 0.6. 0614-1 Dual DC Amplifier
and provides -Sin 0, -Cos 9, and +Cos 0 modes of operation. One amplifier section of the dual
dc amplifier is required for -Sin operation from -90° to +90°. Expansion of the -Sin operation
to -180° to +180° and +Cos operation from -180° to +180° requires the use of both amplifier
sections of the dc amplifier.

The passive element resistors may be used, as required, for any computing functions

4,2 TECHNICAL DATA

The following specifications refer to the 0.16.0360 Tray operated in the computer

Static Error: For the 0 Input Internal of -180° to +180°,

-5.0 Volts = E0 =450 VOIES ..ovieipeims s amsmntoe. +4 Millivolts, Maximum
-5.0 Volts =E = +10-0 Volte o dt v doel et sisierais +6 Millivolts, Maximum
+5.0 Volts = E0 = =10,/0 VOItS . siwiessnsenmnioies +6 Millivolts, Maximum
(@015 11 AP S O R +2 Millivolts, Maximum
Temperature Drift ......oeeeivneiieninnenn.. 0.8 MilliVOltS/°F, Wi

2-4-2
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CHAPTER 4 SINE-COSINE DFG TRAY, M

4,3 OPERATING CONSIDERATIONS

Complete application and patching information is included in the 580 Reference Handbook (EAI
Publication Number 00 800.2055-0). Figures 4.3 through 4.6 illustrate the patching and com-

puter diagrams for the various operating modes of the sine-cosine generator.

QO |11 O
reQ | xO
e O O

1O E@

0 Ad d 8 ° g—E& —SING
c L

-SINE 8 @ﬂ—-@—@—w '08@ c

Jil iy 8@ B
(@) l '
6IN o @ (b) Computer Diagram
-4.5V<0<+4.5V sO [0
FO [xO
GND
c mo
SIN-COS-GEN
0.16.0360

(a) Patching

Figuve 4.3. Sine-Cosine Generatov Patching for Sine Function Generation from -90° to +90°
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RO |1 O
FeQ | xO
O o AJ

i O IO% J F

FO e

. 1 == o0 +C0s

+COSINE 8 @—T—Q—@—*ﬁ— '°8@ c

ij} @ . 8@ -REF

81N o @

V<B<+9v AJ ? Te)
—<)—D|——F’. O

0
———— OS50

P SIN-COS- GEN
REF 0.16.0360

(b) Computer Diagvam

(a) Patching

Figure 4.5. Sine-Cosine Genevator Patching for + Cosine Function Generation from -180° to +180°
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9O ._310 AdJ
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(a) Patching

; . , ratoy Patching for - Cosine Functi ;
Figure 4.6. Sine-Cosine Gene on Generation from -180° to +180°
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4.4 THEORY OF OPERATION

The sine-cosine generator consists of a diode generator (DFG) circuit (with internal amplifi-
cation) that produces a sinusoidal feedback impedance for the associated operational amplifier.
A waveshaping network is included on the function generator etched-circuit card that, (a) per-
mits the unit to operate as a sine function generator over the range of +180° with an external

amplifier, or (b) permits the unit to be operated as a cosine function generator over the range
of +180° with an external amplifier.

The theory of operation of the diode function generator circuits and the waveshaping circuit are
described separately in the following paragraphs.

4.4.1 Diode Function Generator Theory

Basic DFG theory is described in many standard texts, and is therefore described only briefly
in this paragraph. The circuit consists of a network of reverse biased diodes in series with
resistors of different values (see Figure 4.7). The bias value applied to each diode determines
the point at which the diode conducts (breakpoint voltage), and the value of the total resistance in

series with each diode determines the amount of current each diode segment contributes to the
resultant function.

The circuit actually consists of two sinusoidal DFG networks; a quadrant I network to generate
the sine function from 0° to +90°, and quadrant IV network to generate the sine function from

0° to -90°. The DFG's are included in the feedback path of the amplifier, varying the feedback
impedance sinusoidally.

| The slope of a sine curve is maximum at 0°, and decreases to zero at 90°. The effective feed-
back impedance at 90° must be zero ohms to provide a zero slope. The three final segmenté of
l the positive and negative DFG's are driven by a non-inverting differential amplifier (AR1)
mounted on the etched-circuit card. The requirement for a zero feedback impedance at 90°
inated by the gain of this amplifier module.

ince it is not switched by diodes. The
e when none of the diodes is conducting,
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Rla
- AN
CRI-| R3-1 R2-1 _
edh— AAA, s e N————
- REF
R4-1
CR2-| R5-1 (R6-1,R7-1, R TH, R8-1)
—i¢- AN — W —
g AAN 9 — AA—————
+ SINE %
AN, ® —AAA—
DFG ’1 D
N .
H SIMILAR +DIODE NETWORKS ! :
a =T
—iq— \—+ —AAA-
AAN
2l — AN
L | AR
-IN
+REF
rd { k_'vvv_ - I VVV
>
P AAA
""-‘f— ___J-n.—
I SIMILAR —DIODE NETWORKS !
—SINE ! . L
DFG o —
———————Pp—— WY % AAAS
4'][ —ANA— AAA~
L 1 NA———
P
8 ,—I__A] g 0.6.0614- | ®|rs
8IN \ Ad AMPLIFIER CARD }
(-4.5vV<8< “|.|r
+4.5V)
~SINE 8 OUT
(-90°T0 +390°)
Figure 4.7. Sinusoidal DFG Civcuit, Simplified Schematic
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CHAPTER 4 SINE-COSINE DFG TRAY, MODEL 0.16. 0360

The components forming the first positive segment group in the DFG are identified on the figure

for description. Diode CR1-1, together with slope resistor R3-1 and input resistor R2-1, forms

the first positive diode segment of the sinusoidal DFG. The diode is reverse biased by resistors
R2-1, R4-1, and the bias network consisting of R6-1 through R8-1 when no input signal is present.
As the DFG iﬂput signal (the output of Al) becomes positive, the reverse bias on CR1-1 is over-
come. The diode conducts, effectively switching resistors R3-1 and R2-1 in parallel with Rla.
As the output of Al increases in a positive direction, the reverse bias on CR2-1 is also over-
come, and CR2-1 switches R4-1 and R5-1 in parallel with R3-1. Thus, the feedback resistance
decreases as the amplifier output increases.. The series resistor values and the diode bias voltage
are chosen so that the feedback resistance decreases sinusoidally. Note that R4-1 forms part

of the bias network for CR1-1, and forms part of the input and bias network for CR2-1., 'This

dual use of resistors within a segment group reduces the number of precision resistors required
for the DFG increasing the reliability and stability of the circuit.

4.4.2 Waveshaping Circuit Theory

A waveshaping network incorporated on the sine-cosine generated etched-circuit card may be

patched in conjunction with an external amplifier to generate the sine or cosine of an input signal
over the range of +180°,

The circuit for generating the sine of an angle over the range of +180° is explained with the use
of Figure 4.8. As shown on this illustration, the input signal is coupled through an amplifier-
waveshaping circuit that produces the waveform shown in Figure 4.8c. The signal is summed
with the original input signal at the input junction of amplifier 2. Since the input resistors to
amplifier 2 have a 2:1 ratio, the effective input signal is as shown on Figure 4.8d. The sinu-

soidal DFG circuit is connected as the feedback element for amplifier 2, producing the output
shown in Figure 4. 8e.

The basic theory of the cosine function generator is described with the aid of Figure 4.9. De-
pending on the patching of the control terminal (C), the circuit produces an output of +cos @ or
-cos 9, over the range of £180°. The arrangement shown on Figure 4. 9a produces an outptit of
—cos 0; if the C terminal is patched to -REF, the resultant output is +cos 0. For the arrangement
shown, amplifier 1 produces no output for any negative input within the required range (0 to -9
volts), but acts as a normal gain-of-one inverter for positive inputs. The resultant output from
amplifier 1 is shown in Figure 4,9c. This output is summed with the original input signal at

the input junction to amplifier 2, A bias current, through R1d, shifts the zero level of the effec-
tive input to amplifier 2. The 2:1 ratio between resistors Rlc and R1lb, together with the bias
current, makes the effective input to amplifier 2 appear as shown in Figure 4,9d. The sinusoidal
DFG circuit in the feedback path of :-ampliifier 2 produces the output shown in Figure 4. 9e.

T e e el el el e e e = W T T
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CHAPTER 4 SINE-COSINE DFG TRAY, MODEL 0. 16. 0360

The waveforms shown in Figures 4, 8c and 4. 9c illustrate the effect of the waveshaping network;
the circuit of the waveshaping network is shown in Figure 4.10. To understand the operation of
the circuit, assume first that no input is applied and C is connected to ground. Recall that the
amplifier input junction is held at virtual ground potential by circuits within the amplifier, and
that the amplifier draws essentially no current from the summing junction. Resistors R65c and

R1d are connected to ground and thus may be disregarded.

WAVESHAPING CIRCUIT

R65a
10K
AAA
|
I |
|
[ore circuiT
' 1
I
| f
: CR23 : l |
R65b o ’
S0 2.5k
61n At —VWW 2 —Eour =
(-9<6<+9V) —SINE 8
= IF C IS
CR24 PATCHED TO HQ GND
I | +COSINE IF C IS PATCHED
: | TO -REF
~COSINE IF C IS PATCHED
TO +REF
1
| |
|
1,001
[
Rlc c
5K
AAA — ] |
—_—— e ]

Figure 4.10, Sine-Cosine Genevator Waveshapz‘ng Civeuit
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Resistors R67-1 and R71-1 and diodes CR25-1 and CR26-1 establish a positive bias potential

at the junction of R66-1 with R67-1. An identical circuit establishes a negative bias potential at
the junction of R66-2 with R67-2. These bias potentials are equal in absolute value. Diodes
CR19 and CR20 are forward biased by these voltages. These diodes, together with CR21 and
CR22, form a bridge circuit around the amplifier. The R66-1 through R71-1 and R66-2 through
R71-2 bias networks are designed to provide a static current flow of 450 microamps through
CR19 and CR20. The constant balancing action of the bridge maintains the output of the amplifier

at zero until an input voltage in excess of |4.5|volts forces a current greater than 450 microamps
through input resistor R65b.

For example, if an input of +2.5 volts is applied, a current of 250 mi crolamperes flows through
R65b toward the junction of CR21 with CR22. This input current unbalances the circuit, and the
amplifier output shifts negative. However, as soon as the amplifier output shifts away from zero
by the smallest amount, the forward bias on CR20 is reduced, and CR22 is permitted to conduct.
As CR22 conducts, the positive input current is diverted through this diode to the negative refer-
ence supply. Thus, the amplifier output needs to shift by only a very small amount (almost not
measurable) to satisfy Kirchoff's law for input currents up to 450 microamps (4.5 volts).

If the input voltage exceeds +4.5 volts, a current in excess of 450 microamps flows toward or
away from the amplifier input junction. Since the amplifier input junction cannot change from
virtual ground potential, and since the CR21-CR22 circuit cannot absorb or provide a current
in excess of 450 microamps, the output of the amplifier must shift in such a way that the excess

current can flow through feedback resistors R65a. The amplifier thus acts as a normal gain-
of-one circuit for inputs in excess of +4. 5 volts.

Diodes CR23 and CR24 compensate for the normal conducting voltage drop of CR19-CR22, so
that the amplifier output is effectively disconnected from R1b until the @ input exceeds +4.5 volts.
Since the feedback resistor (R65a) is connected to the junction of CR23 and CR24 with R1b, the
amplifier 1 circuit appears as a perfect dead-zone generator, producing the output shown in

Figure 4. 8c,

The C terminal must be patched to +REF for cosine operation. Assume for this description that

the C terminal is patched to +REF, preparing the circuit to generate
in the same way,

summing junction,

-cos 0. The circuit operates
except that an additional current of 450 microamps flows through R65¢ to the

If no input is applied, this current flows through CR22, R66-2 and R67-2 to
-REF, and no current flows through CR20 or CR21, while 450 microamps flow through CR19.

If 2 negative input is applied, the automatic balancing action of the amplifier and the CR19-CR22
circuit mmns ﬂw amplifier output at zero.

-
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If a positive input is applied, the current flow toward the input junction exceeds the amount that
can be shunted through CR22, and the current must flow through the Feedback resistor. Thus,
the current through R65c, in effect, shifts the operating point of the waveshaping network by +90 .

If the C terminal is patched to -REF, the operating point of the waveshaping network is shifted
by -90°, and the complete circuit produces an output of +cosine 6.

The current through R1d is summed with the shaped signal through R1b and the @ signal through

Rlc at the input to amplifier 2. The resulting signal is as shown in Figure 4. 9d (for -cosine @
operation), '

4.5 CIRCUIT DESCRIPTION
Refer to Schematic D00 016 0361 0S for the following description.

The DFG circuit is shown at the top of the drawing. The positive DFG consists of diodes CR1-1
through CR12-1 and CR16-1, CR17-1 and CR18-1, together with the associated resistor networks.
The negative DFG is identical, except for the diode and bias polarities, and consists of diodes
CR1-2 through CR12-2, CR16-2, CR17-2, and CR18-2, and the associated resistor networks.

The diodes of each polarity are arranged in six groups, and each group is equipped with one

or two rheostats for setting the bias level required by the group. A thermistor (for example,
RT1-1) is provided in each biasing network for temperature compensation.

The thermistors are
in series with, and shunted by, fixed resistors that alter the tracking charaecteristics of the

thermistor to match those of the diodes in the group.

The circuit consisting of CR13-1 and its associated bias network (R42-1 through R46-1 and
RT6-1) switches the input signal to amplifier AR1 when the required positive input leye] is
reached. Diode CR13-2 and its biasing network perform the same function for negative inputs

The waveshaping circuitis shown at the lower left of the drawing, The amplifier shown between
the J and F terminals is the external high-gain amplifier that must pe Patched wh

: en +180° gine
operation or cosine operation is required. :

The operation of the waveshaping circuit has been explained in Paragraph 4.4,2 of this chapter

Diodes CR25-1, CR26-1, CR25-3 and CR26-2 provide temperature ¢0mpensation for the biasin.
network, allowing the bias potential to track any temperature-caugeq Variations in diodes CR1 Qg
through CR22.

The circuit consisting of resistors R72-1 and R72-2 and capacitop C8-1 ang C8-2. i
" -2, sho
lower right of the schematic, decouples the +15 volt input power to the A . s wn at the

lifier module.

.
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4,6 SINE-COSINEDFG ADJUSTMENT PROCEDURE

The sine-cosine DFG card is provided with a total of 23 (including amplifier balance resistor)
adjustable resistors. These controls permitthe sinusoidal curve produced by the function genera-
tor to be adjusted in the field if long-term component aging causes minor deviations from the re-
quired curve. No adjustments should be attempted without sufficiently accurate test equipment.

4.6.1 Required Equipment

1. Service Shelf, Model 0.51. 0382
2. Null Voltage Test Set or Equivalent

3. Test Patch Cords as Required
4.6.2 Preliminary Steps

1. Tewmperature. To calibrate the sine-cosine DFG within specifications, the
ambient temperature should be 77°F within +1°F. During the time when ad-
justments are being performed, the ambient temperature should not vary by
more than +0,3°F, Since the tray must be operated on a service shelf while
adjustments are performed, these temperature requirements are imposed on
the computer surroundings for the period of adjustment.

NOTE

For maximum accuracy, the specified ambient
temperature range must be maintained when
making genevator adjustments. Failuve to ob-

; : serve this precaution may vesull in excessive

| ervov. If the ambient temperatuve specifications
cannot be met, it is suggested that the unit be rve-

i turned to EAI for re-calibration.

2. Equipment Warm-Up. Prior to performing any adjustments, the equipment
should be allowed to stabilize at operating temperature. This requires a

minimum of one-half hour with power applied to the computer. Follow the

manufacturer's instructions concerning warm-up and calibration of the test

- e
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4.6.3 Adjustment Steps

Place the tray to be adjusted on the service shelf (EAI 0.51.0382). Allow the
unit to warm up for one-half hour, unless the unit has been operating in the

computer.

Assure that computer reference is adjusted to 10 volts +0. 005 volt, and that

+REF and -REF levels are precisely balanced to within 1.0 ma.

3. Patch the unit as shown in Figure 4.11. Carefully balance amplifiers Al, A2

and A3.

=REF

s I FR2
A
> "t
+REF

COARSE

volrse [
TEsT SET | (REF)

(s1GNAL)

Figuve 4,11, Sine-Cosine DFG Adjustment Civcuit

Connect a test probe from the null voltage test set to TP1. Set the test set
to 0.0000 volt, and adjust R47 until the voltage indicated by the test set is
equal to 0.0000 volt +0.2 millivolt. Amplifier AR1 is now accurately balanced.

Remove the test lead connected to TP1. Connect the null voltage test set in-
put terminal to the arm of FR3.

Place function relay 1 in the S position.

Set the controls on the test set to the first input voltage listed in Table 4.1
and place FR2 and FR3 in the S positions. Adjust P01 and P03 unti] the tes,t
set indicates a null within £0, 05 millivolt,

Set the controls on the test set to the first output voltage listed in the table
Place FR2 and FR3 in their alternate R (+REF) positions, and adjust the X
appro-
priate potentiometer on the DFG until the test set indicateg a null within 0 I()]I:;
in 0,

millivolt.

Repeat Steps 7 and 8 for adjustments 2 through 5, ¢ perform adjust
Justment 6,

with P01 and
Set the test set to the indi-

remove the lead from the arm of FR3 after setting the input leye]
P03, and connect the input of the test set to TP1,
cated output voltage, and set the potentiometer 1list

ed for adjust
ment i
the test set indicates a null. nt 6 until
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Table 4.1. -DFG Adjustments

Adjustment II'Z%I.:IRtZVE;Iage Ouglgzvs?)ltage Potentiometer
1 +0. 800 -2, 7557 R8-2
2 +1.270 -4.2887 R15-2
3 +1,790 -5.8481 R22-2
4 +2.670 -8.0268 R31-2
b +3.690 -9, 600 Coarse: R40-2
+3. 690 * =9.600 Fine: R41-2
6% +3. 800 -1.500 Coarse: R45-2
+3. 800 -1.500 0.1 MV Fine: R46-2
+9, 000 0. 0000 R70-2
8 +4. 410 -9.9935 Coarse: R63-2
+4, 410 -9.9935 Fine: R64-2
*See Text, Step 9.

e minemmmmsmem o

yor

CONNECTO

10.

11.
12.

13.

L\.—f\/\/\

R70-1

R4
R70-2

JEEmmE P m

R END
Figure 4.12. Adjustment Locations

Remove the load from TP1, and reconnect the test set input to the arm of FR3.
Perform adjustments 7 and 8, using the procedures given in Steps 7 and 8.

This completes the adjustment of the -DFG circuit.

Interchange the connections to the S and R terminals of FR2. Place FR1
in the S position. Repeat Steps 7 through 10, using the data listed in Table 4. 2.

This completes the sine-cosine DFG adjustment procedure. When replacing
the unit in the patch bay, use care to assure that the tray is not subject to
mechanical shock, since the control setting may be disturbed.

g the sine/cosine DFG trays for proper operation,
Itages to verify the calibration accuracy.
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Table 4.2. +DFG Adjustments

Adjustment Input Voltage Output Voltage Potentiometer

1 -0. 800 +2. 7557 R8-1

2 -1. 270 +4, 2887 R15-1

3 -1.790 +5. 8481 R22-1

4 -2.670 +8. 0268 R31-1

5 -3.690  +9.600 Coarse: R40-1
-3.690 +9. 600 Fine: R41-1

6* -3. 800 +1.500 Coarse: R45-1
-3. 800 +1.500 £0.1 MV Fine: R46-1

7 -9. 000 0. 0000 R70-1

8 -4.410 +9, 9935 Coarse: R63-1

-4.410 +9. 9935 +9. 9935 Fine: R64-1

*See Test, Step 9.

4,7.1 Operational Test

The operational test requires the use of a triangular wave generator and a dual-beam oscilloscope.

Proceed as follows:

1. Patch the circuit of Figure 4.13.

2. Set the output level of the triangular wave generator to 18 volts peak-to-peak
with a frequency of 500 cps. ’

3. Adjust the vertical positioning controls of the oscilloscope so that the channel

A and channel B origins are on the center horizonta] axis of the screen. Set
. Se

the triggering controls of the oscilloscope for g positive external trigasr d
an
adjust the trigger level control so that the sweep begins when e i ’
i

. angular
waveform crosses the zero horizontal axis.

4. Observe the display. If the unit is operating Correctly, the gis

lay sh
resemble Figure 4.14a. play should

5. Patch the C terminal to + Reference. A -CoSine waveform re

) | sembli i
4.14b appears if the unit is operating properly, ing Figure

6. Patch the C terminal to - Reference, and a +CoSine wavefo
r

: m simi .
Figure 4.14c appears on the oscilloscope if the unit is o ilar to
5 i

ating correctly,
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AJ
DUAL-BEAM
F FB 0SCILLOSCOPE
y TRIGO-
SIN/COS
6.614-| OA
0 18V P-P g| DFG |FY
B8
c
TRIANGULAR
WAVE GEN.
500 CPS
+REF —REF

Figure 4.13. Operational Test Civcuit

4.7.2 Troubleshooting

If trouble is encountered during the operational check or when attempting to use the sine-cosine
DFG, refer to Table 4.3 for aid in isolating the problem.

Table 4.3. Troubleshooting

Symptom

] Probable Cause

Sine function distorted near +90°.

AR 1 amplifier module unbalanced or defec-
tive; adjustment required (see Paragraph 4. 6).

Sine function distorted beyond
90° ; -cosine function distorted
from 0° to -180°,

Improper patching of external waveshaping
amplifiers; faulty adjustment of waveshaping
network; faulty diode or resistor in waveshaping
network.

Error in sinusoidal function that
_cannot be corrected by performing
adjustment procedure,

Leaky, open, or shorted segment or wave-
shaping diode. The faulty diode can be localized
by noting the input voltage where the error be-
gins, then referring to the schematic and setup

tables (Tables 4.1 and 4. 2).
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-180° 0° +i180°

(c) +Cosine Waveform

Figure 4.14. Operational Test Waveforys
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APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A" - The parts in category ""A" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category '"B'' - The parts in category "B'" are proprietary items that are available only from EAI,

CAUTION

If proprietary items ave replaced with items ob-
tained from other sources, EAI cannot assume
rvesponsibility for a unit not opevating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

1. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAl is curvently revising the pavt numbering sys -
tem. All parts effected by this vevision ave iden-
tified using the new and the old number (the number
in parenthesis). All parts should be ordeved using
the new number. The old number is provided to
cvoss veference parts that may still be identified
bhysically, ov in other publications by that number.

2. When ordering complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment

purchased.

3. When ordering expansion components, note if mounting hardware is required. If hard-
ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
WARE".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND

PHYSICALLY COMPATIBLE WITE THE ORIGINAL COM-
PONENT.,
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(SIN-COS-GEN 0,16,0360)

ITen| REP. DESIG. DESCRIPTION EAI NO. *CAT.
110 Connector Block: (Yellow) 00 542.1545-1 B
2 | RL,2 Resistor, Precision 00 638,1050-1 B
3 | R3 Resistor, Precision 00 638.1050-2 B
&4 Connector Block: Lettered 00 542.1552-4 B

NOTEI THE CATEGORY COLUMNK I8 DESISNED TO INDICATE AVAILABILITY OF PARTS.
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
5 - INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl,

 oave 12/ 14 /67

UNIT TITLE

SIN-COS GENERATOR

EL NO.
0.16.0360-0 Sh. 1of 1 Sh.

Sim i 21



EAl NO. *CAT.

ITEM| REF. DESIG. DESCRIPTION
1 |AR] Integrated Circuitry: Operational Amplifier 00 592.0133-0 B
2 |cl Capacitor, Fixed, Ceramic: 00 515.0420-2 | A

180 pf +5%, 100V
(Vitramon VY10C181JE or equal)

3 |c2 Capacitor, Fixed, Ceramic:
820 pf +5%, 50v
(Vitramon VY15C821JE or equal)

4 |c3 Capacitor, Fixed, Ceramic-
200 pf +5%, ZOOV
(Erie 835 or equal)

5 |c4 Capacitor, Fixed, Film:
5100 pf +5%, 200V
(Sprague 192P or equal)

6 |C5,6 Capacitor, Fixed, Mica:
330 pf +1%, 100V

7 |C7 Capacitor, Fixed, Ceramic:
750 pf %5%, 100V
(Vitramon VY15C751JE or equal)

8 |C8 Capacitor, Fixed, Electrolytic:
100 uf +20%, 20V
(Sprague 150D or equal)

9 |C9 Capacitor, Fixed, Ceramic:
1200 pf +5%, 50V
(Vitramon VY15C122JE or equal)

10 |CR1 thru 26|Diode

11 |P1 Connector, Plug: 22 Contacts; Male
(Amphenol 133-022-23 or equal)
12 |qQ1 Transistor
113 |Q2 Transistor

14 |Rl-a,b,c,d |Resistor, Precision: Matched Set of 4

fl4a |R2,9,16 Resistor, Fixed, Film:
25K ohms 15%, 1/8w

(Elmenco 4CRDM10F-331-G0-100V or equal)

(Int. Resistance Corp. CFA-TO or equal)

00 515,0446-0 A
00 511.1201-2 A
00 522,1512-0 A
00 519.0091=0 A
00 515.0445=-0 A
00 517.1107-3 A

00 515.0447-0 A

00 614.0199-1 B
00 542,0419-0 A

00 686.0330-0 | B
00 686.0331-0 |. B
00 640,0134-0 | B

00 634.0780-1 A

NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF pARTs,
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl,

cATE 4 / 29 / 68

[UNIT TiTCE

SIN-COS GENERATOR
MODEL NO,

Tl

0.16.0361 Sh. 1 ofg Sh.




ITEM| REP. DESIG. DESCRIPTION EAI NO. *CAT.
15 |R3 Resistor, Fixed, Film: 00 634.0782-5 A
869.1K ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
16 | R4 Resistor, Fixed, Film: 00 634.0780-0 A
20.48K ohms *5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
17 |RS Resistor, Fixed, Film: 00 634,0782-4 A
518,3K ohms *5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
18 |R6 Resistor, Fixed, Film: 00 634.0781-1 A
207K ohms 5%, l/8W
(Int. Resistance Corp., CEA-TO or equal)
19 |R7 Resistor, Fixed, Film: 00 634.0780-4 ° A
30.8K ohms %57, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
20 | R8,47 Resistor, Variable, Wirewound 00 643.3203-4 A
20K ohms
(Bourns 3500-S or equal)
21 [R10 Resistor, Fixed, Film: 00 634.0781-4 A
- 413.5K ohms +57, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
22 |R11 Resistor, Fixed, Film: 00 634.0779-4 A
4,671K ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
23 |R12 Resistor, Fixed, Film: 00 634.0781-3 A
268K ohms 5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
24 |R13 Resistor, Fixed, Film: 00 634.0780-8 A
B0.42K ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
425 |r14 Resistor, Fixed, Film: 00 634.0779-5 | A
6.95K ohms +5%, 1/8W '
(Int. Resistance Corp. CEA-TO or equal)
26 |R15 Potentiometer 00 642.0731-3 B
27 |R17 Resistor, Fixed, Film: 00 634,0781-2 A
» 219.9K ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
NOTE: THE CATEGORY COLUMN IS DESISNED TO INDICATE AvAILASILITY ®F ranTs, JUNIT TITLE
. A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
8 -INDICATES PARTS THAT SMOULD B PURCHASED FROM EAl. SIN-COS GENERATOR
MODEL NO.
0.16.0361 Sh. 2 of 6 Sh.
hatrtlag
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ITEM| REF. DESIG.

DESCRIPTION

EAl NOG.

“CAT.

28 |R18

29 |R19

30 |R20

31 |R21

32 |R22

33 |R23,42,50

34 |R24

35 |R25

36 |R26

37 |R27

38 |R28

39 |R29

40 JR30

Resistor, Fixed, Film:
2.571K ohms #5%, L/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
108, 3K ohms +5%, 1/8W
(Int. Resistance Corp, CEA-TO or equal)

Resistor, Fixed, Film:
54.35K ohms *5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
3.66K ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Potentiometer

Resistor, Fixed, Film:
10K ohms £5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
94,93K ohms £5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Résistor, Fixed, Film:
71,07K ohms *57%, 1/8W :
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
55.19K ohms %5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
560.3 ohms +0,5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
26.59K ohms *#0.5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
15.66K ohms 5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
910 ohms +0.5%7, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

00 634.0779-1

00 634.0781-0

00 634.0780-5

00 634.0779-3

00 642.0696-2

00 632,1002-2

00 632.0780-9

00 634.0778-9

00 634,0780-6

00 634,0778-7

00 634,0780-2

00 634,0779-8

00 634.0779-0

k MOTE! THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS,
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
® - INDICATES PARTS THAT SHOULD BE PURCHASED FRO.4 EAl,

UNIT TITLE

SIN-Ccos GENERATOR
MODEL Ng.
0

:16.0361 Sh. 3 of 6 Sh.

C9k=24
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ITEM| REF. DESIG.

DESCRIPTION

EA! NO.

*CAT.

41 | R31

42 | R32

43 | R33

44 | R34

45 | R35

46 | R36

47 | R37

48 |R38

49 | R39

50 | R40

70

I 52 | rR43

53 | R4S

51 | R41,46,64,

Resistor, Variable, Wirewound

500 ohms '
(Bourns 3500-S or equal)

Resistor, Fixed, Wirewound, Precision

Resistor, Fixed, Film:

2.863K ohms *5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
90,4 ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
Resistor, Fixed, Film:
12.84K ohms +5%, 1/8W
(Int, Resistance Corp. CEA-TO or equal)
Resistor, Fixed, Film:
66.8 ohms +0.57%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
Resistor, Fixed, Film:
2.863K ohms +5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)

| Resistor, Precision:'

Resistor, Fixed, Film:
193 ohms +0.5%, 1/8W
(Int. Resistance Corp. CEA-TO or equal)
Resistor, Variable, Wirewound

100 ohms #5%, 0.6W @70°C

T.C. %70 ppm/°C

(Bourns 3500-S or equal)

Potentiometer

Resistor, . Fixed, Film:
11.29K ohms +5%, 1/8W
(Int., Resistance Corp. CEA-TO or equal)

Resistor, Fixed, Film:
624 ohms +0,5%, 1/8W
(Int. Resistance CEA-TO or equal)

00 643'3501f4

00 638.1193-0

00 634.0780-3

00 634.0778-1
00 634,0779-7
00 634,0778-0
00 634.0779-2

00 638.1193-1

00 634.0778-3
00 643.3101-4
00 642,0731-0
00 634.0779-6
00 634.0778-8

00 642.0696-0

TY OF PARTS.

JUNIT TITLE

SIN-COS GENERATOR

MODEL NO.
. 0.16.0361

Sh. 4 of g Sh.

i 1mBag-25




ITEM

REF. DESIG.

DESCRIPTION

EAl NO.

*CAT.

55

56

57

58

59

60

6l

62

63

65

66

67

R5la,R51b

R53,54

64

R48 Resistor, Fixed, Composition:

7.5 meg ohms 5%, 1/4W
(Allen-Bradley CB or equal)

R49 Resistor, Fixed, Composition:

15 megohms +5%, 1/4W
(Allen-Bradley CB or equal)

R52 Resistor, Fixed, Composition:

1.5K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
100 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

R55 Resistor, Fixed, Film:

414,5 ohms +0,5%, 1/8W

R56 Resistor, Fixed, Film:

199.2 ohms +0.5%, 1/8W

R57 Resistor, Fixed, Film:

56.53K ohms +5%, 1/8W

R58 Resistor, Fixed, Film:
117.7 ohms +0,5%, L/8W

R59 Resistor, Fixed, Film:
150.2 ohms +0.5%, 1/2W

R60 Resistor, Fixed, Film:
17.84K ohms +57, 1/2W

R61 Resistor, Fixed, Film:
1.717 ohms #0,5%, 1/2w

R62 Resistor, Fixed, Film:
338 ohms #0,5%, 1/8W

Resistor, Precision: Matched Pair

(Int. Resistance Corp. CEA-TO or equal)

(Int. Resistance Corp., CEA-TO or equal)

(Int. Resistance Corp. CEA-TO or equal)

(Int. Resistance Corp. CEA-TO or equal)

(Int, Resistance Corp. CEA-TO or equal)

(Int, Resistance Corp. CEA-TO or equal)

(Int. Resistance Corp. CEA-TO or equal )

(Int, Resistance Corp. CEA-TO or equal )

00 625.0755-0

00 625.0156-0

00 640,0133-0

00 625.0152-0

, 00 625,0101-0

00 634.0778-6

00 634,0778-4

00 634.0780-7

00 634,0778-2

00 634.,0782-0

00 634,0779-9

00 634,0780-1

00 634.0778-5

PNOTE:! THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILA oI

A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY,
B -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAL

paTe 12/ 16 7 67

LITY OF paARmTs,

UNIT TITLE

SIN-COS GENERATOR

MODEL No.

J-4:26
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l ITEM| REF. DESIG. DESCRIPTION EAI NO. *CAT.
l 68 | R63 Resistor, Variable, Wirewound 00 643.3202-4 A
2K ohms %5%, 0.6W @70°C
T.C. +70 ppm/®C
] (Bourns 3500-S or equal)
69 | R65a,R65b, | Resistor, Precision: 00 640,0132-0 B
.] R65¢ Matched Set of 3
70 | R67 Resistor, Precision 00 638,1193-2 B
J 71 | R6,7 Resistor, Precision 00 638.1193-3 B
72 | R68 Resistor, Precision 00 638.1193-4 B
—] 73 | R69 Resistor, Precision (Padder): Value to be Order by B
determined at the time of manufacture. Description
l 74 | R71 Resistor, Precision: 00 638.0588-0 B
75 | R72 Resistor, Fixed, Composition: 00 625.,0100-0 A
10 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
76 | RT1 Thermistor: 00 646.0110-0 B
J 77 | RT2 Thermistor: 00 646.0111-0 B
] 78 | RT3 Thermistor: 00 646,0112-0 B
79 | RT4 Thermistor: 00 646.0113-0 B
|
80 | RT5,7 Thermistor: 00 646,0114-0 B
81 | RT6 Thermistor: 00 646.0115-0 B
The 0.16.0361-1 is identical to the
H 0.16,0361-0 less item 10,
NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE
A mlgn'ﬂll PARTS THAT SHOULD BE PURCHASED LOCALLY.
Mw PARTS THAT SHOULD BEK'PURCHASED FROM EAL. SIN-COS GENERATOR
1 MODEL NO.
- __oate 12 /16 7 67 0.16.0361 Sh. 6 of 6 Sh.
. 2-4=27/28
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APPENDIX 2

DRAWINGS

This appendix contains necessary schematics and wiring diagrams of equipment described in
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model

number of each unit or component, the type of drawings, and the associated drawing number.

The drawings are bound into the manual in the order listed under the index Drawing Number
column.

EAI drawings are prepared in accordance with standard drafting practices for electro- mechani-

cal and electronic equipment. All symbols are in accordance with current government stand-
ardsl

INDEX
Unit or Component Type of Drawing Drawing Number
0.16. 0360 Sine-Cosine Assembly W/ D00 016 0360 0A
Generator Wiring
0.16. 0361 Sine-Cosine Schematic D00 016 0361 0S

Generator
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CHAPTER 5

THE MANUAL DIODE FUNCTION GENERATOR GROUP

5.1 INTRODUCTION

This chapter describes the components which comprise the manual diode function generator
(MDFG) group. A flexible series of expansions permits the addition of from 1 to 8-10-seg-
ment MDFG circuits, together with setup facilities and amplifiers. The MDFG components
are housed in drawers at the right side of the computer (Figure 5.1) with up to four MDFG cir-
cuits in each drawer. A setup circuit is included in the lower drawer.

Patch panel access to the MDFG circuits is provided by wired-through trays (0, 16.0358) or
by wiring in the 0,7, 0148 and 0. 7. 0150 Multipliers, 0.16.0355 Quad Log DFG tray or the

0.16. 0360 Sin/Cos tray (Figure 5.2). These trays mount in position 5 of fields 4 through 7
(Figure 5. 3).

The following major components comprise the MDFG group:

MDFG Networks 0.16.0338 (+) and 0. 16, 0338-1 (-)
Dual Amplifier Network 0. 12, 1345
MDFG Control Panel 0. 20, 1090

MDFG Setup Amplifier Network 0. 6. 0815

B W DN =
by sl R g

Each drawer contains a 0, 20, 1090 Control Panel and up to four MDFG. expansion groups
(0.2.0961 and 0, 2,0961-1). The lower drawer also includes the 0. 6. 0815 Setup Amplifier Net-
work. If less than 4-10-segments are required, the upper drawer will be empty and can be
used for storing patching components. Expansion group 0. 2. 0961 adds a 0. 16. 0338 +MDFG Unit,
two encapsulated differential amplifiers (0. 6.0681-1), and 0.16. 0358 Readout Tray (if required).
Expansion group 0.2, 0961-1 adds the same components, except that a 0. 16, 0338-1 MDFG Unit
is substituted for the 0. 16. 0338 +MDFG Unit. Figure 5.4 is a layout drawing indicating the
component supplied with each expansion group and the additional components required. The'
expansion flexibility of separate units is combined with the reliability and production economy

of multiple purpose units by these groups. A 0.12.1345 Dual Amplifier Network mounts in the

back of the drawer, and provides interconnections for the 0. 6. 0681-1 Amplifier Modules sup-
plied with two MDFG expansion groups.

The 0. 6.0815 MDFG Setup Amplifier Network includes a 0. 6. 0615-1 Amplifier Card. This
card is described in detail in Section 1, Chapter 1. Therefore, the amplifier card is illus-
trated and described only in terms of its input and output connections in this chapter,

2-5-1
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16.338 % 12.1345
+MDFG UNIT AMPLIFIER NETWORK

6.338-1% 6.683 SETUP
I_MDFG UNIT AMPLIFIER
(INSIDE)

20.1090 MDFG 6.752
CONTROL PANEL SETUP PANEL

) Lower Dvawer

12.1345 16.338-1%

AMPLIFIER =MDFG UNIT
- NETWORKS

(@) MDFG Drawer Area
of Computer Console

20,1090 MDFG

CONTROL PANEL .50

+MDFG UNIT

() Ubper Drawer
Figure 5.1. Major MDFG Components
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4

MDFG
»PATCH
TERMINALS

MDFG
(PATCH

[

TERMINALS

O
O
O
@)
O
Q

[

s @ @zo

MDFG READ OuUT QUAD LOG DFG
0.16.0358 0.16.0355

L)

(a) Separate Paich Block (b) MDFG Patching Terminations
on a Typical Multipurpose Tray

Figure 5.2. MDFG Patching Area

4 L

Each MDFG unit is capable of providing a 10-segment function of an input. The adjacent MDFG
units that share a0.12. 1345 Network may be cascaded to provide a 20-segment function. The

-\

setup circuit contains an amplifier and additional circuits that permit the amplifier to perform
as a track/store circuit for MDFG unit setup, or as a ramp-generating integrator for function
checking. A plotter may be connected to terminals provided on the panel of the setup circuit
for function checking.

A

5.2 OPERATION

Details of function setup are provided in the 580 Reference Handbook (EAI Publication Number

L

00 800.2055-0) and are not duplicated in this manual. A procedure for setting up a specific
test function is included in Paragraph 5.6.2. The purpose of each of the controls is described
in Paragraph 5.5, which also explains the associated circuitry.
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THE MANUAL DIODE FUNCTION GENERATOR GROUP

A0Q ATTEN | AQ 2 A0B | ATTEN - A0 ATTEN | A2 a18 ATTEN
POO- | AD3 POS - : pio- | a3 P15~
PO4 P09 T P4 pig
AMPL | INT |——=—]amPL | MuLT | AmpL |-—~- 3 amPL | INT |-—=—] AMPL | MULT | AMPL |====—
COMP | A04 T/ - comp, | Al4 T/8
A0l F/R | aos a0 |oza | ™M ann F/R | a1s Al9 | D/A
A20 ATTEN | A22 aze |ATTEN - A3O ATTEN | A32 a8 ATTEN
P20- | A23 p2s- | R p30- | A33 g2
P24 P29 A p34 P39
AMPL INT ===~ AMPL | MULT | ampL |[-——=-] « amPL | INT |==—=—| AMPL | MULT | AMPL | ==~
COMP | A24 T/8 9 coMmp. | A34 T/S
A2) F/R | a25 a29 | p/a A3 F/R | a35 A39 | D/A
A40 ATTEN | A42 QUAD | A48 |ATTEN ASO ATTEN | AS2 QUAD | A58 |ATTEN
Pao- | A43 | ios P45~ ; pso- | As3 | 106 P55
awee ey (222 aup PR i | P00 O ol i 1 | ] e |-
MDFG - MDFG
COMP | A4q AXE T/S S COMP. | A54 ASE T/S
a4 F/R | A45 | 847 | ans9 | D/a ASI F/R | ass as7 { As9 | o/a
A60 ATTEN| A62 | SINE/| A68 |ATTEN . ATO ATTEN | A72 | SINEZ | A78 | ATTEN
P60-| A63 |COSINE PES5- R P70- | A73 [COSINE P75
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comp | ass | Ase vmrer] ° COMP. | A74 [ A7 LIMITER
ABI F/R | A65 | 467 | Ae3 ATI F/R | A75 | A77 | a79

'5.2.1 Patching

Patching for the three MDFG modes is illustrated in Figure 5, 5, Figure 5. 5a shows
for a pair of MDFG units operated in the 10-segment mode; Figure 5, 5p shows
20-segment mode. When the MDFG units are not in use, one amplifier agsoci
unit may be operated independently, as shown in Figure 5, 5¢,

Figure 5.3. Patch Panel Layout Showing MDFG Palching Tray Locations

the patching
the patching for
ated with each

NOTE

When using the MDFG amplifiers as indepen-
dent inverters, assure that the MULT Switch

on the associated 0,12.1345 Networp is placeq

in the 1 position. A gain eryor vesults if thig

switch is placed in any othey position,
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Figure 5.5. MDFG Paiching and Programming Symbols
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CHAPTER 5 THE MANUAL DIODE FUNCTION GENERATOR GROUP

5.3 THEORY OF OPERATION

The basic theory of diode function generators is described in many basic texts and is not de-

scribed here. This paragraph provides circuit theory for the MDFG unit (with its associated
amplifiers) and for the setup circuit.

5.3.1 MDFG Unit Circuit Theory

A simplified schematic of a typical MDFG segment network, together with output summing
amplifiers and the parallax circuit, is shown in Figure 5.6. The X input signal from the
patching tray is connected through a 25k resistor to the anode of the segment diode (the +
unit is shown; diode polarity is reversed for the - unit). A negative voltage, with an ampli-

tude determined by the setting of the breakpoint pot, is connected through another 25k resis-

tor to the anode of the diode (this voltage would be positive for a - unit): thus, the voltage
at the anode of the diode is the algebraic sum of the input level and the level set by the break-
point pot. With no input signal, the diode is reverse biased by the voltage from the break-
point pot. As the input increases in a positive direction, the algebraic sum of these voltages
approaches zero.
FROM
+REF -REF REMAINING
OFF SEGMENT
l J) NETWORKS
+ -PARALLAX ——
POLARITY VAN
SWITCH
= s %
PARAL.LAXI
POT — o
T0 P &l L
REMAINING - O OFF 35K
SEGMENT SLOPE 3 Y
NETWORKS POLARITY © 4O] ourpur=
SWITCH -SL fo0-tz22)
x 25K L
inpuT O PH—ss0K 5.IK
SLOPE POT
-REF =
5K b 25K 150K FROM 2.4K
%wv-»—wv——@ompeusmon
BREAKPOINT CIRCUIT
poT |
- 1.2K
MULTIPLIER
SWITCH
35K
Z Fiet 6200
INPUT@— VM
3000
330.0

Figure 5.6. Segment Network and Output Amplifiev, Simplified Schematic
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CHAPTER 5 : THE MANUAL DIODE FUNCTION GENERATOR GROUP

If the diode were a perfect switch, it would begin to conduct as soon as the input sum went
positive by the slightest amount. In practice, the diodes have a nearly constant voltage drop
equal to approximately one-half volt, while conducting. This diode characteristic requires
that the input signal exceed the desired breakpoint voltage by about one volt to cause the net-
work to conduct. To compensate for this characteristic, a circuit is provided that adds a
forward bias current to the junction of the input-breakpoint summing point. This current
effectively shifts the summing point in a positive direction by the required amount. The cir-
cuit producing this compensating voltage performs the additional function of compensating the
diodes against temperature variations. Since the characteristics of the diodes vary slightly
with changes in temperature, the compensating bias is made to vary in the same proportion.
Thus, when the MDFG is properly set up, the resultant output function remains accurate over

the specified temperature range.

The current through the conducting diode flows through the wiper of the slope pot. The setting
of this potentiometer determines the amount of current that flows to ground and the amount that
flows toward the output amplifiers. Thus, the proportion of the function slope contributed by a
segment (the segment slope) is controlled by the position of the wiper of the slope pot, while
the point at which the segment begins is determined by the breakpoint pot.

The current through each diode in a +MDFG unit is a positive current. Two cascaded output
amplifiers are provided so that this positive current may either cause the output function to
increase (go in a positive direction) or decrease (go in a negative direction). The slope polar-
ity switch directs the segment current to the input of the appropriate amplifier. Since the
amplifiers are cascaded, a positive input to Al (on Figure 5.6) causes a positive output from
A2. Hence, this switch position is designated +SL. If the slope polarity switch is placed in
the -SL position, the segment current is connected directly to the input of A2, by passing Al,
and the output function goes in a negative direction as the input goes increasingly positive.

Another feature of the MDFG units is the parallax circuit. A potentiometer and a three position
switch, mounted on the control panel at the front of the drawer, provide this capability, When
the switch is placed in the + or - position, positive or negative reference voltage, respectively,
is connected to the parallax pot. The wiper of the pot then provides a fixeq input current to

Al, offsetting the complete function in a positive or negative direction, Thus, the output
function can be made to have a value from +10 to -10 volts (depending on the position of the pot
wiper) when the input voltage is zero, as well as being offset by thig amount for all j
The gain of amplifier A2 is selectable, from 1 to 32, in six steps.,
plier) for the amplifier equals a maximum permissible segment slo

The selected gain (or multi-
Pe, in volts per volt input,
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For example, with the multiplier switch in the 2 position, as shown on Figure 5.6, the maxi-
mum segment slope that may be obtained is approximately 2 volts per volt input. The multi-
plier switch is normally set at the minimum value necessary to generate the required slope

change, since the resolution of the slope pot is inversely proportional to the multiplication
factor,

A 35k resistor connected to the input of A2 permits the subtraction of an input (designated Z
on Figure 5. 6) from the function, This resistor is matched with the 35K feedback resistor for
A2 so that A2 acts as a unity gain inverter for the Z input, if the multiplier switch is in the 1
position. The multiplication factor applied to the Z signal results in a gain error unless the

multiplier switch is in the 1 position, since the higher gain positions have a +5% permissible
gain error,

A central slope network is included in the MDFG as a part of the segment 1 circuit. If the
slope polarity switch for segment 1 is placed in the +CS or -CS position, the segment 1 diode
is switched out of the circuit and the input signal is connected through a 10k resistor directly
to the wiper of the segment 1 slope pot. The setting of this slope pot thus determines the
slope of the function when no segment diodes are conducting, allowing the function to pass
smoothly through the origin. The 10k input resistor provides a maximum central slope of
about 3. 5 volts per volt input when the multiplier switch is in the 1 position.

5.4.2 Control Panel and Setup Circuit Theory

Switches on the control panel provide control of the setup circuit and permit complex functions
to be set up easily and rapidly., Figure 5.7 illustrates the MDFG setup circuit arrangements
with simplified schematics. Many relay and switch contacts have been eliminated from the
simplified drawings for clarity; these contacts are shown and explained in more detail in
Paragraph 5. 5.

Figure 5. 72 shows the equivalent breakpoint setup circuit. The X input from the patch panel
is disconnected from the MDFG unit, and the output of the setup amplifier is connected as an

input to the MDFG unit. The resulting circuit uses the setup amplifier as a unity gain amplifier,
receiving the potential from the wiper of the breakpoint pot as an input. The output of the set-
up amplifier, connected to the digital voltmeter (DVM), is thus equal to the input required to
cause the diode to conduct, The breakpoint pot is then adjusted until the DVM indicates the
required breakpoint value. The capacitor connected to the output of the amplifier charges to
this value through the 1k resistor.
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If the SLOPE RO pushbutton on the control panel is now depressed, the configuration of Figure
5.7Tb results. The capacitor is now connected across the amplifier. The setup circuit thus
forms a track/store circuit, tracking while a breakpoint is being set, or storing when slope
adjustment is required. The stored voltage is applied as an input to all segments, and the DVM
monitors the output of the function generator. The slope pot for the previous segment is ad-
justed until the DVM indicates the calculated function voltage at the breakpoint just set. The
setup procedure can thus be a series of sequential steps: set all breakpoints, then set the

slopes. An alternative procedure that is to set all breakpoints first, then set all slopes. The
procedure used is determined by operator preference.

To set the final slope from the last breakpoint to the endpoint (when X = +10 volts or -10 volts,
depending on the unit being set), depress the appropriate FINAL SLOPE pushbutton. The cir-

cuit arrangement of Figure 5.7c results. Adjust the slope pot for the last segment in the func-
tion until the DVM indicates the correct value for the endpoint.

Set the parallax voltage for the function after the polarity switch is placed in the + or - position,
by depressing the PX pushbutton. The circuit arrangement of Figure 5.7d results, and the
parallax pot is adjusted until the DVM indicates the correct function value with no input.

5.4 CIRCUIT DESCRIPTION

The circuits for each of the major components that comprise the MDFG group are most easily
understood if their interconnections are explained. For this reason, a composite schematic
diagram of a +MDFG unit, with its output amplifiers and control panel, is illustrated with con-
nections to the setup group in Figure 5.8. This drawing has been simplified by the elimina-
tion of many power supply connections and frequency compensating networks, and by showing
only part of the control panel and amplifier network.

The MDFG unit is shown at the upper left of Figure 5. 8. The unit consists primarily of ten
segment networks, nine of which are identical with that shown for segment 2. The segment 1
] network differs slightly, due to the central slope provision incorporated in this network. As
shown on the drawing, the slope polarity switch for this network has two poles and five posi-
tions. The lower arm (as shown on the drawing) selects the input source to the slope pot.
When the switch is in the +SL or -SL positions, the input to the slope pot is provided by the
diode network. When the switch is placed in the +CS or -CS position, the diode network is
l excluded from the circuit and the input signal is connected through R6 to the wiper of the slope

2-5-11
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The summing point of each segment network is connected to a contact of the SEGMENT
SELECTOR switch. The position of the arm of this switch determines the network connected
to the setup circuit for breakpoint setting. This switch should always be placed in the OFF
position unless the unit is being set up, since the arm of the switch is connected to a bus com-
mon with the arms of the SEGMENT SELECTOR switches in all other MDFG units. Thus,

should a switch inadvertantly be left in any position other than OFF, it would introduce an
error when attempting to set up any other MDFG.

The network consisting of Q1 and Z1 provides a compensation voltage to all segments in the
MDFG unit. This network performs the dual function of: (a) overcoming the normal forward
voltage drop characteristics of the segment diodes, and (b) compensating for temperature
variations that affect the diode characteristics slightly. Network Z1 is a combination of non-
linear and linear resistances, producing a temperature-dependent voltage. Transistor QI is
an emitter-follower, coupling the voltage to all segments through contacts of K1. Relay K1 is
energized when the breakpoints are being set, grounding the compensating bus.

The amplifier network is shown at the upper right of the figure. It consists primarily of two
encapsulated differential amplifier modules (AR1-AR2), and input and feedback networks for the
amplifiers. The + slope bus from the MDFG unit is connected to the input of ARI1 through

normally-closed contacts of the balance switch, S1. The - slope bus is connected through con-

tacts of 83 and S2 to the input of AR2. Basic operating details of the amplifiers have been

explained in Paragraph 5. 4.1 and are not repeated here.

When a balance switch is depressed (S1, for example), the input of the associated amplifier is
grounded through a 5. 6k resistor by contacts 5 and 6 of the switch. The amplifier input is
thus loaded with a resistance. Contacts 2 and 3 of the switch simultaneously connect the amp-
lifier output to the balance bus, which is monitored (during balancing operations) by the DVM.
The balance pot is then adjusted until the DVM indicates a minimum reading. Relay K1, the
pot set relay, connects a low impedance feedback resistor across the amplifiers when the com-
puter is in the Sef pot mode. One side of the coil of this relay is connected to the computer set
pot bus, while the low side of the coil is connected to ground through contacts of the OFF-SET
UP switch on the MDFG control panel. Thus, when an MDFG is being set up, the set pot relay
associated with that unit cannot be energized.

Switch S3 determines the operating mode for the two MDFG units associated with each 0.12, 1345
Amplifier Network. Only one pole of this three-pole switch is shown; the other poles, (a) con-
nect the MDFG units in parallel when the switch is placed in the 20 SEG position, and (b) remove
the MDFG inputs to the other AR2 amplifier when the unit is operated in the 20-segment or in-
verter modes. The pole that is shown connects the MDFG signal as an input to AR2 when the
switch is in either the 10 SEG position. When the switch is in the INV position, the only input

connected to the AR2 amplifier is the 1 input from the patch panel, connected through R8a.
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Relay K2 is the setup relay. It is energized when the OFF-SET UP switch on the control

panel is placed in the SET UP position. The contacts of this relay remove the patched input
signals to the MDFG circuit being set up, and connect the MDFG input bus to the setup signal.

The circuit consisting of transistors QI and Q2, together with diodes CR1-CR4, is an over-
load indicator driver. The values of R19-R20 and R21-R22 are selected so that an output

voltage in excess of +11.5 volts from ARI to AR2 causes the associated overload indicator to
light.

The control panel, shown at the lower left of Figure 5. 8, operates together with the setup
network shown at the lower right. All switches on the control panel, except for the PARAL-
LAX switch, are concerned with MDFG setup operations. When the OFF-SET UP switch is
placed in the SET UP position, relays K1 and K2 in the 0, 6. 0815 MDFG Setup Network are
energized. Contacts 6 and 7 of K1 connect the setup amplifier input to the segment selector
bus. When the SEGMENT SEL switch on the associated MDFG unit is placed in any position
other than OFF, the setup amplifier receives the potential at the wiper of the selected break-
point pot as an input. Contacts 15 and 16 of K1 connect the output of the setup amplifier to the
DVM when the relay is energized, and contacts 9 and 10 of K1 connect capacitor C1 to ground
through R3. Relay K2 removes the 10k feedback resistor from the setup amplifier when it is

energized. Relay K1 in the MDFG unit is also energized at this time, grounding the MDFG
compensating bus. The resulting circuit is as shown in Figure 5. Ta.

If the SLOPE RO pushbutton is now depressed, the relay voltage for relays K1 and K2 in the

setup network and K1 in the MDFG unit is interrupted, and the relays are de-engerized. The
resulting circuit is as shown on Figure 5. Tb.

The control panel pushbuttons designated PX, +FINAL SLOPE, and -FINAL SLOPE perform
similar functions. When any of these pushbuttons are depressed, the lower contacts (as shown
on Figure 5. 8) interrupt the relay voltage for the K1 and K2 setup network relays and for the
K1 MDFG relay. The upper contacts switch the appropriate signal to the setup signal bus
(ground, when the PX pushbutton is depressed; + reference, when the +FINAL SLOPE push-
button is depressed; and - reference, when the -FINAL SLOPE pushbutton is depressed).

The function of the PARALLAX switch and potentiometer have been explained in Paragraph
5.4.1.

The setup amplifier, in addition to its use as a track/store circuit for breakpoint and slope

setting, is provided with components and switching for use as an integrator,

When used in this
mode, the setup amplifier provides a ramp signal to the arm of a plotter and to the input of an

MDFG. The MDFG output function is connected to the plotter pen, ang the resulting plot pe
-
mits the operator to assure that the function has been accurately set, '
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This mode is enabled by placing the ON-OFF switch (S3) on the setup panel in the ON position.
(The OFF-SET UP switch on the control panel for the MDFG being tested must be in the SET
UP position.) When 83 is in the ON position, contacts 4 and 5 interrupt the relay voltage for
relays K1 and K2 in the setup network, and K1 in the MDFG unit being tested. Contacts 11 and

12 of S3 connect capacitor C2 across the amplifier when the switch is in the ON position.

Contacts 2 and 3 of S4 connect the integrator input signal to contact 3 of the OFF-ON switch,
S3.

The switch designated +OFF- on the setup panel (S1) determines the input polarity to the integ-
rator, while the adjacent RATE potentiometer determines the input amplitude. Contacts 1
through 4 of S1 determine the input signal polarity, while contacts 5 through 8 determine the
polarity of the initial condition voltage. The OFF-IC switch (S5) must be in the IC position

if an initial condition is required. The polarity of the IC voltage is always the opposite of the
signal voltage., If S1 is in the + position, a positive voltage is provided to S5 and a negative
voltage is provided to the RATE pot. The setup amplifier then produces a ramp that begins at

-10 volts and goes to +10 volts. However, if S5 is in the OFF position, the ramp begins at
zero volt and goes to +10 volts.

When the OP-IC switch (S4) is in the OP position the signal at the wiper of the RATE pot is con-
nected through 100k resistor R1 and 100 ohm resistor R2 to the input of the setup amplifier.
Capacitors C1 and C2 constitute the amplifier feedback impedance, and the circuit produces an
output voltage ramp. When S4 is placed in the IC position, the initial condition signal is con-
nected to the amplifier, with R2 as a feedback impedance.

The amplifier select balance switch is used to select either the setup amplifier, time base amp-
lifier or the servo amplifier for balancing. Depressing one of these switches connects its input
to the S SEL line which in turn is connected to switch S2 located at the lower right of the volt-
meter. When S2 is in the S BAL position the stabilizer output of the setup and time base ampli-
fiers and the output of the servo amplifier can be read out on the voltmeter.

5.5 MAINTENANCE

No periodic maintenance is required for any components of the MDFG group, except for amp-
lifier balancing. Procedures are included in this paragraph for setting up a test function to
evaluate the performance of an MDFG unit if trouble is suspected.
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5.5.1 Amplifier Balancing

9.5.1.1 MDFG Amplifier Balance Procedure. To balance the encapsulated ampli-
fier associated with the MDFG units, proceed as follows:

1. Address the function generator bus with the signal selector system by

depressing the F pushbutton.
2. Pull out the drawer containing the setup amplifier.

3. If balancing is attempted when the computer is in the set pot mode, the
OFF-SET UP switch on the associated MDFG control panel must be
placed in the SET UP position to de-energize the MDFG set pot relay.

This step is unnecessary if the computer is in any other than set pot.

4, Place the spring-loaded balance switch for an amplifier in the BAL
position and observe the DVM. The DVM should indicate +0. 0000 for
a properly balanced amplifier. If the DVM indicates any other reading,
adjust the balance pot for the amplifier with a small serewdriver until
a +0. 0000 display is observed.

5. Balance the remaining amplifiers in the MDFG drawer in the same
way. When these amplifiers have been balanced, place the OFF-SET
UP switch in the OFF position (if it was necessary to place the switch in
[ the SET UP position in Step 3), and close the drawer.

6. Pull the lower drawer out, and using the procedure in Steps 4 and 5,
balance the amplifiers within the drawer., Proceed in this way until
all MDFG amplifiers have been balanced.

5.5.1.2 Setup Amplifier Balance Procedure. The setup amplifier is balanced by
using the balance meter and controls provided on the main amplifier balance panel at the left
side of the computer. Proceed as follows:

1. Pull out the drawer containing the setup amplifier to pe balanced
2. Depress the SET UP pushbutton on the amplifier balance select el

3. Place the METER SELECT switch in the S BAL position The balanc
. e
meter now indicates the amplitude of the setup amplifier stabilizer out
put signal.

-

4, Adjust the SET UP BALANCE potentiometeyp (located above the SET Up

pushbutton) until the meter indicates a reading of zero This complet
. m e
the setup amplifier balance procedure, e

L, 5w DR
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5.5.2 Test Function Setup Procedure

Procedural steps are provided in this paragraph for setting up a test function., The steps
listed are for the setup of a +MDFG unit, but may be used for setting a -MDFG unit as well,
by reversing the listed polarities.

5.5.2.1 Test Function, The test function is illustrated in Figure 5.9, along with
a tabulation of required setup values. This function is selected for the test because it may be

easily evaluated to determine if the unit is operating correctly.

5.5.2.2 Setup Procedure., To set the test function on an MDFG, perform the
following steps in the order listed.

1. Balance the setup amplifier and the MDFG amplifiers, using the pro-
cedure described in Paragraph 5. 6. 1.

2. Place the MULT switch on the MDFG amplifier panel in the 1 position.
Place the 10 SEG-20 SEG-INV switch in the 10 SEG position.

3. Place the PARALLAX switch in the OFF position and place the OFF-
SET UP switch in the SET UP position.

4. Address the MDFG unit with the signal selector system.

5. Refer to the setup table (Figure 5. 9b) and perform Steps 1 through 9.
At the conclusion of Step 9, all breakpoints for the test function are
properly positioned.

Perform Steps 10 through 15, depressing the SLOPE RO pushbutton to
read the value while setting each SL potentiometer.

7. Perform Steps 16 and 17 of the setup table, depressing the FINAL
SLOPE + pushbutton (rather than the SLOPE RO pushbutton) to read the
values while setting SL pots 8 and 9.

Perform Step 18, adjusting SL potentiometer 1 until the output of the
function generator equals +10. 00 volts (+1. 0000 DVM reading) when
the input equals +10.000 volts. This step completes the function set-
up procedure.
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5.5.2.3 Test Function Plotting, The test function may now be plotted. The facil-

THE MANUAL DIODE FUNCTION GENERATOR GROUP

ities incorporated in the setup network are used to provide the required inputs to the MDFG

and the plotter.

Proceed as follows:

Connect the PEN, ARM, and GRD terminals on the setup panel to the
appropriate terminals of an X-Y plotter.

The OFF-SET UP switch on the MDFG control panel should be left in
the SET UP position, and the MDFG unit must be addressed by the
signal selector system.

Place the OFF-ON switch on the setup panel in the ON position. The
setup amplifier now operates as an integrator, Place the OP-IC switch
in the IC position,

Place the +OFF- switch adjacent to the RATE pot on the setup panel
in the + position (to plot the output of a -MDFG unit, this switch would
be placed in the - position). Set the RATE pot to a point approximately

one turn from its counter-clockwise limit.

The OFF-IC switch on the setup panel may be placed in either position.
If this switch is in the OFF position, the ramp begins at zero and goes
to +10 volts. If the switch is placed in the IC position, the ramp begins
at -10 volts and proceeds to +10 volts.

The setting of the pen and arm sensitivity controls on the plotter must
be determined by the position of the OFF-IC switch on the setup panel.
If this switch is placed in the OFF position, the ramp amplitude is about
10 volts. The arm sensitivity control (for an 11 x 20 plotter) may then
be placed in the 0.5 volt/inch position, while the pen sensitivity must

be set to 1 volt/inch. However, if the OFF-IC switch is in the IC posi-
tion, the ramp is 20 volts in amplitude and the total output function
(including the extended central slope segment) has an amplitude of 20
volts. The plotter pen and arm sensitivity controls must then be set
accordingly, to avoid overloading the plotter.

After setting the sensitivity controls, adjust the plotter parallax or‘
zero controls to position the plotter pen at the lower left corner of the
plotting paper (for a +MDFG unit). Place the pen in the down of oper-
ate position.

Depress the OP side of the OP-IC switch on the setup panel. The re-
sultant plot should resemble Figure 5.9a. When the plot is complete,
place the pen in the up position and depress the IC side of the QP-IC
switch, If any significant differences are noted between the plot and
Figure 5.9a, refer to Paragraph 5.7 and correct the difficulty.
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5.5.3 Peaking Adjustment

Peaking within the bandpass of the MDFG units is adjusted using trimming capacitors acces-
sible from the rear of the MDFG drawers (Figure 5.10). The procedure used is straight-for-
ward: Set up the test function of Figure 5.9, patch the circuit of Figure 5. 11, apply a variable
frequency sine wave input, and monitor the MDFG output with an ac voltmeter. The sine wave
generator frequency, is swept over the range from 80 ke to 100 ke (the range where peaking
occurs) to locate the frequency providing the peak amplitude. When this frequency is located
(assure that the signal generator output level is constant), the appropriate trimming capacitor
(C6-1 or C6-2) is adjusted until the peak amplitude exceeds the reference amplitude by 1 db.
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5.5.4 Phase Shift Adjustment

A trimming capacitor in parallel with the 1 input resistor permits adjustment of the phase
shift of the unit when used in the inverier mode. Adjustment of this capacitor should not be
attempted until the peaking adjustment for the unit (Paragraph 5. 5. 3) has been performed. To

perform the adjustment, proceed as follows:

1. Place the 10 SEG-20 SEG-INV switch on the MDFG amplifier panel in
the INV position.

2. Patch the circuit of Figure 5, 12a.

3. Observe the waveform on the oscilloscope. The Y-axis intercept in

volis (designated Y0 on Figure 5.12b), multiplied by 0. 286 equals the
phase shift in degrees.

4, To perform the adjustment, back the capacitor adjustment screws out
as far as possible, then turn the screw in slowly until YO equals

0.105 volt. This is equal to a lagging shift of 0.03°.

MDF G (OR EQUAL)

X O OSCILLOSCOPE
H-P 400H
| H

20V P-P

(@) Test Civcuit *Matched Input Resistors

Yé

(b) Typical Waveform

Figure 5.12. Phase Shift Adjustment Civcuit and Waveform

5.6 TROUBLESHOOTING

Before attempting to troubleshoot an MDFG unit, set up the test function described in Paragraph
5.6,2. If trouble is encountered while attempting to set the unit up, the trouble may be due to

a problem in the setup circuit. Try to set up another MDFG unit to isolate the malfunction. If
the problem is isolated to the setup circuit, refer to Table 5.1 and locate the symptoms.

If the trouble appears to be in an MDFG unit, remove the unit. Then refer to Table 5. 2 and
check the indicated components,
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Table 5.1,
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Setup Circuit Trouble Symptoms and Probable Causes

Mode

Symptoms

Possible Causes (In Order of Probability)

Breakpoint Setup

DVM does not respond
to adjustment of the BP
pot being set,

MDFG SEGMENT SEL switch in wrong
position; check.

DVM responds to BP.
pot adjustment but indi-
cates incorrect value.

Assure that all other SEGMENT SEL
switches are in OFF position; check K2
and ON-OFF switch in setup network.

(Ramp Generator)

duce a ramp when OP-
ERATE switch is de-
pressed.

Slope Setup Slope value drifts while Check contacts 11-12 of S3 and contacts
SLOPE RO pushbutton is 9-8 of K1 in setup circuits; check C2 in
depressed. setup network; check setup amplifier

balance.
Slope value remains Check K1 in MDFG unit; check transistor
stable but is incorrect Q1 in MDFG unit.
when test curve is plot-
ted.
Integrator Circuit does not pro- Check contacts 3-2 of S3; check contacts

2-3 of OP-IC switch. Check contacts of
+OFF- switch.

Ramp is too fast with
low settings of RATE
pot.

Check contacts 11-12 of S3; check C2.

Integrator does not re-
spond to an IC potential.

Check contacts 5, 6, 7, and 8 of +OFF-
switch; check contacts 8-9 of OFF-ON
switch; check contacts 2-3 of OFF-IC
switch; check contacts 3-4 of K2,

Amplifier overloads at
end of ramp - i.e., it
takes an excessive amount
of time to respond to an
IC input.

Check amplifier balance; check limi
diodes CR6 and CR7, - S

ANY

No output from setup
amplifier, or constant
+11 volt output.

Check amplifier card (0
substitution, i e L
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Table 5.2. MDFG Circuit Trouble Symptoms and Probable Causes
Symptoms N Possible Causes (In Order of Probability)

Error begins at some point on
test curve and increases as in-
put approaches +10 volts.

Fault most probably exists in segment network where
error begins. Check to assure that the slope polarity
switch for the segment is properly set, then check the
segment diode. '

Check Q1 in MDFG unit; check compensating network Z1

by substitution, if possible.

Check output amplifiers by substitution.




APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is includqd. To enable a particular sheet to be readily lo-

cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained

as quickly as possible,

Category "A' - The parts in category "A" are standard electronic items that are usually avail-

able from any commercial electronic supplier.

Category "B" - The parts in category "B" are proprietary items that are available only from EAI

| CAUTION '

If proprietary items are replaced with items ob -
tained from other sources, EAI cannot assume
responsibility for a unit not operating within its
published specifications.

ORDERING INFORMATION

To expedite your order for replacement parts the procedures below should be followed:

Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAI is curvently revising the pavt numbering sys -
tem. All parts effected by this vevision are iden-
tified using the new and the old number (the number
in parenthesis). All parts should be ovdered using
the new numbey. The old number is provided to
cross veference pavts that may still be identified
bhysically, or in other publications by that number.

When ordering complete assemblies (networks, printed circuit cards, etc. ), specify the

model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment

purchased.

3. When ordering expansion components, note if mounting hardware is required. If hard-

ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-

"WARE'".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
PHYSICALLY COMPATIBLE WITH THE ORIGINAL COM-
PONENT,
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PARTS LIST INDEX

Title

0.6.0815 MDFG Set-Up Amplifier .., ,.... &% s 40 s g o e late Tela el d P ahelivre sk o o4 42
0.6.0813 MDFG Set-Up Card .............. T tressesrasesaernaans
0.6.0615-1 DualDCAmplifierCard ...... R T
0. 36.0192 Rep-Op Timer Card ...... crrenns “reveecssssssssnssesanens
0.51.0366 S8elect Card .........ovvvsenvnnnnn. .. S0 A T R R0 S e
0.12.1345 Amplifier Network Card ..... R v akiele s et Wil E e il il ¥ ks

0.16.0838 MDFG Unit ...........00sveisssnnnn,., c o e 0 srssssiseises .
0.12.1347 Resistor-Diode Network Card ........vuvuviesneenvenennennnns
0.51.0246 Switch Card ............. BT R Ry O G 1 o IO oD sesusesay
0.16.0838-1 MDFG Unit (Identical W/0,16.0388) +.vuvrnrnernnnrrnnnns Fans
0.12,1347-1 Resistor-Diode Network Card ............... S e AT ANEATS, wiove. srare s
0.51.0246 Switch Card ...... o8 0068 0l0ieis b 690 4 b0 e 8 kinle 0 ures b s GO e arere
0.20.1090 Control Panel ...... Ereislatiaie e/ke] v 61w s 3o misein mlnle O ol B S ESaE o
0.51.0245 Switch Card ........vvevunvnnvvnnn.., W0 6 e aia 0nd) ) (918656 b 8ia oo
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e NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS.
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
8 -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl.

ITEM| REF. DESIG. DESCRIPTION EAl NO. *CAT.
1 IRl Potent Lometer 00 642.0723-0 B
2 |R2,3 Resistor, Variable, Composition: 00 642.0351-0 A
50K ohms *+307 (Chicago Telephone Supply
Series 70 #HH1860 or equal)

3 |s1 Switch, Slide: DPTT 00 664 .0046=0 A
(Muter 5608 or equal)

4 |s3 Switch, Slide: & PDT 00 664,0045=-0 A
(Muter 9604 or equal)

5 |s4 Switch, Rocker: SPDT 00 664.0054-0 A
(Switchcraft 51203-L or equal)

6 |S5 Switch, Slide: DPDT 00 664 ,0042-0 A
(Muter 4603 or equal)

0,6,0813 MDFG SET=UP CARD

1 |c1 Capacitor 00 521,0077-0 B

2 |C2 Capacitor, Fixed, Plastic: 00 522.2140-0 A
0.1 uf +5%, 200V (00 521.0174-0)
(Gudeman 356 or equal)

3 |c3 Capacitor, Fixed, Electrolytic: 00 517,1107=3 A
100 uf +20%, 20V
(Sprague 150D or equal)

4 |C4 Capacitor 00 516,0387-0 B

5 |CR1,2 Diode (ITT G-187 or equal) 00 614,0043-0 A

6 | CR3,4 Diode 00 614,0238-0 B

7 | CR5 Diode: 1N4002 00 614.0110=-0 A

8 | CR6 Diode 00 614,0293-0 B

8 |x1 Relay: 12 vDC, 185 ohms Coil; 00 618,.0094-0 A

4 Form C Contacts
(Allied Control T-154-4C=185 or equal)

9 | k2 Relay 00 618.0291-0 B
10 | Q1 Transistor 00 686,0381-0 B
11 | Q2 Transistor: 2N3638 00 686,0250-0 B

UNIT TITLE

MDFG SET-UP AMPLIFIER

» 30 s 68

DATE Ll'

MODEL NO.
0.6.0815

Sh.1 of 5 Sh,

2I5-57

Mdd



ITEM| REF, DESIG,

DESCRIPTION

EAl NO.

*CAT.

1

12 | R1

14 | R3

15 | rR6,7

6 | R8

17 | rR9

18 | R10

19 |Rr11

20 [RrR12

21 | XK1

Resistor, Fixed, Composition:

100K ohms 5%, 1/4w
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:

100 ohms 5%, 1/4w
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:

IK ohms +5%, 1/4u
(Allen-Bradley CB or equal)

Resistor, Fixed, Film;

10K ohms +0.5%, 1/4w
(Int, Resistance Co, CEB-T0 or equal)

Resistor, Fixed, Wirewound:

10 ohms +5%,. 50
(Ward Leonard 5XM10 or equal)

Resistor, Fixed, Composition:

110 ohms +5%, 1/2w
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:

390 ohms +5%, 1w
(Allen-Bradley GB or equal)

Resistor, Fixed, Composition:

220 ohms +5%, 1/2w
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:

2K ohms +5%, 1/2w
¢A11en-Brad1ey EB or equal)

Socket, Relay: 16 Contacts

(Allied Control 30055-4 or equal)

00 625.0104=0

00 625,0101-0

00 625.0102-0

00 634.0666~0

00 636.0309-0

00 626.0111-0

00 627.0391-0

00 626.0221-0

00 626.0202-0

00 650,0133-0

I AEEEE = = = =

0.6.0615-1 DUAL DC AMPLIFIER CARD

Identical with 0,6.0615-0 Except Ttenm 20
is deleted (see Appendix 1, Chapter I TR

1 |1leprl
2 |ARL

——E-—
0.36.0192 REP-OP TIMER cARp

Integrated Circuitry: Quad 2-Input Gate

Integrated Circuitry: Amplifier, Wide Pane]l

00 592,0096-0

00 392.0059-0

PNOTE! THE CATEGORY COLUMN I8 DESIGNED To INDICATE AVAILABILITY OF PARTS,

UNIT TIT
A - INDICATES PARTS THAT SHOULD BE PURCHASED .OGALLY. LE

B -INDICATES PARTS THAT sHOULD BE.PURCHASED FROM EAI,

13-4

2-5-28
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Tt

MDFG SET-yp AMPLIFTER

C T

MODEL No.

oAt 4 /30 /68 | 0:6,0815 Sh. 2 of




\

.o\l )

ITEM REF. DESIG. DESCRIPTION EAl NO, *CAT.
3]c1,2 Capacitor (Matched Pair) 00 525.0019-0 B
4 1c3,4 Capacitor (Matched Pair) 00 525.0020-0 B
3 |C5 Capacitor 00 521.0146-0 B
6]c6,7 Capacitor, Fixed, Ceramic: 00 515,0019-0 A

100 pf +10%, 1000V
(Cornell-Dubilier JBZ601YP101K or equal)
7 1C8,10,11,14| capacitor, Fixed, Ceramic: 00 515.0151-0 A
10 nf +60% =40%, 150V
(Centralab DDM-103 or equal)
8 |1 C9,12,13,15| capacitor 00 516,0387-0 B
9 | Cr1,2 Diode 00 614.0238-0 B
10 | cR3,4,5,6,7|Diode 00 614,0293=0 B
11 | CR8 thru 12|Diode: 1N916 00 614,0148=0 A
12 | CR13 Diode, Zener: 1N748A 00 614,0289-0 A
13 | CR14 Diode, Zener 00 614,0214-0 A
(Motorola 1/4M6,2AZ10 or equal)
14 | CR15 Diode 00 614,0110-0 A
15 | K1 Relay: 18 vDC, 520 ohms Coil; 00 618.,0171-0 A
4 Form C Contacts
(Allied Control T=154=4C=520 or equal)
16 |Q1,5,6,7, |Transistor: 2N3640 00 686.0258=-0 A
8,11,1
17 |Q2,9,10 Transistor 00 686,0246=0 B
18 |Q3,4,12,14 |Transistor: 2N3646 00 686.0230-0 A
19 |q15 Transistor 00 686.0270-0 B
20 |qQ16 Transistor: 2N3638A 00 686.0305-0 A
21 |R2,10 Resistor, Fixed, Wirewound: 00 636.0264=-0 A
g 15 ohms +5%, 3W
(Ward Leonard 3X15WL or equal)
22 |R3 11 Potentiometer 00 642.0731=0 B
»
& e s. [UNIT TITLE
o R T T
A - INDICA TR CARTS THAT SHOULD BE PURCHASED FROM EAL
8 - INDICA MDFG SET-UP AMPLIFIER
MODEL NO.
DATE ll- / 30 / 68 0.6-0815 Sh. 30f
Ma A&
—




EAl NO.

27 | r8,16,21,
30,35,49

28 | R17

29 |R18,33,36,

37,43,53

30 |R19

31 | R20,40,41,

42 ,46,50,51

32 | R24

33 | R27

34 | rR28

35 | R29

110 ohms +5%, 1/4w
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
2.7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
1.5K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
2,2K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
18K ohms +5%, 1/4W
(Allen-Brddley CB or equal)

Resistor, Fixed, Composition:
1.2K ohms +5%, 1/4w
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
15 ohms +5%, 1/4W
(Allen=Bradley CB or equal)

Resistor, Fixed, Film:
5630 ohms +0,1%, 50 ppm/°C, 1/4W
(Int. Resistance Co. CEA or equal)

Resistor, Fixed, Composition:
1K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
1 ohm +5%, 1/2W
(Allen-Bradley EB or equal)

ITEM| REF. DESIG. DESCRIPTION s
23 |R4,12,22, |Resistor, Fixed, Film: Rt s 100258 .
23,25 10K ohms +0.1%, 50-ppm/°C,1/4W
(Int. Resistance Co., CEA or equal)
4 |R5,13,26 Resistor, Fixed, Film: DER0Y%4041~E *
4640 ohms +0,17%, 50ppm/°C, 1/4W
(Int. Resistance Co. CFA or equal)
25 |R6,14 Potentiometer 00 642.0696-0 B '
26 |R7,15 Resistor, Fixed, Composition: 00 625.0111-0 4

00 625.0272-0 A

00 625.0152-0 A 5
00 625,0222-0 A - -

3

00 625,0183-0 A

"
-

00 625.0122-0 A r
=y

00 625.0150-0 A ¢
—

00 632 b
.5361-8 A L

‘ 2
00 625.0102-0 A -~

00 626.0109-0 A

PNOTE:! THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS.
A = INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAI,

4/ 30 / 68

DATE

UNIT TITLE

MDFG SET-yp AMPLIFIER

MODEL No.
0.6.0815

Co AN E

2-5=30

Sh.4 of Sh.




e e———

ITem| REF. DESIG. DESCRIPTION EAI NO. EAT:
36 | R31 Resistor, Fixed, Composition: 00 625,0302=0 A
3K ohms *5%, Ll/4W
(Allen-Bradley CB or equal)
37 | R32 Resistor, Fixed, Composition: 00 625.0105=0 A
1 megohm +5%, 1/4W
(Allen-Bradley CB or equal)
38 | R34 Resistor, Fixed, Composition: 00 625.0561=0 A
560 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
39 |Rr38,48 Resistof, Fixed, Composition: 00 625,0471-0 A
470 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
40 |R39,47 Resistor, Fixed, Composition: 00 625.0472-0 A
4,7k ohms +5%, 1/4W
(Allen-Bradley CB or equal)
41 |R44 ,45 Resistor, Fixed, Composition: 00 625.0332-0 A
3.3K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
42 IR52 Resistor, Fixed, Composition: 00 626,0471-0 A
470 ohms #5%, 1/2W
(Allen-Bradley EB or equal)
43 |RT1,2 Thermistor 00 646,0116-0 B
44 |XK1 Socket, Relay: 16 Contacts 00 650,0133=0 A
(Allied Control 300554 or equal)
0,51,0366 SELECT CARD
1 |r1 Resistor, Fixed, Composition: 00 625,0822-0 A
8.2K ohms *5%, 1/4W
(Allen-Bradley CB or equal)
2 |r2 Resistor, Fixed, Composition: 00 625,0153-0 A
15K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
- 3 Switch 00 656,0177~-1 B
4
- THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS. JUNIT TITLE
pRDTES A= INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
) g -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl.
MDFG SET=-UP AMPLIFIER
” MODEL NO,
> o _ e oate 4/ 30 /68 0.6.0815 Sh. 5 of 5 Sh.
2-5e3
l 1 446

4



ITEM| REF. DESIG. DESCRIPTION EAl NO. *CAT.
1 |C1-(),2-() |Capacitor, Fixed, Electrolytic: 00 517.1107-3 A
100 uf +20%, 20v (00 516,0270-0)
(Sprague 150D107X0020-S2 or equal)
2 |C3=-() Capacitor, Fixed, Ceramic: 00 515.0327-0 A
82 pf +10%, 100V
(Sprague 252C016-820X9101B or equal)
3 |ca=-() Capacitor, Fixed, Ceramic: 00 515.0096-0 A
22 pf 5%, 1000V
(Sprague 19C411Y10TCC-Q22) or equal)
4 1¢5=0 Capacitor, Fixed, Ceramic: 00 511,1120-2 A
12 pf +5%, 1000V (00 515.0091-0)
(Sprague 40C502(10TCC-Q12) or equal)
5 |C6=() Capacitor, Fixed, Ceramic: 00 515.0423-0 A
33 pf +10%, 100V
(Sprague 252C028330X9101B or equal)
6 |C7=() Capacitor, Fixed, Ceramic: 00 515.0266-0 A
100 pf +10%, 100V
(Sprague 252C016101X9101B or equal)
7 |c8=0) Capacitor, Fixed, Ceramic: 00 511,.5223=4 A
22 nf +20%, 25V (00 515,0236-0)
(Sprague 3C9 or equal)
8 ]¢9-(),10-()|capacitor, Variable: 0.9 to 7.0 pf 00 524.,0070-0 A
(Elmenco Type 40, #400 or equal)
9 |CR1-() thru|Diode 00 614.0007-0 B
4=()
10 |CR5-(),6-()|Diode (ITT G-187 or equal) 00 614.0043-0 A
11 |K1=-() Relay 00 618.0299-0 B
12 |x2 Relay: 12 VDC Coil, 4 Form C Contacts 00 618,0094-0 A
(Allied Control T-154-4C-185 or equal)
13 |Pr1 Connector, Plug: 41 Contacts; Male 00 542,1422-0
(Amp 3-582152-5 or equal)
14 1Q1=(),2-() |Transistor 00 686.0229-0
15 |R1-() Resistor, Fixed, Film: 00 634.0811-0
34K ohms +0,1%, 1/4W .
(Int. Resistance Co. CEB-TO or equal)
PNOTII THE CATEGORY COLUMN I8 DESIGNED TO INDICATE AVAILABILITY OF PARTS. UN'T TlTLE
A -« INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE P.URCHAIID FROM EAl.
AMPLIFIER NETWORK CARD
MODEL No.
o g 107 10« 81 D32eds g 1y am

2=5=32




ITen| Rer. pasic. DESCRIPTION EAI NO. CAT
16 | R2-(),9=(),| Resistor, Fixed, Composition: 00 625.0562=0 A
26=() 5.6K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
17 |R3-(), Resistor, Fixed, Composifiion: 00 625.0101-0 A
10-(),25-()| 100 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
18 | R4=(),7-() |Resistor, Fixed, Film: 00 634,0643-0 A
5K ohms +0,1%, 1/2W
(Tat. Resistance Co. MEB-TQO or equal)
19 | R5=(),11-()| Resistor, Fixed, Film: 00 634.0575-2 A
51.5K ohms +0.5%, 1/4W
(Int. Resitance Co. CFA-TO or equal)
20 | R6=(),12-()| Potentiometer 00 642.0719-0 B
21 |R8=-() Resistor, Precision (Matched Pair) 00 640.0136-0 B
22 |R13=() Resistor, Fixed, Composition: 00 625.0512-0 A
5.1K obms +5%, 1/4W
(Allen-Bradley CB or equal)
23 |R14=() Resistor, Fixed, Composition: 00 625,0242-0 A
2.4K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
24 |R15-() Resistor, Fixed, Composition: 00 625.0122-0 A
1.2K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
25 |R16=() Resistor, Fixed, Composition: 00 625.0621-0 A
620 ohms +5%, 1/4W
{Allen-Bradley CB or equal)
26 |R17=-() Resistor, Fixed, Composition: 00 625.0301-0 A
300 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
127 |rR18=() Resistor, F‘ixed, Composition: 00 625.0331=0 A
330 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
28 |rR19-0 Resistor, Fixed, Composition: 00 625.0103-0 A
10K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
29 |R20-(),22-()Resistor, Fixed, Composition: 00 625.0153=0 A
15K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
\' NOTE: THE CATESORY COLUMN I8 DESIGNED TO INDICATE AVAILABILITY OF PARTS. [UNIT TITLE
! A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
5 -IMDICATES PARTS THAT SHOULD BE PURCHASED FROM EAL
AMPLIFIER NETWORK CARD
l | MODEL NO.
B s _oate 10 7 377 67 1 Q,12,1345  Sh. 2 of 3Sh.
l 275731
T - Mass




DESCRIPTION

EAl NO.

*CAT.

ITEM REF. DESIG.

30 | R21=()

31| R23=()

32 | R24=()

33 | R27=-()

34 | XK2

35 |81=(),2-(0)
36 | S3

37 | S4=()

Resistor, Fixed, Composition:
13K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
4.7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
Resistor, Fixed, Composition:
10 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
Resistor, Fixed, Composition:
220 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Socket

Switch

Switch

Switch, Slide: DPDT; 2 Form C, 0.5A, 125V
(Muter Co. 4603-5-Bl-A2 or equal)

00 625,0133=0

00 625,0472-0

00 625,0100-0

00 625,0221=-0

00 650,0079-0

00 664.0043-0

00 658.0279-0

00 658,0280-0

*NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABII—LTY OF PARTS.,
A - INDICATES PARTS THAT SHOULD BE PURCHASED L.Ooc‘::l;l:
8 -INDICATES PARTS THAT SHOULD BE PURCHASED FR

oave & /29 /68

UNIT TITLE

AMPLIFIER NETWORK CARD

MODEL No.

0.12.1345 Sh. 3of 3Sh.

-

235434

il



ITEM| REP. DESIG, DESCRIPTION EAl NO. *CAT.
R1,2-1 thrny Potentiometer 00 642.0723-0 B
2-10
R1-2 thru | Potentiometer 00 642.0723-1 B
R1-10

0,12.1347 RESISTOR DIODE NETWORK CARD
Cl Capacitor, Fixed, Ceramic: 00 515.0014-0 A
22 pf +10%, 1000V
(Cornell-Dubilier CZ601UJ220K or equal)
c2 Capacitor, Fixed, Ceramic: 00 515.0266-0 A
100 pf +10%, 100V
(Sprague 252C016101X9101B or equal)
CR1 Diode 00 614.0199-0 B
CR2 Diode (ITT G-187 or equal) 00 614.0043-0 A
5 | cr3 Rectifier 00 614.0110-0 | A
(Solitron Devices Inc. CER-68 or equal)
6 |K1 Relay 00 618.0291-0 B
7 |Q1 Transistor 00 686.0305-0 B
8 |R3 Resistor, Fixed, Film: 00 634;0742-0 A
25K ohms +0.5%, 1/4W
(Int, Resistance Co. CEB-TO or equal)
9 |R&4,5 Resistor, Fixed, Film: 00 634.0743-0 A
150K ohms *0,5%, 1/4W
(Int. Resistance Co, CEB-TO or equal)
10 | R6 Resistor, Fixed, Film: 00 634.0666-0 A
10K ohms +0,5%, 1/4W
(Int. Resistance Co. CEB-TO or equal)
11 | r7 Resistor, Fixed, Composition: 00 625.0333-0 A
33K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
12 | r8 Resistor, Fixed, Composition: 00 625.0153-0 A
15K ohms +5%, 1/4W
(Allen-Bradley CB or equal)




ITEM| REF. DESIG.

DESCRIPTION , EAIl NO, *CAT.
13 |z1 Network Temperature Compensator 00 646.0159-0 B
14 Socket, Transistor: 3 Contacts 00 650.0121-0 A

(Augat 8068-1Gl or equal)
0.51.0246 SWITCH CARD
1 |s1 Switch 00 658.0281-0 B
2 |S2 thru 10 |Switch 00 658.0277-0 B
3 |sl1 Switch 00 658.0278-0 B

NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILASILITY OF PARTs, [UNIT TITLE
A - INDICATES PARTS THAT SHOULD BE PURCHASED Loc.:l-‘l;‘lf-
8 -INDICATES FARTS THAT SHOULD BK PURCHASED FRO ; MDFG UNIT
MODEL NO,
0 oare 10/ 17 /67 0.16.0338 Sh. 2 of 2 Sh.
- = _qo

2-5-36



lnu! REPF. DESIGC. DESCRIPTION ' EAI NO. *CAT.

Identical with 0,12,1347 except for
!tm ’o

7 Q1 Transistor | 00 686.0305=0 B

|
|
!
|

THE CATE@ORY COLUMN I8 DESIGNED TO INDICATE AVAILABILITY oF PARTs. [UNIT TITLE
PHOTEI THE CMBICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.

» -INDICATES PARTS THAT SHOULD BE'PURCHASED FROM EAL, RESISTOR DIODE NETWORK CARD

e e
MODEL NO.
_oars 10/ 17/ 67 | 0.12.1347-1 Sh.1 of 1 Sh.




EAl NO,

ITEM| REF. DESIC. DESCRIPTION *CAT.
e
1 |c1,2 Capacitor, Fixed, Ceramic: 00 515.0151-0 A
0.1 uf -40% +60%, 150v
(Centralab DDM-103 or equal)
2 |J1,2,3,4 Connector, Housing: 10 Position 00 542.1437-0 A
(Amp 582583-1 or equal)
3-IR1,2,3.4 Potentiometer 00 642.0723-0 B
4 |R5,6,7,8 Resistor, Fixed, Composition: 00 625.0220-0 A
22 ohms *5%, 1/4W
(Allen-Bradley CB or equal)
5 |81,2,3,4 |Switch, Slide: SPIT 00 664.0044-0 A
(Muter 5604 or equal)
6 |s5,6 Switch, Slide: 4PDT 00 664 .0045-0 A
(Muter 9604 or equal)
0.51.0245 SWITCH CARD
1 |Cl thru 8 |cCapacitor, Fixed, Ceramic: 00 515.0151-0 A
0.1 uf -40% +60%, 150V
(Centralab DDM-103 or equal)
2 Switch, Sensitive: SPDT 00 662.0046-0 A

(Cherry E61-00A or equal)

3

FMOTE: THE CATEGORY COLUMN IS DESIGNED YO INDICATE AVAILABILITY OF PARTSE.
A« INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE'PURCHASED FROM EAl.

oate 10 717

1&»«1’ TITLE

CONTROL PANEL

MODEL NO.
0.20.1090 Sh. 1 of 1 Sh.

- - 9/

2-5-38



APPENDIX 2

DRAWINGS

This appendix contains necessary schematics and wiring diagrams of equipment described in
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model
number of each unit or component, the type of drawings, and the associated drawing number,

The drawings are bound into the manual in the order listed under the index Drawing Number
column.

EAI drawings are prepared in accordance with standard drafting practices for electro- mechani-

cal and electronic equipment. All symbols are in accordance with current government stand-

ards.
INDEX
Unit or Component Type of Drawing Drawing Number
0.6.0815 MDFG Set-Up Wiring D00 006 0815 OW
Amplifier (Sheets 1 and 2)
0.6.0813 MDFG Set-Up Schematic D00 006 0813 0S
Card
12. 1345 Amplifier Network Schematic D012 1345 0S
Wiring D012 1345 oW
16. 338 MDFG Unit Schematic D016 338 0S
Wiring D016 338 OW
. 20. 1090 Control Panel Schematic C020 1090 0S8
Wiring D020 1090 OW
_ 0.51. 0356 Readout Tray Assembly W/ D00 051 0356 0A
. Wiring
0.51.0366 S Select Schematic D00 051 0366 0S

2-5-39/40
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CHAPTER 6

POTENTIOMETER-LIMITER TRAY, MODEL 0. 42, 0342

6.1 INTRODUCTION

The 0. 42. 0342 Potentiometer-Limiter Tray (Figure 6.1) provides three variable, accurate feed-

back limiters capable of limiting either or both the positive and negative amplifier outputs.

Two limiter trays are normally installed in positions 51 and 60 in the patch bay. (See Figure
6.2.) Additional limiters may be installed in any _5 through _9 attenuator slot. Besides limiter

terminations, this unit retains the patching terminations for the attenuators normally terminated
in the area used.

6.2 TECHNICAL DATA

The specifications given below refer to the limiter when operating in conjunction with an ampli-
fier with 100k ohm input and feedback resistors.

DU B o ph i aa bl (88 500 b R g A, A B S =1 Volt
Maximum Lirmilh & .. =i seassineic 2 A AL BEGAR (5 0 n OB =10 Volts
Slope After Limit .. ::ceassinesssasiissmtiocssssss s »elarkis alate =8 Millivolts

e e Ssm e ey

Figure 6.1. Potentiometey-Limiter Tray, Model 0,42.0342
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CHAPTER 6 POTENTIOMETER-LIMITER TRAY, MODEL 0. 42, 0342

A00 ATTEN | A0 2 A08 |aTTEN] ¢ AlO ATTEN | Al2 Alg | ATTEN
POO- | AD3 POS- i Pio- | A3 P18~
P04 PO9 T P4 P19
AMBL. | INT ===l aMPU || IMUET. [iaMel [0 et [ S AMPL | MULT | AMPL [—=——
. | COMP. | A4 T/5 - comp. | Ala T/S
AO| F/R | A0S AD9 | D/A TRAY All F/R | a8 Al9 | D/A
A20 ATTEN | A22 A28 |aTTEN | A30 ATTEN | A32 A38 |ATTEN
P20- | A23 P25- R P30- | A33 it
P24 P29 : P34 P39
AMPL INT |====| AMPL | MULT | AMPL |—=~-- K AMPL | INT |====| AMPL | MULT | AMPL |——-—
coOMP | A24 ws | ° coMmp. | A34 /8
A2| F/R | a2s a29 | osa A3l F/R | a3s A39 | D/A
A40 ATTEN [ A42 | QuaD | A48 |ATTEN a50 ATTEN | AS2 | QUAD | A58 |ATTEN
P4a0- | A43 LOG P45~ ; PSO- | AS3 LOG P55
AMPL INT -'—:4—4-- AMPL —D-F«G-_ AMPL _P:?_- : AMPL INT _p_s'i_ AMPL _D_H_;- AMPL _p_yi_
MDFG ) MDF G
COMP | A44q A46 T/S ) COMP. | A54 AS6 T/8
A4l F/R | Aas | a47 | Aasg | p/a ASI F/R | ass | as7 | as9 | o/a
A60 ATTEN| A62 | SINE/ | A68 |ATTEN < ATO ATTEN | A72 [ sINE/ | a78 | ATTEN
P60-| A63 |COSINE P85~ R P70- | A73 |COSINE P7S
P64 Pe9 v P74 P79
AMPL | INT |————| AMPL [————| aMpL [cwwi] N AMPL | INT |————| AMPL |————| AMPL f————
MDFG R K MDFG
COMP | AG4 A66 LIMITER 2 COMP. | AT4 ATE LIMITER
A6 F/R | aes | ae7 | aes | ] A71 F/R | A75 | Az7 A79

Figuve 6.2, Location of Pot-Limiter Trays
6.3 THEORY OF OPERATION

The feedback limiter consists of an etched-circuit card and two servo set attenuators to establish

the + and - limit voltages. Refer to Figure 6.3, a simplified schematic of a limiter circuit, for
the following description.

The limiter circuit must be patched to an amplifier for use. The output of the limited amplifier
is patched to the FB terminal, and the amplifier junction is patched to the LJ terminal, Thig
configuration places the limiter in parallel with the amplifier feedback resistor,

The feedback limiter consists of two identical circuits, one for each polarity. Transistor Q1

and associated components form the negative limiter circuit; Q2 and associated components form
the positive limiter. Since the circuits are identical, only the Q1 (negative) circuit is described
Attenuator R1 is set to provide a negative bias voltage to the base of transistor Q1 on the limiter

card, The output of the limited amplifier is connected through resistor R5 to the emitter of Q1
When the output of the amplifier is positive the limiter is cut off.

Resistor R4 Provides a posi-
tive potential to the collector of Q1 under these conditions, and dio

de CR2 is reverse biased,

2-6-2
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CHAPTER ¢

POTENTIOMETER-LIMITER TRAY, MODEL 0. 42. 0342

+I15V
R4
3.9K
-REF
L RI
ATTENUATOR 7K
RI VWv Ql
R2
= 2K
— "\ \N—> — |5V
336 Y
FB CRI o

+REF

ATTENUATOR
R2

RI2 R6
390 3.9K
T sy

Figure 6.3. Feedback Limiter Circuit, Simplified Schematic

* When the amplifier output reaches the selected bias, transistor @1 conducts, placing a low im-

pedance path across the amplifier feedback resistor. When the negative output voltage drops
below the selected bias, transistor Q1 is cut off and the amplifier returns to normal operation

The positive limiter circuit is identical, except for the use of a PNP transistor (Q2), and re
y -,

versing diode CR2 and bias potentials.
6.4 MAINTENANCE
Troubleshooting the limiter is relatively easy since most of the components can be checked with

an ohmmeter. The transistors can be checked by substitution. To check to see if the limiter is
operating properly perform the tests given below.

6.4.1 Maximum Limit Check

1. Set up the test circuit shown in Figure 6, 4.

2-6-3
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2-6-4

6.4.2

POTENTIOMETER -LIMITER TRAY, MODEL 0, 42, 0342

+ R
=r ~ REF

+ L -

— LIMITER

100K -

|
100K
l:l NV |DVM
|

@ 100K

Figure 6.4, Limiter Test Setup

2. Adjust limit pots for maximum value (10.0) and apply +reference fo one am-
plifier input,

3. The DVM should indicate -10 volts.
4, With limit pots still set for maximum value, apply +reference to both inputs,
5. The DVM reading should not exceed 11. 999 volts.

6. Repeat Steps 3, 4, and 5 using -reference inputs. The DVM inputs should be
the same but opposite in polarity,

Slope After Limit

1, Set up the test circuit shown in Figure 6. 4.
2. Connect +reference to both amplifier inputs.
3. Adjust the -limiter pot for a reading of 1.0 volt on the DVM.

4, Remove reference from one of these amplifier inputs and observe the new
DVM reading.

5. Using the formula Slope = {‘-GE calculate the amount of slope after limits, The
slope should not exceed 8 millivolts/volt.

r—— r&—FFra e
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APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A'" - The parts in category "A" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B'" - The parts in category "B" are proprietary items that are available only from EAI,

If proprietary items are veplaced with items ob-
tained from other sources, EAI cannol assume
responsibility for a unit not operating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

1l Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAI is curvently revising the pavt numbering sys -
tem. All parts effected by this revision ave iden-
tified using the new and the old number (the number
in paventhesis). All parts should be ovdered using
the new number. The old number is provided to
cross reference parvts that may still be identified
physically, or in other publications by that number.

2 When ordering complete assemblies (networks, printed circuit cards, etc.), specify the
’ model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment

purchased.
3 When ordering expansion components, note if mounting hardware is required. If hard-
: ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
WARE'".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
PHYSICALLY COMPATIBLE WITH THE ORIGINAL COM-
PONENT,

2-6-5






Ry |
r, j REF. DESIG, DRSCRIPTION EAI NO. *CAT.
1in Connector Block: White 00 542.1545-2 | B
2 Connector Block: Lettered 00 542,1551-7 | B
L (POT-LIMITER 0,42,0342)
0,16,0354 +LIMITER CARD
1 1C1-(),2-() | capacitor, Fixed, Mica: 00 519,0091-0 | A
330 pf +2%, 100V
(Elmenco 4CRDM10F-331-G0-100WV or equal)
2 1C3-(),4=() |cCapacitor, Fixed, Ceramic: 00 515,0288-=0 | A
33 pf +10%, 200V
(Vitramon VK23BW330JW or equal)
3 | CR1-(),2-()| Dicde 00 614,0007-0 | B
4 | Pl Connector, Plug: 22 Contacts; Male 00 542.0419-0 A
(Amphenol 133-022-23 or equal)
5 [Q1-0 Transistor 00 686.0311-0 | B
6 1Q2-0) Transistor 00 686.0312=0 B
7 |R1=(),4=(),| Resistor, Fixed, Composition: 00 625,0472=0 A
6=-(),9-0) 4.7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)
8 |R2-(),10-()| Resistor, Fixed, Composition: 00 626.0332-0 | A
3.3K ohms +5%, 1/2W
(Allen-Bradley EB or equal)
9 |R5=(),7=() |Resistor, Fixed, Film: 00 632,3320-0 A
332 ohms +1%, 1/4W
(Int, Resistance Corp, Type CEA or equal)
10{R11-0), Resistor, Fixed, Composition: 00 625.0390-0 A
12-0) 390 ohms +5%, 1/4W
(Allen-Bradley CB or equal)
HOTE: THE cl::r:::-v. e’::i:uT:A:::;::t: ':0'|:::‘C=:.::‘ADV:!°LCAAIJ:I‘"‘I:Y or PparTs. [UNIT TITLE
A :luntCAf" PARTS THAT SHOULD BEPURCHASED FROM EAl,
» POT LIMITER TRAY
MODEL NO. 5
_ oate &/ 26 /68 0.42.0342 Sh. 1 of_l Sh.
s 2-6-/g3
Md4é



APPENDIX 2

DRAWINGS

This appendix contains necessary schematics and wiring diagrams of equipment desecribed in
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model
number of each unit or component, the type of drawings, and the associated drawing number.

The drawings are bound into the manual in the order listed under the index Drawing Number
column.

EAI drawings are prepared in accordance with standard drafting practices for electro-mechani-

cal and electronic equipment. All symbols are in accordance with current government stand-
ards,

INDEX
Unit or Component Type of Drawing Drawing Number
0.42. 0342 Pot-Limiter Tray Assembly W/ D00 042 0342 0A
Wiring
0.16. 0354 +Limiter Card Schematic B0O 016 0354 0S

2-6-9/10
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SECTION 3

LOGIC INTERFACE

CHAPTER 1

POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

1.1 INTRODUCTION

The 0. 42. 0340 Potentiometer-Comparator-Function Relay (Pot-Comp-F/R) trays contain three
Separate circuits: function relays, comparator circuit and feed through wiring for five attenua-
tors. The trays, located in the positions shown in Figure 1.1, and their associated override

pushbuttons, located on the upper right portion of the control panel, are shown in Figures 1.2
and 1. 3.

A00 ATTEN | AO2 AOB | ATTEN c al0 ATTEN | A2 Al8 ATTEN
POO-~-] AD3 POS- s PiO~ | AI3 PI5S—
po4 | PO9 1 Pl P19

AMPL | INT |====] AMPL | MULT | amPL |-——— g AMPL INT |===—| AMPL | MULT | AMPL |[————
COMP | AD4 T/8 g CoMP. | Al4 T/S

AOQI “F/R | A0S A09 D/A All F/R AlS Al9 D/A

A20 aTTEN | A22 A28 |ATTEN = A30 ATTEN | A32 a38  |ATTEN
P20~ faz3 pes- | R p30- | A33 P3s-

3 u [
B2e P29 N P34 P39

AMPL INT |==——={ AMPL | MULT | AmMPL [-——-— K AMPL | INT |=—<==1 AMPL | MULT | AMPL |——=—
b s
COMP | A24 T/8 COMP. | A34 T/S

A1 E/R azs | p/A A3l F/r | a3s a39 | o/a

A40 QUAD | A48 |ATTEN . AS0 ATTEN | AS2 QUAD | A58 |ATTEN

LOG P45~ - P50~ | A53 LOG P55
DFG P49 u PS4 DFG P59
AMPL | INT ————| ampPL [———-] «w AMPL | INT |====| AMPL |- —-—| ampL [———-
MDFG K Hl MDFG
A46 T/S S AS54 AS6 T/8
A4l A47 | A49 | D/A AS| | ass AS7 | As9 | p/a
A60 SINE/ | A€B ATTEN - ATO AT2 SINE/ | ATS8 ATTEN
COSINE P65~ R AT3 |COSINE P75
P69 u P79
————| amMPL |-=—— N AMPL | INT AMPL |————| AMPL |————
AMPL | INT MDFG K MDFG
s
AGE LIMITER) MP. | AT4 ATE LIMITER
AGI AGT7 A69 ATI | AT5 | A77 A79

Figure 1.1. Location of the Pot-Comp-F/R Tray, Model 0.42.0340

The function relays are used for any switching functions necessary for the solution of a problem.
Control of these relays is accomplished using logic levels patched to the S and R terminals on
the patch panel. Override logic levels are provided by the FUNCTION RELAY pushbuttons on

the control panel.
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CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42, 0340

Figure 1.2. Pot-Comp-F/R Tray, Model 0.42.0340

COMPARATORS FUNCTION RELAYS
Ml ot cZati) a1 L

Figure 1.3. Comparator and Function Relay Pushbuitons

The comparator algebraically compares two analog input voltages and provides a

logic signal
and its complement as an output,

If the algebraic sum of the input voltages is bositive, the
comparator output state is high and its complement is low.

If the algebraic sum of the input
voltages is negative the reverse is true.

Comparator override logic levels are provided by the
comparator pushbuttons located on the control panel,

The potentiometer feedthrough wiring on the tra
minals of five potentiometers,
Chapter 5 of the 580 Console Co

y provides patching to the high and wiper ter-
A description of the computer attenuator system is given in
mponent Manual (Publication Number 00 800, 2056-0).
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CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340
1.2 SPECIFICATIONS

The following specifications refer to the 0. 42, 0340 Pot-Comp-F/R operating in the computer.

1.2.1 Comparator Circuit

Switching Voltage Center Value ....... eeesss 1 Millivolt

Hysteresis ....covvvvvnnnnnn.. ielatels s s g5 imislof +4 Millivolts

Switching Time ...... Y PRIeYs. ST B8 | oo, e, 1 Microsecond
1.2.2 Function Relay

Contact ResiStance .........oeeunvennnnsns 0.5 Ohm Maximum

1.3 OPERATING CONSIDERATIONS

Figure 1. 4 gives typical patching for the comparator section of the tray. Note that the COMPARA -
TOR pushbuttons, located on the auxiliary control panel (Figure 1, 3), may be used to override the
comparator input voltage.

Note that Figure 1.5 gives typical function relay patching. The function relay patch terminals
are graphically marked with the relay contacts which are shown in the set position. Logic high
signals patched to S (set) and R (reset) terminals causes the relay to respond to the like posi-
tions shown on the patch block. The FUNCTION RELAY pushbuttons on the auxiliary control panel
(Figure 1.3) may be used to override the S and R inputs on the patch panel.

— R LOGIC LOGIC
SIGNAL SIGNAL

s R

]

L ouTPUT ~la?
{: s }DIGITAL EOUT—1-@ @t our

BEING ST
COMPARED Ez—% ENN.—A—EQIN
s RO POT-COMP-F/R

Q. .0340

Figure 1.4. Typical Comparator Patching Figure 1.5. Typical Function Relay Patching
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CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

A complete description of comparator and function relay operation is given in the 580 Reference
Handbook (EAT Publication Number 00 800. 2055-0).

1.4 THEORY OF OPERATION

Since the 0. 42. 0340 Pot-Comp-F/R Tray consists of two separate circuits, each is described

in a separate section. Section 1.4.1 concerns the comparator and Section 1. 3.2 concerns the
function relays.

1.4.1 Comparator

The comparator, shown in the simplified schematic, Figure 1.6, consists of an analog input, a

digital output and an override pushbutton.

Analog voltages are applied to the comparator units. The algebraic sum of these voltages is
derived at the junction of resistors R1 and R2, and compared by comparator amplifier AR1.
The resultant output is opposite in polarity to the amplifier input. As an example, if the alge-
braic sum of the voltages is negative the output of AR1 is positive.

Assuming that the output of AR1 is positive (high), the input to OR gate 2a (pin 6) is high forcing
the output low. The output of AR1 is also inverted by inverter la and its low output is fed to

pin 1 of AND gate 2a. If the latch terminal is not patched, pin 7 of OR gate 2a and pin 2 of AND
gate 2a are both low. The two low inputs to the AND gate force its output high. The low at the

S terminal of FF2a and the high at the clear terminal force the 1 output to a high. This output

is inverted (inverter 3b) and the logic 01, terminal is low. The second inverter makes the logic

0. terminal the complement of the logic 01 terminal or in this case high. If the comparator ampli-

2 . . -
fier AR1 output is negative (low), the resultant outputs at the logic 01 and 02 terminals are high

and low respectively.

The latch patch terminal is used to override the comparator output and hold the logic 01 and °

logic 0, outputs at their respective logic levels. The comparator amplifier (AR1) output has

2 3
no effect on the output until the high is removed from the latch patch terminal.

When the latch terminal is patched high, pin 7a of OR gate 2a and pin 2 of AND gate 2a are both
high. The high inputs to these two gates force their outputs low and the inputs to the S and R
terminals on the flip-flops are both low. The lows on the S and C inputs inhibit the flip-flop,
and the logic 0, and 0, terminals are held at their respective logic levels until the high is re-

moved from the L terminal.
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POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

CHAPTER 1
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Comparator, Simplified Schematic

Figure 1.6.
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CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

The momentary override pushbuttons, located on the patch panel, are shown at the lower left
of Figure 1.6. The pushbutton labeled with a number (01 in this case) when depressed, feeds a
high to the S input of the flip-flop. The high forces the 1 output low, and the signal at logic 0,

taken from the output of inverter 3b (pin 3) is high. The output of logic 0, is the complement

of the 04 terminal (low). Releasing the pushbutton returns the comparato?.l" to normal operation.
The high that is switched to the S input on the flip-flop is also applied through an inverter on the
lamp circuit associated with the pushbutton. The low output from the inverter essentially grounds
the input end of R3 and transistor Q1 is turned on by the negative voltage applied to its base.

Turning Q1 on causes the lower end of DS1 to be grounded and the lamp lights.

The unlettered pushbutton, when depressed, places a negative voltage on the S input to the flip-flop
the 1 output goes high and the logic 01 and 02 outputs are low and high respectively. Releasing

the pushbutton returns the comparator to normal operation. This pushbutton has no associated
lamp circuits.

1.4.2 Function Relay

The function relay, shown in the simplified schematic, Figure 1.7, consists of a flip-flop (4b)
with patch terminals to each input, a relay, and an override pushbutton circuit. The relay

schematic on the patch block shows the relay in the set or de-energized position.

Logic signals patched to the § and R terminals are fed through-emitter—followers to the set (8)
and Clear (C) terminals of flip-flop 4b respectively. A high patched to the S terminal forces the
1 output of the flip-flop low. The output of inverter 4b goes high, the momentary driver places
a high in the lower end of the relay coil and the relay remains de-energized. A high at the R
terminal forces the flip-flop 0 output low and the 1 output high. The high, inverted by 4b is
applied as a low through the driver (Q2) essentially grounding the lower end of K1, energizing
the relay.

The override pushbuttons consist of a lettered button (01 in this case) which is the equivalent

of the S input and an unlettered button which is the equivalent of the R input. Depressing the 01
pushbutton places a high on the S terminal of the flip-flop forcing the 1 output low. The Signil
is inverted by 4b and the relay is de-energized. When 01 pushbutton is depressed the high is
also applied to an inverter in the associated lamp circuit. The low output of the inverter essen-
tially grounds the input end of resistor R3 and the base of transistor Q1 is negative. With its
base negative, Q1 conducts grounding the lower end of DS1 and the lamp lights,

Depressing the unlettered pushbutton places a low on the S input of the flip-flop, the 1 output goes
high, the signal is inverted and the relay is energized. There is no associated lamp circuit for
the unlettered pushbutton.

3-1-6




CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

PART OF: 0.12.1636 COMPARA;(;'\' AND
FUNCTION RELAY CONTROL

=20V «=—AW\—0

PART OF: 0.40.0654 COMPARATOR AND
FUNCTION RELAY CARD

Figure 1.7. Function Relay, Simplified Schematic
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CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42, 0340

1.5 MAINTENANCE

The comparator circuits are designed for accuracy without periodic adjustments. However,
longterm component drift may cause some changes in characteristics, therefore requiring ad-
Justment. The procedures in this paragraph may be used to check and adjust the comparator

circuits in a minimum of time. There are no adjustments on the function relays.

All comparator adjustments are on the 0. 420340 Pot-Comp—F/R Tray. To check or adjust the
comparator circuit, remove the tray and insert an extender tray (EAI No. 0.52.0382) in its place.

Mount the tray to be adjusted on the extender tray and proceed as follows:

1. Patch the circuit shown in Figure 1.8 using a function relay (FR) for switching between
CJ and CB.

DVM

Figure 1.8. Comparator Adjustment Civcuit

2. Balance the operational amplifiers.
3. Address integrator 2 for readout on the DVM.

4. With FR in the CB (energized) position, adjust R7 (Figure 1.9) to approximately mid-
range, and adjust R4 until the output of integrator 2 nulls. (This reading is 100 times

the switching center value.)

5. Switch FR to the CJ (de-energized) position and adjust R7 until the output of integrator
2 nulls,
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PTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

Figure 1.9. Comparator Adjustment Controls

6. Repeat Steps 4 and 5 until the output of integrator 2 reads less than 20 millivolts with
FR in either position.

This completes the adjustment of the comparator.
1.6 TROUBLESHOOTING

Troubleshooting the 0.42. 0340 Pot-Comp-F/R Tray is a relatively simple operation that can be
accomplished using general type maintenance equipment. The function relay checks consist of
continuity checks to ensure that the relay is in the proper state for the input supplied. The com-
parator checks are basically the same except that the checks being made are for the proper output

logic levels for the input voltage conditions given.

When a malfunctioning circuit has been found, the tray should be removed, and an extender tray
(EAI No. 0.51.0382) installed in its place. Once this has been accomplished, mount the mal-
functioning tray on the extender tray and using standard troubleshooting procedures, isolate the

faulty component.

1.6.1 Function Relays

i
The function relays can be checked by applying a logic signal to either the S or R patch terminals

and making a continuity check of the relay contacts. With a high patched to the S terminal the
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CHAPTER 1 POTENTIOMETER-COMPARATOR-FUNCTION RELAY TRAY, MODEL 0. 42. 0340

continuity should read the way it is shown on the patch block. A high patched to the R terminal
causes the relay to be energized, and the continuity checks indicate that the relay is in a state
opposite that shown on the patch panel. The pushbuttons on the control panel can be checked the
same way. Depressing the numbered pushbutton causes the relay to de-energize and assume state

shown on the patch panel, Depressing the unnumbered switch causes the relay to be energized
and assume a state opposite to that indicated on the patch panel.

1.6.2 Comparator

The comparator can be checked by applying two input voltages that algebraically add up to
either a negative or positive input voltage and monitoring the comparator output. If the com-
parator is functioning properly, the output at logic 01 should be high if the algebraic sum of
the inputs is positive and low if the algebraic sum of the inputs is negative. Patching a high
tothe L (latch) terminal forces the logic 01 output to a high.

Depressing the numbered pushbutton (located on the control panel) associated with the comparator
being checked causes the logic 01 output to go high. Depressing the adjacent unnumbered push-
button causes the logic 01 output to go low. In all of the comparator tests given above, the com-
plement output (logic 02) is in a state opposite to that of the logic 01 output.
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APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-
ence symbol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The category column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A'" - The parts in category ""A" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category ""B'"' - The parts in category ''B'' are proprietary items that are available only from EAI

If proprietary items ave veplaced with items ob-
tained from othev souvces, EAI cannol assume
responsibility for a unit not opevating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

1. Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAI is currvently vevising the part numbeving sys-
tem. All parts effected by this vevision are iden-
tified using the new and the old number (the number
in parventhesis). All pavts should be ovdeved using
the new numbey. The old number is provided to
cross refervence pavts that may still be identified
physically, ov in other publications by that number.

2. When ordering complete assemblies (networks, printed circuit cards, etc.), specify the
model and serial numbers of the equipment the assembly is to be used with. If possible,
include the purchase order number or the EAI project number of the original equipment

purchased.

3. When ordering expansion components, note if mounting hardware is required. If hard-
ware is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
WARE'". .

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED., EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
PHYSICALLY COMPATIBLE WITH THE ORIGINAL COM-
PONENT.

3-1-11



PARTS LIST INDEX

Title

0.42.0340 Pot Comparators and Function Relay Tray .....
0.40.0654 Comparator and Function Relay Card .......

-----------------

0.51. 0372 Comparator and Function Relay Control W/Harness .....ooeeeuvennnnns

0.12.1636 Comparator and Function Relay Control Card
0.51.0372-1 (Identical With 0.51. 03721 e ey e
0.12.1636 Comparator and Function Relay Centrol Card
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I':“J_-" base. eSS RIFTION BAI NG *CAT.
e
1 n T;lonnectoxj Block: Yellow 00 542,1545-1 B
2 Connector Block: Lettered 00 542.1551-9 B
(POT-COMP-F/R 0.42,0340)
0.59,0654 COMPARATOR & FUNCTION REIAY CARD
1 |la,2a,4b |Integrated Circuitry: Quad Two Imput Gate 00 592.0096-0 B
2 I3 Integrated Circuitry: Dual Buffer 00 592.0090-0 B
3 J|ARl Integrated Cipcuitry: Amplifier, DC Wide Band| 00 592.,0059-0 B
4 | Capacitor, Fixed, Ceramic: 00 515.0019-0 A
100 pf +107, 1000V
(Sprague 40C200A or equal)
5 |c2,3 Capacitor, Fixed, Electrolytic: 00 516.0269-0 A
47 uf +20%, 35V
(Sprague 150D4760035-52 or equal)
6 |c4,5,6,7,8,|Capacitor, Fixed, Ceramic: 00 515.0151-0 A
9 10 nf +60% -407%, 150V
(Sprague 19C385 or equal)
7 |C10 Capacitor, Fixed, Ceramic: 00 516.0254-0 A
3,3 uf +20%, 15V
(Sprague 150D or equal)
8 [CR1 thru 5 |Diode: 1N916 00 616.0148-0 | A
9 |[CR6 Diode (Motorola 1/4M6.2AZ10 or equal) 00 614.0214-0 A
10 |CR7 Diode, Zener: Ln748A 00 614.0289-0 A
11 [CR8 thru 17jDiode 00 614,0293-0 B
19 thru 23
12 |K1 Relay 00 618.0303-0 B
13 |K2 Relay 00 618.0290-0 B
14 |P1 Connector, Plug: 22 Contacts; Male 00 542.0419-0 | K
(Amphenol 133-022-23 or equal)
15 |qQ1,3,4 Transistor: 2N3646 00 686.0230-0 A
17 |r1,2 Resistor, Precision 00 640.0109-0 B
MOTE: THE CATEGORY COLUMN |9 DESISNED TO INDICATE AVAILABILITY oF PanTs. [UMIT TITLE
s - INDICATES PARTS THAY SHOULD BE PURCHASED LOCALLY.
§ - INDICATES PARTS THAT SHOULD BR.PURCHASED FROM RAL. POT COMPARATORS AND
FUNCTION RELAY TRAY
DEL MO,
1-4 pate 10 s 16 » 67 0.42.0340 Sh. 1 of 3 Sh.

172
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ITEM

REF. DESIG.

DESCRIPTION

EAl NO.

18

19

20

2%

22

23

24

25

26

27

28

29

130

Ré,7

R5

R6

R8

R9

R10, 36

R11

R12

R15

R17

R19,20,21,
25,26,28,
30,31,32

R22

R23,24,29

Resistor, Variable, Wirewound:
500 ohms +5%, 1w

Resistor, Fixed, Composition:
9.1K ohms +5%, 1/4W
(Allen-Brafley CB or equal)

Resistor, Fixed, Composition:
160K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
50 1K OhmB:'iS%, 1/4“
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
1 megohm +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
10K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
68K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
2.4K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
680 ohms +5%, 1/2W
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:
820 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
1.2K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Cobposition:
3.3K ohms #5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
2,2K ohms #5%, 1/4W

(Allen-Bradley CB or equal)

(Int. Resistance Co. CT-100 or equal)

00 642.0610-0
00 625.0912-0
00 625.0164-0
00 625.0512-0
00 625.0105-0
00 625.0103-0
00 625.0683-0
00 625.0242-0
00 626.0681-0
00 625.0821-0
00 625.0122-0
00 625.6332-0

00 625.0222-0

..l,f

DATE 10/ 16 Vs 67

FNOTE! THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY oF PARTS. [UNIT TITLE
A - INDICATRS PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl.

POT COMPARATORS AND
FUNCTION RELAY TRAY

MODEL NO.
0.42.0340

Sh. 2 of 3 Sh.

-

217
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ITEM| REF. DESIG.

DEICRIPTION

EAI NG *CAT.

31 | rR38
32 | R39,40
33 | rR41

Resistor, Fixed, Composition:
390 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
100 ohms +57%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
580 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

00 625.0391-0 A

00 625,0101-0 A

00 625.0561-0 A

CATEGORY COLUMN 1S DESIGNED TO INBICATE AVAILABILITY OF PARTS.

ﬂum‘r TITLE
b NOTEI THE ULD BE PURCHASED LOCALLY.
. INDICATES PARTS THAT 8MO . POT COMPARATORS AND
:.:::IGATII PARTS THAT SHOULD BE PURCHASED FROM EAI FUNCTION REIAY TRAY 2.0,
[WODEL No.
oate 10/ 17, 67 0.42.0340 Sh. 3 of 3 Sh.
= Tiaf
3-1-15 adé



ITEM| REF. DESIG.

DESCRIPTION

EAl NQ. *CAT.

6 |R1-(),5-0

7 |R2-()

8 |R3-0)

9 |R&-0)

10

Resistor, Fixed, Composition:

220 ohms +5%, 1/4w
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:

8.2K ohms +5%, 1/4W
(Allen=-Bradley CB or equal)

Resistor, Fixed, Composition:

820 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:

4,7K ohms +5%, 1/4W
(Allen~-Bradley CB or equal)

Switch, Pushbutton

i Connector Block: 12 Contacts; Male 00 542,1059-0 A
(Amp 48008-1 or equal)
0.12,1636 COMPARATOR AND
FUNCTION REIAY CONTROL CARD
1 jel Capacitor 00 516.0387=0 B
2 |c2 Capacitor, Fixed, Electrolytic: 00 516.0254=0 | A
3.3 uf +20%, 15V
(Sprague 150D or equal)
3 [pS1-() Lamp, Incandescent: 00 578,0089-0 A
28V, 40 MA; Clear T1-3/4 Bulb
(Hudson 369 or equal)
4 |INV=-1 Integrated Circuitry: Hex Inverter 00 592,0100-0 | B
5 |Q1l=() Transistor: 2N3686 00 686.0250=0 A

00 625.0221-0 | A

00 625,0822-0 A

00 625,0821-0 A

00 625.,0472=C A

00 656.0178-1 | B

NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS.
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.

UNIT TITLE

® -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAL. COMPARATOR AND FUNCTION
REIAY CONI'ROL
MODEL NoO,
-l cave & ¢ 26 /68  0,51,0372 Sh. 1 of 1 Sh.
3-1~16
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APPENDIX 2

DRAWINGS

This appendix contains necessary schematics and wiring diagrams of equipment described in
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model

number of each unit or component, the type of drawings, and the associated drawing number.
The drawings are bound into the manual in the order listed under the index Drawing Number

column.

EAI drawings are prepared in accordance with standard drafting practices for electro-mechani-

cal and electronic equipment. All symbols are in accordance with current government stand-

ards.

Unit or Component

0. 42, 0340 Pot, Comparator and
Function Relay

0.12.1636 Comparator and Function
Relay Control

0.40. 0654 Comparator and Function
Relay

0.51. 0372 Comparator and Function
Relay

INDEX

Type of Drawing

Assembly W/
Wiring
Schematic

Schematic

Wiring

Drawing Number

D00 042 0340 0A

C00 012 1636 0S

D00 040 0654 0S

B00 051 0372 OW
(Sheets 1 and 2)
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CHAPTER 2

POTENTIOMETER, TRACK/STORE AND D/A SWITCH TRAY, MODEL 0. 42, 0341

2.1 INTRODUCTION

This chapter describes the 0. 42,0341 Pot, T/S,and D/A switch Tray which is installed in the
positions shown in Figure 2.1. Two additional trays can be installed in positions 46 and 54,
Circuits housed in this tray also permit control of the track/store and D/A switch modes and
permit initializing the track/store unit. The tray also contains the patching for five attenuators,
which are described in Chapter 5 of the 580 Console Components Manual (EAI Publication Num-
ber 00 800. 2056-0). The tray and its patching area are shown in Figure 2. 2.

2.2 TECHNICAL DATA

2.2.1 Track/Store Circuit

Drift in Long Store Mode ...v.uveruvennnnns. 250 Microvolts/SEC, Maximum
Offset in Tvack Mode ....evvvvevvvevnesn... +50 Microvolts
Reset Time, Full Scale to within 0.1% of

LB 5 55 55 60 0 S Bl G Ve v e G 50 Microseconds, Maximum
Bandwidth in T7ack Mode ....vvevevevanennnn 90 ke

Total Instantaneous Dynamic Error in
Tvack Mode -
D I s e i a aliem) e ea e e w s e Aie 0.15%
TRHIET 0 o 5 o0 e smss B oiwamiarsis wn cminangie. | Ox 0DID

ADD ATTEN | AD2 AOB ATTEN e Al0 ATTEN | A2 A8
POO- | 403 POS- ﬁ P10~ | A3
P04 pog { T Pla
AMPL | INT |=—=——| AMPL | MULT | AMPL [====~ E ampL | INT [-—=—] amPL | MULT | amPL
T/ oMP. | ais
comp | a04 V‘TIS — c
A0 F/R | AOS A09 | D/A All F/R | a5 Al9
A20 ATTEN | A22 azs [ATTEN] a30 ATTEN | A32 A38
pzo- | a23 p2s- | R P30- | a33
i T
P24 ‘ N P34
AMPL | INT [=———| AmPL | MULT | AMPL ; AMPL | INT [—=—-—] AMPL | MULT | ampPL
comp | A24 comp. | A3s
Azl F/R A25 A3l F/R A3S A39
A40 ATTEN | A42 | QuaD AS0 ATTEN | AS2 | QuaD | Ass
m
P40~ | A43 LOG R P50- | A53 LOG
U P54 DFG
AMPL | INT 232 | amee e N AMPL | INT |==—==| ampPL | -=--] ampL
MDFG K MDFG o
comP | A4a [ Ase s coMP. | A54 | ase VS
A4l /R | A4s | aa7 AS| F/R | a5s | as7 | Aso | o/
AG0 ATTEN|A62 | SINE/| A8 [ATTEN] A70 ATTEN | A72 | SINE/ | A78 | ATTEN
pg0-| A63 |COSINE res-| g P70- | A73 |COSINE P75
P64 P69 u P74 P79
—— ———— N AMPL | INT |[————| AMPL [——=—| AMPL |————]
AMPL | INT [=———| AMPL f=em s AMPL b - s
comp | aea ABG LIMITER : COMP. | AT4 ATE LIMITER
F/R | a85 | A67 | A69 Azl F/R | ars | a7z | are
A6!

Figure 2.1. Patch Panel Layout Showing Track/Stove - D/A Switch Tray Locations
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CHAPTER 2 POT, T/S AND D/A SWITCH TRAY, 0.42.0341

2.2.2 D/A Switch Circuits
The following specifications refer

to the switch connected as an input to a unity-gain inverter.

Operate Time

.......................... .. 1 Microsecond
Static and Linearity Error
(Outside Feedback Loop) ....vvvunnnn.... +0. 015%
Bandwidth (20 Volts Peak-to-Peak) ....... 100 kHz
Feedthrough at 1 ke (Switch Open) .. ..... =60 db
Leakage Current (Switch Open) .......... =50 PA, Maximum

Figure 2.2. Model 0.42.0341 Track/Store - D/A Switch Tray and Patching Area

2.3 OPERATING CONSIDERATIONS

Figure 2.3 shows typical track/store patching. The T (Track) patch terminal controls the op-
eration of the unit. A high at this point causes the unit to track. A low forces it to the store
mode. The (T) IC (Track IC) patch terminal, when patched high, overrides the T input and
energizes relay K1. When energized, a set of contacts on K1 connects the TJ input to the D/10
output which permits amplifier derivative readout. A second set of contacts connects the IC

patch terminal through 10k resistors to the store capacitors which permits charging the capaci-
tors to the IC level,

Figure 2.4 shows typical patching for the D/A switches. A high patched to the SW (Switch) patch

terminal causes the electronic switch to conduct connecting the 10 input to the SW.J (Switch
Junction) patch terminal.

3-2-2
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POT, T/S AND D/A SWITCH TRAY, 0. 42,0341

—AM— IF
——A— |
——AAA— LOGIC SIGNAL =i
‘ : sw; st
—AAA— 10
RY ANALOG INPUT ==
AMN— 10 10 10 HR]
| ANALOG INITIAL 0 A wigy lswi %
. e CONDITION INPUT
CONTROL —+—) “@—— TRAcK Ic EXTERNAL POT-TS-D/A
INPUT —— AMPLIFIER 0.42.0341

Figure 2,3. Track/Store Patching (Typical) Figure 2,4, D/A Switch Patching (Typical)

Complete descriptions of the track/store and D/A switch operation is given in the 580 Reference
Handbook (EAI Publication Number 00 800, 2055-0).

2.4 THEORY OF OPERATION

Figures 2.5 and 2. 6 are simplified schematics showing both the track/store and D/ A switch
portions of the tray. Since these units operate independently, each one is described separately.

2.4.1 Track/Store Switch Circuits

The track/store switch network is shown in Figure 2.5, The signal at the track input is high
when track operation is selected. The high level causes the output of the Q3, Q4 level-shifter/
driver to go low, and the short store and long store electronic switches are both inhibited. The
high input causes the output of driver Ql, Q2 to go high, and the track electronic switch couples
the signal at contact 7 of K1 to the amplifier (K1 is energized when the master mode control cir-
cuit selects the SPor ST mode, or when the track/store IC mode is selected by the master mode
control circuit or by local patching). Thus, the signal patched to the TJ terminal is connected
to the amplifier in the frack mode.

When the track signal goes low, the track electronic switch is inhibited, removing both the in-
put signal and the dc feedback resistor from the amplifier. Simultaneously, the short store
electronic switch conducts, connecting a 0. 005 microfarad capacitor (C2) around the amplifier.
This capacitor is always connected to the output of the amplifier when the circuit is patched for
track/store operation. The very short time constant of the R20-C2 network permits the capac-
itor to charge to the amplifier output voltage, even with rapid dynamic changes. The small
value of the capacitor, however, would result in a high drift rate while the circuit was in the
store mode. To allow the circuit to follow high rate dynamic signals while tracking, yet
provide low drift storage, two values of storage capacitance are provided. When the unit is

3-2-3
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POT T/S AND D/A SWITCH TRAY, 0.4

switched from the {7ack mode to the store mode, the R20-C2 network is immediately switched
around the amplifier, After a 10 millisecond delay, during which C3 charges through R23 to the

stored amplifier output voltage, the R23-C3 network is connected around the amplifier through

2. 0341

the long store electronic switch. Thus, performance at both high tracking rates and long storage

times is optimized. When the track signal again goes high, the low output from the Q3, Q4
level-shifter/driver inhibits the short store electronic switch, and through the CR1-CR8 AND

gate, inhibits the long store electronic switch.

- c2
R2 005
(SHORT) Y N
S A" 7
Q9,010

CRI3

Figure 2.5.

Track/Store Civecuit, Simplified Schematic

To energize the /C mode control relay (K1), it is necessary for either the(T) IC input to be high
or the ST and SP line to have a low input, The (T) IC input, buffered by emitter follower Q16,
is connected to one input of an OR gate. The ST and SP1 not lines are connected to the other

two inputs. The gate is arranged so that its output goes low if the (T) IC input goes high or if

3-2-4

either the ST or SP line goes low. The low at the OR gate output energizes relay K1 through the
level shifter/driver Q15. The OR gate output is also inverted (1a) forcing the unit into the track
mode. When K1 is energized, the input at TJ (Track Junction) is connected to the D/10 line
permitting an amplifier derivative readout. The second set of relay contacts connects the SW.J
(Switch Junction) terminal to the IC input through a 10k resistor.
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The OR gate output is also used to force the unit into the track mode. This is accomplished by

nverting the gate output (1a) and applying a high to the inputs of the store level-shifter/driver
(Q3 and Q4) and the track driver (Q1, Q2).

2.4.2 D/A Switch Circuit

The D to A switch circuit, shown on Figure 2.6, is contained entirely on the 0.12.1614 D to A
Switch card in the pot-track/store and D/A switch tray. A logic signal patched to the SW ter-
minal is connected directly to eyelet 3 of the D to A switch card. Level-shifter/driver circuit
Ql, Q3 couples the signal to the Q5, Q6 switch circuit. When the logic signal is high, an ana-
log signal is coupled through the switch to the input of an external amplifier. When the logic
signal goes low, the signal path through the switch is opened.

+ 15V
Figure 2.6. D/A Swiich, Simplified Schematic
2.5 CIRCUIT DESCRIPTION

2.5.1 Track/Store Switch Card 0.12. 1613

Refer to Schematic D00 012 1613 0S for the following description.

The track signal from the track/store control network is connected to the track input of the card,
ud‘wupled through R1 to the base of Q1. Transistor Q1 is connected as a phase inverter, de-
;,;;mm g complementary signals at its collector and emitter. The inverted signal at the col-
iaci : at Q1 is connected to the base of inverter Q2. The signal at the collector of Q2 thus goes
high when the track input signal goes high.
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Three electronic switches are provided on the card; the short store electronic switch (Q9-Q10)
the long store electronic switch (Q11-Q12),

)

and the track electronic switch (Q13-Q14). The
switches are all similar, so only the Q9-Q10 switch is described. This switch receives a drive
signal from the collector of Q3, directly connected to the gate terminal of field-effect transistor
(FET) Q9, and through R19 to the base of Q10. When the drive signal is low, Q9 is cut off and
Q10 is saturated. The conduction of Q10 effectively grounds the junction of R20 and CR3 through

R21. When the drive signal goes high, Q10 is cut off and Q9 conducts, connecting the R20-C2

network across the amplifier. Diode CR2 reduces the turn-off time of Q10 by providing a low-

impedance path for the stored charge.

If the amplifier output changes rapidly in a negative
direction,

when the circuit is in the track mode, the transient voltage would tend to reverse
bias Q10; the shunting effect of CR3 provides a low impedance return path under these condi-

tions. When the circuit is in the store mode, the voltage at the cathode of CR3 is not sufficient
to allow the diode to conduct.

Transistors Q5 through Q8 form a 10 millisecond delay network. When the circuit is in the
track mode, the drive signal to the base of Q5, is low, and Q5 is saturated. The ground
level at the collector of Q5 is coupled through R11 to the base of Q6, causing Q6 to conduct.
When the drive signal to Q5 goes high, as the unit is switched into the sfore mode, Q5 cuts
off, and capacitor C1 charges through R10 toward -6 volts. The resultant waveform at the
collector of Q5 is a negative-going ramp, causing Q6 to decrease in conduction. The signal
at the collector of Q6 is an amplified, positive-going ramp, coupled through R13 to the base of
Q7. Transistors Q7 and Q8 form a regeneratively-coupled amplifier. The initial part of the
positive going waveform at the base of QT has no effect since this stage is heavily saturated,
However, as the ramp increased in a positive direction, QT begins to decrease in conduction.
The negative change at the collector of Q7 is coupled through R16 to the base of Q8. The am-
plified, positive change at the collector of Q8 is fed back to the base of Q7 through R17, and the
regenerative action of the two stages causes Q8 to cut off almost instantly, Thus, after a delay
determined by the time constant of R10 and C1, the collector of Q8 goes high, reverse-biasing
CR8. Diode CR1 has been reverse-biased by the high drive signal from Q3, and the junction

of CR1, CR8, and R18 goes to ground. This change from low to high causes FET Q11 to con-
duct and transistor Q12 to cut off, switching the R23-C3 network across the amplifier in par;

allel with the R20-C2 network. Thus C3 is permitted to charge through R23 for approximately
10 milliseconds after the unit is switched into the store mode.

When the unit is again switched into the track mode, the drive signal from Q3 goes low, cut-
ting off FET Q9 and saturating Q10. The low also forward-biases diode CR1, causing FET Q11
to cut off, and saturating Q12. The low at the base of Q5 saturates this stage, and capacitor
Cl discharges through the low impedance of Q5. Thus, the delay circuit resets rapidly, and

can be placed in the store mode again after only a brief interval.

3-2-6
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The track electronic switch (Q13-Q14) is identical in operation with the short-store and long
electronic switches. Diodes CR5 and CR6 protect the switch from damage that might be caused

by inadvertently patching a signal directly to the TJ terminal, instead of through an input resis-
tor.

The IC relay (K1) is de-energized when the computer is in the operate or hold modes. The
relay is energized when the computer is placed in the set pot or static test modes by the com-

puter master mode control circuit or when a high logic signal is patched in the (T) IC terminal.

The circuit controlling the IC relay (K1) consists of an emitter-follower stage (Q16) for the

input; two integrated circuit OR gates (1a) connected as inverters, two diodes, (CR9,10) con-
nected as an OR gate and Q15 used as a driver.

When a high appears at eyelet 3, diode CR12 is forward-biased, the base of Q16 goes high and
the transistor conducts. The high at the emitter of Q16 is connected to pin 13 of inverter la.

The output of the inverter goes low (0 volt) and the negative voltage through R37 to the base of
| Q15 causes the transistor to saturate, grounding the pin 2 of K1 energizing the relay.

2.5.2 D to A Switch Card 0,12, 1614
Refer to Schematic C00 012 1614 0S for the following description.

The switch drive signal is connected to the base of phase inverter QL. The inverted signal at
the collector of Q1 is connected to the base of Q3, a common-emitter inverter stage. The non-
inverted signal at the emitter of Q1 is connected to the emitter of common base amplifier Q2.
The non-inverted signal at the collector of Q2 is connected to the base of inverter Q4. Thus,
the signals at the collectors of Q3 and Q4 are complementary, the signal at the collector of

Q3 having the same phase as the drive signal. The collector of Q3 is connected to the gate
terminal of FET Q6, and through R9 to the base of transistor Q5. Transistor Q5 and the FET
are complementary devices; when the drive signal goes high, the FET conducts and the trans-
istor is cut off. When the drive signal goes low, the FET is cut off and Q5 is saturated.

An analog input signal is connected to precision resistor R13. The signal at the resistor junc-
tion is connected through potentiometer R11 and a temperature-compensating network consisting
of R12 and thermistor RT-1. When the drive signal is low, the resistor junction is grounded

by the low saturated impedance of Q5. When the drive signal is high, Q5 is cut off, and the

low conducting impedance of the FET couples the analog signal to the summing junction of the
associated amplifier.

3-2-7
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Resistors R8, R10, and R14 improve the linearity of the switch by providing a small change
in the bias voltage to the FET as the input signal changes,

The amplitude of switching transients is reduced by the Q2, Q4, R7, and C3 network. The in-

verted drive signal developed across R7 is differentiated by C3 and coupled to the summing

Junction of the associated amplifier. Proper adjustment of C3 minimizes the amplitude of

transients that occur when the switch changes state.

Diode CR2, connected to the base of Q2, is used to force the FET into conduction when the
computer is in the pot sef mode.

2.6 MAINTENANCE AND ADJUSTMENTS

The adjustments given below are for the D/A switch circuits. No adjustments are required for
the track/store circuit,

All D/A switch adjustments are on the 0. 12.1614 D to A switch card. To check or adjust the
D/A switch circuit, remove the tray and insert a service shelf (EAI Number 0, 51. 0382) in its

place. Install the tray to be adjusted on the service shelf and proceed as follows:

1. Connect the circuit of Figure 2.7. Carefully balance the amplifiers. Address
AO1 for readout by the DVM.

FUNCTION
+ |0V REF s RELAY

—I0V REF —@—3 R

10K
—VW—
10 SWJ AJ 10
o {:<">—0@ 00—
10 AOI

SIGNAL
SELECTOR
¥
DVM

Figure 2.7. D/A Switch Adjustment Cirvcuit
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2. With the function relay control pushbuttons, place the function relay in the R-
position so that -10 volts is applied to the "1'" analog input of the switch.

3. Adjust R14 on the card (see Figure 2.8) until the DVM indicates an output of
0. 0000,

4. Place the function relay in the S position, and adjust R11 on the card until the
DVM indicates an output of 0, 0000.

5. Repeat Steps 3 and 4 until the DVM indicates an output of 0. 0000 +10 millivolts
with the function relay in either position.

6.

Remove the output amplifier (A01), and connect an oscilloscope to the output of

A00. Remove the patch cords to the digital pushbutton and the function relay.

7. Connect the output of a square wave generator with an amplitude of 5 volts peak-
to-peak at a frequency of 1 kHz to the SW input.

8. Ground the "10" analog input to the D/A switch. Synchronize the oscilloscope ex-
ternally with the output from the square wave generator, and set the vertical gain

controls of the scope to provide a sensitivity of 5 millivolts per centimeter.

9. Observe the waveform on the scope, and carefully adjust capacitor C3 to minimize

the switching transients.

10. This step completes the D/A switch adjustment procedure.

RI1O-1 RII-1 RIlI-2 RIO-2

Figure 2.8. D/A Switch Card Showing Adjustments
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APPENDIX 1

REPLACEABLE PARTS LISTS

This appendix contains Replaceable Parts Lists for the equipment described in this chapter. In
each case, a brief description of the part, the EAI part number and, where applicable, a refer-

ence Symb_ol (schematic designation) is included. To enable a particular sheet to be readily lo-
cated, an index precedes the individual replaceable parts lists.

The c.ategory column indicates the availability of each part so that a replacement can be obtained
as quickly as possible.

Category "A" - The parts in category ""A" are standard electronic items that are usually avail-
able from any commercial electronic supplier.

Category "B - The parts in category "B" are proprietary items that are available only from EAIL

If proprietary items ave veplaced with items ob-
tained from other souvces, EAI cannot assume
responsibility for a unit not operating within its
published specifications.

ORDERING INFORMATION
To expedite your order for replacement parts the procedures below should be followed:

i Specify the EAI part number and description of the part required. The model number and
serial number of the next higher assembly should also be included.

NOTE

EAI is currently rvevising the part numbering sys-
tem. All parts effected by this vevision ave iden-
tified using the new and the old numbey (the number
in parenthesis). All parts should be ovdered using
the new numbey. The old number is provided to
cross vefevence parts that may still be identified
physically, or in other publications by that number.

2 When ordering complete assemblies (nétworks, printed circuit cards, etc. ), specify the
3 model and serial numbers of the equipment the asge‘mbly is to be used with. If possiblé,
include the purchase order number or the EAI project number of the original equipment

purchased.
en ordering expansion components, note if mounting ha‘rdware is required, If hard-
8. g:re is needed, add to the purchase order the statement "INCLUDING MOUNTING HARD-
WARE".

NOTE THAT EAI RESERVES THE RIGHT TO MAKE PART
SUBSTITUTIONS WHEN REQUIRED. EAI GUARANTEES
THAT THESE SUBSTITUTIONS ARE ELECTRICALLY AND
PHYSICALLY COMPATIBLE WITH THE ORIGINAL COM-
PONENT.

3-2-11






ITEM| Rer, DIIIG.T DESCRIPTION EAI NO. “CAT.
1 in Connector Block: Yellow 00 542,.1545-1 B
2 Connector Block: Lettered 00 542.1552-0 B

(POT-T/S-D/A 0.42.0341)
0.12,1613 TRACK AND STORE CARD
1 |1la Integrated Circuitry: Quad 2-Input Gate 00 592.0096-0 B
2 |cl Capacitor, Fixed, Ceramic: 00 511.5473=4 A
47 nf +20%, 25V (00 515.0234-0)
(Sprague 3Cl5 or equal)
3 |c2 Capacitor 00 521.1543-0 B
4 |c3 Capacitor 00 521.0830-1- B
5 |C5 Capacitor, Fixed, Mica: 00 519.0075-0 A
47 pf +2%, 100V
(Cornell-Dubilier CD15C47PFG or equal)
6 |cC6 Capacitor, Fixed, Mica: 00 519.0090-0 A
33 pf 2%, 500V
(Elmenco 4CRDM10E-330-G0-500WV or equal)
7 |c8,11 Capacitor, Fixed, Electrolytic: 00 516.0254-0 A
3.3 uf +20%, 15V
(Sprague 150D335X0015A2 or equal)
8 cl2 Capacitor, Fixed, Ceramic: 00 511,1100-2 A
10 pf 5%, 500V (00 515,0203-0)
(Sola CD8C-100J500V or equal)
9 |cr1,2,8,9, |Diode 00 614.0142-0 B
10,12,13
10 | cr3,4 Diode 00 614.0007-0 B
11 | CRS5,6 Rectifier: 1N4002 00 614.0110-0 A
F 12 | CR7 Diode (ITT G-187 or equal) 00 614.0043-0 A
CR11 Diode, Zener 00 614.0214-0 A
¥ OH;torola 1/4M6.2AZ10 or equal)
1 | k1 Relay 00 618.0303-0 B
NOTE! THE G‘A_Tl.-ﬂli COLUMN i3 DESISNED TO INDICATE A‘VAILAQII-I;:Y or parts. [UMIT TITLE
T T et T sARTE TAAT UL B8 TUTCIALES ek i A
= ' D/A SWITCH TRAY
MODEL NO.
DATE '_!._B? _19( 67 0342,0341 Sh. 1 of 4 Sh. 2
3-2-13
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ITEM| REF. DESIG. DESCRIPTION

EAI NO. *CAT.

15 |P1 Connectq;, Plug: 22 Contacts; Male
(Amphenol 133-022-23 or equal)

16 |Q1,4,5,7, Transistor: 2N3640
10,12,14

17 1Q2,3,8,16 |Transistor: 2N3646
18 |Q6 Transistor
19 |Q9,11,13 Transistor
20 |Ql15 Transistor

21 |R1,2,5.,6, Resistor, Fixed, Composition:
8,27,32,35 2.2K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

22 |R3,4,23 Resistor, Fixed, Composition:
1K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

23 |R7 Resistor, Fixed, Composition:
3.3K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

24 |R9,11,12,13{Resistor, Fixed, Composition:
15,16,18 4.7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

25 |R10 Resistor, Fixed, Composition:
75K ohms *5%, 1/4W
(Allen-Bradley CB or equal)

26 . |R14 Resisto r, Fixed, Composition:
220 ohms *5%, 1/4W
(Allen-Bradley CB or equal)

27 |R17 Resistor, Fixed, Composition:
47K ohms *5%, 1/4W
(Allen-Bradley CB or equal)

28 |R19,24 Resistor, Fixed, Composition:
1.5K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

29 |R20 Resistor, Fixed, Composition:
91 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

00 542.0419-0 A

00 686.0258-0 A

00 686.0230-0 A
00 686.,0257-0 B
00 686.0245-0 B
00 686.0248-0 B

00 625.0222-0 A

00 625.0102-0 A

00 625.0332-0 A

00 625.0472-0 A

00 625.0753-0 A

00 625.0221- 0 A

00 625.0473-0 A

00 625.0152-0 A

00 625.0910-0 A

NOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILA BILITY OF PARTS.
A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
® -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl.

DATE 10 18 / 67

UNIT TITLE

POT TRACK AND STORE
D/A SWITCH TRAY

MODEL NO.

0.42.0341  Sh. 20f 4 Sh.

359304
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T
EM| REP. DEsig, PELCRIPTION : EAl NO. *CAT.

30 | R21,25 Resistor, Fixed, Composition: 00 626.0109-0 A
1 obm 5%, 1/2W
(Allen-Bradley EB or equal)

31 | R22,26,33 |Resistor, Fixed, Composition: 00 625.0122-0 A
1,2K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

32 | 29,30 Resistor, Precision 00 640.0109-0 B

33 |R31 Resistor, Fixed, Composition: 00 625,0123-0 A
12K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

34 | R36,38 Resistor, Fixed, Composition: 00 625.0391-0 A
390 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

35 |rR37 Resistor, Fixed, Composition: 00 625.0223-0 A
22K -ohms +5%, 1/4W :
(Allen-Bradley CB or equal)

36 |R4O Resistor, Fixed, Composition: 00 626.0821-0 A
820 ohms +5%, 1/@w
(Allen-Bradley EB or equal)

37 |R41 Resistor, Precision 00 638.0925-0 B

'0.12.1614-1 D/A SWITCH CARD

1 jc1,2 Capacitor, Fixed, Ceramic: 00 516.0254-0 A
3.3 uf *20%, 15V
(Sprague 150D335X0015A2 or equal)

2 |c3-0) Capacitor, Variable: 2.5-11 pf 00 524.0068-0 A
(Erie 538-011-BZP0-90R or equal)

3 |CRl Diode, Zener 00 614.0214-0 A
(Motorola 1/4M6.2AZ10 or equal)

{ 4 |cr2-1,2-2 |piode (ITT G-187 or equal) | 00 614.0043-0 A
5 |q1,2,5-() |[Transistor: 2N3640 00 686.0258-0 A
6 1Q3,4-0 ITransistor: 2N3646 : 80 686.0230-0 A
7 |e6-0O - [fransistor 00 686.0246-0 B

SNED TO INDICATE AVAILABILITY OF PARTS. UNIT TITLE
s “::":a:'?:;& ﬁi’?&:&f e aekD FROM EAL g(/’i gﬁgﬁA& grom
Sh.3 of4 Sh.

="y - 5
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ITEM

REF. DESIG.

DESCRIPTION

EAl NO.

*CAT.

10

11

12

13

14

15

16

17

18

R1,3 thru 7

9-()

R2-()

R8=()

R10-()

R11-()

R12-():

R13-()

R14- ()

R15-()

R16-()

RT1-()

Resistor, Fixed, Composition:
2.2K -ohms +5%, 1/4W
(Allen—Bradley CB or equal)

Resistor, Fixed, Composition:
1.2K ohms +5%, 1/4w
(Allen-Bradley CB or equal)

Resistor, Fixed, Composition:
1K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Variable: 500 ohms +5%, IW
(Int. Resistance Co. CT100 or equal)

Resistor, Variable: 50 ohms +5%, 1IW
(Int. Resistance Co. CT100 or equal)

Resistor, Fixed, Composition:
110 ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Resistor, Precision (Matched Pair)

Resistor, Fixed, Film:
200K ohms +1%, 1/4W
(Int. Resistance Co. CEA-TO or equal)

Resistor, Fixed, Composition:
390 ohms 5%, 1/2wW
(Allen-Bradley EB or equal)

Resistor, Fixed, Composition:
4.7K ohms +5%, 1/4W
(Allen-Bradley CB or equal)

Thermistor

00 625,0222-0

00 625,0122-0

00 625.0102-0

00 642.0610-0

00 642,0725-1

00 625.0111-0

00 640,0125-0

00 634.0718-0

00 626.0391-0

00 625.0472-0

00 646.0116-0

FNOTE: THE CATEGORY COLUMN IS DESIGNED TO INDICATE AVAILABILITY OF PARTS.

A - INDICATES PARTS THAT SHOULD BE PURCHASED LOCALLY.
B -INDICATES PARTS THAT SHOULD BE PURCHASED FROM EAl.

oate 10/ 18/ 67

UNIT TITLE

POT TRACK AND STORE
D/A SWITCH TRAY

MODEL NO.

0.42.0341 Sh. 4of 4 Sh.

3-2-

16
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APPENDIX 2

DRAWINGS

This appendix contains necessary schematics and wiring diagrams of equipment described in
this chapter. To facilitate locating a particular sheet, an index is provided that lists the model
number of each unit or component, the type of drawings, and the associated drawing number.
The drawings are bound into the manual in the order listed under the index Drawing Number
column,
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