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SECTION 1

INTRODUCTION

1.1 INTRODUCTION
1.2 This manual describes the Dana Series
4500 Digital Multimeters (DMM). The basic

models are the 4530 and the 4570 which differ
only in their mechanical packaging. Model 4530
(see figure 1.1)is a thin-lineinstrument (3 % inches
high) designed for standard rack mounting while
Model 4570 is primarily a bench type instrument.
Descriptions in this manual apply to all models
unless otherwise indicated.

1.3 MECHANICAL DESCRIPTION

1.4 Each instrument consists of three modules.
The Digitizing and Display Module, comprising the
left-hand portion of Model 4530 and the upper
half of Model 4570 contains the actual measure-
ment circuits and is the same in all instruments in
the series. The Signal Conditioning Module, com-
prising the right-hand side of Model 4530 and the
lower half of Model 4570 contains circuits that
provide a ten-volt full-scale (plus overrange) analog
voltage for measurement by the Digitizing and
Display Module. The Power Supply Module,
located at the rear of the instrument, provides all

2ERO OFFSET

the DC voltages needed by the machine and
serves as an interconnection board for all other
modules. The BCD Output Module (optional)
plugs into the rear of the instrument and provides
1-2-4-8 coded BCD for use in data systems.

1.5 This Manual covers Accessory Module 350
which provides measurement of DC voltages on
full scale ranges of .1 volt to 1000 volts. AC
voltage on full scale ranges of 1 volt to 1000 volts,
and ohms on full scale range of 1 Kilohm to 10
Megohm are available as options. The combination
of modules produce two DMM models designated
as 4530-350 and 4570-350.

1.6 The Digitizing and Display circuits are
on a single printed circuit board. The signal con-
ditioning unit consists of an isolator board and an
optional ohms-AC Converter board. Circuits con-
sist of integrated circuits except for critical analog
circuitry where discrete components are used.

1.7 The output is displayed on a four-digit
visual display with a fifth overrange digit that ex-
tends full-scale of each range by 20% (9999 to
12000). Automatic ranging is performed by

MODULE 350

Figure 1.1 - Series 4500 Digital Multimeter

1-1
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internal circuits that determine that optimum
range and switch to that range automatically.

18 ELECTRICAL DESCRIPTION

1.9 A block diagram of the DMM is shown in
figure 1.2. For DC measurements, the input is
applied to a voltage divider at the input that
divides the input voltage by 1 or by 100 depending
on the range selected. The scaled input is filtered
and applied to the Isolator amplifier which delivers
10 volts full scale (12 volts, with overrange) to the
Digitizing and Display module. The gain of the
amplifier is either 1, 10, or 100 depending on the
range.

1.10 For AC measurements, the AC Converter
scales the input and rectifies it. The converter out-
put is applied to the voltage divider (set to divide
by one), filtered, then applied to the isolator am-
plifier, set to a gain of 10.

1.11  For Ohms measurement, the Ohms Conver-
ter monitors the output of the isolator to provide a
constant current to the input terminals. The
amount of current is dependent on the range
selected. The DMM measures the voltage drop
across the unknown resistance connected between
the input terminals. The input voltage is applied to

‘the voltage divider (set to divide by one) and then

applied to the isolator amplifier, set to a gain of
10. (A detailed analysis of the Signal Conditioning
Module is given in Section 4A).

1.12 The Digitizing and Display module mea-
sures the analog voltage from the Accessory
Module by the high-accuracy dual-slope integration
technique. The amplitude of the signal is mea-
sured by comparing it to a highly stable internal
reference voltage. The DMM readout displays the
position of a counter that measures the time
required for the ramp voltage to ramp from the
level of the input signal to zero. The value dis-
played is equal to the voltage level of the input.
A new reading is taken every 150 milliseconds with
the OFF-ON-HOLD switch in the ON position.
The HOLD position permits the instrument to
remain at the last reading indefinitely. Reading
accuracy of the DMM is maintained through the
use of a highly stable, zener-regulated, internal
reference voltage. (A detailed analysis of the oper-
ation of the Digitizing and Display Module is
given in section 4B.)

1.13 SPECIFICATIONS

1.14  Specifications are listed in table 1.1.

Figure 1.2 - 4500 DMM Simplified Schematic

1-2
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Table 1.1 - Specifications

All specifications are for 90 days following
calibration referred to calibration standard.

Full Scale Ranges: + .11999, + 1.1999, + 11.999, + 119.99, and 1199.9V
Resolution: 10 uV
Ranging: Automatic or Manual
Accuracy: 90 days, + 19C + 0.01% of reading + 0.01% of full scale
Temperature Coefficient: 0° to 50°C + 0.001% of reading + 0.001% of full scale
per OC
Input Impedance: .1 and 1V Ranges 1000 Megohm minimum
10 V Range 10,000 Megohm minimum
100 and 1000V Ranges 10 Megohm
Normal Mode Noise Rejection: at 60 Hz—100 dB
60 Hz to 100 kHz—60 dB at 59 Hz increasing
at 18 dB per octave plus an additional 40 dB
at each multiple of 20 Hz
Common Mode Noise Rejection:  Up to 1000 ohms in either lead
Settling Time to 0.01% of final value: 650 ms

Maximum Voltage Rating: (Any Range) 1000 volts

DC to 61 Hz

Full Scale Ranges: +.01199:1,+.11999:1, + 1.1999:1, +11.999:1, and + 119.99:1
Ranging: Automatic or Manual
Accuracy: 90 days, + 19C + 0.03% of reading + 0.01% (10V/reference) of full scale

Reference
Input Signal Signal
(Numerator) (Denominator)
Voltage Range: 0 to +1000V 0to +12V
Input Resistance: .01:1 and =
.1:1 Ranges 1000 Megohm 10 Kilohm
1:1 Range 10,000 Megohm 10 Kilohm
10:1 and
100:1 Ranges 10 Megohm 10 Kilohm

Normal Mode Noise Rejection, Common Mode Noise Rejection, and Settling Time:
Same as DC specifications

Full Scale Ranges: 1.1999, 11.999, 119.99, and 1199.9V rms

Resolution: 100 uV

Ranging: Automatic or Manual

Accuracy: 90 days, + 19C
50 Hz to 100 Hz + 0.25% of reading + 0.10% of full scale
100 Hz to b kHz + 0.10% of reading + 0.02% of full scale
5 kHz to 20 kHz + 0.50% of reading + 0.05% of full scale
20 kHz to 100 kHz + 2.00% of reading + 0.10% of full scale

1-3
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AC (With Option 01
or Option 03)
Continued

KILOHMS (With
Option 02 or
Option 03)

1-4

Table 1.1 - Specifications
(Continued)

Temperature Coefficient:  0° to 50°0C
50 Hz to 5 kHz + 0.003% of reading + 0.002% of full
scale per ©C
5 kHz to 20 kHz + 0.005% of reading + 0.002% of full
scale per °C
20 kHz to 100 kHz + 0.02% of reading + 0.005% of
full scale per °C
Input Resistance: 1 Megohm
Common Mode Noise Rejection: Up to 1000 ohms in either lead DC to 61 Hz
Settling Time to 0.1% of final value: 2 seconds
Shunt Capacitance: With front input only 150 pF maximum
With parallel rear input, 300 pF maximum
Maximum Voltage Rating: 500 volts rms, 50 Hz to 10 kHz, decreasing linearly to
100 V rms at 100 kHz

Full Scale Ranges: 1.1999, 11.999, 119.99, 1199.9 and 11999 Kilohms
Resolution: 100 Milliohms
Ranging: Automatic or Manual
Accuracy: 90 days, + 10C
1, 10, 100 Kilohm Ranges + 0.02% of reading + 0.01% of full scale
1000 Kilohm Range + 0.04% of reading + 0.01% of full scale
10,000 Kilohm Range + 0.14% of reading + 0.01% of full scale
Temperature Coefficient: 0° to 50°C
1, 10, 100 Kilohm Ranges + 0.002% of reading
+ 0.001% of full scale per °C
1000 Kilohm Ranges + 0.005% of reading + 0.001%
of full scale per °C
10,000 Kilohm Range + 0.02% of reading + 0.001%
of full scale per ©C
Normal Mode Noise Rejection: At 60 Hz — 40 dB minimum
Settling Time to 0.01% of final value: 1, 10 and 100 Kilohm Ranges — .5 Sec.
1000 Kilohm Ranges — 1.5 Sec.
10,000 Kilohm Range — 3.0 Sec.

Current Through Unknown: 1 Kilohm Range 1 milliampere
10 Kilohm Range 100 microamperes
100 Kilohm Range 10 microamperes
1000 Kilohm Range 1 microamperes
10,000 Kilohm Range .1 microampere
Fault Voltage: 1 Kilohm Range 30 Volts peak
10 Kilohm Range 100 Volts peak
100, 1000, and 10,000
Kilohm Range 300 Volts peak
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Table 1.1 - Specifications
— (Continued)

- GENERAL Digitizing Time: 150 ms
Maximum Common Voltage: 250 V
Maximum Power Reguirement: 25 watts
Operating Temperature: 00 to 500C
Warm Up: 2 Hour
Dimensions: Model 4530, 17 x 3% x 14 inches
Model 4570, 8% x 7 x 14 inches
Weight: 15 pounds (approx.) net, 20 pounds (approx.) shipping
Guarantee: 12 months, faulty workmanship or component failure

)
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SECTION 2

INSTALLATION

2.1 UNPACKING AND INSPECTION

2.2 The 4500 series DMM is sandwiched be-
tween two forms of plastic foam and packed in a
double-walled cardboard carton for shipment. The
plastic forms hold the DMM securely in the carton
and absorb any reasonable external shock normally
encountered in transit. Prior to unpacking, exam-
ine the exterior of the shipping carton for any
signs of damage. Carefully remove the DMM
from the carton and inspect the exterior of the
instrument for any signs of damage. |f damage is
found, notify the carrier immediately.

23 The 4500 series DMM, as shipped, is de-
signed for bench-top operation. A standup bracket
is provided under the case to aid in reading the
visual display. The Model 4530 instrument can be
adapted for rack installation with two flange
mounting holes located in each of the two side
panels. The rack-mounting kit (Dana 402588) is
attached to the instrument by removing and dis-
carding the four set screws occupying the mount-
ing screw holes and securing the two rack mount-
ing flanges to the side panels of the instrument
with the four screws contained in the rack mount-
ing kit.

24 The Model 4570 can be ordered from the
factory as a half-rack instrument or the standard
instrument can be returned to the factory for
modification to accommodate the half-rack mount-
ing hardware.

25 POWER CONNECTIONS

26 A standard eight-foot, three-wire, power
cable is supplied with the instrument. This
cord connects to a three-pin power connector at
the rear of the unit.

2.7 INPUT CONNECTIONS

2.8 Signal input binding posts are located on
the front of the accessory module. Connections to
these terminals are made with standard “‘banana’’
plugs. Instruments designated by a “dash 1" (-1)
following the model number are equipped with a
duplicate set of input binding posts on the rear
panel of the instrument.

29 INITIAL CHECKOUT PROCEDURES

2.10 The following procedure is performed to
verify that no damage has occurred during ship-
ment and that the instrument is operative. Slight
deviations in readings during the following tests
may be corrected by making simple adjustments.
For instructions refer to Section 5, “Calibration”.
Any major discrepancies should be reported to the
carrier and to Dana Laboratories immediately.

2.11  Prior to performing the checkout proce-
dure, it is advisable to refer to the operating
instructions beginning with paragraph 3.2. Allow
one-half hour for instrument to warm up before
proceeding.

2,12 ZERO CHECK
(a) Select DC and auto range.

(b) Short input leads. Visual readout
should display .00000.

(c) If necessary, adjust ZERO OFFSET
control on front panel to obtain this
reading.

2.13 POLARITY GAIN CHECK

(a) Select DC and 10 range.

2-1
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(b)

Apply a known voltage of approxi-
mately -10 volts to the input. Visual
readout should display value of input
voltage (within specified tolerance)
and proper polarity.

2.14 RANGE CHECK

2-2

(a)

(b)

(c)

(d)

(e

Select DC and 100 range.

Connect input to a source of +100
volts.

Visual readout should display input
value (within specified tolerance) and
proper polarity.

Vary input voltage and polarity; check
for proper readout.

Repeat the above four steps on 1000-
volt range.

2.15

2.16

(f) Select Auto
above checks.

range and repeat the

AC CHECK (optional)

(a) Select AC and connect signal genera-
tor to input. Set generator to 50 Hz.

(b) Check for proper readout (within
specified tolerance) with each of the
following input voltages applied: 9
volts, 90 volts and 125 volts.

KILOHMS CHECK (optional)
(a) Select Kilohms.

(b) Check for proper readout (within
specified tolerance) with each of the
following resistances connected across
the DMM input: 1K, 10K, 100K,
1 Meg, and 10 Megohm.

1) If the DMM has been stored for a prolonged per-
iod (5 or 6 months), without use, it is recom-
mended that it be operated with a variable trans-
former, such as a Variac, at one-half line voltage
for about two hours before gradually applying
full power. This isdone to “reform’ the electro-
lytic capacitors in the amplifier and reduce the
chance of capacitor failure.

2) Tocleantheglass on the readout panel, useacom-
mercial glass cleaner such as Windex. Do not use
alcohol or other cleaners containing ketones.
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SECTION 3
OPERATION

3.1 CONTROLS

3.2 OFF-ON-HOLD SWITCH. This dual-
purpose switch applies power to the instrument
and allows the selection of HOLD.

(a) OFF - all power is removed from the
instrument.

(b) ON - the instrument is operating and
taking readings at 6.6 per second.

(c) HOLD - “freezes” the last reading of
the instrument until it is switched
back to the ON position.

3.3 All controls on the Maodel 350 Module,
with the exception of the screwdriver-adjusted
ZERO control, are pushbutton switches, located
on the front panel. If the instrument is not
equipped for optional functions (AC or Kilohms),
the switches corresponding are disabled.

3.4 AC SELECT. This switch selects the:

measurement of AC voltages from 50 to 100 kHz
on the 1, 10, 100 and 1000 volt range.

3.5 KILOHMS SELECT. This switch selects
the measurement of resistance with full scale
ranges of 1K, 10K, 100K, 1 Meg and 10 Megohms.

3.6 DC SELECT. This switch selects DC mea-
surements with full scale ranges from .1 volt to
1000 volts. The three function select switches are
interlocked to allow the selection of only one
function at a time.

3 RANGE CONTROL. The range control
consists of six interlocking pushbutton switches:
.1, 1, 10, 100, 1000 and AUTO.

(a) Manual ranges. Ranges are selected by
depressing the appropriate switch.
The switches are interlocked so that
as one range switch is depressed, the
previously selected range switch is
returned to the open position.

(b) Auto range. This mode allows the
DMM to select the range that provides
the highest accuracy for the signal
being measured. This switch is inter-
locked with the five range switches.

3.8 ZERO ADJUST. To zero the DMM, short
the two input leads together, select DC and auto-
range. Adjust the ZERO OFFSET potentiometer
for a DMM readout display of .00000.

3.9 OPERATION

3.10 GENERAL. The instrument has been de-
signed for the simplest possible level of operation.
Once the instrument has been connected to the
power line and to the signal source in accordance
with the instructions, the operator can make all the
required measurements by setting the front panel
controls to the indicated positions.

CAUTION: Voltage applied between guard
and the low-input terminal must not ex-
ceed 250 volts. Voltage applied between
guard and the instrument case (Power line
ground) must not exceed 500V. Voltage
applied between the low-input terminal
and the instrument case must not exceed
500V.

3.11  DC MEASUREMENTS. Attach the high
side of the signal source to the white signal input
terminal, the low side to the black signal input
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terminal. Normally the guard terminal is jumpered
to the black signal input terminal.

20 AE MEASUREMENTS. (optional). Attach
the high side of the signal source to the white sig-
nal input terminal, the low side to the black input
terminal. Normally, the guard terminal is jumpered

3-2

to the black signal input-terminal.

3.13 OHMS MEASUREMENT (optional). Con-
nect the resistance to be measured between the
white and black signal input terminals. Normally
the guard terminal is jJumpered to the black signal
input terminal.
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SECTION 4A

THEORY OF OPERATION OF THE
SIGNAL CONDITIONING MODULE

4A.1 INTRODUCTION

4A.2 The Signal Conditioning Module provides a
10-volt full-scale (12 volts with overrange) analog
signal for measurement by the Digitizing and Dis-
play Module. The Isolator, range logic circuits and
active filter are located on the main board. The AC
and Ohms Converters are located on an optional
second board which is mounted directly above the
isolator board in the module. The output signal
from the module may be either a positive or nega-
tive voltage when the unit is operating in the DC
volts function. Polarity sensing is done in the
Digitizing and Display Module. Section 4A as-
sumes the unit to be fully equipped with both
AC and Ohms options. For instruments not fully

R16 100K ohm

equipped, disregard the appropriate section(s).

4A.3 INPUT CIRCUITRY

4A.4 As an input signal enters the DMM it first
encounters the pushbutton switches which select
the function. If the DMM is set to the AC VOLTS

function, (AC Pushbutton depressed) the input

signal is routed directly to the AC/DC converter.
If the DMM is not in the AC VOLTS function,

NOTE

The partial schematics used in Section 4 are intended
to describe operating principles only. Reference des-
ignators in these schematics may differfrom the com-
plete schematics included in Section 6.

Input = — %A~ — — — Output
Resistor
across
which the
filter
operates CR10
1 Cc4 R17 IN751
< 5 B
0.56 s.iMm
uf
50V Q8
1 | cwo
02 —= b.27 uf
Q4 :z ;QS 5 uv
ld
™
CR8 CR9 RZ9
5 100K
R16 R18 \S/ 0.047 uf R23
51K 1M 100V 4.7K
R22
300
R20
2.4M
c23 J_ l . NN
0.27 uf 10 Gf
100v +| q10v Ie)
A -15.5V

Figure 4A.1 - Active Filter

4A-1
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(AC Pushbutton not depressed) the signal is

routed to the RANGE DIVIDER. The Range 0o
Divider is a single 100:1 voltage divider consisting IN ] l OUT
of a 9.8997 megohm and a 99.75K ohm precision

resistor. |t is switched into the circuit only in the

DC VOLTS function and then only on the 100 and

1000 volts ranges. A full scale output of 10 volts

from the Isolator is achieved for all ranges by
changing the gain of the Isolator amplifier and/or

switching in the Range Divider. The input circui- _

try and Range Divider are shown in figure 4A.1. l

4A5 ACTIVE FILTER

4A.6 The filter (figure 4A.2) is a three-pole RC
active filter used in both AC and DC measure-
ments. The circuit, 3 modified gaussian filter,
provides a normal mode noise rejection of 60 dB
at 60 Hz increasing 18 dB per octave to 80 dB.

Figure 4A.2 - Active Filter Block Diagram

+15,5V
R19
1M
AN,
g L CR10
R17 L C6 R21 1N751
1 uf 56K B
5.1M 35V
; ‘ Q8
Qs
Q4 Qs
Input ¢—«— @- p————— Qutput
A c7
T~ 0.0027 uf
— 100V
A CR9
H 1
cs _|:

§R18 ‘ﬂé‘/ \\/ 0.047 uf gizgx

1M 100V
R22
300
R20
2.4M
AAN

cs
e ~ 10 uf

10V o
<A7 -15.5V

Figure 4A.3 - Active Filter DC Amplifier

4A-2



4A.7 FILTER OPERATIONAL AMPLIFIER

4A.8 The active element at the heart of the ac-
tive filter isa DC amplifier. The feedback network
around this DC amplifier is so connected that the
circuit forms an operational amplifier with resis-
tors R16 and R29 and capacitor C23 forming the
feedback path. Capacitor C4 acts as the summing
resistor (reactance).

4A.9 The DC amplifier (figure 4A.3) is a differ-
ential input amplifier having a single-ended output.
The amplifier is connected between positive and
negative voltage supplies, enabling its output to
swing both positive and negative from zero. The
first stage of the amplifier is a long-tailed pair
composed of transistors Q4 and Q5. Only a single-
ended output is taken from the input pair. Thisis
taken from the collector of transistor Q4 which is
the only one of the two input transistors provided
with a collector load resistor. The second stage of
the amplifier consists of the Darlington—connected
pair of transistors Q6 and Q7. Resistor R21 pro-
vides the collector load for this stage. The output
stage of the amplifier is composed of transistor
Q8 with resistor R23 as its collector load. Zener
diode CR10 in the emitter circuit of Q8 biases the
emitter of Q8 5 volts away from the positive
power supply yet provides a low dynamic impe-
dance to AC signals. Diodes CR8 and CR9 across
the bases of the input stage clamp the input vol-
tage and never allow it to exceed + 0.6V.

980415

' 4A.10 ISOLATOR

4A.11 The Isolator is a floating input potentio-
metric amplifier capable of operating at very low
signal levels. Its output is a 10-volt full scale
analog voltage (12 volts in overrange) that is
applied to the Digitizing and Display module
for measurement. The amplifier operates at a gain
of one, ten, or a gain of one hundred, depending
on the range and function to which the DMM is
set (see table 4.1). The gain is switched by relays
K2 and K3 that control a resistive divider into the
feedback circuit when energized.

4A.12 A close examination of the isolator circui-
try (figure 4A.4) reveals that it actually consists of
two completely separate amplifiers, one that actu-
ally processes the signal and one that serves only to
bootstrap the power supply feeding the front
stages of the main amplifier. This is shown more
clearly in figure 4A.5. The output stage, shown
in its entirety in figure 4A.5, is a conventional
complementary - symmetry type circuit which
operates between the regular positive and negative
supplies. The output stage is driven by transistor
Q23, which also operates off the main plus and
minus voltage sources.

4A.13 Refer to figure 4A.4. Transistors Q15 and
Q16 form positive and negative current generators
which operate off the main positive and negative
supply lines. Such current generators exhibit a

F/S Relay Position
Range Logic Isclator Isolator :

Input Gain K1 K2 K3
6.1 RI RZ R3 L1V 100 Open Open Open
1 R1 RZ R3 v 10 Open Open | Closed
10 RI R2 R3 10v 1 Open | Closed |Closed
100 R1 R2 R3 1v 10 Closed | Open | Closed
1000 R1 R2 R3 10V 1 Closed | Closed | Closed
10000 R1 R2 R3 1v 10 Closed | Open |Closed

Table 4A.1 - Range Logic

4A-3
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Figure 4A.4 - Isolator

‘characteristically high output impedance while pro-

viding a known and controlled flow of current
through Zener diodes CR21 and CR22. This is
shown clearly in figure 4A.5. If the node where
zener diodes CR21 and CR22 join together were
grounded, as is the case in most conventional zener
type supplies, the zeners would always deliver posi-
tive 10V and negative 7.5V to the forward stages
of the amplifier. This node, however, is not
grounded and is connected to the output of the
bootstrap amplifier. The bootstrap amplifier is a
unity gain amplifier whose input is connected to
the inverting input of the first stage of the isolator
amplifier. The neutral point of the zener supplies
is thus driven by the bootstrap amplifier and is al-
ways at a voltage potential equal to that at the in-
put of the bootstrap amplifier.

4A.14 Inherent in the operation of high-gain
closed loop feedback amplifiers such as the Isolator
amplifier is the principle that the error signal
(potential difference) across its inputs (inverting
and non-inverting input bases) is always very small

4A-4

and can in most practical cases be ignored. This
being the case, it can be seen that the voltage at
the inverting input to the Isolator (and hence at
the input to the bootstrap amplifier) is always
equal to the input voltage to the Isolator. The
bootstrap amplifier, therefore, always drives the
neutral node of the zener supplies to the same
voltage as is the input voltage to the isolator. The
net effect is that the entire zener supply rides up
and down on the two high impedance current
generators. The voltages supplied to the first
three stages of the Isolator are always 10 volts
above and 7.5 volts below the input signal voltage,
regardless of what the input signal voltage may be.
As a result of this cheme, the input impedance of
the Isolator amplifier (as well as the common
mode rejection already inherent in such a design)
is greatly increased.

4A.15 The input circuitry of the Isolator amplifier
centers around transistor Q10 which is a dual NPN
silicon transistor consisting of two separate tran-
sistors on a common substrate. This type of tran-
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Figure 4A.5 - Isolator, showing function of bootstrap amplifier

sistor exhibits very low thermal drift character-
istics. This circuit is shown in detail in figure 4A.6.
Potentiometer R35, which is connected between
the collector load resistors of the first stage is the
front panel zero adjustment potentiometer. Re-
sistors R31 and R37 are factory selected to elec-
trically center potentiometer R35. The error signal
(voltage potential appearing between the bases of
Q10) is clamped by back-to-back diodes CR17 and
Cr18 so that it can not exceed 0.6 volts. The in-
put voltage is clamped by back-to-back zener
diodes CR14 and CR15 so that it will not exceed
approximately + 13 volts. Diodes CR13 and CR16
compensate for slight leakage in the back-to-back
zeners. When the input voltage is excessive, input
current is limited by the 100K ohm resistor R16
(see figure 4A.2-1). Zener diodes CR11 and CR12
and resistor R27 prevent excessive voltage at the
active filter node which would otherwise damage
the filter capacitors. The input circuit of the
Isolator can withstand an input overvoltage condi-

tion of up to 100 volts for any length of time, with-
out damage.

4A.16 In any circuit utilizing feedback to obtain
high input impedance, some provision must be
made to provide adequate base bias to the first
stage. This biasing circuit must not introduce a
low impedance in itself or the effect gained by the
use of feedback will be lost. In the Isolator ampli-
fier, the network consisting of resistors R24, R25,
R26, and R30 and transistor Q9 provides a temper-
ature compensated, adjustable current source to
bias the input base of the first stage. Potentio-
meter R26 is factory adjusted to schedule the opti-
mum input current into the input base so that no
current is taken from the circuit to which the
DMM is connected. The biasing network is con-
nected to the bootstrapped supply which is al-
ways referenced to the input signal thus achieving
a high input impedance.

4A-5
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Figure 4A.6 - Isolator Amplifier Input Circuitry

4A.17 AC CONVERTER

4A.18 With AC selected, the input is routed
through the AC converter (figure 4A.7) before
entering the lIsolator. A simplified schematic
of the AC converter is shown in figure 4A.8. All
AC ranging is accomplished by the voltage divider
network at the input of the AC converter. This is
shown in simplified form in figure 4A.8 and in
detail in figure 4A.7. In the 1V range, relays K1,
K2 and K3 are all open. The input signal is divided

by the two 1 meg resistors R1 and RO.

In the 10V range, relay K1 closes dividing the
input signal by 20. In the 100V range relay K2
closes dividing the input signal by 200. In the
1000V range, relay K3 closes dividing the input
signal by 2000. Thus the maximum voltage at the
output of the input divider is always 0.6V (allow-
ing for the 20% overrange feature) for any range.
In cases where the DMM is manually locked in a

4A-6

low range and the full scale input voltage is exceed-
ed, zener diodes CR3 and CR4 clamp the voltage
at the output of the divider at X 3V to prevent
damage to the input transistor Q1 and allow fast
overload recovery. Diodes CR1 and CR2 compen-
sate for slight leakages that ‘exist in these zeners.
Input capacitor C1 blocks any DC from entering
the input divider.

4A.19 The AC Converter is composed of two
separate amplifiers. This is shown clearly in
figure 4A.8. The input amplifier (A-1 on figure
4A.8) consists of transistors Q1, Q2 and Q3 and is
a unity gain buffer amplifier having high input
impedance and low output impedance. High
input impedance is achieved through the use of a
single N-channel field effect transistor (Q1) at the
input.

4A.20 The output amplifier consists of transistors
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a8, Q9, Q10, Q11, Q12, Q13 and Q14. Resistors
R28 and R39 establish the DC gain of this
amplifier at 10, thus providing DC stability. At all
frequencies of interest, however, capacitor C18
presents an extremely low impedance in shunt with
resistor R28. This means that the AC gain of the

Figure 4A.7 - AC Converter

amplifier symbol alone, without resistors R28
and R39 or capacitor C18. This is shown in
figure 4A.9. Here, capacitor C22, which serves
only to provide DC isolation may also be elimin-
ated. This amplifier is actually connected as an
operational amplifier with resistor R38 or resistor
R37 acting as the feedback resistor on alternate
half cycles. The gain of this section is equal to
the value of R21 divided into R38 (or R37) as is
illustrated in figure 4A.10. Only the negative half-

amplifier is essentially equal to its open loop gain C25
: 3.3 uf
and for analysis purposes can be redrawn as an . 2
+
: ; RS57 R60 :
¢ T 10K
€1 4.442K
AC O — W : —i¢
Input Rl
- 1 Meg cls e CRI11
«22-uf 10 Meg
¢ L
"\ \\—e—0— 04 Cl15 R17 R21 S L4
500 K3 100 uf ‘10 1.117K
) e c22
—{f(—— i 10 uf
1 Meg '_1 -
6—-0
— "\AN\—o—O0— O—e
500 K2 b
e —id—— 4.442K CR12
1 R = : e
¢ AAA——O— O— £
=00 LB = R61 R62
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— \/\/\- C26
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Figure 4A.8 - AC Converter - Simplified Schematic
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4.442K

R21
1.117K
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- DC Output (0 to 1.2 VDC)

R37
4.442K

Figure 4A.9 - AC Converter Output Section - Simplified Schematic

cycle, of the rectified output is used. This is taken
fromi the anode of diode CR12. Resistor R61
provides a proper load for diode CR12 and also
provides a discharge path for capacitor C26. The
rectified output is filtered by capacitor C26
across resistor R62 and is fed directly into the
Isolator which is operating at a gain of 10.

R38
4.442K
AVAYAY,
R21
;.117K
——O
K= R38 _ 4.442
R21 1117
K=3.977
K=~ 4

Figure 4A.10
AC Converter Output Section,
Gain determining network
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4A.21 Resistors R17 and R19 and potentiometer
R18 form a simple adjustable voltage divider be-
tween amplifiers A-1 and A-2 (figure 4A.8) to set
the gain of the entire system. The 1V range is
calibrated by adjusting R18 and must be calibrated
first, before the other ranges. Capacitor C15
provides DC isolation between the output of A-1
and the voltage divider.

4A.22 OHMS CONVERTER

4A.23 When the Ohms function is selected, the
Isolator is placed in a gain of 10 configuration
just as is the case in the 1 volt DC range. In addi-
tion, the Ohms Converter circuitry is switched
into the DMM'’s input circuitry. The Ohms Conver-
ter is shown in detail in figure 4A.11 and in sim
plified form together with the Isolator, in figure
4A.12,

4A.24 The ohms buffer amplifier, shown in figure
4A.12, is a unity gain buffer amplifier capable of
delivering one milliampere from its output. Its
input is connected to the -1.0000 voit reference
source located on the digitizing and display mod-
ule. The output of this amplifier appears as a
current source (of up to 1 ma) having a precise
output terminal voltage of 1,0000 volts at all
times. All output current from the ohms buffer
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amplifier flows through R65, a 1 Kohm 0.01%
precision resistor which is connected in series with

it. This resistor serves to limit the output current
from the ohms buffer amplifier to 1 ma.

4A.25 An analysis of circuit action in the ohms
measurement configuration ‘is best begun by con-
sidering the case where the DMM is in the
1000 ohm range. Here relay K4 (figure 4A.12) is

/n B
°

10 MEG RANGE

980415

+is.SY N

1 K RANGE
ADJ

Figure 4A.11 - Ohms Converter

closed so none of the current limiting resistors
need be considered. To begin the analysis we shall
disconnect the 1 volt ohms current source and con-
sider the feedback configuration around the Isola-
tor amplifier. This is shown in simplified form in
figure 4A.13. Here resistors Rb and Rc represent
the negative feedback network which gives the
Isolator a stable forward DC gain of 10. (Here Rb
and Rc are shown as 1K and 9K, in reality they are

NN—
1K -1.0000v
reference on
digitizing
and display
é 9K module
Output to
¥ digitizing and
display module
(Gain = 10)% 10K
1.1111K

Figure 4A.12 - Ohms Converter, Simplified
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1.1111K and 10K. The ratio, which is the impor-
tant thing, is equal in both cases. 1K and 9K
make analysis easier and still give the same gain to
the Isolator) Resistors Ra and Rx, however, form
a positive feedback loop which will offset the
stablizing effect of Rb and Rc if Rx is very large.
Resistor Rx represents the resistor being measured
when the DMM is in the Ohms configuration.

>——= Output

Figure 4A.13
Isolator feedback configuration in ohms mode

4A.26  Consider the case when Rx equals zero
ohms. Here Ra acts only as an additional 9K ohm
load on the Isolator and has no feedback effect.
Since the input node to the Isolator is grounded,
its output will be at zero volts. Now we shall
increase the value of Rx to 1K ohm. Here the neg-
ative feedback stablizing effect of Rb and Rc is ex-
actly offset by the positive feedback effect of Rx
and Ra. The output voltage of the Isolator may go
anywhere and will probably do so in whatever di-
rection circuit imbalances may ““nudge” it. When-
ever Rx is larger than 1K ohm, the positive feed-
back effect becomes proportionally stronger and
the output voltage of the Isolator will lock against
either the positive or negative power supply de-
pending on which circuit imbalances provide the
biggest ““nudge”’.

>—— Output

Figure 4A.14
Isolator Feedback with 1V reference supply added
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4A.27 Let us now consider the effect of con-
necting the 1 volt ohms current source into the
circuit. This is shown in figure 4A.14. Here, when
Rx is infinitely large as is the case for an open cir-
cuit, the positive feedback effect of Ra predomin-
ates. The -1 volt source connected to the Isolator’s

_input terminal provides a very powerful “‘nudge”

and the output of the lsolator locks against its
negative supply voltage. Here again, if Rx equals
zero ohms, the input to the Isolator amplifier is
grounded and its output is zero volts. For values of
Rx between zero and 1200 ohms, the feedback
circuit consisting of Ra, Rb, Rc and Rx will allow
the output voltage of the Isolator amplifier to
reach an equilibrium state somewhere between
zero and -12 volts with the current through Rx
always equal to 1 milliampere. This concept
may be better illustrated by representing the entire
ohms measurement circuit as a current-stable
bridge. This is shown in figure 4A.15.

" Node A

Figure 4A.15
ohms measurement circuit
shown as a current-stable bridge

4A.28 Refer to figure 4A.15. Here the ohms mea-
suring circuit is shown as a current-stable bridge.
Resistor R|_ serves to limit the current through Rx
on the higher ohms ranges. On the 1000 ohms
range (presently under consideration) R equals
zero ohms. Circuit action can be shown by picking
values for Rx (between O and 1200 ohms) and
analyzing circuit operation:

(a) Assume Rx equals 100 ohms. Current



(b)

flows out of the 1 volt source through Rd
and Rx into circuit common. The 1100
ohm series combination of Rd and Rx
limits the current through Rx to 909
microamperes. The 909 microamperes
flowing through Rx causes a voltage drop
of -90.9 millivolts across it. The -90.9
millivolts across Rx produces an output of-
-.909 volts at the output of the Isolator
amplifier due to the gain of 10 produced
by resistors Rb and Rc. Here the output
voltage and current through Rx would
remain were it not for the positive feed-
back effect afforded by resistors Ra and
Rx. This causes the output voltage from
the Isolator to continue to rise until the
voltage at Node A (figure 4A.15) exactly
equals the voltage at node B. (The output
of an amplifier is stable only when its input
error signal equals zero.) The rising output
voltage from the Isolator pumps current
into node A through Ra causing the voltage
at node A to rise. This current is |9 on
figure 4A.15. As the voltage at node A
rises, current |4 decreases slightty. The
equillibrium point is reached when the vol-
tage at node A exactly equals the voltage
at node B. This occurs when |1 equals
900 microamperes, lp equals 100 micro-
amperes, |5 equals 100 microamperes and
lg equals 1000 microamperes (1 milli-
ampere). Voltage E9, the Isolator output
voltage, is equal to I3 times Rb + Rc.
This is equal to -1.0000 volts which is dis-

played as 0.1000 kilohms on the DMM.

0.1 kilohms equals 100 ohms, the value of
Rx.

If Rx is assumed to equal 500 ohms, a
very similar effect takes place. Here the
1500 ohms in series with the 1 volt
limits the initial current from the 1 volt
source to 666 microamperes through Rx.
This produces an initial terminal voltage
across Rx of 333 millivolts which is boot-
strapped up by the positive feedback action
of Ra and Rx to 500 millivolts. Here
I1 equals 500 microamperes, |2 equals 500
microamperes, 13 equals 500 microamperes
and lg again equals 1 milliampere. The

980415

voltage at the output of the Isolator now
equals 13 x (Rb + Rc) which is -5.000 volts.
The DMM displays 0.5000 kilohms.
0.5000 kilohms equals 500 ohms, the
value of Rx.

4A.29 On the higher ohms ranges, current Iimiting
resistor R (figure 4A.15) is inserted in series with
Rx to limit the equillibrium current through it to a
value that will result in a full scale IR drop across
Rx of one volt on each range. The full scale
current through Rx is given in table 4A.2 below for
each range.

RANGE CURRENT THROUGH
UNKNOWN

1 Kilohm 1000 Microamps

10 Kilohm 100 Microamps

100 Kilohm 10 Microamps

1000 Kilohm 1 Microamp

10,000 Kilohm 100 Nanoamps

Table 4A.2 - Current thru Unknown resistor
for each ohmmeter range

4A.30 RANGE CONTROL (Figure 4A.16)

4A.31  Ranging of the instrument is controlled
by a three-stage flip-flop counter driven by control
signals from the Digitizing and Display Module.
The control signals are Up Range, Down Range,
and Strobe.

4A.32 Up Range is true when the instrument is
not on the highest range (1000 in volts or 10,000
in ohms) and the counter in the Digitizing and
Display Module registers 12000 or higher. Down
Range is true when the instrument is not in the
lowest range (1 in AC ohms and 0.1 in DC) and
the counter in the Digitizing and Display Module
registers 00999 or less. Strobe is true during the
measurement period. The negative-going edge

of this signal indicates the end of the measurement.

4A.33 The range counter counts up or down in
response to the Up Range and Down Range control
signals. The state of the flip-flops corresponds to
the codes and ranges listed in table 4A.1 A manu-
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ally selected range “forces”’ the flip-flops to the
proper state by clamping the appropriate counter
outputs to common.

4A.34 A one-shot circuit provides a timeout
(delay) of about 0.5 seconds at the end of a mea-
surement period to allow time for ranging and for
settling time of analog circuits. During this period,
the HOLD line goes positive. This line is tied to

Strobe

Up

the input of the control logic circuits in the Digi-
tizing and Display Module where the positive level
prevents a new reading from being taken.

4A.35 When operating in a selected range, rather
than autorange, the HOLD line is permanently
strapped to common by the range switch and new
readings are allowed during a range changing
attempt.

Example shows range

counter initially in RT RZ R3
state representing range of 1.
"Up" changes counter state to
R1 R2 R3 representing range

Down

M3

M3

M8

R1

M3

M3

M2

of 10.

R2

M7

M7

M2

WS

Figure 4A.16 - Range Control
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Digitizing and Display Module, Simplified Schematic.
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SECTION 4B

THEORY OF OPERATION OF THE
DIGITIZING AND DISPLAY MODULE

4B.1 INTRODUCTION

4B.2 The Digitizing and Display Module, shown

in simplified form in figure 4B.1 and in detail in
the schematic diagram section at the back of this
manual is, in itself, a complete DC digital volt-
meter. The module will display the voltage and
polarity of any DC input signal between zero and
10V full scale (12V with overrange). A 10V
input signal gives a displayed reading of 10,000.
The Digitizing and Display Module is divided into
two main categories, the analog circuitry and the
digital circuitry. In addition are the solid state
switches at the input to the Integrator which are
switched by the digital circuitry but perform an
analog function. The digital circuitry is entirely
constructed with integrated circuits with the ex-
ception of the transistors which drive the decimal
points and polarity and overload indicators. Deci-
mal points are placed by the ranging logic which is
located on the Signal Conditioning Module. The
driver transistors which actually switch the decimal
points are located on the Digitizing and Display
Module, their driving signal, however, comes from
the ranging logic on the Signal Conditioning Mod-
ule. The analog circuitry is entirely constructed
around monolithic, linear, differential amplifier,
integrated-circuits, which are connected either as
inverting operational, or non-inverting potentio-
metric amplifiers. The solid-state switching circui-
try, at the input to the integrator, consists of four
N-channel field effect junction transistors. They
and their associated driving circuitry comprise the
only other section of the Digitizing and Display
Module constructed from discrete components.
The Digitizing and Display Module may be broken
up into the following sub-sections:

IE ANALOG
(a) Reference supplies

(b) Integrator

(c) Null Detector
IE DIGITAL

(a) Clock oscillator

(b) counter-readout

(c) ranging logic

(d) polarity sensing logic.
I1l.  FET SWITCHING CIRCUITRY
4B.3 REFERENCE SUPPLIES

48.4 BASIC OPERATION OF THE REFER-
ENCE SUPPLIES

4B.5 The heart of the accuracy and stability of
the digital voltmeter lies in the accuracy and
stability of the +10V and -10V reference supplies.
These supplies, shown in detail in figure 4B.2 and
in simplified form in figure 4B.3, are built around
two monolithic, integrated-circuit, differential am-
plifiers, each of which is housed in a separate 14-
pin dual in-line package. The primary reference
supply is the +10V supply. The negative supply
simply inverts the +10V to -10V using an opera-
tional amplifier.

4B.6 The stability of the +10V reference supply
is dependent upon the inherent stability of the
reference zener. These zeners are individually
graded by Dana to obtain the maximum long term
stability and minimum temperature coefficient
(TC). The zener and the series resistor through
which it is biased are connected across a precision
10V source. The series resistor is then factory
selected (FSV) to obtain the biasing current which
will provide optimum temperature stability (TC).
The selected resistor and zener are then installed

4B-1
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+3.6V -15.5V
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1%

-15.5V

% Common

‘Figure 4B.2 - Reference Supplies

in each unit as a “’kit”’, matched to each other.

4B.7 The amplifier around which the +10V
reference supply is constructed consists of an
integrated-circuit differential amplifier connected
as a non-inverting, potentiometric feedback am-
plifier. The feedback network sets the forward
closed-loop gain of the amplifier at approximately
1.6. A potentiometer in the feedback circuit pro-
vides a “fine’’ adjustment of the gain for calibra-
tion purposes. The reference zener and its biasing
resistor are connected between the output of the
+10V reference supply and circuit common. . The
cathode voltage of the reference zener provides the
input signal to the amplifier in the +10V reference
supply. This circuit is shown in figure 4B.2.

4B.8 The -10V reference supply consists of an

integrated-circuit differential amplifier which is
operated as an operational amplifier with a closed

4B-2

loop gain of one. Since an operational amplifier is
an inverting amplifier it simply inverts the +10V
reference to -10V. The input impedance of an
operational amplifier is equal to the value of the
input summing resistor, which in this case is 10K.
Thus, the -10V supply draws only one milliampere
from the +10V supply.

4B.9 ANALYSIS OF REFERENCE SUPPLY
CIRCUIT OPERATION

4B.10 The feedback network of the +10V refer-
ence supply, together with the reference zener and

its biasing resistor may be looked upon as forming
a simple bridge. This is shown in figure 4B.3
which is a simplified schematic of the positive and
negative reference supplies. The feedback network
sets the forward closed loop gain of the amplifier
at approximately 1.6.
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Figure 4B.3 - Simplified Schematic - Reference Supplies

4B.11 In operation, when power is first applied
the voltage from the +3.6V power supply forward
biases the diode connected between the +3.6V
supply and the cathode of the reference zener caus-
ing the voltage at the cathode of the zener to rise
to approximately +3 volts. As this voltage is below
the breakover point of the zener, no current
flows through it. Since the input to the reference

amplifier is connected to the cathode of the zener,’

the output voltage from the reference amplifier
also rises. As the output voltage from the reference
amplifier rises it is fed back in a positive feedback
loop to the input of the reference amplifier by the
zener biasing resistor which is connected between
the output of the reference amplifier and the
cathode of the zener (i.e. the input to the reference
amplifier). This positive feedback action causes
the output voltage from the reference amplifier to
continue to rise until the breakover point of the
zener is reached. This occurs at a zener cathode
voltage of approximately 6.2 volts. The DC open
loop gain of the reference amplifier is approximate-
ly 100,000. This means that the error signal re-
quired to sustain an output level of 10V is approxi-
mately 100 microvolts. Thus the bridge circuit will
balance when the voltage at the inverting amplifier
input (which is connected to the feedback net-

work) is approximately 100 microvolts lower than .

the voltage at its non-inverting input (which is the

zener breakover voltage). When the circuit is
balanced, the reference amplifier is delivering cur-
rents lp and I3 into the bridge. Current I3
equals 11 and is the optimized zener bias current
previously discussed. Current 13 equals 14 and is
approximately equal to 10 volts across 10K or 1
ma. The 20K potentiometer connected between
the +10V reference output and circuit common
provides a “‘fine”" adjustment of the gain of the
reference amplifier over a limited range. This
allows the reference supply to be calibrated to
precisely +10.000 volts.

4B.12 The negative 10V reference supply is de-
signed around the same type of integrated circuit
differential amplifier as is the +10V supply. The
difference is that, whereas the +10V supply uses
the amplifier connected in a non-inverting poten-
tiometric configuration, in the -10V supply the
amplifier is connected as an inverting operational
amplifier. This amplifier is operated with a closed
loop gain of -1. As is the case with the positive
reference amplifier, the negative reference ampli-
fier has an open loop gain of approximately
100,000. Thus the maximum error signal across
its input terminals needed to sustain an output of
10V is 100 microvolts. This keeps the voltage at
the amplifier’s inverting input terminal (summing
node) from exceeding 100 microvolts which means
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that, for all practical purposes, it can be considered
as equal to ground potential. When the operational
amplifier circuit is connected to the +10V refer-
ence supply (or, when the instrument is first
turned on) the positive 10V applied to the invert-
ing input of the differential amplifier causes its
output to move in a negative direction. This causes
current Ig to flow into the summing node of the
operational amplifier through the 10K input resis-
tor. As the action of the operational amplifier
attempts to hold the summing node voltage at
a point very near ground potential, the input
current is determined by the value of the in-
put resistor. In this case the current is 10 volts
across 10K or 1 ma. The circuit balances at the
point where exactly the same current that enters
the summing node through the input resistor (1g)
leaves the summing node through the feedback
resistor (lg). This is the basic principle of opera-
tion behind the operational amplifier. (The input
impedance of the differential amplifier itself is
very high and thus consumes virtually no current.)
The gain of the operational amplifier is determined
by the relationship of the input resistor to the
feedback resistor. If they are equal, as is the case
here, exactly the same current will flow through
each when each has exactly the same voltage drop-

0,55 uf

ped across it. This can occur, in this case, only
when the output voltage from the negative refer-
ence amplifier is -10 volts. The gain precision of
the operational amplifier is determined by the
precision of the two resistors which form the gain
determining network. The 10K potentiometer
connected between pins 3 and 9 of the operational
amplifier is a provision for zeroing the amplifier
during calibration.

4B.13 The instrument may be equipped for use as
a ratiometer (optional). When so operated, the
reference voltage, which may be between zero and
+10V DC, is applied to the operational amplifier
through a switch located on the back of the instru-
ment. The operational amplifier inverts the refer-
ence signal just as it does the +10V reference

supply.

4B.14 INTEGATOR

4B.15 The integrator, shown in detail in figure
4B.4 and in simplified form in figure 4B.1, is the
heart of the analog to digital conversion circuitry.
It is designed around a high-gain, monolithic,
integrated-circuit differential amplifier. The circuit
is connected as an operational amplifier, having a

—i
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To
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100K 1%
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Frem N Type 301A 6
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0l =l =15V
v N 33 pf
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10 20K
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Figure 4B.4 - Schematic, Integrator
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summing resistor of 100K ohms, wherein the feed-
back element is a 0.5 microfarad capacitor. In
operation, the circuit functions as outlined below.

4B.16 BASIC OPERATION OF THE INTEGRA-
TOR

4B.17 Immediately prior to the beginning of a
new reading the integrator is in a “‘reset” state.
Its input and output are both at zero volts. When
the instrument begins a new reading a solid-state
switch closes, connecting the input of the Integra-
tor to the output from the Signal Conditioning
Module. At this point the output voltage from the
integrator begins to move in a polarity opposite to
the polarity of the voltage at its input. The Inte-
grator’s output voltage moves at a rate which is
equal to the charging rate of the 0.5 microfarad
feedback capacitor charged at a constant current
which is equal to the=g=relationship of the input
voltage to the 100K ohm summing resistor. The
amplifier acts as a constant current source which
charges the capacitor. This charging of the feed-
back capacitor by a constant current source pro-
duces a linear ramp at the output of the I ntegrator,
the change in whose voltage is given by the formu-
la:

-EinTs
1 = e—————
(1 \Y T
Where: AV = The change in voltage from the

integrator
Ein = The input signal voltage

Ts = The fixed time that the switch con-
necting the Integrator’s input to
the input signal remains closed.

R = The Integrator’s summing resistor

C = The value of the Integrators feed-
back capacitor.

The solid-state switch connecting the input of the
Integrator to the signal voltage remains closed for
a fixed period of time. This is referred to as the
signal integration time (Ts). At the time that Ts
begins, an oscillator of frequency f begins advanc-
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ing the digital counter. The counter counts until
a fixed number of counts (Cf) is reached.

4B.18 When fixed count (Cf) is reached, the sig-
nal integration time (Ts) is terminated and the
counter is reset to zero. At this point the solid-
state switch which connected the signal voltage to
the Integrator’s input opens and another switch
closes connecting the Integrator’s input to a preci-
sion 10V reference supply. This begins the refer-
ence integration period (Tr). The reference supply
is opposite in polarity to the polarity of the input
signal voltage. This causes the output voltage from
the Integrator to ramp back toward zero until zero
is reached, at which time the null detector senses
the null state and causes the reference integrator
time to be terminated. The counter accumulates
oscillator counts from the beginning of Tr until Tr
is terminated. At this time the counter contains a
number of counts (Cx), which is the number dis-
played in the DVM readout. Since Tr ends with

‘the output voltage from the Integrator at the same

level as when Ts started, the changes in voltage at
the output of the Integrator must be equal and
opposite, thus:

-Eref Tr
b AV = cmeme—
(2) RC

Where: AV = The change in output voltage
from the Integrator

Eref = The voltage of the reference

supply
Tr = The reference integration time
R = The value of the Integrator’s
summing resistor
C = The value of the Integrator's

feedback capacitor

Operating on equations (1) and (2), we may equate
guantities equal to AV:

-EinTs _ _-ErefTr
) RC RC
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And by multiplying both sides of equation (3) by
RC we have:

(4) -EinTs=-Eref Tr

Dividing both sides of eq. (4) by - Eref:

(5) -Ein Ts =

T
-Eref :

Eq. (5) is equal to:
(8) Tr= Ein Ts

Eref

Ts is determined by a fixed number of counts (Cf),
therefore:

(7) Ts=-CL

Where f is the oscillator frequency

Similarly:

(8) Te=Ex_
f

!Sy substituting the equivalent values of Ts and Tr
in equation (6) we obtain:

(9) Cx P Ein Cf
f Eref f

And by multiplying both sides of eq. (9) by f:

(10) CX = Ein Cf
Eref

Equation (10) is very important because it shows
that the number displayed by the DVM (Cx) is
affected only by Cf, which is an invariant digital
number, Eref, which is a precision reference volt-
age, and Ein, which is the voltage to be measured.

48-6

The measurement accuracy is entirely based upon
the ratio of the signal integration time, a fixed
number of counts (Cf), to the reference integration
time, a variable number of counts (Cx). It is com-
pletely unaffected by oscillator frequency (f), or
the RC components in the Integrator, provided
only that these quantities remain stable during the
time period required to take a measurment.

4B.19 ILLUSTRATION OF INTEGRATOR
OPERATION BY EXAMPLE

4B.20 Each time the instrument begins a new
reading a solid-state switch closes, connecting the
input of the Integrator to the signal output from
the Signal Conditioning Module. Since the inte-
grator is connected as an operational amplifier,
feedback action keeps the voltage at the summing
node (i.e. the inverting amplifier input) at very
nearly zero volts. (For this reason, many engineers
refer to the summing node as a “virtual ground”.)
As the summing node is at ground potential, the in-
put current flowing through the summing resistor
is equal to the value of the input voltage divided by
100K ohms. The inverting action of the amplifier
causes the voltage at its output to move in a polar-
ity opposite the polarity at the input to the sum-
ming resistor. The rate is equal to the charging
rate of the 0.5 microfarad capacitor charged at a
constant current which is equal to the —=-relation-
ship of the input voltage to the 100K ohm sum-
ming resistor. The amplifier acts as a constant
current source which charges the capacitor. This
action produces a linear ramp at the output of the
integrator amplifier whose slope is given by the

formula:
I Ein
s - {5

Where: Sq = The charging slope in volts per
second

Ein = The input voltage to the inte-
grator

R = The value of the integrator sum-
ming resistor

C = The value of the integrator feed-
back capacitor.
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If we assume an input to the integrator of -10V,
the slope of the ramp is:

m = [.10 \ -10
\ (109 (5x107)) ~\65x 102

S1==-

S1=-(-2x 102) = - (-200)
S1 =+200 volts per second

The digital circuitry keeps the FET switch connect-
ing the signal to the integrator closed for a period
of exactly 0.05 second (50 milliseconds). If the
input signal is-10V, the inverting action of the in-
tegrator causes its output voltage to ramp in a
positive direction at a 200 volt per second rate.
The voltage at the output of the integrator at the
end of the alloted 50 millisecond signal integra-
tion time is given by the formula:

V=51t

Where: V = The integrator’s output voltage
at the end on the integration
time

S; = The charging slope in volts per
second during signal integration

t = The total integration time

In this case t is fixed at .05 second and the charg-
ing slope is 200 volts per second. Thus:

Ve=Sqt
V =200 x .05
V=10

A slope of 200 volts per second, ramping for a
period of 50 milliseconds, will allow the voltage
at the output of the integrator to reach a level of
exactly +10 volts. This is shown as slope S1 in
figure 4B.5. If the input signal to the integrator
were -5V, rather than -10V, the slope during the
signal integration time would be 100 volts per
second (which follows from the above formula).
This would allow the output voltage from the inte-
grator to reach a level of +5V during the alloted
50 millisecond integration time. This is shown
as slope S1 in figure 4B.6. If we assume an input

4B-7
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signal to the integrator of +8V, the slope during
the signal integration time is:

S1 = _Ein
RC
S = - e
] 5x 102

S1=-(1.6x 102
S1=-(160)
S1 =-160 volts per second
A slope of -160 volts per second, charging for a

period of .05 second gives an integrator output
voltage of:

V=51t
V =(-160) x .05
V=-8

This is shown as slope Sq of figure 4B.7. From
this it can be seen that, in any case, the output
voltage from the integrator at the end of the signal
integration period will always be of equal voltage,

but of opposite polarity, to the voltage at the
integrator input.

4B.21 At the end of the signal integration period
the FET switch connecting the integrator’s input
to the output signal from the signal conditioning
module opens. Simultaneously, another FET
switch closes which connects the integrator’s input
to either the +10.000V or the -10.000V reference
supply. The reference supply chosen is whichever
one is opposite in polarity to the polarity of the
input signal. At this point the output voltage from
the integrator begins to ramp back toward zero
volts. This is known as the reference integration
period. The reference integration slope is calcula-
ted by the formula:

4B-8

Where: S = Reference integration slope

E ref = Reference voltage (+10.000V or

-10.000V)

R = Value of the integrator summing
resistor

C = Value of the integrator feedback
capacitor

From the above formula it can be seen that the
reference integration slope will always be +200
volts per second when the signal being measured is
positive (because the -10.000 volt reference supply
is switched into the integrator’s input) and -200
volts per second when the signal being measured
is negative. The slope is always 200 volts per
second because the reference supply voltage is
always 10 volts. The time it takes the output vol-
tage from the integrator to reach zero volts after
the start of the reference integration period is
given by the formula:

Tr=\Y
S2
Where: Tr = Reference integration time

<
Il

Output voltage from integrator
at the end of the signal integra-
tion time.

So = slope of reference integration

Thus, for the case where the signal being measured
is -10V, the output voltage from the integrator at
the end of the signal integration time is +10V.
The slope is always 200 volts per second and since
the signal being measured is of negative polarity
the slope of reference integration will also be of
negative polarity. The time required for the out-
put voltage from the integrator to reach zero volts
is calculated as follows:

Tr= N
S2

Tr = 10V
-200




Tr =|-.08]

Tr = .05 second
This is shown by slope S2 of figure 4B.5. Similar-
ly, the reference integration time is 25 milliseconds
when the input signal is 5 volts and 40 milliseconds
when the input signal is 8 volts. These are shown
as slope S92 in figures 4B.6 and 4B.7.
4B.22 |t is the reference integration time, out-
lined above, which is measured and converted to

digital form for display in the DVM readout.|
The reading displayed is calculated by the formula;’
D =Trf
Where: D = The displayed reading
Tr = The reference integration time

f = The clock frequency of the
instrument (200 kHz)

Thus, in the case where the input voltage being
measured is -10V, the reference integration time is
.05 second (as shown above) so the displayed
reading is:

D=Trf
D = .05 x 2,000,000
D = 10,000

And when the input signal is 8V, the displayed
reading is:

D=Trf
D = .040 x 2,000,000
D = 8000

Further manipulation of the D=Tr f equation
reveals that the reading displayed by the instru-
ment is a function of the ratio of the reference
integration time to the signal integration time.

980415

D=Trf
TIs Ts
o] D = (T f)f e
(s) (r)(Ts)
D._TrfTs
Ts
D=XL (Tsf)
Ts

The case when the input signal is 8V may again be
used to illustrate. The clock frequency (f) is 200
kHz and the signal integration time Ts is .05
second. When the input signal is 8V, the reference
integration time Tr is .04 second.

p=It (Tsf)
Ts

D =1L« (.05 x 2,000,000)
Ts

D =1L x 10,000
Ts

D =294 x 10,000
05
D = .8 x 10,000
D = 8000
4B.23 NULL DETECTOR

4B.24 The Null Detector, shown in detail in
figure 4B.8 and in simplified form as a part of
figure 4B.1 is simply a high gain noninverting am-
plifier. It also is designed around a high-gain,
monolithic, integrated-circuit differential amplifier.
The circuit is of the potentiometric feedback type
and has a closed-loop gain of 740. The 20K
resistor in series with the input and the two
back to back diodes serve to limit the input voltage
to the null detector to 0.6 volts maximum. The
Null Detector has two outputs. One goes directly
to the digital circuits, the other is the output of an
emitter follower transistor (see figure 4B.8) which
feeds back to the ‘reset’ switch. The ‘reset’
switch is one of the four FET switches at the input
to the integrator.
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Figure 4B.8 - Null Detector

4B.25 OPERATION OF THE DIGITIZING AND
DISPLAY MODULE

4B.26 Refer to figure 4B.1. Figure 4B.1 is a
simplified version of the actual schematic which
appears in the schematic section at the rear of this
manual. As shown, all lines and logic levels are as
they actually appear in the instrument. Nor gates
which are used as inverters are shown as inverters
in figure 4B.1. Similarly, nor gates which are
interconnected to form RS flip flops are shown as
RS flip flops. Of special interest in this capacity
are the Downrange flip flop and the strobe flip flop
which use one two-input and one three-input nor
gate each connected to form RS flip flops with an
or gate at the input. They are so shown on figure
4B.1. The output of the Control flip flop is actu-
ally taken from the Q side and inverted through a
power inverter in order to drive a large number
of other circuits which the flip flop alone could
not do. This is omitted in figure 4B.1.
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4B.27 |In operation, the counter, which consists of
four individual integrated-circuit decades, is con-
tinuously running and is never reset. Nor gate B
prevents clock signals from entering the counter
(and thus stops it) whenever the instrument is in
“hold” and during ‘‘strobe’ time. A four decade
counter can count only to 9999 whereupon it
resets itself to 0000. A new reading is initiated
every third time the counter reaches 0000.

4B.28 At the beginning of each new reading the
signal integrate line goes true. This enables the
signal switch driver which closes the FET signal
switch at the input to the integrator. The integra-
tor begins to ramp up or down, depending on the
polarity of the input signal. (See the preceding
section on the operation of the Integrator.) The
signal integration ramp of the integrator continues
until the counter reaches 9999 and resets to 0000.
At the moment the counter resets to 0000, the
8000 line (which went true when the counter



reached 8000) goes false. This toggles the control
flip flop and the signal integrate line goes false.
The signal integrate line going false disables the
signal switch driver and the FET signal switch
opens.

4B.29 The polarity decision is made at the mom-
ent the counter resets from 9999 to:0000. If the
input signal to the integrator is positive, the
output voltage from the Integrator at the end of
the signal integration time is negative. This causes
the output voltage from the Null Detector to also
be negative. This level is inverted by inverter J,
setting the positive polarity line true (positive).
The true level of the positive polarity line is
inverted by inverter K, setting the negative polarity
line false. If the polarity of the input signal were
negative, the converse would be true. In short, if
the polarity of the input signal is positive, the
positive polarity line will be truerand the negative
polarity line false at the end of the signal integra-
tion period. If the polarity of the input signal is
negative, the positive polarity line will be false
and the negative polarity line true at the end of
the signal integration period. When the signal

integrate line goes false at the time the counter

overflows to 0000, the polarity flip flop toggles.
The position taken by the polarity flip flop is
determined by the state of the positive polarity
line and the negative polarity line at the end of the
signal integration period. If the input signal is of
positive polarity, the positive polarity line is true
and the negative polarity line false. This causes the
Q side of the polarity flip flop to be set which

.enables driver U. Driver U lights the + polarity

light. If the input signal is of negative polarity the
positive polarity line is false and the negative
polarity line is true. This causes the Q side of the
polarity flip flop to be set which enables driver V.
Driver V lights the - polarity light.

4B.30 During the signal integration period the
signal integrate line is true. This holds the negative
polarity flip flop and the positive polarity flip
flop in a reset state. At the time the counter goes

from 9999 to 0000 at the end of the signal integra-

tion period, one or the other of these flip flops will
toggle, depending on whether the positive polarity
line or the negative polarity line is true. If the
positive polarity line is true, the positive polarity

880415

flip flop toggles, its Q output going true. This
disables nor gate P, keeping the _ pos. ref,

integrate line from. going true-when-the éignal

integrate line goes false. Since the negative polari-
ty flip flop did not toggle, its Q output is false.
This enables nor gate N as soon as the signal inte-
grate line goes false. When nor gate N is enabled,
the neg. ref. integrate line goes true, enabling the
neg. ref. switch driver. The neg. ref. switch
driver closes the FET neg. ref. switch. At this
point the reference integration period begins and
the output voltage from the integrator begins to
ramp back toward zero volts. Had the input signal
being measured been of negative polarity, the
positive polarity line would have been false and the
negative polarity line true at the end of the signal
integration period. This would have caused the
negative polarity flip flop to toggle when the signal
integrate line went false, leaving the positive
polarity flip flop in a reset state. Thiswould have
enabled nor gate P, setting the pos. ref. integrate
line true (rather than the neg. ref. integrate line)
and closed the neg. ref. switch.

4B.31 At the moment the output voltage from
the Integrator crosses zero (on the reference inte-
gration slope) the positive polarity line and nega-
tive polarity line change state. That is, whichever
one was true goes false and whichever one was
false goes true. This causes the remaining polarity
flip flop (positive polarity flip flop or negative
polarity flip flop) to toggle. Whichever one did«
not toggle at the beginning of the reference inte-

gration period will do so at the end. This causes

both nor gates N and P to be disabled so both the
neg. ref. integrate line and the pos. ref. inte-
grate line go (or remain) false. This opens both
FET reference switches. When both the positive
polarity flip flop and the negative polarity flip flop
are in the set state, which occurs at the end of the
reference integration period, nor gate M is enabled
and the reset line goes true. This level is inverted
by inverter Y and the Teset line goes false. This
holds the output of the integrator at a level of zero
volis.

4B.32 When the reset line goes true at the end of
the reference integration period, the strobe flip
flop is actuated through or gate E. This causes the
Q output of the strobe flip flop to go true which
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actuates the strobe generator which is a 10 micro-
second one shot. The strobe generator causes the
strobe line to go true for a 10 microsecond period.

This is inverted by inverter A and causes the strobe

line to go false for a 10 microsecond period.

Then the strobe line goes true, nor gate B is dis-

abled, stopping the clock signals from reaching the
counter for the duration of the strobe time. The
negative level of the strobe line gates the buffer
storage units which translate whatever levels exist
at their inputs at that moment to their outputs.
This information is stored at the outputs of the
buffer storage units until the next negative transi-
tion of the strobe line at the end of the next read-
ing. The levels at the inputs of the buffer storage
units are the output of the counter. Since the
transition of the strobe line which actuates the
buffer storage units comes exactly at the end of
the signal integration period, and at that time the
state of the counter represents the value of the vol-
tage being measured, the reading displayed by the
instrument equals the value of the signal voltage.

4B.33 At the end of the 10 microsecond strobe
time, the strobe line again goes false and the strobe
line again goes true. When the strobe line goes

false, nor gate B is again enabled and allows clock.

signals to reach the counter. The counter contin-
ues counting until it reaches 9999 whereupon it
again resets itself to 0000, On this, the second
transition of the counter from 9999 to 0000, the
8000 line going false toggles the overrange flip flop
but does not again toggle the control flip flop.
(The overrange flip flop did not toggle on the first
transition of the 8000 line, at the end of the signal
integration period, because both its S and C inputs
were held true by the signal integrate line which

was true at that time. The control flip flop does:

not re-toggle on the second transition of the 8000
line because: a) the overrange flip flop, at that
time has not yet toggled at all so its Q output is
still false and its Q output is still true. b) the S and
C inputs of the control flip flop are so connected

that it cannot re-toggle until after the overrange

flip flop does.) The counter continues to count
until itagain reaches a count of 9999 and resets itself
to 0000. At this point the 8000 line again makes a
transition from true to false. This time both the
overrange flip flop and the control flip flop toggle.
The overrange flip flop is reset and the control flip
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flop is set, causing the signal integrate line to go
true, which initiates a new reading.

4B.34 If the input signal voltage is greater than
9999, the overrange flip flop is set before the
output voltage from the integrator reaches zero
volts. As long as the input signal voltage is less
than 12.000V, which is the absolute maximum
that the instrument will display, the instrument
functions in exactly the same manner as outlined
in the preceding paragraphs. The counter over-
flows to 0000 and begins counting up (to a maxi-
mum of 2000). When the zero crossing is detected
the reset line goes true and toggles the strobe flip
flop which triggers the strobe generator and the
state of the counter at the moment of zero-crossing
is read into the display. Since the overrange flip
flop has been set, the 10,000 line is true at the
time strobe is initiated. When the strobe line goes
false the Q side of the overrange buffer storage unit
goes false and the 1" digit is illuminated in the
overrange (10,000's) window.

4B.35 Should the counter reach a count of
12,000 prior to the time the output voltage from
the integrator reaches zero volts (input signal
greater than 12,000V), both the 2000 line and the
10,000 line go false. This enables nor gate G
whose output goes true setting the 12,000 line
true. When the 12,000 line goes true it toggles
the strobe flip flop through or gate E initiating the
strobe pulse which causes the strobe line to go
false, reading the momentary state of the counter
{12,000) into the readout where it is stored by the
buffer storage units until the next strobe occur-
ance. Since the 12,000 line is true when the strobe
line goes false, the overrange buffer storage unit
lights the overrange light through driver T. Upon
the completion of the 10 microsecond strobe, the
counter continues to count until it again overflows
back to 0000. At this point a new reading is
initiated with the resetting of the control flip flop
at the negative going transition of the 8000 line
when the counter overflows. The output voltage
from the null detector will reach zero sometime
before the counter overflows as the signal input to
integrator is limited to about + 14 volts. If, for
any reason, the counter reaches a count of
18,000 prior to zero detection, it stops and waits
for zero detection at 18,000.



4B.36 TIMEOUT AND HOLD OPERATION

4B.37 During range-changing operations, the Di-

gitizing and Display circuitry is inhibited from'
taking any new readings. This gives the analog

circuits in the Signal Conditioning Module enough
time to settle following range changes and prevents
the display of erronious readings. To accomplish
this, the ranging circuitry (located in the Signal
Conditioning Module) generates a 500 millisecond
timeout pulse. During the timeout period, the
timeout line into the Digitizing and Display Module
goes true. If the instrument is not in hold (off-on-
hold switch in the Hold Position) or operating in an
external command mode (from the optional BCD
output module), the hold line will be false. Nor-
mally, when the instrument is not going through a
timeout period, the timeout line is also false. When
the output voltage from the Integrator reaches
zero volts, during the reference integration period,
the reset line goes true setting the reset line false.
This is inverted by nor gate X, setting the read
enable line true. When the read enable line is true,
nor gate H is inhibited and the counter is allowed
to count to 19999 (the overrange flip flop has been
set) and reset to 00000, thus beginning a new read
cycle. When timeout occurs, however, the timeout
line goes true, inhibiting nor gate X so the read
enable line stays false. When the counter reaches a
count of 18000, the 10,000 line and the 8000 line
both go false. At this point, all inputs to nor gate
H are false and the gate is enabled, setting the read
disable line true. When the read disable line goes
true it disables nor gate B, preventing any further
clock signals from reaching the counter, so the
counter stops at 18000. At the conclusion of the
timeout period, the timeout line goes false enabling
nor gate X. This sets the read enable line true dis-
abling nor gate H. At this point the read disable
line goes false enabling nor gate B to pass clock
signals to the counter. The counter continues
counting until it reaches 19999, whereupon it
overflows and a new reading begins.

4B.38 When the off-on-hold switch is placed in
the hold position, the hold line goes true. This
stops the counter at 18,000, in exactly the same
manner as when the timeout line goes true. The
difference is that the instrument remains that way
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until the switch is returned to the on position. At
that time the instrument resumes normal operation
just as it does when the timeout pulse ends.

4B.39 Instruments equipped with the BCD output
module (optional) may be operated in an external
command mode. |n this way they can be program-
med to take a reading only upon receiving a signal
to do so from an external device, such as a compu-
ter. When an instrument is in this mode of opera-
tion the external command line into the Digitizing
and Display Module is normally held in a false state.
The instrument is placed in hold either by the front
panel hold switch or by the external hold line
(not shown on figure 4B.1). When an external
“read command’’ is initiated, the external com-
mand line goes true setting the hold line false.
The instrument takes a reading just as it does upon
the completion of a timeout pulse.

4B.40 RANGING

4B.41 In order to facilitate automatic ranging
operation, uprange and downrange signals are
generated by the Digitizing and Display Module.
These signals command the range counter in the
Signal Conditioning Module to count up or down.
If the instrument is in too low a range for the
signal voltage being measured the counter will
reach a full scale count of 12000 prior to the zero-
crossing of the output voltage of the integrator on
the reference integration period. When this occurs,
the 12,000 line goes true initiating strobe action.
When this happens, the 12,000 line (which is
normally always in a true state) goes false. If the
instrument is not already in the highest range, the
highest range line into the Digitizing and Display
Module will be false. This enables nor gate D
setting the uprange line true. If the instrument is
in too high a range for the signal being measured,
null detection (and subsequently strobe) will occur
before the counter reaches a count of 1000. This
means that at the time strobe occurs the 1000 line
is still false. If the instrument is not already in the
lowest range the downrange flip flop remains in a
reset state. Its Q side is true setting the downrange
line true. If the instrument is already in the lowest
range the lowest range line is true. This causes the
downrange flip flop to be “‘set” as soon as the

4B-13
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Figure 4B.9 - Schematic, FET switches and switch drivers

signal integrate line goes false at the end of the sig-
nal integrate period. When the downrange flip flop

‘i

is “set’ its Q side is false causing the downrange
line to be false. Whenever the count of the counter
is between 1000 and 12,000 at the time the Inte-
grator zero-crossing occurs the 1000 line is true so
the downrange flip flop is “‘set”, resulting in no
downrange signal and the 12,000 line is true,
resulting in no uprange signal.

1

4B.42 FET SWITCHING CIRCUITRY

4B.43 The four switches at the input to the Inte-
grator are N-channel, field-effect, junction transis-
tors. They are driven by circuitry composed of
discrete components. The FET switches and their
driving circuitry are shown in figure 4B.9. The
source and gate of each FET are connected to each
other through fairly high value resistors (100K or
1 Meg). The gate of each FET connects to the
driving circuitry through a series diode whose cath-
ode connects to the collector of the driving
transistor.

4B.44 |n operation, the field-effect transistors are
fully cut off (switch open) when the voltage at
the gate, with respect to the source, is approxi-
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mately -6V or more (-6V negative bias). When a
FET is turned off, its driving transistor is either
fully saturated (as is the case with the signal inte-
grate switch and the reset switch) or fully turned
off (as is the case with the + Ref Sw. and the - Ref
Sw.). In either case the net effect places its collec-
tor voltage at -20V. Since the cathode of the diode
which connects to the gate of the FET is connected
to the driver transistor’s collector it too is at a -20V
potential. Under this condition, the diode is for-

ward biased. Current flows through the resistor
which is connected between the source and gate of
the FET. This produces a voltage drop across the
resistor which places the FET’s gate voltage at
nearly -20V. Since no input signal to any of the
FET switches is more negative than about -14V
(under overload conditions) this assures that the
FET is completely cut off.

4B.45 When a FET is turned on (switch closed)
its driver transistor’s collector goes positive (rela-
tive to the most positive voltage that appears at the
source of that particular FET). This causes the
diode to be back biased so no current flows
through it. Under this condition no current
flows through the resistor connected between the
source and gate of the FET so the source and gate
are at the same potential (zero volts bias).
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SECTION 4C

THEORY OF OPERATION OF THE
POWER SUPPLY MODULE
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Figure 4C. 1 - Power Supply

4C.1 INTRODUCTION

4C.2 The Power Supply Module, shown in detail
in the schematic diagram section at the back of this
manual, performs two distinct functions. It pro-
vides all DC operating power to the instrument and
it serves to interconnect the Digitizing and Display
Module and the Signal Conditioning Module. It is
constructed on a single printed circuit board.

Both the Digitizing and Display Module and Signal
Conditioning Module plug into sockets on the
Power Supply Module.

4C.3 POWER SUPPLY

4C.4 The Power Supply, shown in figure 4C.1,
provides DC power to both the analog and digital

4C-1
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portions of the instrument. Seven different vol-
tage levels are provided. These are:

+ 28V unregulated
- 28V unregulated
+ 156.5V regulated
- 16,5V regulated
+.3.6 regulated
+ 300V unregulated
+ 150V unregulated

The power transformer has three secondary wind-
ings which step the AC line voltage to three differ-
ent levels. The 300V winding provides power for
the +300V and +150V supplies. The 6V winding
supplies power for the +3.6V supply and the 56V
winding provides power for the positive and nega-
tive 28V and 15.5V supplies.

4C.5 Diodes CR-7 through 10 form a full wave
bridge type rectifier whose input is connected
across the 300V winding of the power transformer.
The output of the bridge rectifier is connected
across capacitor C7 which is the filter capacitor
for the +300V line. Resistor R2 is connected
across capacitor C7 as a bleeder resistor to elimin-
ate shock hazard. The +150V DC output is taken
from the center tap of the 300V transformer
winding. Capacitor C11 is the filter capacitor for
the +150V DC line. Resistor R1 is the bleeder
resistor for capacitor C11.

4C.6 Diodes CR-1 through 4 are shown on the
schematic diagram connected across the 56V trans-
former winding as a bridge. In operation, how-
ever, they do not function in exactly the same
manner as a conventional full wave bridge rectifier.
The winding is center tapped and this point is
connected to digital common (ground). Diodes
CR-3 and CR-4 form a full wave rectifier which
charge capacitor C8 to +28V DC. C8 is connected
between the +28V line and digital common and is
the +28V filter capacitor. Similarly, diodes CR-1
and CR-2 form a full wave rectifier which charges
capacitor C5 to -28V DC. C8 is connected between
the -28V line and digital common and is the filter
capacitor.

4C.7 Transistors Q4 and Qb are series regulators
which reduce the +28V to +15.5V and -28V to
-15.5V respectively. Zener diodes CR-12 and CR-
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13 clamp the bases of these transistors at a 16V
level. The voltages at the emitters of these transis-
tors are always about 0.6V less than that at the
bases and since the voltage at the bases is clamped
by the zeners the 15.5V lines are regulated.
Resistors R12 and R13, in series with the collec-
tors of the regulator transistors, provide protection
for the transistors in the event of an accidental
short circuit between either 15.5V supply line and
circuit common. The digital, analog and signal
commons all connect together in the Signal Condi-
tioning Module. Capacitors C14 and C15 filter
zener noise and keep it off the 15.5V lines.

4C.8 The 6V winding of the power transformer
is connected to circuit common. Diodes CR-b and
CR:6 and the center tap of the winding form a full
wave rectifier which charges filter capacitor CG6.
In operation the voltage across capacitor CG is
approximately +6V DC with respect to circuit
common. Transistor Q3 is a series regulator tran-
sistor which converts the +6V to +3.6V. Transis
tors Q2 and Q3 are connected in a Darlington
configuration. The current gain of Q3 is thus
multiplied by the current gain of Q2. Base drive
for the Darlington connected regulator transistors
is provided by resistor R3 which connects to the
+28V line. It is controlled by the collector current
through transistor Q1. Base bias for transistor Q1
comes through resistor R5 which connects to the
wiper of potentiometer R8. Zener diode CR-11
clamps the voltage at the emitter of transistor Q1
at +2.4V. This forces the voltage at Q1's base to
always be approximately +3V. This causes any
voltage change at the wiper of potentiometer R8
to result in a directly proportional change in the
current through resistor R5. Since this is the cur-
rent controlling transistor Q2, the zener acts as a
reference element which stabilizes the output
voltage of the supply. Potentiometer R8 is adjusted
to set the collector current through transistor
Q1. The potentiometer is adjusted to a point to
give enough base drive to the Darlington circuit to
keep the emitter voltage of transistor Q3 at exactly
+3.6V. If the voltage at the emitter of Q3 should
drop (due to a change in either the line voltage or
level current) the available base drive to transistor
Q1 will also decrease. This will cause less collector
current to flow through transistor Q1. More
current is available as base drive for the regulator
transistors, This current turns transistor Q3 on
harder and raises the emitter voltage back to +3.6V.
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SECTION 4D

THEORY OF OPERATION OF
BCD OUTPUT MODULE (OPTIONAL)

4D.1 INTRODUCTION

4D.2 The BCD Qutput Module, shown in detail
in the schematic diagram section at the back of this
manual and in simplified form in figure 4D.1, is an
optional feature which plugs into the rear of the
instrument. It allows the instrument to be used
as part of a larger digital system. Through the
BCD Output Module, the instrument may be
commanded to take a reading or to go into the
“hold”” mode. The module provides BCD outputs
of function, range, and the state of the readout.
In addition, a print command output is provided
for use with digital printers.

4D.3 LOGIC LEVEL OF BCD OUTPUT

4D.4 The logic levels used by the RTL circuitry
inside the instrument are +3.6V for a “true”
state and OV for a “‘false’” state. This is converted
by the BCD Output Module to approximately
+5V for a “true” state and OV for a ““false’ state
to permit the instrument to be used with external
T2 (transistor-transistor) integrated-circuit logic.
The logic level of the print command line (see
figure 4D.1) is +12V for a ““true” state and OV for
a "false’” state. This permits it to be used with
certain printers which require a higher level voltage.
This voltage may be reduced to any desired level
by connecting an external resistor between pins 43
and 48 of the output connector on the module
(J-15).

4D.5 Transistor Q2 (shown as inverter G on
figure 4D.1) is the print command output tran-
sistor. The ““true” logic level of the print command
line is determined by the voltage division ratio of
resistors R8 and R9. When the print command
line is in a “true’ state transistor Q2 is fully
turned off. When the line is in a “‘false’’ state Q2 is
fully saturated.

4D.6 All other logic level conversions are done
by dividing between the +28V line and the +3.6V
line. Resistors R3 and R4 are a typical case in
point. When transistor Q1 is turned off the -polar-
ity line is in a “true” state. Resistors R3 and R4
form a voltage divider between the +28 and
+3.6V lines such that the voltage at the -polarity
line is approximately +5V. Resistors Rb through
R7 and R15 through R34 perform the same
function for their respective lines as does R4
for the -polarity line. Here the lower value resistor
is inside the respective integrated circuit.

4D.7 RANGE CODING

4D.8 The instrument is equipped with six operat-
ing ranges, 0.1 through 10,000 (although not all
ranges are used for all functions). Coding for
which range is in use at any given time is brought
out on three lines. These are designated the R1,
Ro, and R3 lines. The state of these lines for each
range is given in table 4D.1.

Table 4D.1
Range R1 Ro R3 BCD Value
0.1 False | True | True 6
1 True | False | True 5
10 False | False | True 4
100 True | True | False 3
1000 False | True | False 2
10,000 True | False | False 1

True = +5V (approx.)
False = OV

4D-1
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4D.9 POLARITY

4D.10 A single line is brought out of the BCD
Output Module carrying polarity information. This
is designated the - POLARITY OUTPUT line.
The + POLARITY INPUT line to the BCD Output
Module (see figure 4D.1) connects to the Q side of
the polarity flip flop (see figure 4B.1). When the
instrument is in + polarity this line is true. The
true level is inverted to false by inverter L (see
figure 4D.1) and the - POLARITY OUTPUT
line is false. When the instrument is in - polarity
the input to inverter L is false so the - POLARITY
QUTPUT line is true.

4D.11 + 4.8V REFERENCE SOURCE

4D.12 Diodes CR3 and CR4 are forward biased
through resistor R 14 between the + 28V and +3.5V
lines. The voltage at the anode of CR4 is held at
approximately +4.8V. Resistor R14 limits the
maximum output current from this supply to
approximately one milliampere.

4D.14 When the instrument is operated in the
“external read command’’ mode, either the exter-
nal hold line must be grounded or the off-on-hold
switch on the front of the instrument must be in
the “"hold” position. If this is not done the instru-
ment will continue taking readings automatically
every 150 milliseconds.

4D.15 Resistors R12 and R13 bias the read
command line at +5V. Thus the line (and the
input to inverter A on figure 4D.1) is normally
always in a “‘true’’ state. This holds the output of
inverter A in a ““false’” state. The one millisecond
delay shown at the output of inverter A on figure
4D.1 is caused by the charging time required for
capacitor C4. Or gate B and the one millisecond
one shot shown on figure 4D.1 are composed of
resistor R10, capacitor C3, diode CR1, and ' of
M3. The command flip flop is composed of the
other half of M3. Nor gates E and F and inverter A
on figure 4D.1 are made from M2. Nor gates H, J,
and K are M1. Resistor R2 and capacitor C1 com-
prise the ten microsecond one shot. Inverters C
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and D of figure 4D.1 are shown only because posi-
tive triggered one shots are assumed on the simpli-
fied schematic. Resistor R11 and zener diode CR1
protect the input of inverter A from overload
damage if an excessive voltage is applied to the
READ COMMAND INPUT. Diode CRb prevents
the external hold line from going negative.

4D.16 When an externally commanded reading is
initiated, the READ COMMAND INPUT is ground-
ed, setting the read command line false. This
causes the output of inverter A to go true which
appears as a true input to or gate B after a one
millisecond delay (to prevent false triggering due to
noise or “‘bouncing” switch contacts). The output
of or gate B goes true enabling the one millisecond
one shot which generates a one millisecond pulse.
This pulse sets the command flip flop causing its
Q output to go true. This sets the external com-
mand line true, which causes the instrument to
take a reading.

4D.17 |n the process of taking each new reading,
the digital counter in the Digitizing and Display
Module of the instrument counts from 00000 to
09999. It then resets to 00000 and counts to
18000 where it stops to await a new read com-
mand. (See section 4B.) When the counter
reaches a count of 18000, the 8000 line goes false.
This enables the ten microsecond one shot. Since
the 10000 line is already false (having gong false
when the counter reaches 10000) the output of the
ten microsecond one shot enables nor gate E if the
timeout line is not true. The output of nor gate E
goes true for a ten microsecond period, resetting
the command flip flop. When the command flip
flop is reset, its Q output goes false. This enables
nor gate F (since the 10000 and 8000 lines are
already false). When nor gate F is enabled, the
print command line goes true. This is inverted by
inverter G, setting the print command line false.
When the print command line goes false it triggers
the external digital printer (or other circuitry).

4D.18 If, during the process of taking a reading a
range change is involved, the timeout line will be
set true before the counter reaches 18000. In this



event the command flip flop is not reset and the
instrument continues taking readings until the
correct range is found. In this event the print
command line remains true until the instrument

has settled on the correct range.

05 OPTION
PIN CONNECTIONS

IDENTIFICATION PINS IDENTIFICATION
J20

RANGE R1 1 26 R3 RANGE
RANGE R2 2 27 R4 RANGE
FUNCTION F2 3 28 Fa FUNCTION
FUNCTION F1 4 29 F3 FUNCTION
UNITS X1 5 30 X3 UNITS
UNITS X2 6 31 X4 UNITS
10's X1 7 32 X3 : 10's
10's X2 8 33 X4 10's
100°s x 9 34 X3 100's
100's X2 10 35 X4 100's
1000's X1 11 36 X3 1000's
1000°'s X2 12 37 X4 1000'S
10,000°S X1 13 38 X3 10,000'S
10,000'S %2 14 39 Xa 10,0008

15 40

16 41
OVERLOAD X1 17 a2 X3 OVERLOAD
OVERLOAD X2 18 43 X4 OVERLOAD

19 44

20 45

21 46 READ COMMAND INPUT

22 a7 EXTERNAL HOLD

23 48 PRINT COMMAND
LOGIC COMMON 24 24 49 ;
+ LOGIC REFERENCE 25 50 LOGIC COMMON

980415
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MODEL 05 OUTPUT OPTION :
Binary
J20 Pin No's 1 2 |26 (27 |4 |3 |29(28( 17| 18| 42| 43 | Weight
RANGE 0.1 0 1 1 0 6
RANGE 1 1 0 1 0 5
RANGE 10 0|0 1 0 4
RANGE 100 1 1 0 |0 3
RANGE 1000 0 1 0-- |8 2
RANGE 10,000 1 D=0 D 1
.FUNCTION OHMS 0 1 0 |0 2
FUNCTION AC 1 1 0. 10 3
FUNCTION — 1 1 1 0 7
FUNCTION + 1 0 eI 0 5
OVERLOAD € I 50 L 1= 0
NO OVERLOAD 1 0 [0 0 1
CODE 1 2 |14 |8 1 2 |4 |8 1 22418
SAMPLE DATA VALUES
10,000 1000 100 10 UNITS
J20 Pin 13| 14138130 | 11112 | 36137 | 9 s las] 72| 88233151 6 |30 3
No's
00001 0 10 T (9 10 108 106 18 g 1€ 16 1.9 ] 010 ; 0 1 Q| 0 |0
00007 0 1000 10: 05 L0011 OF 020 00 e el S0 O 1 1 1 0
00014 (05, e i Y 210 1 o el 0 R 1510 e o ) o L 6 W 0 R 5 1 0 0 0 010 1 0
00101 [ FRRS Ao R 1 o J (S o 0 e (o 0 8 6 0 S [ 0 ;00 B8 1T A B o R € S IR0 1 Gk 00
01246 Q000 1 e e o = e 1 2 1 T 0 [ 1 0 1 Q [0 1 1 0
12000 1 ()55 A6 1R 1212 ot (0 1 QRS o e 0 6 (3 R 0 T T IR 0 50 R 6 F (50 1 (R0 P [ 2 Bl 2 X 8T
Code 1 2 |4 18 |1 2 |4 |8 1 2 |4 |8 1 270154 '8 1 2 |4 |8
0=FALSE
1=TRUE

4D-4
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SECTION 4E

INTEGRATED CIRCUITS USED IN THE 4500

4E.1 DIGITAL INTEGRATED CIRCUITS

4E.2 The following basic digital integrated cir-
cuit elements are used in the type 4500 DMM:

MC817P Quad Two-input NOR Gate
MC824pP Quad Two-input NOR Gate
MC879P Multifunction

MC889P Hex Inverter

MC890P Dual J-K Flip-flop

MC892P Triple-3-Input Gate

Cul9958 Decade Counter
Cul9959  Buffer Storage Unit
Cul9960 Decoder Display Driver

4E.3 The physical and electrical characteristics
of each of these basic elements are tabulated in
figures 4E.6 through 4E.14 of this section.

4E.4 ANALOG INTEGRATED CIRCUITS

4E.5 The following basic analog integrated cir-
cuits are used in the type 4500 DMM:

Type 301A Differential Amplifier
Type 709C Differential Amplifier
Type 741C Differential Amplifier

4E.6 The physical and electrical characteristics
of each of these basic elements are tabulated in
figures 4E.15 through 4E.17 of this section.

4E.7 FLIP-FLOP OPERATING MODES

4E.8 The J-K flip-flop is used in both the Signal
Conditioning and Digitizing and Display Modules
of the DMM. Figure 4E.5 shows the five common
modes of operating the J-K flip-flop. Output Q,
prior to the receipt of the Cd pulse, is determined

by the previous state of the flip-flop. OutputQ is
the inverse of Q.

4E.9 The R-S flip-flop is used in the Digitizing
and Display Module and in the optional BCD
Output Module. Figure 4E.1 shows how two NOR
gates are interconnected so as to obtain an R-S
flip-flop. In the “reset” state, the Q output of the
R-S flip-flop is low (false) and the Q output is high
(true). The flip-flop will “set”” when the S input
goes high (true), provided the R input is not also
high (true). The flip-flop will be “reset’” when the
R input goes high (true), provided the S input is
not still high.

a b

Figure 4E. 1 - Interconnected Nor Gates

4E.10 SCHEMATIC IDENTIFICATION OF LOG-
IC DEVICES

4E.11 Reference designators for all devices regard-
less of type have the letter “M’* as a designating
letter. This is followed by a number to identify
the component uniquely (see figure 4E.2).

4E-1
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(ASSEMBLY DRAWING)

Figure 4E.2 - Component Identification

4E.12 Identification of logic function symbols.
Individual logic functions are identified on the
schematic by the designator of the logic device in
which they appear (except on the simplified schem-
atics in the “Theory of Operation” sections). In
most cases, circuitry for more than one function
is encased within the same module. To distinguish
between them, an additional letter designator is
affixed on the schematic, to indicate different sec-
tions of the same device (A, B, C, D, etc.), as
required to cover all functions (see figure 4E.3).

4E.13 Input-Output pin numbers. The pin num-
bers of the integrated-circuits are placed outside
the function symbols next to the input and output
leads on the main schematics. They are not includ-
ed on the simplified schematics.

4E-2

Function
1 Designator

Figure 4E.3 - Function Designator

4E.14 Circuit diagrams of integrated-circuit de-
vices. Circuit diagrams of the individual integrated-
circuit devices, both analog and digital, do not
appear on each schematic; rather, schematics in
figures 4E.7 through 4E.18 describe all elements
used.

4E.15 Restriction on logic symbols usage. On
schematics appearing in the schematic diagram
section at the back of this manual that contain
both integrated circuits and discrete components,
the logic symbols describe only that circuitry
which is contained within the devices. In other
words, no logic symbols are used to represent a
function that is made up of discrete components.
On the simplified schematics appearing in the
"“Theory of Operation” sections this rule is not
adhered to.

4E.16 Standard Symbols. Figure 4E.4 shows the
standard integrated-circuit logic symbols used on
Dana drawings.
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AND NAND NOR
GATE GATE GATE GATE
BUFF ER INVERTING EXCLUSIVE INVERTED
BUFFER OR OR (EX-OR) EXCLUSIVE
DRIVER DRIVER GATE OR (EX-OR) GATE
| |
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—Isg 1}—
T _lsT RS/T
FLIP
G0 g 10 e
JK RS —RT
FLIP FLOP FLIP FLOP e R% OF—

Figure 4E.4 - Logic Symbals
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Type 741C

Amplifier /'i Linear Integrated Circuit

ABSOLUTE MAXIMUM RATINGS

Supply Voltage + 18V
Internal Power Dissipation 500 mW
Differential Input Voltage + 30V
Input Voltage (Note 1) + 15V

—65°C to +150°C
0°C to +70°C

Storage Temperature Range
Operating Temperature Range

GENERAL DESCRIPTION — The type 741C is a high performance
monolithic differential amplifier constructed on a single silicon chip.
It is intended for a wide range of analog applications. The high gain
and wide range of operating voltages provide excellent performance in
integrator, summing amplifier, and general feedback applications. The
741C is short<circuit protected and requires no external components
for frequency compensation. The internal 6 dB/octave roll-off insures
stability in closed loop applications.

Lead Temperature (Soldering, 60 sec) 300°cC
Output Short-Circuit Duration (Note 2) Indefinite
NOTE 1: For Supply Voltages less than + 15V, the OPEN LOOP OPEN LOOP
absolute maximum input voltage is equal to VOLTAGE GAIN FREQUENCY RESPONSE
the Supply Voltage. 15 -}
NOTE 2: Short circuit may be to ground or either supply. ol - 1,3
[ B 2] sem i 105 ]
= =
w2 JH] =l - U o P w0
f s / s
et i =L 080 g5 o
: - 3
it " o fa LA " a E
uou-mvzlrmc?: . To = ouTPUT Ll = / 2
L
V-3¢ ) == il i
-2
w7 [} el mo 2 4 6 8 0 2 4 6 B X 1 00 Kk Kk 0K M IOM
s FREQUENCY - Hz
CONNECTION DIAGRAM CONNECTOR SUPPLY VOLTAGE (V)
Inverting
Input
L 4 2 4 +—O V+
Q8 Q12
Q9
Non-Inverting R7 ¢
Input
30 pf 4,5K
—
RS § R8
39K Z-5K
Output s
Q10 Q11 | Q16 R10
, ( E > 50
17
Offset Q
Null
i Q22| Ri2 R11
SK Q20
SO0K 50
3 & e—O V-
Offset
Null
ELECTRICAL CHARACTERISTICS (Vg= + 15V, T = 25°C unless otherwise specified)
PARAMETER CONDITIONS MIN. YR, MAX, UNITS
Input Offset Voltage Rg =~ 10k 2.0 6.0 mV
Input Offset Current 30 200 nA
Input Bias Current 200 500 nA
Input Resistance 0.3 1:0 M
Large-Signal Voltage Gain Ry = 2k, Vgt = £ 10V 20,000 100,000
Output Voltage Swing Rp - 10k 12 +14 \"
R > 2k +10 +13 Vv
Input Voltage Range +12 +413 Vv
Common Mode Rejection Ratio Rg = 10k 70 90 dB
Supply Voltage Rejection Ratio Rg ~ 10k 30 150 pv/v
Power Consumption 50 85 mW
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Type 709C

Amplifier /'/ Linear Integrated Circuit

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Internal Power Dissipation (Note 1)
Differential Input Voltage

Input Voltage

Output Short-Circuit Duration (T o = 25°C)

Storage Temperature Range
Operating Temperature Range
Lead Temperature (Soldering, 60 sec)

+ 18V

250 mw

+5.0V

+ 10V

5 sec

—65°C to +150°C
0°C to +70°C
300°C

GENERAL DESCRIPTION — The type 709C is a high-gain differential
amplifier constructed on a single silicon chip. |t features low offset, high
input impedance, large input common mode range, high output swing
under load and low power consumption. The-device displays excellent
temperature stability and will operate over a wide range of supply
voltages with little degradation of performance.

INPUT FREQUENCY

COMPENSATION
)
NOTE 1: Rating applies for ambient temperatures to +70°C. o v+
R3 R6
10K % 10K
R14
Q4 20K
Qs Q14
VOLTAGE GAIN OUTPUT VOLTAGE SWING »—-6 >
Dk |\ R . ey e ey e |
R, 2 2kQ 0°CET,S470°C | ocs1,E 9 5t R4 Q6
3K
-1 R7
- Pt R - —WA— 1K +—0 OUTPUT
< | 5 Ry R3
S0k - g ® s R 3K VWA—
g “"“/*/ z P B R1S
= W c S ol G 30K
= 5 L .
2 ./'/ = — INVERTING Qz R8 &, S
Q
s - = INPUT. o o] 3.6K OUTPUT
g sk 3w FREQUENCY
> e i RY COMPENSATION
o x 0—6 ) Q1 18k S 10K
° R NON-INVERTING 3
INPUT _ o2 {
[} 0 Q11 Q13
e e e e N TV P B e ey )
SUPPLY VOLTAGE - tV SUPPLY VOLTAGE - 32V Q10
R1l R12 ai3
2.4K 10k 375
Oy_
FREQUENCY
INPUT COMMON MOBDE RESPONSE FOR VARIOUS
VOLTAGE RANGE CLOSED-LOOP GAINS
= ©
L i S RS ? T T T
T I
i < ¢, 10%, R, -0, Gy 39 T:Bc s ki g
= o T :
- = MR = - = .
] * : § S
g AN TS g = ?ﬁmf‘.]‘ -l "Tcﬁ'-’ \ Fhea toun ] 3 12 55 coue .0_6’¢)—§E
3 // 3
e [t TN i ) E T
= : 1" Ry - 1.5k, Cp " i i
X s R ] -
§ < A L . SGLER - 9 o oureur ;
g S . C)* 00, R *1.5kD, Cy - 20 F FREQ. COMP.
2 S
S =2 MY £ sfonc
S
0 -2
9 10 1 12 13 u B 1 1k 10k 100k 1M 1M
SUERLY:VOLTACE = 2V FREQUINCY - e CONNECTION DIAGRAM CONNECTOR
ELECTRICAL CHARACTERISTICS (V4= + 15V, Ta = 25°C unless otherwise specified)
PARAMETER CONDITIONS MIN. TP MAX. UNITS
Input Offset Voltage Rg = 10k, + 9V ZVg = +15V 2.0 7.5 mV
Input Offset Current 100 500 nA
Input Bias Current 0.3 35 HA
Input Resistance 50 250 k
Output Resistance 150
Large-Signal Voltage Gain R > 2k, Voyt= £ 10V 15,000 45,000
Output Voltage Swing Rp > 10k + 12 +14 A\
R - 2k +10 +13 \Y
Input Voltage Range +8.0 +10 A\
Common Mode Rejection Ratio Rg = 10k 65 90 dB
Supply Voltage Rejection Ratio Rg =710k 25 200 uv/v
Power Consumption 80 200 mW




Type 301A

Amplifier/Linear Integrated Circuit

980415

The type 301A is a general purpose differential, integrated-circuit amplifier which features low
input currents and low temperature drift of the input current. The amplifier is provided with
overload protection on the input and output and will not latch-up when the common mode range
is exceeded. The open loop response is rolled off externally with the use of a 30 pf capacitor.

This allows the compensation to be tailored to a particular application. The unit provides excellent
accuracy and low noise in high impedance circuitry. The low input currents make it particularly
well suited for long interval integrators or timers.

absolute maximum ratings connection diagram
Supply Voltage +18V
Power Dissipation (Note 1) 500 mW COMPENSATION
Differential Input Voltage 30V
Input Voltage (Note 2) 15V BALANCE vt
Output Short-Circuit Duration (Note 3) Indefinite
Operating Temperature Range 0°C to 70°C ouTPUT
INPUTS L
BALANCE
electrical characteristics (Note 4) S S
PARAMETER CONDITIONS MIN | TYP | MAX | UNITS i el
Input Resistance To=25"C 08 2 MQ
Supply Current Ta=25°C, Vg =15V 1.8 =30 mA
Open Loo|
Input Offset Voltage | Rg <50 kQ 10 | mv o ticoy Resbinis
Input Offset Current 70 nA 120
: Ta =25°C
Input Bias Current 300 nA = 1 v:,ﬂsv"
-]
Large Signal Voltage | Vg =215V, Vot =110V s "
Gain RL>2kQ 15 V/mV S 60
= o Cy=3pF
Output Voltage Swing | Vg =+15V, R, = 10kQ | 212 | #1 v S a0
RL =2k +10 2z Vv g 20 o o
=30p
Input Voltage Range | Vg=%£15V +12 \% 0 ' \\
Common Mode 20 N
Rejection Ratio Rg < 50 k2 70 | 90 dB 110 100 1K 10K 100K-1M 10M
FREQUENCY (H:
Supply Voltage 5.
Rejection Ratio Rs <50 k2 70| 96 dB
Voltage Gain
120
= 110
Note 1: For operating at elevated temperatures, the device must be derated based = 1a=25 (4
on a 100°C maximum junction temperature and a thermal resistance of 150°C/W 5 = e
junction to ambient or 45°C/W junction to case. © 100
Note 2: For supply voltages less than £15V, the absolute maximum input voltage E’
is equal to the supply voltage. —
Note 3: Continuous short circuit is allowed for case temperatures to 70°C and 2=
ambient temperatures to 55°C.
Note 4: These specifications apply for o°c STA< 70°C, iSV,SVS < 15V and 80
C1 = 30 pF unless otherwise specified. S 5 10 15
SUPPLY VOLTAGE (V)
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Decoder Display Driver
Digit Rl 2K
G (Lo 5 bd s 6 7 R, 4K
tlht e Rt T8 0 R, oK
lEE s S e e e Vot +0.4V Max.
Input :
AR A R e e Von +1.0V Min.
gy p iy i e e s It 10.0 Ma Max.
1 = Vee 0 = Gnd LR +4.4V + 25%
gr Soadp ol S IF 80 0 i =
I \ l l | | I l | | L ]16
e
e e Z7 254 L ]
] H
16 I C .
= 1
8—1{ Gnd O ]
I L Iy Ig = |
| 8] 9
6 7 15 14

O
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980415 |
= Buffer Storage Unit
NS
Gate I Z Z ngfe mp 16-Vec
Z
L Ia L2 15:]Id
L H H L za [:2 i;l%zd
H JANY | & F O = L 2
b 5 12t 124
 H= HIGH b e 11T
L= 1LOW . . Hic
Q = THE STATE ASSUMED PRIOR TO b L}7 1001z
"GATE HIGH" IS MAINTAINED . GND []38 9l
%z =z Zh Z5 2 2% Zd Z4
o e = T e -]
| l
l | | l | | =
| FF FF FF FF |
| _ |
|
| l
| |
mEE e s - - =
) o) o)
Gate Ia Ib IC Id
Eb Zp
FFb
o61lb —Yl7
Zc Zc
e
FFc¢
610
Zd ? ? zd
| Fra
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980415 CuL 9958
Decade Counter
o/
Bl 14 [V
COUNT (H=High, I=Low) 7. [ 12 13 O
61 - 3 A 5.6 7 &89 8
24 L3 12 [JReset
Zl |H|L|H|L|H|L|H|L|H|L 2. Oa 1k
Z) |H|H|L|L|H|H|L|L|H|H 2
z, Os 10 [
Zg |H|H|H|H|L|L|L|L|H|H
[]6 9 L1 Count
Zg |H|H|H|H|H|H|HH|L|L Gnd 7 s O
Z1 Zy Z Zg
Reset T ? ?
E.P. F.rF. F.F. F.F.
o L
Count
Vce Zn
1.2K i 800 ohm Qutput
AN AN/ Py
1.5K 1.8K
® AVAVAV >< AVAVAV. ®
N 500 ohm 500 ohm N

From Zp_1
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Triple 3 - Input Gate
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MC 817P /MC 824P
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Quad 2 - Input Nor Gate
MC817P MC824P Inputs Output
Rj 1..5K 450 Ohms Iz e e 1014213 <35 | 8114
R, 3.6K 640 Ohms olo 1
Vo 0.46 Max 1lo0 0
Von 0.85 Min e 5
vout 0.3 Max = -
e 3.6 + 10%
0|0 1
1|0 0
e Dig 0
£
= 2 — 111 0
1] 71 14
. ] B 00 1
O ] 7 =a 10 0
= B il 0
O ] 9 _|
o '] 8 : 0lo0 1
12 1|8 0
.
13 01 0
i % 0
1 5 8 Vee 14
T I I K
R2 R2 R2 R2
R1 R1 R1 %Rl %Rl R1 R1 R1
_ Gnd
1 2 6 7 9 10 12 13 4
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Dual 3-K Flip-Flop
R1 450 Ohms
R2 640 Ohms 3 S Q 13
S
R 510 Ohms
3 2 i
1 14
R 225 Ohms - -
4 1 C g @ 14 = ]
R 300 Oh
5 = = |
Voff +0.46V Max 12 ] ]
v +0.85V Min = E
v +0.3V Max S s Q 9 O u
out
- +3.6V + 10% 6 70 18
f 4 mHz 7. 8
tog n C cd Q
10
TN TN + 1 NOTES: :
(Note 2) (Note 2) 1. Direct input Cd must be low.
3 C Q 6- 2. The time period prior to the negative transition
?I;T te 3) of the clock pulse is denoted Tn and the time
1 1 QN3<—61\T__A g period subsequent to this transition is denoted
Tnt+l. :
1 0 1 0 3. Qn is the state of the Q output in the time
period Tn. :
0 1 0 1 4. Clock Pulse (T) inputs must have a fall time
within the range of 10ns to 100ns. Fall time
0 0 ON QN3 is a straightline function from 1V to ground.
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Hex Inverter

1 HO = n 14
O] -
Ry 450 ohm O ]
E =
R, 640 ohm -- —~
O &
7 O Bl g
INPUT OUTPUT
4 >O . 8|9 (10(12]13|14 74605 13|21
0 1
9 >C 6 1 0
0
10 >¢ 5 1 0
0 1
17 >O 3 1 0
0 1
13 >o e 1 0
0
14 >c ! 1 0
0 1
1
Vcc
Tll i P2
R, 2 R,
R R, R R, R, Rl

14 13 12 10 - 8 4
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" Multifunction
(J-K flip-flop, 1 expander TN TN + 1 :
' Buffer Section
2 buffers) (Note 2) (Note 2) - ;
— | (Note 3) Input Output
Rl 450 Ohms S C Q o)
R 640 Oh - = L 134 (2 {1
2 T 1 1 [|on®ToN
R3 510 Ohms
1 0 1 0 0 1
Ry 225 Ohms 1 0
R 100 Ohms Lo e B L 0 1
0 0o |on |on® : 0
BCiES - =
1. Direct input Cd must be low
2. The time period prior to the
14 : — 13 negative transition of the
clock pulse is denoted Tn
and the time period subse- U,
1 >>— 2 quent to this transition is 2 M 14
denoted Tn +1.
3. Qn is the state of the Q L B
o = 312 output in the time period Tn. = ]
4, Clock Pulse (T) inputs must = =
: have a fall time within the
9 L ag range of 10 ns to 100 ns. = ]
Qe 2 | Fall time i ightli ;
L dT all time is a straightline O B
7ty Der R s Lo mlf
| NOTE: Collector load on expander
el R output (pin 12) must not be lower
than 640 ohms.
co Q vcc Q
120 130 IOT [oX:] IIT o8
% Rz | Rz %
R2 RS RS R2 Rl Yoy : ”‘

e
Sl Q)

© 16
O+ 1| O QK

%
%
@g\ﬁ
2
B
=
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RU3
POS. FULL SCALE
ADJUSTMENT

R29
INTEGRATOR ZERO
ADJUSTMENT

10V AC RANGE,

CALIBRATION ADJUSTMENT

R70

1.0V DC RANGE
CALIB. ADJUSTMENT

R77

0.1V DC RANGE
CALIB. ADJUSTMENT

R13
100V & 1000V
DC RANGE CALIBRATION
ADJUSTMENT

R-26
ISOLATOR CURRENT
ZERO ADJUSTMENT

Figure 5.1 Calibration Adjustments

100V AC RANGE,

RU49 R3L
NEG. FULL SCALE 10,000 KILOHM RANGE
ADJUSTMENT CALIBRATION ADJUSTMENT

RS R3 c8
4OOHZ 1000V AC RANGE, H400HZ 100V AC RANGE,
CALIBRATION ADJUSTMENT CALIBRATION ADJUSTMENT CALTBRATION ADJUSTMENT

R8

c3
1000V AC RANGE, 10KHZ
CALIBRATION ADJUSTMENT

+3.6V POWER SUPPLY
ADJUSTMENT

RS54
1000 OHM RANGE
CALIBRATION ADJUSTMENT

R30
1000 KILOHM RANGE
CALIBRATION ADJUSTMENT

R23
100 KILOHM RANGE
CALIBRATION ADJUSTMENT

R15
10 KILOHM RANGE
CALIBRATION ADJUSTMENT

Cc10
10V AC RANGE, 10KHZ
CALIBRATION ADJUSTMENT

R18
1V AC RANGE, H400HZ
CALIBRATION ADJUSTMENT

c12
1V AC RANGE, 10KHZ
CALIBRATION ADJUSTMENT
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CALIBRATION

5.1 INTRODUCTION

5.2 This calibration procedure is designed to
keep the model 4500-350 DMM operating within
its specifications. Any necessary maintenance
should be done prior to calibration. The calibra-
tion steps in this procedure rely on the adjusted
accuracy of the preceding step, therefore care must
be taken to make each adjustment in the order
that it appears in this procedure.

5.3 EQUIPMENT REQUIRED

5.4 The following equipment, or an acceptable
equivalent, is required for DMM calibration and is
listed in the order of use. The test equipment
specifications listed are recommended by Dana as
necessary to give satisfactory calibration.

l. Basic DC Calibration of the Instrument

(a) A precision DC voltage standard (calibra-
tor) variable from 0 to 1000 volts having a
resolution of 100 microvolts or better at
10 volts (10 PPM), and an accuracy of
.003% with a stability of .001%. For
example, the Fluke model 332A or the
Cohu model 351.

(b) A guarded absolute ratio voltbox capable
of precision voltage division of 100:1,
10:1 and 1:1 with a resolution of 2 part
per million. The input resistance should be
B0 kilohms, minimum, at a ratio of 10:1
and 500 kilohms, minimum, at a ratio of
100:1. An ESI| model 1040 A is recom-
mended. (This instrument, when used in
conjunction with the DC standard and a
standard cell traceable to N.B.S., can nor-
malize the DC standard to the traceable
source).

(c)

(d)

(a)

(b)

1.

(a)

5.5

(b)

A precision decade voltage divider capable
of 10:1 and 100:1 division, having an
input resistance of 10,000 ohms minimum,
an output resistance of 5000 ohms maxi-
mum, and an accuracy of .005% or better.
For example, the ESI model RV-622A.

A one megohm 5% carbon resistor.

AC Calibration (required only if the instru-
ment has the AC option)

An AC laboratory power source, variable
from 0 to 500 volts and 50 Hz to 10 kHz,
having a resolution better than 100 PPM,
harmonic distortion of 0.1% or less and a
stability of .01%. For example, the Opti-
mation type AC 104, (oscillator, matching
transformer, and power amplifier).

An AC/DC laboratory transfer standard
(for calibration of the AC source) having
an accuracy of .05% or better. For exam-
ple, the Holt Model 6 Thermal Transfer
Voltmeter.

Ohms Calibration (required only if the
instrument has the OHMS option.)

Standard resistors: 1K, 10K, 100K, and
1 Megohm with value known to within
.005%; and a 10 Megohm with value known

to within .01%. For-example, the ESI SR 1
series standard resistors.

TOOLS
An insulated blade-type calibration tool.

A No. 1 Phillips screwdriver.

51
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5.6

(a)

(b)

(c)

(d)

5.7

(a)

(b)

5.2

PREPARATION

Remove the two screws which secure the
top and bottom covers of the instrument.
Slide (only) the top cover back and re-
move it.

Set the DMM controls as follows:

Function: DC volts

Range: Auto

Ext Ref Switch (on rear panel):
applicable)

Out (if

Set the OFF-ON-HOLD switch on the front
of the instrument to the ON position.

Connect the GUARD terminal on the
front of the instrument to the LO input
terminal. Connect a test lead to the HI
(only) input terminal of the instrument.

POWER SUPPLY CHECK (Refer to Figure
5.2)

Using the test lead installed in the preced-
ing step (5.6-d), the instrument can mea-
sure its own operating voltages at the four
test points listed below. If any of the
voltages do not measure within the toler-
ances indicated the defective power supply
must be repaired before any further cali-
bration is attempted. (NOTE: The uncali-
brated accuracy of the instrument is nor-
mally adequate for measuring these voltages
within the specified limits unless the unit
in need of repair.)

Test Point Voltage
D +15 volts + 10%
H -20 volts + 10%
N -15 volts + 10%
X +3.6 volts +0.1 volt (If not

within tolerance, adjust poten-
tiometer R-8 on the Power
Supply Module to set the vol-
tage to +3.6 volts)

Remove the test lead from the “HI’" input
terminal.

(c)

(d)

5.8

(a)

(b)

59

(a)

(b)

(c)

(d)

Short the ““H1"" and the “LO" input termin-
als of the instrument together. (NOTE:
This clip lead must use plain, unplated
copper clips. Cadmium plated clips act
like thermocouples, generating enough vol-
tage to cause several digits of zeroing error
in some cases.)

Replace the top cover on the unit and allow
at least 30 minutes for the instrument to
reach a stable internal ambient operating
temperature.

ANALOG ZERO ADJUSTMENT

With the two input terminals jumpered
together, place the instrument (manually)
in the 10 volt DC range. Carefully note the
reading indicated on the instrument’s read-
out.

Now place the instrument in the 0.1 volt
DC range and adjust the ZERO OFFSET
potentiometer on the front of the Signal
Conditioning Module to obtain a reading
within + 1 digit of the reading noted in

step “‘a’’ above.

INTEGRATOR ZERO ADJUSTMENT (Re-
fer to Figure 5.1)

With the input terminals on the front of the
instrument jumpered together, manually
place the instrument in the 10 volt DC
range.

Slide the top cover of the instrument back
just enough to expose potentiometer R-29
(integrator zero adjustment potentiometer).

Adjust R-29 so that the readout indicates
00.000 with the polarity indicators “bounc-
ing’’ between + and -, then slightly clock-
wise for a steady “‘+'' polarity indication
and all zeros in the readout.

Slide the top cover forward over the instru-
ment and allow a minimum of five minutes
for the internal temperature to re-stabilize.



(e)

(f)
(9)

(h)

5.10

(a)

(b)

(c)

(d)

(e)

(f)

After five minutes, verify that the readout
still indicates a good steady reading of
“plus’”’ and all zeros (+00.000).

Remove the short from the input terminals.

Connect the test equipment and the instru-
ment under calibration as shown in figure
5.2. Connect the test leads from the
decade voltage divider to the DMM such
that the input voltage to the DMM will be
of negative polarity.

Set the absolute ratio voltbox to 0.01
(100:1). Set the decade voltage divider to
,002000. This applies an input signal of
-0.00020 volt to the DMM. If the adjust-
ment of R-29 is correct the polarity indica-
tor should switch from + to - with an input
of 0.0002 volt, If the polarity indication
does not change, R-29 is set too far clock-
wise and steps 5.7-a through 5.9-f must be
repeated before proceeding to the next
step.

VOLTAGE CALIBRATION OF THE DIGI—-
TIZING AND DISPLAY MODULE (Refer
to Figure 5.1.) ‘

Set the absolute ratio voltbox to 1.0 (1:1).
Set the decade voltage divider to .999950.
This applies an input signal of -9.99950
volts to the DMM.

Slide the top cover of the instrument back
just enough to expose potentiometer R-43
(negative full scale adjustment potentio-
meter).

Adjust R-43 so that the indication on the
readout is ““bouncing’’ between -09.999 and
-10.000.

Slide the top cover forward over the instru-
ment.

Reverse the polarity of the input signal
so that it is now +9.9995 volts.

Slide the top cover of the instrument back
just enough to expose potentiometer R-49

(g)

(h)

(i)

B5.11

(a)

(b)
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_ (positive full scale adjustment potentio-

meter).

Adjust R-49 so that the readout is “bounc-
ing”’ between +09.999 and +10.000.

Slide the top cover forward over the instru-
ment and wait a minimum of five minutes
to allow the internal temperature to re-
stabilize.

Verify that the indication on the instru-
ment’s readout will still ““‘bounce’ between
+09.999 and +10.000 with an input signal
of from +9.9994 to +9.9996 volts. Simi-
larly verify that the reading will “bounce”
between -09.999 and -10.000 with an input
signal of from -9.9994 to -9.9996 volts.
If necessary, repeat the adjustments of
R-43 and R-50 outlined in steps 5.10-a
through 5.10-h to obtain the specified
readings.

LINEARITY TEST (NOTE: There are no
adjustments to be made in section 5.11.
These tests are included to verify the over-
all accuracy of the instrument up to this
point.)

Set the DMIVI controls as follows:

Function: DC

Range: 10

Ratio X10 Switch (on rear panel): Out (if
applicable)

Verify the DMM readout for the following
input voltages:

Voltage Input DMM Readout

-11.9950 111.995 + 1 digit
-10.0000 -10.000 + 1 digit
- 9.0000 09.000 + 1 digit
- 8.0000 08.000 + 1 digit
- 7.0000 07.000 * 1 digit
- 6.0000 06.000 *+ 1 digit
- 5.0000 05,000 + 1 digit
- 4.0000 04000 + 1 digit
- 3.0000 03.000 + 1 digit
- 2.0000 02.000 + 1 digit
- 1.0000 01.000 + 1 digit
0.0000 +00.000 + 1 digit

5-3
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(c)

Voltage Standard Input

NOTE:

Reverse the polarity of the input to the
DMM and verify the readout for the
following input voltages:

DMM Readout

+1.00000 +01.000 + 1 digit
+2.00000 +02.000 + 1 digit
+3.00000 +03.000 + 1 digit
+4.00000 +04.000 + 1 digit
+5.00000 +05.000 + 1 digit
+6.00000 +06.000 + 1 digit
+7.00000 +07.000 + 1 digit
+8.00000 +08.000 + 1 digit
+9.00000 +09.000 + 1 digit
+10.0000 +10.000 + 1 digit
+11.9950 +11.995 + 1 digit
0.0000 +00.000 + 1 digit

If the instrument is not within the

tolerance indicated in the above tests, the adjust-
ments in sections 5.8 through 5.10 must be re-

checked for error.

If this does not correct the

problem, the instrument is in need of repair.

(d)

5.12

(a)

(b)

5-4

Disconnect the DMM from the voltage
standard.

TEST OF THE “RATIO” MEASURE-
MENT ACCURACY (NOTE: If the instru-
ment is not equipped with the optional
RATIO feature, disregard this section and
proceed to Section 5.13).

Connect the instrument to a stable source
of approximately 10 volts as shown in
figure 5.3. (10V + 10%).

Place the instrument in the “‘ratio” func-
tion by pressing the RATIO X10 push-
button located on the rear panel.

Place the instrument in the 10 volt DC
range.

Verify that the readout indicates 10.000
+ 3 digits.

Adjust the voltage of the stable voltage
source to approximately one volt. (1V
+ 10%)

()

(g)

5.13

(a)

(b)

(c)

(e)

(f)
(a)

Verify that the readout indicates 10.000
+ 30 digits.

NOTE: If the instrument is not within the
tolerances indicated in the above tests, re-
check the adjustments outlined in sections
5.8 through 5.10 for error. If this does not
correct the problem the instrument is in
need of repair.

Switch the RATIO X10 pushbutton to
“out’” and disconnect the reference and
signal input leads from the instrument.

ADJUSTMENT OF ANALOG CURRENT
ZERO (Refer to Figure 5.1.)

Place the instrument on its side in a manner
such that the adjustment potentiometers
located on the bottom side of the Signal
Conditioning Module can be adjusted when
the bottom cover has been slid back far
enough to expose them. Leave the bottom
cover in place at this time.

Place the instrument in the DC VOLTS
function and manually select the lowest
range.

Connect a 1 Megohm 5% carbon resistor
across the input terminals of the instrument
by loosening the binding posts, placing the
resistor leads through the binding post
holes and tightening the binding posts on
the resistor leads.

Connect a short clip lead across the input
terminals of the instrument. (NOTE:
This clip lead must use plain, unplated
copper clips. Cadmium plated clips act
like thermocouples, generating enough vol-
tage to cause several digits of zeroing
error in some cases.)

Adjust the front panel ZERO OFFSET
potentiometer for a reading of +.00000.

Remove the clip lead.

Slide the bottom cover of the instrument
back just enough to expose potentiometer



(h)
(i)
(i)

5.14

(a)

(b)

(c)

(d)
{e)

(f)
(g)

(h)

R-26 (the Isolator Current Zero potentio-
meter).

Adjust R-26 to obtain a reading of .00000
+ 2 digits

Re-check steps d through h above to
eliminate any interaction.

Remove the 1 Megohm resistor from the
DMM input terminals.

DC VOLTAGE CALIBRATION OF THE
SIGNAL CONDITIONING MODULE (Re-
fer to Figure 5.1.)

Connect the test equipment and the instru-
ment under calibration as shown in figure

5.2. Set all dials on the voltage standard

and decade voltage divider to zero.
Set the DMM controls as follows:

Function: DC Volts

Range: Auto

Ratio X10 Switch (rear panel): Out (if
applicable) :

Verify that the DMM readout indicates
all zeros and “‘bounces’” between + and -
polarity indicators. |f necessary adjust the
ZERO QFFSET potentiometer on the front
of the instrument.

Set the DC voltage standard to -10.0000
volts.

Set the absolute ratio voltbox to X.01
(100:1).

Set the decade voltage divider to .999950.

Slide the bottom cover of the instrument
back just enough to expose the calibration
potentiometers on the bottom of the signal
conditioning module.

Adjust potentiometer R-77 (the 0.1 volt
adjustment potentiometer) so that the indi-

cation on the readout is “bouncing” be-
tween -.09999 and -.10000.

(i)

(i)

(1)

(m)

(n)

(p)

(q)

980415

Set the absolute ratio voltbox to X.1
(10:1).

Adjust potentiometer R-70 (the 1V DC
range calibration potentiometer) so that
the indication on the readout is ““bounc-
ing"”’ between -0.9999 and -1.0000.

Set the absolute ratio voltbox to X.01
(100:1) or disconnect it from the DC
voltage standard.

Connect the DMM input directly to the
DC voltage standard as shown in figure
5.4,

Adjust the output of the DC voltage
standard to -99.995 volts.

Adjust potentiometer R-13 (the 100 and
1000 volt adjustment potentiometer) so
that the indication on the readout is
“bouncing” between -099.99 and -100.00.

Adjust the output of the DC voltage
standard to zero volts.

Slide the bottom cover of the instrument
forward into place and set the instrument
in an upright position. Allow five minutes
for the operating temperature of the instru-
ment to re-stabilize.

Verify the accuracy of each range by fol-
lowing the tests in table 5.1.

+1.00000 volt
+.100000 volt3

Table 5.1
Set DC Voltage Standard Instrument Readout
To Should Indicate
+1000.00 volts +1000.0 + 1 digit]
+100.000 volts +100.00 + 1 digit!
+10.0000 volts +10.000 + O digits2

+1.0000 + 1 digit!
+.10000 + 1 digit]

-.100000 volt3 -.10000 + 1 digit]
- 1.00000 volt - 1.0000 + 1 digit]
- -10.0000 volts - 10.000 + 0 digits2
- 100.000 volts - 100.00 + 1 digit!
- 1000.00 volts - 1000.0 + 1 digit]
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NOTES

(r)

(s)

5.15

(a)

(b)

1)  If the DMM readout is not within the
specified accuracy, re-check the adjust-
ments outlined in Section 5.14,

2) If the DMM readout is not within the
specified accuracy, re-check the adjust-
ments outlined in Section 5.10.

3) It is necessary to use a 10:1 voltage
divider out of the DC voltage stand-
ard to reduce noise and increase accur-
acy.

Remove the DMM input leads from the
DC voltage standard

Reduce the output voltage of the DC vol-
tage standard to zero volts.

AC VOLTAGE CALIBRATION OF THE
SIGNAL CONDITIONING MODULE (Re-
fer to Figure 5.1)

(NOTE: If the instrument is not equipped
with the optional AC feature, disregard
this section and proceed to section 5.16.)

Set the DMM controls as follows:

Function: AC volts

Range: Auto

Ratio X10 Switch (on rear panel): Out (If
applicable)

Connect the DC voltage standard, thermal
transfer voltmeter, AC laboratory source,
and the DMM under calibration, as illustra-
ted in figure 5.5.

NOTE: There are eight distinct steps in the
calibration of the AC Converter. They
must be performed in sequence. All eight
steps are shown in table 5.2. Sections
5.15-¢ through 5.15-h, which follow, give
detailed instructions on how to perform
step one. The remaining steps (2 through
8) are simply repeats of the same process at
different voltages and frequencies and ad-
justing different controls. These differ-
ences are listed in table 5.2.

(c)

(d)

(e)

(f)

(a)

(h)

Switch the thermal transfer voltmeter to
DC input.

Adjust the DC voltage standard for an
output of +1 volt.

Null the thermal transfer voltmeter. Allow
sufficient time for the thermocouple in the
voltmeter to stabilize.

Switch the thermal transfer voltmeter to
AC input and apply a 1 volt RMS, 400 Hz
sine wave signal from the AC laboratory
source. Adjust the amplitude controls on
the AC source to produce the same null on
the thermal transfer voltmeter as with 1
volt DC.

Slide the top cover of the instrument back
far enough to expose the calibration con-
trols on the top of the Signal Conditioning
Module. (NOTE: If the instrument under
calibration is a model 4570 it will be
necessary to extend the Signal Conditioning
Module forward, using extender kit no.
403017.)

Adjust potentiometer R-118 on the top of
the Signal Conditioning Module to obtain
a reading of 1.0000 _ 1 digit on the instru-
ments readout.

You have now completed step one of the
eight steps required for calibration of the
AC converter. Repeat the same general
procedure outlined in steps c through h
above for each of the remaining calibra-
tion steps listed in table 5.2. Change the
voltage and frequency, as indicated, for
each range.

(NOTE: Other techniques using an AC
calibrator or a standardized digital volt-
meter will perform this calibration proce-
dure equally as well. Figure 5.6 illustrates
the use of a Dana model 5700 DVM as the
standardized digital voltmeter in such an
application. This arrangement provides a
direct reading capability.)
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Table 5.2
Step AC Input Signal Adjust Readou_t Should Romarks
Voltage Frequency Indicate
1 1.00000V 400 Hz R118 0.999 to 1.0001 1V Low Frequency
2 500.00V 400 Hz R103 0499.9 to 0500.1 1000V Low Freq.
3 500.00V 10 kHz Cc103 0499.9 to 0500.1 1000V High Freq.
4 1.00000V 10 kHz C112 0.9999 to 1.0001 1V High Freq.
5 10.0000V 400 Hz R107 09.999 to 10.001 10V Low Freg.
6 10.0000V 10 kHz C110 09.999 to 10.001 10V High Freq.
7 100.000V 400 Hz R105 099.99 to 100.01 100V Low Freq.
8 100.000V 10 kHz C108 099.99 to 100.01 100V High Freq.
Table 5.3 5
If the Input The maximum The maximum The maximum The maximum
Signal, on any number of digits | number of digits | number of digits number of digits
given range, error from 50 Hz | error from 100 error from 5 kHz | error from 20 kHz
is: to 100 Hz is: Hz to 5 kHz is: to 20 kHz is: to 100 kHz is:
0% of full scale + b digits + 2 digits + b digits + 10 digits
(Input shorted)
10% of full scale + 8 digits + 3 digits + 10 digits + 30 digits*
20% of full scale + 10 digits + 4 digits + 15 digits + b0 digits
30% of full scale + 13 digits + 5 digits + 20 digits + 70 digits
40% of full scale + 15 digits + 6 digits + 25 digits™ + 90 digits
50% of full scale + 18 digits* + 7 digits® + 30 digits + 110 digits
60% of full scale + 20 digits + 8 digits + 3b digits + 130 digits
70% of full scale + 23 digits + 9 digits + 40 digits + 150 digits
80% of full scale + 25 digits + 10 digits + 45 digits + 170 digits
90% of full scale + 28 digits + 11 digits + 50 digits + 190 digits
100% of full scale + 30 digits + 12 digits + 55 digits + 210 digits
110% of full scale + 33 digits + 13 digits + 60 digits + 230 digits
120% of full scale + 3b digits + 14 digits + 65 digits + 250 digits
Frequency Maximum AC Input Voltage
50 Hz to 10 kHz 500 V RMS
20 kHz 455 V RMS
30 kHz 415 V RMS
40 kHz 370 V RMS
50 kHz 325 V RMS
Table 5.4 60 kHz 275 V RMS
70 kHz 230 V RMS
Maximum percentage of full scale AC RMS input 80 kHz 190 V RMS
on the 1000 V AC range is 500 V RMS from 50 Hz 90 kHz 145 V RMS
to 10 kHz decreasing to 100 V RMS at 100 kHz. 100 kHz 100 V RMS

5-7
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(i)

5.16

(a)

(b)

(c)

(d)

(e)

5-8

The calibration of the AC converter is now
complete. A check of the accuracy of the
instrument at other freguencies and vol-
tages than those listed in table 5.2 may be
referring to table 5.3. This step is not
necessary to the calibration of the AC
converter, however certain user applications
may require a more exact knowledge of the
instruments accuracy at specific voltages
and frequencies

OHMS CALIBRATION OF THE SIGNAL
CONDITIONING MODULE (Refer to Fig-
ure 5.1)

(NOTE: If the instrument is not equipped
with the optional OHMS feature, the cali-
bration is now concluded).

Clip the input leads on the end of the
instrument’s input cable together.

Set the DMM controls as follows:

Function: DC

Range: Auto

Ratio X10 Switch (on rear panel): Out (If
applicable)

The instrument should auto-range to the
lowest range and read .00000.

Adjust the ZERO OFFSET potentiometer
on the front of the instrument so that the
polarity indicators are ““bouncing’” between
+and -.

Select the OHMS function. The instrument
should now indicate 0.0000 plus the resis-
tance of the input cable. This resistance
may give an offset of one or two digits
from zero. Carefully note the exact am-
ount of this offset (if any).

(f)

()

(h)

(i)

(k)

(n

(m)

(n)

(p)

Connect the test leads to the 1000 ohm
standard resistor.

Adjust the 1 Kilohm range calibration
control (R-64) so that the instrument indi-
cates the exact value of the standard resis-
tor plus the number of digits offset noted
in step c above (the resistance of the
input cable).

Connect the test leads to the 10 Megohm
standard resistor.

Adjust the 10,000 Kilohm range calibration
control (R-34) so that the instrument indi-
cates the exact value of the standard resis-
tor.

Adjust the 10 Kilohm range calibration
control (R-15) so that the instrument indi-
cates the exact value of the standard resis-
tor.

Connect the test leads to the 100 Kilohm
standard resistor.

Adjust the 100 Kilohm calibration control
(R-23) so that the instrument indicates the
exact value of the standard resistor.

Connect the test leads to the 1 Megohm
standard resistor.

Adjust the 1000 Kilohm calibration control
(R-30) so that the instrument indicates the
exact value of the standard resistor.

Re-check steps e through o above and
repeat any adjustments necessary until the
instrument indicates correctly on each range
without further adjustment.
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Figure 5.3 - Ratio measurement accuracy test setup
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Figure 5.4 - Setup for 100V and 1000V DC range calibration

5-11



980415 R o S e e g ‘:
: O 0 0O 0 ) I
|
: AC SOURCE |
| e ettt =1
: O
| o s e o O
| 5 .
{ o 0 |
R e e e e e e am e o hee iy
BC VOLTAGE STANDARD
0000000
Q 0O O
O O

12

4
o
,_
(S»QDG
>
(o]
o]
O &0

o o o B9 .0

THERMAL TRANSFER VOLTMETER

4530 UNDER CALIBRATION

GUARD TERMINAL
STRAPPED TO LOW
INPUT TERMINAL

Figure 5.5 - Setup for AC calibration



REFERENCE DVM (STANDARDIZED)

| |o o o
o o0 9o
|

LABORATORY AC SOURCE

4530 UNDER CALIBRATION

GUARD TERMINAL
STRAFPED TO LOW
INPUT TERMINAL

Figure 5.6 - Attenuate setup for AC calibration

980415

5-13



6.1

SECTION 6
DRAWINGS

DRAWINGS

DVM 4530 Full Rack Assembly
DVM 4570 Half Rack Assembly
Readout Assembly

Readout Schematic

Power Supply, Assembly 4530
Power Supply, Assembly 4570

PCB Assembly, Power Supply 4530
PCB Assembly, Power Supply 4570
Power Supply, Schematic

PCB Assembly, Isolator

Isolator, Schematic

Ohms Converter Assembly

PCB Assembly, Ohms Converter
Ohms Converter, Schematic

AC Converter Assembly-

PCB Assembly, AC Converter

AC Converter, Schematic

AC & Ohms Converter Assembly
PCB Assembly, AC & Ohms Converter
AC & Ohms Converter, Schematic
PCB Assembly, Printer Output
Printer Output, Schematic

Ratio Option 04

Analog Signal Output Option 06
Rear Input Assembly 350-1

Rear Input Assembly 4500

Power Supply Assembly 220/240V
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DIMENSIONS ARE IN INCHES AN E][E]-E
INCLUDE. TRICKNESS 'OF PLATING ®

DANA LABORATORIES INC.
IRVINE, CALIFORNIA

30’ | DIAMETERS | CHECK
D 004

e | o | o o reree® £33l o C BOARD  ASSY POWER

4
XX 020 FORME| + CETI
3 REF SCHEMATIC NO. 430842, oot | "To” | Lot D;N [ Fota] SUPPLY ™ FULL RACK
- .
A\ COMPONENTS LOCATED FARSIDE . PER USRS YiAds |
: mor | =7
"1, ASSEMBLY PROCESSES AND PROCEDURES TO 402208 | 4620 | | | | MATERIAL g L Y i RS S W e i
CONFORM TO DANA WORKMANSHIP STANDARDS. NEXT OWG | usep oN | B | B . : 2 1D| 21793 | . 40308I £
NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD : ScAle 271 | [secrgor 9|

CHIE se034s IETERICH.POST CLEARPRINT 1080

SHE 3,4, 5 Mr A SBE



o

+
£2_ g €13 |
2 o0 o & Lt
M7/ XC 517 T T R . —

I
f REVISIONS
| 615044 LTR DESCRIPTION DR CHK | APPD
E V%CSEXJCES A | RELEASED PER DRN =876 5947 | o2
M T TRANG Y ORED S N B | CHANGED PER E.0. 4885 N Iz
920337 SILICONE ! i ¢ |ao0 note A\ CHANGE RIVET AND =™
COMPOUND BOTH  SIDES. : SCREW SIZES PER EO 4970 oz [ a7
_ | 600273
| T HEATSINK
| OO0
( | !
i ¥ 410498
' as2465— 4| ! EF
INSULATOR ~ /
' - T
617077 IID‘/—
LOCKWASHER ufn , 2 PLACES
2 PLACES
SECTION A-A
f 615043 SCREW
| 617077 LOCKWAS HER }_2 PLACES
| 617004 HEX NUT
{ 600273 HEATS INK
® 610487 STRAP-RUBBER 452465 INSULATOR
9 PLACES
600016 HEATS INK
2 PLACES |
\
, * —] N 30 6 5 5 fa ) [ —————
1 3 B B EBEEBRE | = ; ="
|
- cn ! Su . , 1| : I i :
( I |
| i | | Lo i) | | |
wJL*— + & - ol lollZl  [2F] [Sll=] la]ele] c2 |3 = | cé L
' | o ) of|o ! O v o | | I L |
2 ' YYY S¥VE T Lo -
I c4 I 1l | |
| T I | RI2 a - 1| W L |
I o
— c8 s i = Tl (S o A
l_/ . wr
: . cla | c15 9 & i sl
' S B +
e J_..vJ

A VAT / T
O lJT / 7 ] || e £19
! — 0 0
ENO FI8
f l \ \\ 610544 CAPTIVE SCREW
500043 AIR ; 500005 TIE CORD AR SWAGE NEARS]DE
600228 CONNECTOR \_
2 PLACES e s ‘_ R 410498
920006 TRANS PAD 2090
SNl t 524000 WIRE
A
UNLESS OTHERWISE SPECIFIED DANA LABORATORIES INC.
R L e DRNA,
/A\ PUT SILICONE COMPOUND 920337 ON BOTH SIDES OF | ) :
THE MICA INSULATOR PROVIDED LIITH THE 40250 PWR TRANSISTOR. ’ OLSRANCES onan [0 Weltmen [9-¢q
4. ALL RESISTORS ARE IN OHMS 1/4W, +5% CARBON, DECMALS | ANCAES | puiins [ameen |~/ .| PCBOARD ASSY POWER
. REF SCHEMATIC NO. 430842, ooxoro | AT Ge1  [orsian B, ot el
/2, COMPONENTS LOCATED FARS IDE. DIMENSIONS AND TOLERANCES | toh SUPPLY FULI— RACK
ASSEMBLY PROCESSES AND PROCEDURES TO w508 3550 7 T o] e 7t [CODE TOENT No | WG o, REV
) ccmFow 70 DANA WORKMANSHIP STANDARDS. l e eoe | osem v | | oo D|21793 40308 Ei
NOTES: UNLESS OTHERWISE SPECIFIED ‘ APPLICATION QTY REQD — I ISH_E_ET TS

DIETERICH.POST CLEARPRINT 1030

DANA 9036



600273
HEAT SINK —\
452405
INSULATOR

47 K

=}
T
L Be, E140 &3 o ®)
O E?I g2z 20
""""" 1
sSooqn ! ‘
w1 Q

#

l— 2 PLACES \

\-410516 PLR \

600228 CONNECTOR

\— 501446 CABLE

500002 TUBING
524000 WIRE

500005 NYLON TIE CORD

SECTION A-A

= REVISIONS
LTR DESCRIPTION DR CHK | APPD
" A | RELEASED PER DRN # 902 T-2\-9 =\ a .
CORRECTED 610544 MTG. INSTRUCTION [B2ve®, .
B |50 SWAGE NEARSIDE PER EO. 5018 |sevou| 77
C| RevisED PER EO 5270 F R
| D| wrvisen pPer £0 5324 o) 2,
610487 7 PLACES
STRAP RUBBER ‘
{ 1
| “
T £ EI0 ‘
O €9 EB E7 EGE5SE4 E3E2 E
— 415 UF = OO0 0000000 |
2000 UF 200V > >
= 35V 8|8
<+ O] (v« el 5[5
SlEIEE|ElE 3lals
— |
il 1 T |
4000 UF ISV
=)
+ 20 UF +
=3 L +—= -1 359V = 00245 !
2000 UF i | INSUL JUMPER ‘
3s v |
J
220K W (—
- . £260L__JOE25
A Jl o
o) I’% ]| O E E/— REW
PLACES
£23 MICA INSULATOR PROVIDED I
EIS WITH TRANSISTOR. | = m '
25uF 25V 4 920337 SILICONE Tl '
z 2 | COMPOUND BOTH SIDES. 5 <+
NP . , S
. R rmnnenay I PN : Lo
TRANS PAD 3pLAces\ 8 15 v Lll..l_l_l_J
o | | 4,
600016 JLUF 100V - i : 4104
HEATSINK 2 PLAEN ’ INSOLR &/A——-—# Re
L]
JUF o0V |- ATUF 100V — eurovv—//T c:'zy/_agg_o:m,
WBoxwasnen T : 2 PLACES
2 PLACES|

615044 SCREW
617077 LOCK WASHER 2 PLACES UNLESS OTHERWISE SPECIFIED
DANA LABORATORIES INC.
617004  HEX NUT 610544 SCREW- CAPTIVE NCLUDE THICNESS OF PLATING | | @[ﬂ[ﬂ IRVINE, CALIFORNIA
PUT SWCONE COMPOUND 920937 ON BOTH SIDES OF TWE SWRGE NEARS\DE TOLERANCES : o
MICA INSULATOR PROVIDED WITH THE 40250 PLR TRANSITOR. e T e T e WeLpman [ 7431 PC BOARD ASSY - !
3 REF SCHEMATIC NO 430842, o3 | oos0r | oiaeTers | P AL Dot sk
A CoMPONENTS LOGATED FARSIDE. S | R = sl POWER SUPPLY, HALF RACK
1
DR USAS v14.15 s :
I. ASSEMBLY PROCESSES AND PROCEDURES TO 203733 | 4570 v WATERIAL FiNSH B2 [FOK JCRE HOJ NS ho- =
CONFORM TO DANA WORKMANSHIP STANDARDS. USED ON_| o | 52 12 dudoee 70
NOTES: ‘UNLESS OTHERWISE SPECIFIED NEXT DWG on - ,, ’ D|[21793| 402725 D
APPLICATION QTY REQD ‘ e/1 |

EREE eoaves v oaT GLAT 1050




t [ REVISIONS e
{ LTR DESCRIPTION DR | CHK APPD
1 A\ | RELEASED PER DRN = 07 Ppd o i s = :4,)
| 4
! i
f |
' \
i
— 610487 7 PLACES [
/" STRAP RUBBER
[
/ &
[—i N— I n |
cs —+ l/ cu
— Nl |
—
—_— + . -
. 600245
8 INSUL JUMPER
L] | L
@]
J [ L
15044
@ c15 E Eo/—gcgﬂvczs
+
MICA INSULATOR PROVIDED - ( | -
WITH TRANSISTOR S . . <
920006 —~. —4 Cl4 - 920337 SILICONE e ;
TRANS PAD 3 PLACES "~ COMPOUND BOTH SIDES. ;
! 007
-~ REATSINK
73— - -
HEATSINK 2 PLACES 4 cl0 ¢ LH_._._.-'J
| |
. | L4 4104
9 452‘%?-—/ ' ' ReFe -
(OO . INSULATOR e
= ! ; ~— 617004
600273 — -~ = £24 = T 5|7o77_/1-.; w/ HEX NUT
Ry Q1) [H|(©/E19 £17 O o LOCKWASHER 2 PLACES
HE,:TSg 4|£¢5K o - 2 PLACES : ‘
INSULATOR SECTION A-
= _
I = !
3]
! | Bl o a 9 \ 501446 CABLE
‘ =l | ©) 81 2 500002 TUBING AR
Sl 1= £12 o 524000 WIRE

L.

s WLl bl

615044 SCRE

w
617077 LOCK rJVTASHER l*? PLACES

Y

\\— 410516

PC BOARD

600228 CONNECTOR
2 PLACES

¥ 500005 NYLON TIE CORD

UNLESS OTHERWISE SRECIFIED

DANA LABORATORIES INC.

617004 HEX N DIMENSIONS ARE IN INCHES AND @[ﬂ
N INCLUDE THICKNESS OF PLATING I IRVINE  CALIFORNIA
/4 PUT SILICONE COMPOUND 920337 ON ROTH SIDES OF THE 610544 | L TOLERANCES & -
MICA INSULATOR PROVIDED W/ITH THE 40250 PWR TRANSISTOR. SCREW CAPTIVE | owe [ UeLLman F700] [0 BOARD ASSY-
RE( SCHEMATIC NO. 4 PWAGE. NEARSIDE ) O30 | “0%50° | omerens | eneen . T ] e '
HEMATIC NO. 430842 R || TR e [IE Tile
{ ' : . ~ e DY HA O RAC
. CQMPONENTS LOCATED FARSIDE. L he POWER SUPE!lY, Harr RACK
I ASSEMBLY PROCESSES AND PROCECURES T PER USAS Y14 15 o) -
70 DARA WORKMANSHIP STANDARDS .~ ' o < 403233 [4570 [ | | | |7 waremar [ fmisw _7]on E’)‘ °‘;‘1;;;° °‘"°2i’03 505 =
NEXT | FOWAL . [ |
HNOIES. UNLESS OTHERWISE SPECIFIED NEXT_ DWO USED oN i // e ( N
| APPLICATION QTY REQD| . scate < /1| \ N [sneer 2 oF S

G vsorae B TRRY PR



. REVISIONS
LTR DESCRIPTION DR CHK | APPD
‘ A\ | RELEASED PER DRN #876 e e
| B | REVIsED PEe to 5071 ool P
, C | REVISE CONNELTION OF Ll é CV7 PR |"*<| &
| EQ 5270 et
| ‘
l |
| J | READOUT J2 MODULE
' +28V BOARD
I - C T | +esv ‘
| IRS% D S | +18.5v ‘
RG ‘
I oR W 4 5] -155v |
l P ; 3 16| -28v
T | HEATSINK
: 100V Q4 B U +36V
|
| CRI2 gl 1014 | 18 | +300v
| oV 25V I A V | +150v
| P E R | ANALOG COMMON
| I ‘[ 2 |7 | DIGITAL COMMON
| w19 i Fé s y 8| cuarp |
| 2000UF I.IOUOFV 16V * T 25UF : \
I 35V | HEATSINK R 5
| ~28V a5 14
BRN ) ) < 1009 5 4
: £3 CR;)'L El3 r 3 SIG COMMON
‘ RED pes RZ,Z A El4 E15 E
€3 150 16 C
| E7 OIUF 3w Elo EI7 .
| o . R3 S 01 D | ANALOG SIGNAL
ORG 100V o+ F2 £E23 E24
| £2 CRG ’ gig 1A | V == A 1000V RANGE
| i I8 | 100V RANGE
: + C46000UF 7 2 IOV RANGE
l 1‘ 15V 2 HEATSINK U B IV RANGE
| ‘ i M J 10,000  RANGE
~—~["40250 +3.6V
H3 | 1 ¥ L K | ©.IvRANGE
CHAsSIS| | | al R8 —2% 9 10| RATIO SELECT
GROUND| | | YEL 2N3565 500 i
2 43 E5 R4 + ci18 ci9 10 9 | omms
| [ 100 I000UF 47UF
73 | ikl P RO 15V 100V 5 |14
I GRN ol 52-4‘/ e 6 I3 | UP RANGE
| £8 S I A 7 12 HIGHEST RANGE
: +300V £l ) 8 Il | LOWEST RANGE
21
[ +H ey 392 —1 P ez = EXT REF INPUT
BLU 20UF 220K ‘ E22 4
| o e 222 ‘ N T H REF OUT
| LO F P | TiMe out
| EIO |
BLK H N NO POLARITY SIGN
T1 RI lcn oot
220K 15UF ’ J M STROBE }
+
e +150V K L | oown Rance
== 12 =
D\ | (o ‘IK[ _? PART OF ': 1 " Touls T — = 13— 6 REF-1000 V
FRONT PANEL El2 | ANALOG f Y ML=l
oz| | 20 ¥ SWITCH I L9853 ' SIG§UT o 'NPUTC\C I +10.000v
3l | 30 H@ C CHASSIS | | B0 |
S| [ 3 J9 an !
| I GROUND | | $2  RATIO <—e= NORMAL ‘
Ja | P4 S I gs | 8 JT | SIG COMMON |REF COMMON Qi |
—————————— IL GUARD 9 | = i o Ql0527 I
lSIG COMMON Jiz
&\ PART OF ANALOG SIGNAL OUTPUT OPTION I :Dr\lAPRUTT ngRTElgz e gfg"T‘f%G%’t’oTG: PART OF : DIMENSIONS ARE 1N INCHES AND DAN DANA LABORATORIES INC
& £21 & E22 AND/OR E25 & E26 CONNECTED TOGETHER k<4 o | _OPTION _ _ | _RATIO_OPTION _ INCLUDE THICKNESS OF PLATING ) ® IRVINE, CALIFORNIA
WITHOUT RATIO OPTION. TOLERANCES onwn | ot bl |3-279
4, HIGHEST REF DES USED : CI9 ; GRI3; E 27 ; Q5 ; RI3;JI2; S2;TI;F2 °E°}'fg“g§s :é‘:é%z D.,i‘%‘ins ek (¢S, A 73047 POWER SUPPLY
3. ALL VOLTAGES ARE APPROX VALUES MEASURED WITH . rain | B | - ol £ 4500
S RESPECT TO ANALOG COMMON. 40308) 4530 |REFREF D g
2. ALL RESISTOR VALUES ARE IN OHMS 1/4W 5% CARBON. 202185 | 2570 REF|REF | wEmaL “,,,,,s,, . £///6 3 | SZE [GoDE 1DENT NO.[DWG o REV
I. ALL DIODES ARE SD4 WexT | FIL | ok ] ; 76
NOTES: UNLESS OTHERWISE SPECIFIED ol B LAY D|21793|.430842 C
APPLICATION QTY REQD | T
DR seosss CIKTERICH. PORT GLEAWTWT 1obo ¥ :




' :
! |

2y
REVISIONS Ny
LR DESCRIPTION DR_| CHK | APPD
j ¥ L] RELLASED pEP DRI 893 - 25-9)dute
;; 204,016 SOCKET 14 k11 [4]ADD 1E SOCKFTS PN =204500 FOLA -\\m‘.:‘ it \_
410435 /% PLACES 9. 1069 =
| P C. BD. ISOLATOR / C |REPLACE 500006 WITH 501446 EO.5164 [ /‘“‘\M
! » D| ADD R®1, CHANGE VALUES OF C5,R2),¢R22 |4 Al
PER ED. 5277 s il 2
‘ L E| MOUNT OLE END OF R34 Ta PCR EQ. 5327 [he?f |7
- | F | CHANGE Q4 #5 TO 203565 PER EO.5393 |owmen, A
O RI_} oA We}e 2 - W| REVISED PER EO. 5494 A N e
_-_-z- o o { - —
—— - ‘ — J | REVISED PER EO. 5507 P A T
’ K | ADD DETAIL "A’ TO CLARIFY Q9-10 GLUING [¢ARROL] 7 e
STR. PER EO. 5575 18 ‘
/B\ FARSIDE T
X L L | DELETE 920035 PER EO. 5835 Trers] 24
ﬁ
g 616041 SCREW 4-40 X 1/4
i
; 500037 —_
HIRE 34 GA ™~
ca DL i
) @ @)
£
| o
1
ji 3
. k, .
g . ¥
7] .
| L “ il ‘1
ND SHIELDED = ~CR28 B e\ (S a1 o 3
= €18 -(- W5 -]-19
f _ B4 ]
‘l- ( i w —
| b i
" 0 |
500002
rg SHRINK TUBE
4 PLACES
I
W RE BLALY
¥ ) %
!
1
[- 500043 600297 453027 \ / \—5'074;? 2 REQ'D
WIRE-WHITE TERM-FSV s TIE CORD A/R 3 REGD FARSIDE. ‘
; ;
: MR 500004 WiRE s SPOT TIE TO I REQD NEARS |DE e B
| BUS 22 GA 452144 SPACER-NYLON RIS LEAD (UNDER ENVIORNMENTAL COVER) )
I AlR 2 PLACES | . i
i i ; TTRGI7AU
| /B WL SOCKET AND COMPONENT MOUNTED ON FARSIDE. f e .
|/ DO WOT SOLDER TUMPERS IN FSV TERMINALS. s } . |
oA : - - 2T
| /0\ 10 BE CEMENTED TOGETHER WITH EASTMAN *810 (P/N 920008) TERM- INSUL { | | JUNLESS GTHERMISE SPECIOLD ~ DANA LABORATORIES INC.
¢ BUTION Is(vllirgaésKikER$g|:;D';Rz:su:ugoalfkl'::::rs o SRS \ B A L T S AILE T 277 R A
TOM S¥ 11 X .030( 030 1AM DRAWN ” ¥4 2569 *
! iy A COMNL END OF A0324% (ABLE 1S TO BE COVERED / . o e20] FORWED || 1004 [ 774S s 1P C.BD. ASSY ’ =
| - SSHEBARIG REFERENCE. 430867 WITW A LYA" LG, PIECE OF 500002  SWRANK TURING LAAA010] | - e ﬂﬁkt.un.é‘/ﬁﬁ Tl
| 5 ASSEMBLY PROCEDURES AND PROCESSES TO TO WWSWATE CONNECTIONS AND EXPOSED PINS : = oesion |7 heonamem|%é/e3l |[SOLLATOR  MODEL 350
| COMFORY WITH DARA WURKMANSHIP STANDARCS WHEN NONE_OF THE  COWERTER ﬁ\ii\s&mi& QRE WECH
Py INSTALLED. SWRAK THE TLBING | ; T P )
| 2 o giooes Ty o 016 Tor | COMM. END BACK AMD SPOT TE Y% TO THE PIETED —T T B A i b~ e /9] SIZE] coDE IDENT NO. | DWG NO. , JEEE
1. AL RESISTORS ARE IN OHMS 1/4 W, £ 5% CARBON. CABLE MEAR 9% TD SECURE T / T e n;am i A e /| D| 21793 403198 L '3
G0 OTES: UNLESS OTHERWISE SPECIFIEQ . { v N ~ SATION QTY REQD SCALE 2 T ] : [sneer i

|
»»»»»»» e [ T | T TR g ..}.Li s, AP T o i Ao 9 Bz . 5izE s
4




; ’ REVISIONS o
. TR DESCRIPTION DR | CHK | APPD
) ‘ SEE SHEET | Q
A 500043 617076 NO. 3 LOCKWASHER .
500063 WIRE-WHITE 617003 NO 3 NUT 3 REQD ] ot
SHRINK  TUBING A/R ' \
A/R |
: ~ 0006
by CONNECTOR
« - 1S PIN
SPRING
e REF ~o o o o
L cue SR o
b | REF g 3 i \
- . &2 ‘
. > . |
4 ‘ ©,°%| 52 o ° 5 \
it 8 . [ | s ; z5 4 ¢ @ ° & _— SEE DETAIL B
» o4 ol o s L3 >
f ; - —
;t I % ®2% % % % -
174 ' ©00%% i To8 09 ol 01 Q1S
[;' : LOCKOUT Rtk 9 970" g
5,8 BUTTON
7z, 2 PLACES ——SEE DETAIL A
NEE _
& i R ¢
A 716 % 8o
J B3 4
i L] -‘w | I
500005 — }
: TIE CORD A/R >\ I
kp 3 PLACES - <
. | w
| ' ©
b O '
o) |
¢
]
12 3l |
%5050 A g ‘
i
. —
o o O O O O O 1
: T 2345 6 [sfo) s ;
o 03090'00”012
— "
U [ SOLDER PINS 669 ——|
A TOGETHER AS SHOWN
i 600339 403243 i\
¥ ( 10 STATION SWITCH) CABRLE PRYY. ‘
i ' TOTAL WIRE LEMETH 10”
v DETAIL B
H ﬂ ﬂ H H H 920018 BUTTON PLUG REF 3 z
A THERWISE SPECIFIED
B FLACES oS RISk RO || DANA LABORATORIES INC.
TOLERANCES ON: | IRVINE, CALIFORNIA
e AT e e
i DRAWN | _/ -2
XX .020 | FORMED +.004 - J
: — S ' xxx010] 170" | 001 Jereek [ W Sp, bom 51 PC.BD. ASSY :
1 st . — MATERIAL ' 7\ g
. | \ ' pesod) Jemein PHis] 1ISOLLATOR—MODEL 350
‘\ ) N -
o NOTE OFFSET Eo) 2 /% /44 SIZE | CODE IDENT NO.| DWG NO. . | REV |
i, . 203201 | %50 B et Havy |76 403198 L
¥ : NEXT DWG USED ON | HEXT'| FNAL D| 21793} :
.. B'NOTES: UNLESS OTHERWISE SPECIFIED | #
i APPLICATION QTY REQD SCALE 211 | SHEET 2 OF 9 1

LU SV — T
. .



. -902460 IC SOCKET
14 PIN
Il PLACES

SEE DETAIL A
—~ 410435 !
/ PC BO 150LATOR i

REVISIONS

LTR

DESCRIPTION

DR

CHK

APPP]

SEE SHEET |

{7 K%}_}—
1K (W6 )
O :
o ) W o = = 5| ] ([
iR (RN i i
ilme || ] mc il mc || || mc me [i| [{] melill!] me mc mc |
92001 8 — H ‘ 817 ’ | 817 ' | 819 | || 824 ’ ’ 892 | | 723 ’ | 819 g17 924 A FARS\DE
BUT - FLUO ! I | !
¥ REQD. ; 1|k I ; ol
] L :l 11 |1 [[ ln 11, . ,’J rl o .
) 616041 SCREW 4-40 X 74
500037 —~ - o /
WIRE - 54 0/ -_lur/asv
AR : | D’ lUF 200V 0N ,{cie
> : ) ATB P~ ~ FaV @
ETEN :
\ -05% TR NOMINAL VALUE OOV
o w. a- e~ . E
@4) 518 FCOOIUE> / i WETALLED DURING  ASSEMELY
i T 5 20k } W98 0.0V . RELAY RELAY 19}
0.270F AR T
i ) o X 31002 310021 (@
R 2 e @@ = ) 5
SOLDE R VG
6-37" MW ey e P
5 EEE (o lom 1% : = o
( i ‘,# A0 | Ea) - (2R
{wr618)- \'ﬁ ~ {isn L CZr*
i | = . in9643p- 150 v
10 K TN [ >
onoC S oE0 EAL] j 1K }}: (‘: [g/ s .
2 SHIEL S <
~ | = Ty Ty |J°
V 100 K . —-—m (5Ll = "
| /1004 — 0.8 5 5
| iy ' E & L Lomeee ) (§)
B2 Mat—s | 974 F = ) (Gurrees”} —
~_ L) B
(OEm-ER) L k)
2 ' {eoE)y - ‘
E iy Ly 12K oo \ @56 i ‘
00005 z ) {3a 0o2 %&23{1 BOND TRANSISTORS TOGETHER WITH
l‘\\7\’(\)7‘| (%s&\ lv) 4 =7 / S 0’63: ] EASTMAN 910 CEMENT, P/N 920008, /e\
: ezm | VR S = i —
R LEAD - 3.3m Q.47UF 100V |— 160K )
56 (1795 5E] =
. EEN A7t VLG
56 : g = KR § - .
5000 0 LEAD
_/ SHARIvK TUBE
524000 4 PlLACES
WARE - BLACK, 100V, @
AR . /
a
0
‘?\ / NOTE : TABS ARE ON
’,O S THE SAME SIDE
9.8997M ©)
% \ 5
/
/8 Fd
- \ 920006 DETAIL A
! /’ & 4 TRANS PAD
{ ) 61024 2 PLAC
| 500043 ' SIPACER 4 ~40 X 1/2 £
VX;!;E | EV‘;/L”C;,(/* 600297 — 453027 h 500005 3 PLACES FARSIDE 500025
42"+ Yan LG ZEP’T_'X‘C'ESFSV' e T 1;“50%‘3?&: @TQ)R I| REGD NEARSIDE (UNDER 2.0 GA.WIRE (BLACK)
RS LEAD [ENVIROMENTAL COVER) % PLACES
—501446 COAX
500004 T
WIRE - BUS 452149 SPACER ,NYLON Nw?dru
A% = TOTAL CABLE LENGTH a
@;\ MIl SOCKET AND COMPONENT MOUNTED ON FARSIDE. 8%" * A" ,F
N e - |
). ( S (N E RS s L UNLESS OTHERWISE SPECIFIED
/N DO NOT SOLDER JUMPEKS IN FSV TERMINALS R CUERMISE SEECIFIED DANA LABORATORIES INC.
/L\ TO BE CEMENTED TOGETHER WITH EASTMAN ¥9i0 (P/N 920008) 600243 Bg{':mﬁ[‘gss;\ggﬂs HOLE IRVINE, CALIFORNIA
5 KELAYS  KI, K2 K3, RESISTOR R35 (200K ZERO POT) AND ALL PUSH TERM - INSUL [ X .030| 0 30" |DIAMETERS 7 o
BUTTON SWITCHES ARE TO BE FREE OF CONTAMINANTS CONN. END QF AD3243 CARLE 1570 BE 22 PLACES “‘ XX .020 FORM:ED +-004 s ,M / # el P C. BD A SSY
o g s M= COVERED WITW A 11/4% LG, PECE DF 500063 , 5 XXX.010] 10 001 _{ cHeck | I/ € s Bovn K547 ] ;
4. SCWEMATIL RFFERENCE . 430867 SHRINK  TUBWG  TO \NSULATE CONNECTIONS . MATERIAL R 7 ISOLATOR ~MODEL 350
5 ASSEMBLY PROCFDVRF = AND FROCFSSFS TO CONFORM AND EXPOSED PINS  WHEN NONE OF TWE { MECH
WiTH DANR: WARKMANSHIZ  STANMDARDS CONVERTER ACCESSORIES ARE \NSTALLED. \ : u Z va
¢ HEF. SCHEMATIC NO. 430867. SWRINK TME  TUBWNG \N PLACE , LOOP THE CONN. x 4037201 350 L | 1 lenien L e |72/ ] SIZE | cave DENT No.DWG NO. r—m-<
I AL RESISTORS ARE INOHMS V4W,t S7 CARBON. END BACK AND SPOT TIE W1 TO THE CABLE - o owe T seo on 1T T o D|21793| .403198 L
UNLESS OTHERWISE SPECIFIED NEAR  S3 T0 SECOURE 1T J o
| APPLICATION QTY REQD SCALE 2.1 | [sHEET 3__oF 9

’




_ REVISIONS .
LTR DESCRIPTION DR
. | T BT 2
P2 | :
| i w2 P .
el LI - 4 L
 STROBE M i 824 10| 3893 |4|.NCT USED
UP RANGE | |3 2> 817 I
pown RANGE | L NS | > P |Tme out
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. AC 430870 K4 THROUGH K10 | D& 13
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{ . | LIST OF MATERIAL OR PARTS LIST . U P
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| . , +2v | B[ REVISED PER EQ 5277 eazis ;55‘ A
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i 12k 1o F | REVISED PER EO. 5507 W
E : { 2
| 15
} 09
, P
| + 28Y ] o _ oty 0 | I s
‘: - i FRONT PANEL ¢ OFF SET r e
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3 ~ RANGE DIVIDER RE9 R1I 1UF 2 P
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REMOVE SHRINK TUBING AND CUT
sPOT TIE TO

REMOVE PLAST\C STOP —
ONEXISTING SWITCH
(1 oNLY) L

L5042
SCREW PPR
ISSIS 4-40X 14 LG 615043
SCREW PFH SCREW PPH
256 X3I8LG 4-40X 3/ LG
3 PLACES

INSTALL ACCESSORY.

403169 PCB ASSY OHMS

REVISIONS
LTR DESCRIPTION DR | cHK | APPD.
RELEASED PER DRN #.) ' 2309 lgaw—m——- )
B |sPOT TIE COAX TO SWITCH EO.545 0B
C | DELETE PN P8R ISOLATOR AND *m /”V‘
AsSY MODULE PER E.O. 5386
D | REVISE CABLE VIEW PER ED. 5498 [ o -4p%~(I\\

Zzlqszsse SHIELD
o ol
q’: ISOLATOR ASSY
T
MODULE ASSY
SIDE EXTRUSION REMOVED FOR CLARITY
[
UMLESS OTHERWISE SPECIFIED
e DANA, **"* et "
s | metes | i | A { PSS OHMS
X030 w: m%im oncx | 423, /2 e
wooto [ 1e0 | -iooi |owen Fingel ACCE SSORY
[\ ALL INDICATED HARDWARE 1S INCLUDED IN - = ‘
FINISHING  KIT (403227) ’ R fedd ! SR Al os PZ 7% JooDE o REV
\. ASSEMBLY PROCEDURES AND PROCESSES TO 40320V | 4300 ) AT LoV = g sl g
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NOTES: UNLESS OTHERWISE SPECIFIED
. APPLICATION ) WA [ses [ o 2
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| REVISIONS
| LTR DESCRIPTION DR CHK | APPD
A | RELEASED PER DRN # 870 CRANER- =21 gt
[8-27.69
B A 8k 3 SRRl e[|
C [ADD 920460 PER FO.5092 ey i
D] ADD NOTE 3 FER EO. SART A IR e
XSjaooo WIRE-BLACK
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S| &
| a o
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NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD| /g" 4 SoAlE 27 ] [sneer 7 _of 2]
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REVISIONS
LTR DESCRIPTION DR_| CHK | APPD
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l
UNLESS OTHERWISE SPECIFI
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REVISIONS

LTR DESCRIPTION

A | RELEASED PER DRN #89 3

B REVIGL REF. DESIGNATORS  TO MATCH
THOSE ON 430868 PER EO.5022

DFTE seoses
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‘ ]
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6. THIS SYMBOL @ INDICATES INSULATED TERMINAL . TOLERANCES pege //"' bt oA SCHEMATlC i
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3 11 I L= «
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REVISIONS

LTR DESCRIPTION

A | RELEASED PER DRN #89 3

B REVIGL REF. DFSIGNATORS TO MATCH
THOSE _ON 430868 PER EO. 5022

I g = 7| To sz PING
+——a— 5| -1V0LT REF
‘ 4| I1SOLATOR OUTRPUT
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9K |
.01%|
IK RANGE 10 K_RANGE 100K RANGE IM RANGE 10M _RANGE i
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R 120 RI22 R129 4 RI3 | K_RANGE_ADJ +15.5v i
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0.1 0.1% 0.1 {
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&2 S00 P 5K 2.4V RI65
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0.01
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FROM
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6. THIS SYMBOL © INDICATES INSULATED TERMINAL . TOLERANCES o | Joda S |6-5-69]
5. ALL VOLTAGES ARE APPK(YIMATE VALUES MEASURED WITH RESPECT TO ANALOG COMMON. DECIMALY | "NOAES | ot s |[lcwecx [/ ) SCHEMATIC ¥
X030 | 0°30° | DIAMETERS/ S g {104
4 THIS SYMBOLSY ‘NDICATES SIGNAL COMMON. wocoro | 0| L0 Jowen W S fo o Kt OHMS CONVERTER
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I ALL RESISTOR VALUES ARE IN OHMS ‘%W, 5 7o CARBON. FBEM—- ) “27 §/v 43087
NEXT DWG | USED ON - | thon 2 18-1D| 21793 B
NOTES: UNLESS OTHERWISE SPECIFIED L e | .
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Re REQD
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x7//6
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(TO BE SOLDERED TO
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500004
WIEE-BUSS \
22 GA
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®
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g Q <
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8
N =
™
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50 UF
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SiFuF
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+
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NUT-PRESS 2-56
2 PLACES SCREW PPH 2-56 X3/8
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CONN. 4 PIN

@k DO NOT WRAP RELAY LEADS AROUND TERMINALS

Jisc

\ 410437~ PCB
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2. ALL DIODES 1:0 BE O186. T ) TOP VIEW 203212 2500 |REF [REF mﬁ:iws "":mn M aﬂa\i«; "/’,‘7 SIZE [CODE IDENT NO.[DWG NO. L REV
I. ALL RESISTORS VALUES AhE IN OHMS, 1/4W £5% CARBON. v —— [ ] EN7Y, Ha:'&ﬁé;-'D 21793 430854 A ;
NOTES: UNLESS OTHERWISE SPECIFIED ¢ - "
APPLICATION QTY REQD ! SHEET | OF | . 1
CFE veossn [P ———— {

F PRSIy S R e

e e A

¥



REVISIONS
» EI3 LTR DESCRIPTION DR CHK | APPD
A | RELEASED PER DRN # 905 8-7-9 |HANESEN
2 i B [CORRECT 500025 WIRE CALLOUT TO  |>*“| cpigg ¢
»E2I = 20 GA. PER EO 5145, pecous L
WIRING LIS C | CHANGE WIRE LIST T0:Ji2 T0 J2-3 € [zee
RS REF INRUT SWITCH]| 70 | E NO. REDRAW_PER EO. 5164. erenoc] ZAY
@ 03 I +10.000v . £33 oy = | D | RELAREL TI£J2, CORRECT WIRE i PR 7 T
I - [ CARROW - -y [ 4
S | s Eo | LIST PER EO 5415
| §2-5" maemm  E20
52 SO s ] '
: 52-3 Jl ‘ s2
| BINDING POST |
5, RATIO=—=NORMAL _ ;
1 > El 2 s, " Ef S |
REF COMMON | W e ) 5273 ‘ 600510 °o
q E27 CUT JUMPER FROM | SWITCH -
6 N/C . g,\
Ji2 E25 ——— E26 00 SOLDER WIRES TO
3.6 WIRE TAB TERMINALS
| » E20 [
SCHEMATIC | DETAILL A
= } REMOVE JUMPER ON THIS ASSY.
’ (FARSIDE )
SEE DETAIL A" | | ffesédeecoo0ocaodos oe
|
600331 —_ i
BINDING POST
WHITE
600330 524999 WIRE |
BINDING POST 24 GA. TYP |
BLACK A/R | .
A
S R T
~— .L"a.!. .00 000099
600022——] |
SOLDER LUG
2 REQD <:> © 500025 ’
WIRE 20 GA. |
A/R }
|
REAR PANEL | POWER SUPPLY BOARD
HALF RACK | " REAR VIEW
I
!
UNLESS OTHERWISE SPECIFIED
DANA LABORATORIES INC.
e DRANA,
TOUERANGES DRAWN |R. CARROLL  |9-19-69)
DECIMALS INGLES HOLE
. 4 CHECK | W. SARKISON 7-29-60
xX030 | FORMED | T4 008 ASSY RATIO
XXX.010 170 -.001 DESIGN | P, GUMMESON 7-29-69 .
4570 X R
4530 e} e PROL | W. SARKISON  |7-30-69] sizE [CODE IDENT NO.| DWG NO. REV
NEXT DWG | USED ON | hwe | & e | P SaLERNO 73060 C | 21793 403263 D
NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD ‘ AL I Tsmeer 1 oF 3

980337

DIRTERICH.POST CLEARPRINT 1080

SHTE 3 ’Sﬂ sz £




REVISIONS
—»J2-3 LTR DESCRIPTION DR | CHK | APPD i~
: A | RELEASED PER DRN # 905 8-7-9 [HANESEN. =
—»E2) SEE SHEET |
WIRING LIST
PR e S | SWITCH] TO | E NO.
©—o0 —» €22 s2-1 E22
Jil | $2-2 E2I
| 52-6 £20
Y S2-5 ——  EIl |
' . $2-3 il s2 |
I
INDING POST ‘
5| RATI0 «—e NORMAL | B ‘
: —> &l g2 — h2-3
MMON I — §2-3
REF COMMO sl s 2 600510 ®9
_@ 6 N/C CUT JUMPER FROM SWITCH 9 o
Ji2 €25 E26 2 9| \__ SOLDER WIRES TO
L WIRE TAB TERMINALS
, —»E20 .
SCHEMATIC DETAL A
600331
BINDING POST 600330 ‘
WHT, BINDING POST BLK. i
SEE DETAIL ‘A RR00W. e
920053
et FUSE HOLDER
SOLDER LUG <+
2 REQ'D ;
524999
WIRE 24 GA.
TYP A/R
WIRE 20 GA. BLK \ ccnd
e o Sa. B, REMOVE JUMPER ON THIS ASSY
(FARSIDE)
REAR PANEL POWER SUPPLY BOARD
FULL RACK Al |
|
|
UNLESS OTHERWISE SPECIFIED ‘ i
DANA LABORATORIES INC.
P DIRINIA], °"* A throm
TOLERANGES DRAWN (R CARROLL 9-19-6 3
DECIMALS ANGLES HOLE |
P A ] SRR T ASSY RATIO
XXX010 | 1 0o 001 | OEsioN [P GUMMESON  |7-29-69]
45 70 DIMENSPI(E):SUQrSD YT]O:E?ANCES .E"Eg:
. FROJ W. SARKISON 7-30- SIZE |CODE IDENT NO.| D¥ [o]
4530 MATERIAL FINISH ::z: N D""G > i
NEXT DWG | USED ON | peXi [ FiaL o IO 21793 | | 403263 D
NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD SCALE ] { ISHEET J2' OF 3




ANALOG SIG OUT

REVISIONS

LTR DESCRIPTION DR | CHK | APPD
A | RELEASED PER DRN # 905 8-7-9 |HAN$SEN
9-23-¢9)

B [CHANGE WIRE LIST TO:JIO TO J2-3 ¢

EI7 C | CORRECT WIRING DIAGRAM RE-LPREL [‘2-ee . 4 Enere
FUSE [ 10 | E NO. TI-J2 PER EO 5415 cameo /i -ufc
TERM | —————= EI7 Jo
TERM 2 —— EI9
SIG COMMON
BINDING POST (or e
JAck | T0 | E No. Jio
J9 —— EIB SCHEMATIC
JO ——mm E 1|4 e <
|
60033|
BINDING POST WHT,
L, o
-600330 R e e i IR ST e T ™
BINDING POST BLK. \_ \eseecccoccscscccece
8 |
-920054
600022 FUSE .| AMP
SOLDEB LUG 920053
2 REQ'D FUSE HOLDER
O .
524999 | 42 L
WIRE 24 GA. |
O A/R | I/_To_o:-:—._:o—'o_oo_n_-o—o—;:;—o
/ \_10e6eeec8ec0ecese 0oy
£ 13 e
[ o o OEll
80 €22 ¢3 oEI2
WIRE 20 GA. A/R
REAR VIEW
1
UNLESS QTHERWISE SPECIFIED
DANA LABORATORIES INC.
SRR AT RS DIRNA,
TOLERANCES DRAWN | R, CARROLL 9-19-69
oeemaus [ anaies [ wowe [ ey [ es ASSY ANALOG
XXX 010 Fova%?D ' Igg? DESIGN | P GUMMESON  [7-29.69 SIGNAL OUTPUT
45 30 DIMEN':;»)I? S AND TOLERANCES rﬁg: 4
f USes Yia1s PRO% | W. SARKISON 7-30-69[ S1zE [CODE IDENT NO [ DWG NO. REV
4570 MATERIAL FINISH m —r
NEXT DWG | USED ON | Mk | FiM enor | P SALERNO 73691 (T | 21793 403262 C
NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD ey Toneer 1 of 3

DErEAl  sso3yr

DIKTERICH-POST CLEARPRINT 1080




| REVISIONS
LTR DESCRIPTION DR | CHK | APPD
A | RELEASED PER DRN # 909 8-7-9 HANBSEN
WIRING LIST AMNALOG SIG OUT SEE SHEET |
€18 EI9
FUSE | TO | E NO @_o_d\/——ben
TERM | EI7 Jo
TERM 2 €19
BINDING POST 516 COMMON
Jack | To [ € wo. N » J2-3
|
j.: 52?3 SCHEMATIC
|
60033|

BINDING POST WHT,

600330
BINDING POST BLK.

600022
SOLDER LUG

2 REQ’'D
O O 52
f' I—o-c-o-o_o-o.o-o-o?"o &e e oo"_\
aﬁgggg‘; bES - n garo2ec20eree ..r.u..
O A /R
500025
WIRE 20 GA. A/R
REAR PANEL POWER SUPPLY BOARD\
FULL RACK REAR VIEW
DIMENSIONS. ARE IN INCHES. AND DANA] °AN* LABRATORIES INC.
INCLUDE THICKNESS OF PLATING ® IRVINE, CALIFORNIA
TOLERANGES DRAWN [R. CARROLL 9-19-69)
o | A | i [ [w saawson - ASSY  ANALOG
orozo | FORMED | 081 foesion R GuMmMESON  [7-29- SlG N AL OUTPUT
45 30 DIMENSIONS AND TOLERANCES 'E"Egs
2570 MATE::L USAS Yullrusmsu PRO% | W. saRrkisoN 7-30-69f SIZE [CODE IDENT NO.| DWG NO. REV
NEXT DWG | USED ON | hwe | ooy fan | P SaLERNO 3-89} 3| 21793 403262 C
NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD SEALE [ [sneer 2 oF 3
m 980337 DINTERICH-POST CLEARPRINT 1080

|
‘r&HT o I.T.L-I_

R E e



.

REVISIONS

LTR

DESCRIPTION DR | CHK | APPD

A | ReLeaseo per DRN # (393

5-15-9&

S soo0zz A\
LUG-SOLDER
2 PLACES
501446 RG174/U
CURRENT = 1 COND SHIELDED /A\
/ A/R
ZERO
403201 /
ety o
M
REF
/— 500002 A
/ TUBING SHRINK A/R
0.1V 524000
WIRE 24 GA
BLK A/R
v
T T——— 600412 P13
® ® CONNECTOR-8 PIN
= 615042 GUARD
_____ ol SCREW-4-40 X 1/4 PPH .
" H ; il 2 PLACES
WASHER-#4 INT TOOTH
\
|
==
C
s
UNLESS OTHERWISE SPECIFIED
¥ DANA LABORATORIES INC.
| DINERSIONS ARE N INGHES AND DANIA|
TOLERANCES 1“ /) T
‘ DEGMALS | ANGLES|  POLE |ee ﬂ 4B | - ACCESSORY ASSY
| X030 | 0°30° |[DIAMETERS| CHECK M)“ﬁ-.m V- (1 R
J oo | ronwenl o Tosan Rt %4y | REAR  INPUT  MODEL
& ALL .H.ARDWARE IS INCLUDED IN REAR INPUT KIT (403205). ,' DIMENSIONS AND TOLERANCES L&: 3 5 O
A REPLACE PANEL 453212, WITH 453211, (PART OF REAR INPUT KIT). . | 2500 FEA USAS Y14.16-06 L D(V{'aﬂy /i 7 SIZE | CoDE 1DENT NO |DWG NO. |_REY |
1. ASSEMBLY PROCEDURES AND PROCESSES TO CONFORM \ pr— — | — [TwateniaL FINIEH  sxan e
TO DANA WORKMANSHIP STANDARDS N =-’"yi" tonTa - Inddd /1D | 21793 403199 A
NOTES: UNLESS OTHERWISE SPECIFIED % l/l [ IWIJ
B THSAFTEZTATA) O CONTRON § COMPOMMTON Brasas Mo 720 AKPAOVEL 1O 440m I’ wn E p A RN i
{




RéVISIONS
60032‘ — LTR DESCRIPTION DR | CHK | APPD
%\J\»TTDING oSt A | RELEASED PER DRN #8 93 6259 ‘
R [CHANGE 617080 T061708I,ADD ASSY. 98- ﬂ)
_______ INSTRUCTION TO JI3 PER ED. 5145 Coeroi il
i_l 60002Z
| SOLDER LUG
| 3 PLACES
'
|1 500002
| SHRINK TURING
\‘ A/R
O\
I -~
501446 A
MODEL 4530 RERR PML CABLE RG 47U
—————————————————————————— :— - A/R o
MDODEL 4570 REAR PNL ,
A W S
T EI2 ON 524000
PWR SUPPLY PCB WIRE. 24 GA
SEE DETAIL AEB 00330 BLK  A/R
BINDING POST d MODEL 4570 PWR SUPPLY
RLACK P.C.B. WALF RACK CIRCUIT SIDE VIEW
2 PLACES DETAIL B
600723\
BINDING PDST REF
METAL ‘ 4532725 ((FULL RACK}) OR -
©!17081 = — 453275 (HALF RACK
_, WASHER Lock*10 3‘3 SIDE ENCLOSURE SUPPORT
MODEL 453D PWR SUPPLY c ~1|" UPSIDE DOWN RERR VUIEW
PCB FULL RACK | (© A ©
|, CIRCUIT SIDE VIEW ; ‘l
60041l JI13
___________ CONN-8 PIN
{_ 610318 #®4 AMPH WIRING DIAGRRAM
————————— LOCK NUT 313
615043 Z PLRCES BEND PINS TO CLEAR
hoh SCR PPH 4-4D PC BOARD WHEN J-5 09— - \
bl X5/1b ASSEMBLED WITH T
g POWER SUPPLY. TI-6 5
N
GURRD
\E 12 , 3-8 o —0 E 12
DETAIL A
= T GND
3-7 O—>-—3_
UNLESS OTHERWISE SPECIFIED
DANA LABORATORIES INC.
e e o B DANA,
TOLERANCES orawn |12 D A e
g | s [ e, oo [P e Ftg] © 2>CMBLY
xoco0 | a0 | T001  [oesen [R Prchot Y2/ REAR IN PUT
MECH
4 D 52 52 45 7 D REF QEF D’MENSF:(E)I':SUQK‘S YT&LE?ANCES ENGR |
4032006 AS30D |REF|REF MATERIAL FINISH E"E:': 0{7(";—7 6/%7 Sj2E 1000 DENT NO]" o 10, oL
NEXT DWG | USED ON | bor | fieey tar 122 %88 o | C 21793 4032 30 B
NOTES: UNLESS OTHERWISE SPECIFIED APPLICATION QTY REQD, scALE | /1 || [sHeer 1| oF Z
SHT 2 IS Juo 4 sowe

— X



REVISIONS
LTR DESCRIPTION DR | CHK | ApPe.
(%‘\DNO\%S—&\DG. oPoT /\ | RELEASED PER DRN # P05 779 4 é«w«_&\\;
a [ ADD WIRWG DETAW.  EO 5577 e e\

LIDOA™

2REW P 45T . ‘
4-40 X B\ 2 REGRD WIRING CHART
(o\'va? AG <57 2 PECID 4
ST arm o v 4 e .
/B -WJT. . El — ST [T
T 82— t oG
P o | £ 5 E2 — *’t‘ B T |
e gy —i Vio
- . 40V KED,
5] lo e %R
13))) 0 e7 - o 220V B :
E ——— it RN T
s v oo U131 | see rower
ol |1 L —r |31t e
s [ o Ll sEcoumeRe winbnes
i | ey
,__%—«A//; ( i
) it |
gl 2CO0NT |
TRANSFORMER, PWR
2720) 240 ‘
I
|
|
(
- |
= |
\ ‘ EI0-BLK !
— E9 - GRAY ,
EG:BLUE |
£S5 YELLOW ‘
€7 ¢p ——EB8° GREEN L SEE DETAIL'A
E3g —— E4-VIOLET
4, L—A-En-mer;
€6 re9 0 — E3-BEOWN ] Toe .
|' [ 1 L E2-ORANGE l
prI IR RN et |
I e (R
FULL RACK
POWER SUPPLY VIEWED FROM REAR |
OE TAIL'A 1 c
( WIRING DETAIL
32

FULL RAGK HODIFICATION

f DMENSIONS ARE. N INCHES. AND DIRNIA] °AM* LARorAToREs INC.
INCLUDE THICKNEES OF PLATING ® IRVINE, CALIFORNIA 5
| TOLERANCES
s | et o K Ggaboa [0} \cSY POWER SUPPLY

i | B, s [ g L
S | ko | "R v [P e [Z0ks] MODIL 220/240V

MECH

ap3284 (5270 \
03288 |5230

NS AND TOLERANCES ENGR 4

\
\ |
) [N ;
| ANGbY PROLESSES PND PROLEDURES TO =M A03238 | 40 e Fran -
TC DANA WORKMANSHIP STANDARDS. i ADB200 | 4520 [ MATERIAL FINISH — WSotlap SIZE |CODE IDENT NO:JoWG "203 569 L2
NEXT NOXT | FINAL ENGR Ed él 7-3/- Ly
NOTES: UNLESS OTHERWISE SPECIFIED BT o _L 30 O o Liey S B
APPLICATION QTY REQD SCALE | IsHeer /_of ¥

P E erciit et ianemir 9i%.
—— THT S 3 A =&




REVISIONS
DESCRIPTION

LTR

DR | CHK An&‘\)
RELEASED PER DRN #

SEE SHEET |/

WIRING  CHART
EVNO.[ BN Jeaor [TI
g WHT
EL————0CR6
E»——————— BN
e4————NIO
TR Bk oy DR
/ Eb— B
E7—— &0
By ———— (€ =N
— E9 ———— GRY
AN / _J\\ I 4 EIO | T
7| s
3 TEFLON TUBING
) 0 A/R REF. .
U
0
'\33
ey oo\ &2
\ SWITCH SLIDE
) P OT
_/‘ cl .220F REF ReD
300041 :
TRANSFORMER LIBOA
PWR. 220/ 240V SCREW PPH 25T 440X\ 6
> 2 REGD <+
Ay ==
HEX NUT 4-40 95T
2 EQ'D
Lo
WASHER - WIT. Lok NO. 4
/ 2 REQP

£l
s g
[[es e
\cotidddoqoq  ©

‘L, = HALF RACK MODIFICATION

HALF RACK POWER SUPPLY VIEWED FROM REAR

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES AND

DANA LABORATORIES INC.
INCLUDE THICKNESS OF PLATING @[ﬂ[ﬂ
TOLERANCES

IRVINE, CALIFORNIA
el T PP N [T
M:';'%s :gééz m?amgfsns AW AN = ASSY POWER SUPPLY
5 || R el R MODI 220/ 240V
POR USAS Yiais e fnen "
See s 4 ) T e :Ei v/ " | 3-€) SIZE [CODE IDENT NO.| DWG NO. REV
NOTES: UNLESS OTHERWISE SPECIFIED vext owe | useo on | G | e A 02 [0 il =1 D (21793 | 403269 B
APPLICATION QTY REQD SCALE SHEET
o p——— f scae ———]




RARTS LLIST

ASSEMBLY 403082 Readout Assembly

REF.
BESIG.

CRC1
CRC2
CRO3
CRO4
CROS

CRO6
CRO7
CRO8
CRO9
CR10

CR11
CR12
CR13
CR14
CR15

o1
coz2
co3
Cos
Co5

Coé
co7
cos
cog
Clo

€11l
Cl2
C13
Cls4
Ci5

Cl6
c1?
Cls
19
cz20

C21
cz2
Ccz3
Cc24

PART
NQO.

220011
211083
211083
211083
211083

211236
211236
211083
2110863
211043

211236
220036
211236
211236
211083

110032
1CcoL17
101641
101641
116001

110001
110047
1CQ017
101174
110045

1c118z2
101641
161175
1CC016
100016

100016
100016
101174
101174
101145

120003
100012
121091
120208

DIGDE
0I0DE
DICDE
G100k
DIUDE

DIODE
CIODE
DICGDL
DIODE
DIODE

DIODE
DI0DE
10Dk
DIODE
DIODE

CAP
CAP
CAP
CAP
CAP

CAP
CAP
CAP
cap
CAP

CAP
CAP
CAP
CAP
cap

CAP
cap
cap
CAP
CAP

CAP

CAP
CAP
CAP

PR Sat- RO P

STLICO ZENER 1N968A

STL ECO oLe
SILICO 018
SILICU ola
SILICO aLa
STLICD 0o07v
SILICO oo7
SILICO 018
SILICT 018
SILTCO 013
SILICO 007

LY
SILICO oo7
SILICO 007
STUTER o1ls
TANTA 22-MED 15
CERAM .01 MFD 200
CERAM 470 PFD 500
CERAM 470 PFD 500
TANTA 68 MED- 35
TANTA 6.8 MFD 35
ELELT 50 MFG 50
CERAWM .01 MFD 200
CERAM .001 MFD 500
TANTA 12 MFD 20
CERAM 47 PFD 500
CERAM 470 PFD 500
CERAM 220 PFD 500
CERAM 21 PED
CERAM 20 PFD
CERAM 21 PED
CERAM 27 PFD
CERAM .001 MFD 500
CERAM .001 MFD 500
CERAM 100 PFD 500
MYL AR -1 MFE 1060
CERAM 33 PFD 500
MYLAR .033 MFD 100
POLYS 55 MFD 63

T

< < < < << Cc < << << CcC <

S <

I

g N

SRR -

(=

10%1
10%

10%1
10%1
10%1

1071
20%
10%
10%1
10%1

10%1
10%1
10%1

10%1
10%Z1
10%Z1

‘1081

10%
10%1
5%

MOTCROLA 1N968A
DANA 211083
DANA 211083
DANA 211083
DANA 211083
DANA 211236
DANA 211236
DANA 211083
DANA 211083
DANA 211083
DANA 211236
DANA 220036
DANA 211236
DANA 211236
DANA 211083
KEMET K22C15K
SPRAGUE TH-S10
AEROVOX SCD1X5F
AERQOVOX SCD1X5F
KEMET K6RB8C35K
KEMET K6RBC35K
DUCATI 50=50
SPRAGUE TH-S10
AEROVOX SCD3X5F
KEMET K12C20K
AEROVOX TCD-N750
AEROVOX SCD1X5F
AEROVOX SCD1X5F
AEROVOX NT750
AEROVOX N750
AERQOVOX N750
AEROVOX N750
AEROVOX SCD3X5F
AEROVOX SCD3X5F
AEROVOX SCOLX5F
CDE WMFLPL
AEROVOX TCD-N750
CDE WMF1533
MIAL 602

lofs



ASSEMBLY 403082 Readout ASSEmbly

REF.
DESIG.

£25
C26

E2
€29
£30
C31
€32

€33
C34
C35
36
gl

MO1
MG2
MO3
*04
MOS

- NCH
¥OT
MOB
*09
M10

M1l
v12
¥13
V14
M15

M16
[ b
LS B
¥19
rM20

M2 1
M22
NM23
M2&
N2S

M26

PART
NC.

106017
1Cco17

10co1lz2
101174
101174
101515
1CCco3s8

1CCO17
1¢cCoL9
100019
160019
310054

230053
230022
230019
230017
230023

230053
230019
230018
230052
230014

230014
230014
230014
23005¢C
230050

230050
230050
230056
23N049
230049

230049
230049
2300494
230026
230045

230045

CAP CERAM
CAP CERAM
cap CERAM
cAp CERAM
Ccap CLCeAM
CAP CcRAM
CAP CLRAM
CAP CERAM
CAR CERAM
CAB CFRAM
CAB CEH®AM
CHOKE

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED
INTEGRATEN
INTEGRATED
INTEGRATEL
INTEGRATLD

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATFED

INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED
INTEGRATED

INTEGRATED
INTESRATED
INTEGRATED
INTEG2ATED
INTEGRATED

INTEGRATED

PARTS 11

LTS

-0
-0l

33
.001
« 101

220
5560

.01
.02
.02
U002

CIRCUIT
CIRCUIT
CIRCULT
CIRCUILT
CIRCUILIT

CIRCUIT
CIRCUIT
CIREUTT
CIRCUIT
CIRCUTT

CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT
CIRCUIT
CIRCUTT
CIRCUIT
CIRCUTT

EIREUIT
CIRCUIT
CIRCUET
CIRCUILIT
GIREUI

CIRCEUET

ST

GO Rah T

MED
MFC

200 V
00V

PED
MF D
MF D
PFD
PFD

500
500
500
500
S00

G o i gl <8

MFD
MFD
MFD
MED

1 MK

<00 V
Looocv
100CCV
1oduav

“CaI2pP

MCBE9P
MCR24P
MCR24P
MC=90P

HCBY2P
MOH24P

MCELTP

MCETIP
ULI966

uL396n

UL996C

UL996U
CUL2959
cuL3359

CuL+~959
CUL 9959
GCUL2959
CUL Y958
CuL9958

CuL 3358
cuL92358
LmM3anla
MO T09C
UATA&1C

UATGLC

10%

10%
10%1
10%1
10%1
5%

10%

SPRAGUE
SPRAGUL

AEROVOX
AEROVOX
AERCVOX
AEROVOX
AEROVOX

SPRAGUE
SPRAGUE
SPRAGUE
SPRAGUE

JEEEERS

MOTOROLA
MOTOROLA
MCTMNROLA
MOTOROLA
MOTCROLA

MOTCROLA
MOTORDLA
MOTORGLA
MOTGROLA
FAIRCHILD

FAIRCHILD
FAIRCHILD
FAILRCHILD
FAIRCHILD
FAIRCHILD

FAIRCHILD
FATRCHTLD
FAIRCHILD
EATRUETILD
FAIRCHILD

FAIRCHILD
FAIRCHILD
NAT SEMI
MCTOROLA
FATRCHILD

FAIRCHILD

TH=810
TH=51:0Q

TCD-NT750
SCD3X5F
SCD3X5F
SCD1XSF
ECD=N " T50

TH=8§10
5GA-D20
5GA-D20
5GA-D20

1331-35:

MCR92P
MC8HIP
MCB824P
MCB24P
MCB90P

MC8I2P
MCB24P
mMCBl7P
MCBT73P
UL9960

UL9960
UuL9960
UL9960
U995
CUuL9359

CUL9959
CuL9959
EUL9959
Culg95s
CuL9958

cuL3958
cuL”?951
LM3IO1A
MCT709C
UA741C

UAT41C

20f5



PARTS LIST

ASSEMBLY 403082 Readout Assembly

REF.
DESIG.

01
£oz
ce3
Co4

<05
Loé
co7
Co8
L09

C10
Cl1
Gl2
€13
Cl4a

£15
€16
C17
cle
£19

€20
L2l
22
€23
£24

C25
C26
€27
RU1
ROZ

RO3
P04
RO5S
206
ROT

RO8
RC9
R10
R11

PART
NO.

200052
2C0035
200052
200022

200037
200022
200043
200022
200022

200043
200103
260103
200103
200103

20C043
200043
200079
200079
200079

200079
200079
2C0679
206079
26C0179

200079
200079
200079
¢uc3se
Col742

001742
ccclol
ceCclo1l
CO1l742
gcesice

ocnzoe
0cols2
ccols53
coczoez

TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES

SILICO
SILICO
SILICO
SILICO

SILICD
SILICO
SILICO
SILICO
STEIER

STLICH

SILICO
SILICO

CARBOH
CARBON

CARBON
CARPON
CARRON
CARBAON
CARBON

CARBON
CARYIN
CARBIN
CARSON

PSS 6 R-F P T T

PNP
NPN
PNP
PNP

NPN
PNP
NPN
PNP
PNP

NPN

NPN
NPN

009
0l4
009
012

ZN3646

(0] 4

2N3565

ul1l2
(08 B

2N3565
118 74
1S T4
TIS 74
1S T4

2ZN3565
ZN3565

021
21
021

021
021
021
021
021

021
021
021

0003.9 K
300

300
100
100
300

51

-
(AR JRECVI N

(HM

1M
CHM
{JHM
{1HM
{1HM

XX XRXR

5%
5%

»
5%
5%

5%

5%

o
£

5%
4
o

”~
Lt

1/4
/2

1/2
1/4
1L/4
L5
1L/%

1/74
1/4
174
174

N

Wl

Wl
Wl

DANA
DANA
DANA
DANA

200052
200035
200052
200022

FAIRCHILD 2N3646

DANA 200022
FAIRCHILD 2N3565
DANA 200022
DANA 200022

FAIRCHILD 2N3565

TI
TI
T1

TIS 74
TIS 74
LS T4
Tis. 4

FAIRCHILD 2N3565
FAIRCHILD 2N3565

DANA
DANA
DANA

DANA
CANA
DANA
DANA
DANA

DANA

DANA

OANA
OHMITE

OHMITE

OHMITE
OHMITE
OHMITE

OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE

200079
200079
200079

200079
200079
200079
200079
200079

200079

200079

200079
RCOTGF392J

RC20GF301J

RC20GF301J
RCO7GF1014
RCO7GF101J

RC20GF301J
RCCTGF510J

RCO7TGF202J
RCOTGF132J
RCOTGF153J
RCOTGF202J

3otS



ASSEMELY 403082

REF.
CESIG.

] 2

1.3
#l4
rl%
©]é
T 4

.Jlr(-
149
0
F21
P22

He3
U224
825
H2A
:'.!27

w2q
29
a0
%3]
132

733
234
=

239

“40
w4l
R4
943
#hb

£47
F4E
749
250

1.151

(8]
[a¥]

PART
Nl e

CCNzG3

Cotzue
coc2eos
CCC203
caez2ce
cCcos12

GCN393
CCnlo4
e gl Hle )
caceles
0104

Clolé9
ClC169
cenael
CCN106
CCLeTH

Gansis
C4C0ZHh
CLozZ03
CERLOT
coelnl

cocern
cenz2ao3
Censka2
L0393
cagceaz

020552
cCoczes
Ccel3z
04C026
020553

6205572
oeesiz
C4C0ceh
GE0l162
CZ205 33

Conl3n

PARTS

Readout Assembly

RES
RES
RES
BES
RES

RES
BRES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RE

RES

RES
RES
RES
RES

RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
2ES

CARKBUN

CARHON
CARBOUN
CARUUN
CARRNON
CA2HON

CAR 1N
CARBON
CAINON
CaHin
CARRDN

METAL
METAL
CARBON
CARBOIN
CARBON

CARBNON
VAR]

CARBON
CARBON
CARBON

CARBON
CARBON
CARBON
CAREON
CAREON

W
CAREON
CARB(N
VAR
Wl

Wi
CARBON
VAR
CARBON
A

(REW

39
100

100

100
100
320

10
2.7

Ssl
20

100
100

2T
20
5.1
35
24

3.9976
2

1.3

20

10

10
5.1
20
!

9

o i §

C kK

RAEXRXXX

AR

OHM
OHM

OHM

R R X

x

=

~ R X

ARXXRXRXX

I

NS I LR I

5% 1/4 Wl

£ 1/4 Wl
52 1/74 Wl
% 174 Wl
5% 174 Wl
= e 7 S i
5% - 1/4% W
5% 1/4 W1
5% 1/74 Wl
54 1/4% Wl
5% 1/4 Wl
12 1/4 W
1Z 1/4 W
5% 1/% W
54 - 144 Wl
5% 1/4 W
5% 174 W
10% 1 W
T 1/4 Wl
5% 174 W1
Z 174 ¥l
52 1/4 W
T 174 Wl
5% 1/4 Wl
5% 1/f49 W
5% 1/74 Wl
~05%Z 1/4 W
5% 1/4 Wl
S 1/4 W
10% 1 W
-05% 1/4 W
«05% 174 W
5% 1/4 Wl
10% 1 W
2 1745 Wl

« 1%
<12 1/8 W

OHMITE

OHMITE
OHMITE
OHMITE
CHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

ELECTRA
ELECTRA
OHMITE
OHMITE
OHMITE

CHMITE
TECHNO
OHMITE
OHMITE
NHMITE

DHMITE
OHMITE
OHMITE
OHMITE
OHMITE

JORDAN
OHMITE
OHMITE
TECHNO

JORDAN

JORDAN
OHMITE
TECHNO
OHMITE

JORDAN

KELVIN

RCO7GF2034

RCO7GF202J
RCO7GF202J
RCO7GF203J
RCOTGF202J
RCO7GF5124

RCOTGF393J
RCO7GF104J
RCO7GFl054
RCO7GF1054
RCO7GFLl044

RN60D1003F
RN60DI0OO3F
RCO7GF821J
RCO7TGF1064J
RCO7GF2754

RCO7TGF5154
35

RCO7GF2034
RCO7GF1014
RCO7TGF101lJ

RCOTGF270J
RCOTGF2034
RCO7TGF5124
RCOIGF393J
RCOTGF2424

RCO7GF2054
RCOTGF132J
35

RCO7GF5124
35
RCO7TGF1l02J



ASSEMBLY 403082

= REFa.
DESIG.

n53
e R54
R55
R56

R57
R58
R59
i R&G
R61

S R&E2
R63
R64
R65S

R6T
R68
R69
R70
R7T1

FORM NO. 10110-P

R72
R73
RT4
R75
RT6

RT7
R78
RT9
R8O
R81

R82
RE3
YOl

PART
NO.

036020
03C020
€C3C020
030020C

030020
CCO623
€c00623
00623
Co0105

000302
c00302
€C00302
c00302
c00302

000302
C00152
conza02
cC0202
C00102

000391
€C00391
€C0331
000202
cC0512

000203
000302
¢coa202
000511
000102

ccoz202

C00205
920440

PARTS LIST

Readout Assembly

ESERIPT LD
RES  CARBON 56 K 5% 1
RES  CARBON 56 K 5% 1
RES  CARBON 56 K 5% 1
RES  CARBON 56 K % 1
RES  CARBON 56 K 5% 1
RES  CARBON 62 K 5T 1/4
RES  CARBON 62 K 5% 1/64
RES  CARBON 62 K 5% 1/4
RES  CARBON 1M 5% 1/4
RES  CARBON 3% sz 1/4
RES  CARBON 3 K 5% 1/4
RES  CARBON 3 K 5% 1/4
RES  CARBON 3 K 5% 1/4
RES  CARBON 3 K 5% 1/4
RES  CARBON 3 K 53 1/4
RES  CARBON 155 K 5% 1/4
RES  CARBON Z K 53 1/4
RES  CARBON 2 K 58 1/4
RES  CARBON i K 53 1/4
RES  CARBON 390 OHM £ 175
RES  CARBON 390 OHM 5% 1/4
RES  CARBON 330 OHM 5% 1/4
RES  CARBON 2 K 5% 1/4
RES  CARBON 5:1 K 5% 1/4
RES  CARBON 20 K 5% 1/4
RES  CARBON 3K 5% 1/4
RES  CARBON Z X 5% 1/4
RES  CARBON 510 OHM 5% 1/4
RES  CARBON 1 K 5% 1/4
RES  CARBON 2 K 5% 174
RES  CARBON 2 M 5% 1/4
CRYSTAL 200 KHZ

g

rF¥¥X XY

Wl
W1l
Wl
Wl

Wl
Wl
Wl
W1l
Wl

Wl
Wl
W1l
Wl
Wl

Wl
W1
W1l

Wl
Wl
Wl
Wl
Wl

Wl
Wl

OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
DANA

RC32GF563J
RC32GF563J
RC32GF563J
RC32GF5634

RC32GF563J

RCO7TGF623)
RCO7TGF623J
RCO7TGF623J
RCO7GF1054

RCO7GF302J
RCO7TGF3024
RCO7GF302J
RCO7GF302J
RCO7GF302J

RCO7GF302J
RCOTGFl524
RCO7GF2024
RCO7TGF202J
RCO7GF102J

RCO7GF391J
RCO7GF391J
RCO7GF331J
RCOTGF202J
RCO7GF512J

-

RCO7TGF203J
RCOTGF302J
RCO7TGF202J
RCO7GF511J
RCO7GFl024J

RCO7TGF202J
RCO7GF2054
920440

50f5
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PARTS LIST

ASSEMBLY 403081 and 403225 PCB ASSEMBLY, Power Supply

REF.
CESIG.

CRO1
CROZ
CRO3
CRO4
CROS

CRO6
CRO7
CRO8
CrRO9
CR10

CR1l1
CR12
CR13
Coz
co3

Co4
Co5
Coe
Co7
cos

cog
C1i0
Cll1
€12
c13

Cl4
Cl5
Clé
C17
Cls

Cig
€01
Loz
co3
C04

co5
RO1
RO2

PART
NO.

210004
210004
210004
210004
210004

210004
210014
210014
210014
210014

221177
220035
220035
121038
121088

120072
110067
110107
110065
11C067

120003
120003
110066
110070
100017

110043
110043
101174
101174
110077

120019
200043
200035
200030
200035

200052
000224

030014

DIODE
DIODE
DIODE
DIODE
DIODE

DIODE
NIODE
010Dk
DIODE
DIODE

DIODE
CIODE
DIGDE
CAP
cap

cap
CAP
CAP
CAp
Cap

CAP
cap
CAP
CAP
CAP

Cap
CAP
CAP
CAP

CAP

CAP

TRANS
TRANS
TRANS
TRANS

TRANS
RES
RES

SILIED
SILICO
SILICO
SILICO
SILICO

SILICO
SILICO
SILICO
SILICO
SILICO

SILICO
ZENER
LENER
MYLAR
MYLAR

MYLAR
ELECT
ELECT
ELECT
ELECT

MYLAR
MYLAR
ELECT
ELECT
CERAM

ELECT
ELECT
CERAM
CERAM
ELECT

MYLAR

SILICO
SILICO
SILICO
SILICO

SILICO
CARBON
CARBON

DES

LZENER

.01
.01

.01
2000
4000

20
2000

il
-1
15

.01

25
25
.001
.001
1000

<47
NPN
NPN
NPN
NPN

PNP
220
220

CoR

Sn&a
SD&
SN4
SC4
SD4

5D4
023
023
023
023

IN9

IN9
MFD
MFD

MFD
MFD
MFD
MFD
MFD

MFD
MFD
MFD
MFD
MFD

MFD
MFD
MFD
MFD
MF D

IR - 0N

668
66B
100
100

600
35
15

350
a5

100
100
200

6
200

25
25
500
500
15

<cC< < << << < << < <

<< < < <

MFED 100 V

2N
01
40
01

00

3565
4
250
4

9
5%
5%

174 W1

10%
10%

10%
20%

20%
20%

10%1
10%1
20%
102
10Z

20%
20%
10%1
10%1

10%

1/4 Wl
1 W

DIDDES IN
DIODES 1IN
DIODES IN
DIODES IN
DICDES IN

DIODES IN
DANA
DANA
DANA
DANA

MOTOROL
MOTORQOLA
MOTOROLA

CDE

CDE

CDE
DUCATI
DUCATI
DUCATI
DUCATI

CDE

CDE
DUCATI
KEMET
SPRAGUE

DUCATI
DUCATI
AEROVOX
AEROVOX
AMPEREX

CDE
FATRCHI
DANA
RCA
DANA

DANA
OHMITE
OHMITE

SD4
SD4
SD&
SD4
S04

SD4

210014
210014
210014
210014

A M.2.4A25

IN9668

IN966B
WMF1S51
WMF1S1

WMF651
2000-35
4000DX1512-10
20-350
2000-35

WMF1P1

WMF1P1
15-200
K22W6K
TH=510

25-25
25=25
SCD3X5F
SCD3XSE
C437PR/ELOOO

WMF1P&4T7
LD 2N3565
200035
40250
200035

200052
RCOTGF224J
RC32GF224J

Tiof 2



PARTS LIST

ASSEMBLY 403081 and 403225 PCB ASSEMBLY, Power Supply

REF.
CESIG.

03
RO4

ROS
RO6
RO7
RO8
ROS

R10
R11
R12
R13

PART
NO.

Q00472
cco1lo01

ccoloe
€ccczo2
c00202
C40062
0Cc0511

Gcol51
CCO151
03coo7
c3coo7

RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES

CARBUN
CARBON

CARBIN
CARBON
CARBON
VARI

CARBON

CARRON
CARBON
CARHBCN
CARSBON

BoES

4.7
100

S

500
510

150
150
150
150

LR

K
(HM

K
LS
K
OHM
OHM

CHM
OHM
OHM
OHM

P T

5%
5%

5%
5%
5%
10%
5%

5%
5%
5%
5%

I O

174
1/4

174
1/4
1/4
la2
1/4

174
1/4

N

Wl
wl

Wl
Wl
Wl
W

Wl

Wl
Wl
W
W

OHMITE
OHMITE

NHMITE
OHMITE
OHMITE
CT1s

OHMITF

OHMITE

OHMITE
NHMITE
OHMITE

RCOIGF4T72J
RCO7TGF101J

RCO7TGFLl02J
RCO7TGF202J
RCO7GF2G2J
110

RCO7GFS511J

‘RCO7TGF151J
RCOTGFL51J
4396
4396

2 of 2



PARTS LIST

ASSEMBLY 403198 PCB Isolator, Assembly

REF.
CESIG.

CRO1
CRO2
CRO3
CRO4
CRO5

CRO6
CRO7
CROS8
CRO9
CR10

CR11
CrR12
CR13
CR14
CR15

CR16
CR17
CR18
CR19
CR20

CR21
CR22
CR23
CR24
CR25

CR26
CR27
CR28
CR29
CR30

CR31
col
co2
co3
Cos

- CO05

Cco6
co7

PART
NUa

211083
211083
211083
211083
211083

211083
211083
211083
211083
220007

220004
220004
211236
220016
220016

211236
211236
211236
211083
211083

220004
220012
221177
220004
211083

211083 .

2211177
211083
211083
220016

220016
110086
101174
100017
120177

110071
110071
120175

DIODE
DIODE
DIODE
DIODE
DIODE

DIODE
DIODE
DIODE
DIODE
DIODE

DIODE
DIODE
DIODE
OIODE
DIODE

DIODE
DIODE
DIODE
DIODE
DIODE

DIODE

DIODE
DIDDE
DIODE
DIODE

DIODE
DIODE
DIODE
D10DE
DIODE

DIODE
CAP
CAP
CAP
CAP

CAP

cap
CAP

SILICC
SILICO
S1L1CB
SILICO
SILICO

SILICO
SILICO
SILICO
SILICO
SILICO

SILICO
SILICO
SILICO
SILICO
SILICO

SILICO
SILICO
SILICO
SELICT
SILICO

SILICO
SILICO
SILICH
SILICD
SILICO

SILICO
SILICO
SILICO
SILICO
SILICO

SILICO
TANTA
CERAM
CERAM
MYLAR

ELEGT
ELECT
MYLAR

DIESS ©ERETP- T T 6N

018
018
018
018
ols8

018
018
ol8
Ols

ZENER 1IN751

ZENER
ZENER

IN9618B
IN9618B
co7

IN9648
1N9648B

ZENER
ZENER

007
007
007
ols
018

ZENER
ZENER
ZENER
ZENER

IN961B
1N9588B

IN961B
018

018
ZENER

ols

018

ZENER 1N964B

ZENER 1N964B

47 MFD 10
+001 MFD 500
.01 MFD 200
.56 MFD SO
.1 MFD 35

«1 MED 35
.0027 MFD 100

c < <<

< < <

kb

Pt ot ot et

[y

Pt

10%

10271

10%
5%

10% -

10%
10%

bt

DANA 211083
DANA 211083
DANA 211083
DANA 211083
DANA 211083
DANA 211083
DANA 211083
DANA 211083
DANA 211083
MOTOROLA 1N751
MOTOROLA 1N9618
MOTOROLA 1N9618B
DANA 211236
MOTOROLA 1N964B
MOTOROLA 1N9648
DANA 211236
DANA 211236
DANA 211236
DANA 211083
DANA 211083
MOTOROLA 1N9618
MOTOROLA 1N958B
MOTOROLA M.2.4A25
MOTOROLA 1N961B
DANA 211083
DANA 211083
MOTOROLA M.2.4A25
DANA 211083
DANA 211083
MOTOROLA 1N9648
MOTOROLA 1N964H
KEMET K4TC6K
AEROVOX  SCD3X5F
SPRAGUE  TH-510
IMB PV2A564J
KEMET K1W 35K
KEMET K1W35K
IMB ZA1296K

lofs



PARTS LIST

ASSEMBLY 4C31ye& PCB Isolator, Assembly

REF.
DESIGa.

coe
cos

Clo
Gll
c12
13
Cla

C1l5
Cle
Cl7
Ccls
€19

C20
cz21
€22
LZ3
KOl

KQ2
KG3
rO]
r02
MO3

M4
05
MO6
MOT
MO8

M09
10
ML
01
(02

<03
C04
C05
Coeé
co7

cos

PART
NOa

121093
120135

120178
120153
110047
1200z6
1C1174

120176
1Cll74
1¢ccoi7
11C040
120185

11C040
120134
120134
120110
31009

310021
31C021
230019
23003
23C018

230055
230015
230053
230019
230055

230018
230018
230022
200047
200043

200043

200043
200043
200043
200043

200022

BB S G REAP
cap MYLAR 047 MFLC 100G
CAP POLYS « LS MFD 33
CAP MYL AR «27 MFD 50
CAP POLYS 47 PFD 125
CAP ELEET 50 MFD 50
CAP MYLAR +47 MFD 100
cap CERAM .001 MFD 500
CAP POLY 150 PFD 63
cap CERBAM «.D01 MFD 500
CAP CERAM «01 MFD 200
cap ELECT 1 MER: 50
caAp MYLAR <33 MFD 100
cap ELEET 1 MFC 50
CAP MYLAR 1 MFC 200
cAP MYLAR 1 MFD 2060
CAP MYLAR «27 MFD 100
RELAY
RELAY DC 2 PODT 2aV
RELAY DC 2 POT 24V
INTEGRATED CIRCUIT MCR24P
INTEGRATED CIRCUIT MCEOOP
INTEGRATED CIRCUIT AR S B d
INTEGRATED CIRCUIT “CB1AP
INTEGRATED CIRCULIT MC723P
INTEGRATED CIRCUIT MCRQZP
INTEGRATED CIRCUIT KCE24P
INTEGRATED CIRCUIT MCR19P
INTEGRATED CIRCUIT MCBL1TP
INTEGRATED CIRCUIT MC8L1TP
INTEGRATED CIRCUIT mCBEIP
TRANS SILICO NPN 2N3565
TRANS SILICO NPN Z2ZN3565H
TRANS SILICO NPN ZN3565
TRANS SILICO NPN 2N3565
TRANS SILICU NPN 2N3565
TRANS SILICU NPN ZN3565
TRANS SILICO WNPN 2N3965
TRANS SILICO PNP olz

<< << < << << <

< < < <

10%1
10%

5%
10%
20%
1031
10%1

20%
1071
10%
0%
10%

202
10%
10%
10%

A
CNE WMF1S547
MIAL 611.3S
I MB PV2A2T74)
MIAL 611
NDUCATI 50-50
IMR AS2B4T74K
AEROVOX SCD3X5F
MIAL 611.1
AERCVOX SCD3X5F
SPRAGUE TH-S10
DUCATI 1-50
N WMF1P33
NDUCATI 1-50
PAKTRUN MF1200LL
PAKTRON MF1200LL
cD WMF1P27
AM 7ETTLR AZ420-56
ALLIED A742056105
ALLIED Al&42056105
MOTODROLA MCB824P
MGTAROLA  MC890P
MCTOROLA  MC817P
MOTOROLA MCB819P
MOTORNOLA MCT723P
MGTOROLA  MCB92P
MOTDROLA  MCH24P
MUTOROLA MC819P
MOTOROLA MC817P
MOTOROLA MCH17P
MOTOROLA M(C889P
FAIRCHILD 2N3565
FAIRCHILD 2N3565
FAIRCHILD ?N3565
FAIRCHILD 2N3565
FAIRCHILD 2N3565
FATRCHILD 2N3565
FATRCHILD 2N3565
NANA 200022 20f 5



AL NOL 1G5t 0
{

©ne

ASSEMBLY

REF.
DESIG.

c09
Qgl0
Cl1
Ql2

€13
Cl4
Cl5
Cle
() i 4

€18
¢l9
c20
g21
g22

€23
Q24
625
€26

"RO1

ROZ2
RO3
RO4
ROS
RO6

RO7
RO8
RO9
R10
R11

R12
R13
R14
R15
R16

R17
R18
R19
R20

PARTS LIST

403198 PCB Isolator, Assembly

PART
NO.

201084
200027
200043
200043

200043
200043
200052
200035
200083

200083
200022
200043
200022
200022

200043
200043
200022
200037
000102

0coloz2
COC104
cocioz
cco102
000102

000511
000104
coozo2
000202
000202

030015
040093
01C334
010334
000513

000515
gceclos
000105
000245

TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES

GERMAN
SILICO
SILICO
SILICD

SLEIED
SILIEA
SILICO
SILICO
DUAL

DuAL

SILICO
SILICO
SILICO
SILICO

SILICO
SILICO
SILICO
SILICO
CARBON

CARBOCN
CARBON
CARBON
CARBON
CARBON

CARBON
CARBON
CARBON
CARBON
CARBON

WW
VARI

CARBON

CARBON
CARBON
CARBON
CARBON

DEESSEE R AL P Tl E N

PNP

NPN
NPN

NPN
NPN
PNP
NPN

PNP
NPN
PNP
PNP

NPN
NPN
PNP
NPN

™ N

510
100

S

AKAXRXX

2N1304
FSv

2N3565
2N3565

2N3565
2N3565
009
Ol4
T1S34

TisS34
012
2N3565
oLz
0lz

2N3565
2N3565
o1z
ZN3646
5%

5%
5%
5%
5%
5%

OHM 52

AR AR KX

5%
5%
5%

w
“a

12

OHM

EXIZT X

- 5%
5%
5%

1

174 W1

1/4 Wl
1/4 Wl
1/74 Wl
174 W1
1/4 Wl

1/4 W1
1/74 W1
1/4 W1
1/74 Wl
174 Wl

10 W

1/4 Wl

1/4 W
174 W1
174 W1
1/4 W

TI
DANA

2N1304
200027

FAIRCHILD 2N3565
FAIRCHILD 2N3565

FAIRCHILD 2N3565
FAIRCHILD 2N3565

DANA 200052
DANA 200035
DANA 200083
DANA 200083
DANA 200022
"FAIRCHILD 2N3565
DANA 200022
DANA 200022

FAIRCHILD 2N3565
FAIRCHILD 2N3565

DANA 200022
FAIRCHILD 2N3646
OHMITE RCO7GF102J
OHMITE RCOTGF102J
OHMITE RCOTGF104J
OHMITE RCO7TGF102J
OHMITE RCOTGF1024
OHMITE RCO7GF1024
OHMITE RCOTGF511J
OMMITE  RC07GF104]
OHMITE RCOTGF2024
OHMITE RCOTGF2024
OHMITE RCOTGF202J

C-F M-100

SPECTRO 50=-3=1-501

DANA 010334

DANA 010334
OHMITE RCO7GF5134
OHMITE RCO7GF515J
OHMITE RCOTGF1054
OHMITE RCO7GF1054
OHMITE RCOTGF2454
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PARTS LIST

ASSEMELY 403198 PCB Isolator, Assembly

REF. PART
CESIG. NG o DB SiE R
21 000682 RES CARBRON 6.8 K
RzZ 000330 RES CARBIN 33K
223 Coeare RES CAREON 4,7 K
224 cceLo3 RES CARBON 10 K
R25 CCo750 RES CARBON 75 0OBM
R26 040109 RES VARI 5 K
R21 CcCClou2 RES CARBON 1 K
R28 0C0203 RES CARBON 20 K
R29 CCC1l04 RES CARBON 100 K
RrR30 CCOS516 RES CARBON 51 M
32 cl10337 RES MeTAL 10 MLG
R33 01C337 RES METAL 10 MEG
R34 CGCC103 RES CARBON 10 K
R35 C40134 RES VAR 200 K
R36 6on9ls RES CABON F10 K
K38 010337 RES METAL 10 MEG
F39 010337 RES METAL 10 MEG
R40 ocel02 RES CARBON 1K
R41 0C0313s RES CARBON 3.3 M
R4 2 0C06485 RES CARBON 6.8 MEG
R&3 Ce0104 RES CARBIN 100 K
R4 4 CCGled RES CARBON 12 K
£45 ccelzs RES CARHRON 12 K
R4E cCcolo1 RES CARBON 100 OHM
R4 T CCCoO RES CARBON 62 OHM
P48 CC0330 RES CARBCN 33 K
R49 onn3loe RES CARBON 3 K
R50 cecaon2 RES CARBOUN 3 %
R5 1 Cooa3n2 RES CARBON 3 K
R52 crei3os RES CAREON 300 K
253 QLesla RES CARRBON 51 K
RS 4 con203 RES CARBON 20 K
455 CSo510 RES CARBON 51 OHM
56 CCCLOZ2 RES CARBON Ik
RS CCBl53 RES CARBON 15 K
#58 EGeL53 RES CARBIN 15 K
459 coelra? RES CARBON 1 K

I

i s B 6
5% 1/4
5% 1/4
5% 174
5% 1/4
Lo AR U
5% 1/4
5% 1/4
5% 1/4
5% 1/4
13

= 174
5% 1/4
1%

5% 1/4
5% 1/4
Z 1/4
s 1/4
5% . L%
% 1/4
= l/4
T
2 l1/4
T 174
5% 1/4
5% 1/4
2 1/4
52 1/4
A L
53 L/4
2 174
5% 1/4
5% 1/4
5% 1l/4

Wi
Wl
Wl

Wl
Wl
Wl

Wl

Wl
Wl

Wl

Wl
Wl
W1l
W1
W

Wl
Wl
Wl

Wl

Wl
Wl
Wl
Wl
W1l

Wl

OHMITE

DHMITE
OHMITE
OHMITE
OHMITE
SPECTROL

CHMITE

OHMITE

OHMITE

OHMITE
DALE

DALE

CHMITE
CT.S
OHMITE
DALE

DALE
OHMITE
OHMITE

OHMITE
OHMITE

OHMITE
OHMITE
CHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE

RCO7GF682]

RCO7GF3307
RCOTGF4T2J

RCO7GFLl034
RCO7TGF7504
bi=3

RCO7GF102J

RCOTGF2034

RCO7TGF104J

RCO7GFS516J
DCS1/2

DCSl/2

RCOTGF103J
134
RCO7TGF915J
DCS1/2

DCS1/2
RCOTGFl02J
RCOTGF3354

RCO7TGF685Y
RCOTGF104Y

RCO7GF123J
RCO7TGF123J
RCO7GFlOLlJ
RCO7GF6204
RCO7GF330J

RCO7GF3024
RCOTGF302J
RCOTGF302J
RCO7TGF304J
RCO7GF513J

RCO7GF203J
RCO7GF510J
RCO7TGF102J
RCOTGF153J
RCOTGF1534

RCO7GF102J
40f 5



NO, 11

A

ASSEMBLY

REF.
DESIG.

R60
R61
R62
R63

Ré64
R6&5
R66
R6T
R68

R69
R70
R71
R72
R73

R74
RT5
R76
RT7

R81

PARTS LIST

403198 PCB Isolator, Assembly

PART
NO.

000151
000103

goolLo02 -

000510

coos510
ocolo02
00Q100
coo1l00
00olo01

000102
040026
020241
€CC0335
020554

000911
€20170
0C0305
04C026

000102

RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES

RES

CARBON
CARBON
CARBON
CARBON

CARBON
CARBON
CARBON
CARBON
CARBON

CARBON
VARI
W
CARBON
Wi

CARBON
Wi

" CARBON

VARI

CARBON

150

51

51

10
10
100

1

20

10

3-3
1.1096

910
100.83
3

20

1

CRIPTI ON

OHM
K
K
OHM

OHM

OHM

OHM
OHM

AEZTXXX

OHM
OHM
M
K

K

5%
5%
52
5%
5%

5%
10%
«05%
5%

- 05%

53
-05%
5%
10%

5%

1/4
L/4
1/4
1/4

1/4
1/4
1/4
1/4
1/4

1/74

1
1/8
174

1/74
1/8
1/4

Wl
Wl
Wl
Wl

Wl
Wl
WL
Wl
Wl

1/4 W1

OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
TECHNO
JORDAN:
OHMITE
JORDAN

OHMITE
KELVIN
OHMITE
TECHNO

OHMITE

RCO7GF151J
RCO7GF103J
RCO7TGF102J
RCO7GF5104

RCO7GF510J
RCO7GF1024
RCOTGF100J
RCO7GF100J
RCOTGF101J

RCO7GF102J
35

J-11
RCO7GF3354

RCO7GF911J
EP=20
RCO7GF305J
35

RCO7GF102]
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FORM NO, 10110-P

ASSEMBLY 403169

REF.
CESIG.

CR108
CR107
CR106
CR105

"CR113

CR114
CR115
C123
Cl24
cl27

K104
K105
K106
K107

M101

Q115
Q104
Q105
Q106
Q107

R112
R114
R115
R116
R120

R122
R123
R124
R129
R130

R125
R134
R135
R145
R154

R155
R156
R159

PART
NO.

211083
211083
211083
211083
22T

221111
221100
121088
121146
121146

310036
310036
310035
310035
230026

200043
200043
200043
200043
200043

0ogcz202
coL737
040159
0co202
020494

020495
C40115
QCc202
020496
C4CO97

600202
C4Cl04
010357
CC0685
C4COB8

001737
CCOl52
ccecszl

PARTS LI

Assembly Ohms Converter

OIODE
0I0DE
DIOCE
0IooL
DIODE

DIODE
DIODE
CAp
Cap
CAP

RELAY
RELAY
RELAY
RELAY

ST

BEE S-SRI P T I50N

SILICO
SILICO
SILICO
SILICO
SILICO ZENER

SILICO ZENER
SILICO ZENER
MYL AR
MYLAR
MYLAR

REED
REED
REED
REED

018
018
ole
ora

SRS
5P

-01 MFD 100
.0047 MFD 100 V
-.0047 MFD 100 V

128V
T 24V

INTEGRATED CIRCUIT MCT709C

TRANS
TRANS
TRANS
TRANS
TRANS

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES

SILTCO NPN
SILICO NPN
SILICO NPN
SILICO NPN
SILICO NPN
CARBON 2 K
FSV

VARI 500 K
CARBON 2 K
W 8219 K
Wk 89.815 K
VARI 500 K
CARBON 2 K
WW 996.15 K
VAR 5 K
CARBON 2 K
VAR 5C K
METAL 8.981 ME
CARBON 5.8 ME
VAR 100 K
FSvV

CARBON 1.5 K
CARKON 320 OH

2N3565
2N3565
Z2N3565
2N3565
2N3565

5%
5%

5%
.12

-12
10%

o
£

.13
10%

5%

G 1%
G 5%
10%

52
5%

M 5%

1021
10%Z1

1/4 W1
1/4 W
L/2 W
1/4 Wl

1/4 Wl

174 W1

174 W

174 W
174 W1
1/4 W

DANA 211083
DANA 211083
DANA 211083
DANA 211083
MOTOROLA M.2.4A25
MOTOROLA M.2.4A25
MOTOROLA M.2.4A25
CDE WMF1S1
CDE WMF1D47
CDE WMF1D47

ELEC-TROL R2096-3

ELEC-TROL R2096-3

AZTEC LIA24-51

AZTEC LIA24-51

MOTOROLA MC709C
FAIRCHILD 2N3565
FAIRCHILD 2N3565
FAIRCHILD 2N3565
FATRCHILD 2N3565
FAIRCHILD 2N3565
OHMITE RCOTGF202

 DANA 001737

BECKMAN  62PRS00K
OHMITE RCO7GF202J

JORDAN J11

JORDAN J11

BECKMAN  62PR500
OHMITE RCOTGF202J

JORDAN J11

BECKMAN  62PR5K
OHMITE RCOTGF202J

RECKMAN  62P

PYROFILM PME 70 T2

OHMITE RCOTGF685

BECKMAN  62PR100K

DANA 001737
OHMITE RCOTGF1524
OHMITE RCOTGFB821

Lootc2



ASSEMBLY

REF.
CESIG.

R158
R163

R164
R165

4031¢9

PART
NO e

0cos51e
oco9le

020050
021395

PARTS LIST

Assembly Ohms Converter

RES
RES

RES
RES

CARBON
CAZBO

Wh
WH

x

R

1P ST TSN

5%

.01%
-01%

1/4
174

1/4
1/4

Wl
Wl

OHMITE
OHMITE

KELVIN
JORDAN

RCO7GF512J
RCO7GF912J

gp-21
J=12

2ot 2



PARTS LIST

£ ASSEMBLY 403214 PCB Assembly, AC Converter

lof 4

8 REF. PART
DESIG. NO. DESCRIPTION

L CR101 211236 DIODE SILICO 007 DANA 211236
CR102 211236 DIODE SILICO 007 DANA 211236
CR103 221177 DIODE SILICO ZENER 1/4 W1 MOTOROLA M.2.4A25

! CR104 221177 DIODE SILICO ZENER 1/4W1 MOTOROLA M.2.4A25
CR105 211083 DIODE SILICO 018 1 DANA 211083

— CR106 211083 DIODE SILICO 018 i DANA 211083
CR107 211083 DIODE SILICO 018 1 DANA 211083
CR109 220015 DIODE SILICO ZENER 1N967B MOTOROLA 1N967B

e CR110 220015 DIODE SILICO ZENER 1NS67B MOTOROILA 1N967B
CR111 211083 DIODE SILICO 018 1 DANA 211083
CR112 211083 DIODE SILICO 018 i DANA 211083
Cclo01l 120007 CAP MYLAR .22 MFD 600V 20% ELEC CUBE 210B1F224
Cc102 120197 CAP POLYS 20 PFD 1000V DUCATI 20-1000

e C103 130054 CAP CERAM 1-5 PFD 10% AMPREX CO10KA/5E
C1l04 120218 CAP POLYS FSV DANA 120218

— C105 120161 CAP POLYS .047 MFD 63V 2.5% DIEL N100 -
C106 120162 = CAP POLYS .0044 MFD 63V 2.5% MIAL 611.2D
Cc1l07 120142 CAP POLYS FSV DANA 120142

— C108 130055 CAP CERAM 5-60 PFD 10% AMPREX C010MA/60E
C109 120158 CAP POLYS 390 PFD 63V 5% MIAL 611

— C1l10 130055 CAP CERAM 5-60 PFD 10% AMPREX C010MA/60E
(%90 2| 120034 CAP POLYS 100°PPD 500 V 5% CRL CPR-1007
Cll2 130054 CAP CERAM 1-5 PFD 10% AMPREX CO010KA/SE

— ©113 120218 CAP POLYS FSV DANA 120218
Cll4 120198 €AP POLYS 12 PFD 500V 20% MALLORY SX412



PARTS LIST

ASSEMBLY 403214 PCB Assembly, AC Converter

REE: PART
DESIG, NO. DESCRIPTION
€115 111148 CAP ELEGT 100 MFD 25V 20%l1 SPRAGUE TE1211
Clle 110047 CAP ELE@T 50 MFD 50V 20% DUCATI 50-50
&117 110047 CAP ELECT S0 MFD 50V 20% DUCATI 50-50
Cll18 121393 - (GAP MYLAR 22 NMED 100V 10% CDE WMF1P22
Cl19 101145 CAP CERAM HOO-PED =500V - 10%1 AEROVOX SCDI1X5F
Cl20 100008 CAP CERAM 82 PED 500V 10% AEROVOX TCD-N750
€121 101145 “‘CAP CERAM 100 PFD 500V 10%l1 AEROVOX SCDI1XSF
Ccl22 110005 CAP TANTA 10 MFD 50V 10%1 SEMCOR TSW1K-50-10
&125 110022 CAP TANTA 3.3 MFD 35V 10%1 KEMET K33C35K
Cl26 110022 CAP TANTA 33 MEE = 35V —10%2 KEMET K33C35K
K101 310035 - RELAY REED SPST 24V AZTEC LIA24-S1
K102 310035 REILAY REED SPST 24V AZTEC LIA24-S1
K103 310036 * RELAY REED ELEC-TROL R2096-3
@101 200085 TRANS MPF103 MOTOROLA MPF103
Q102 200022 TRANS SILICO PNP 012 DANA 200022
Q103 200052 TRANS SILICO PNP 009 DANA 200052
Q1l05 200043 TRANS SILICO NPN 2N3565 FAIRCHILD 2N3565
Q106 200043 TRANS SILICO NPN 2N3565 FAIRCHILD 2N3565
Q107 200043 TRANS SILICO NPN 2N3565 FAIRCHILD 2N3565
Q108 200136 TRANS SILICO NPFN SELECTED DANA 200136
Q109 200136 TRANS SILICO NPN SELECTED DANA 200136
Q110 200022 TRANS SILICO PNP 012 DANA 200022
Q111 200043 TRANS SILICO NPN 2N3565 FAIRCHILD 2N3565
ol 200076 TRANS 2N4250 FAIRCHILD 2N4250
Q113 200052 TRANS SILICO PNP 009 DANA 200052
R101 010356 RES METAL MATCH SET DANA 010356
R102 010356 RES METAL MATCH SET DANA 010356
R103 040046 RES VARI 20 K 10% 1/4'W BECKMAN 62PR20K
R104 000243 RES CARBON 24K 5% 1/4W1 OHMITE RCO7GF243]
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ASSEMBLY 403214

REF.
DESIG.

R105
R106
R107
R108
R109

R110
R111
R113

R116
R117
R118
R119

R121
R124

R125
R126
R127
R128

Rist
R132
R133

R136
R137
R138
R139

R140
R141
R142
R143
R144

PART
NO.

040114
010356
040115
010356
010356

000201
000104
000332

000202
010321
040110
000102

010356
000202

000202
000104
000752
000105

000106
000104
000104

000203
010356
010356
000106

000332
000512
000751
000103
001712

PARTS LIST

PCB Assembly, AC Converter

RES
RES
RES
RES
RES

RES
RES
RES

RES
RES
RES
RES

RES
RES

RES
RES
RES
RES

RES
RES
RES

RES
RES
RES
RES

RES
RES
RES
RES
RES

VARI
METAL
VARI
METAL
METAL

CARBON
CARBON
CARBON

CARBON
METAL
VARI
CARBON

METAL
CARBON

CARBON
CARBON
CARBON
CARBON

CARBON
CARBON
CARBON

CARBON
METAL
METAL
CARBON

CARBON
CARBON
CARBON
CARBON
CARBON

DESCRIPTION
50 K 10% BECKMAN
MATCH SET DANA
500 K 10% BECKMAN
MATCH SET DANA
MATCH SET DANA
200 OHM 5% 1/4W1 OHMITE
100 K 5% 1/4W1 OHMITE
3.3 K 5% 1/4W1 OHMITE
2 K 5% 1/4 W1 OHMITE
10 OHM 1% ELECTRA
100 OHM BBECKMAN
1 K 5% 1/4 W1 OHMITE
MATCH SET DANA
LK 5% 1/4 W1 OHMITE
2K 5% 1/4 W1 OHMITE
100 K 5% 1/4W1 OHMITE
7.5 K 5% 1/4 W1 OHMITE
1M 5% 1/4W1 OHMITE
10 M 5% 1/4 W1 OHMITE
100 K 5% 1/4 W1 OHMITE
100 K 5% 1/4 W1 OHMITE
20 K 5% 1/4 W1 OHMITE
MATCH SET DANA
MATCH SET DANA
10 M 5% 1/4W1 OHMITE
3.3 K 5% 1/4W1 OHMITE
P B 4 5% 1/4 W1 OHMITE
750 OHM 5% 1/4 W1 OHMITE
10 K 5% 1/4W1 OHMITE
750 OHM 5% 1/2W  OHMITE

62PR50
010356
62PR500
010356
010356

RC07GF201]
RC07GF104]
RCO7GF332]

RC07GF202]

RN60D10ROF
62PR100

RC07GF102]

010356

RCO7GF202]

RCO07GF202]
RCO7GF104]
RCO07GF752]
RCO7GF103]

RCO07GF106]
RCO07GF104]
RCO7GF104]

RCO07GF203]

010356
010356

RC07GF106]

RC07GF332;
RC07GF512]
RCO7GF751]
RCO7GF103:
RC20GF751;
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ASSEMBLY 403214

REFE .
DESIG.

R146
R147
R148
R149

R150
R151
R152
R153

R157
R160
R161
R162

PART
NO.

001712
000332
000101
000101

000332
000101
000331
000331

010356
010060
010356
010060

PARTS L

IST

PCB Assembly, AC Converter

RES
RES
RES
RES

RES
RES
RES
RES

RES
RES
RES
RES

CARBON
CARBON
CARBON
CARBON

CARBON
CARBON
CARBON
CARBON

METAL
METAL
METAL
METAL

750 OHM
3.8 K

100 OHM
100 OHM

3.3 K

100 OHM
330 OHM
330 OHM

MATCH SET
10K

MATCH SET
10 K

DESCRIPTION

5%
5%
5%
5%

5%
5%
5%
5%
1%

1%

1/2W

1/4 W1
1/4W1
1/4 W1

1/4W1
1/4W1
1/4W1
1/4W1
1/4W

1/4W

OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE

DANA

RC20GF751]
RCO7FG332]
RCO7GF101]
RCO7GF101]

RCO7FG332]
RCO7GF101J
RCO7GF331]J
RCO7GF331]

010356

ELECTRA RN60DI1002F

DANA

010356

ELECTRA RN60D1002ZF
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PARTS LIST

ASSEMBLY 402581 AC & OHMS CONVERTER

REF.
DESIG.

CR101
cr102
CR103
CR104
CR105

CR106
CR107
CrR108
CR109
CR110

CcrR111
Cr112
CR113

CR114
CR115

Cc 101
C 102
€ 103
€ 104
C 105

€106
€107
c108
c109
C110

clil
c1l12
c113
clil4
clls

Clle6
cll7
cll8
£119
€120

cl2l
€122
€123

PART
NO.

211236
211236
221177
221117
211083

211083
211083
211083
220015
220015

211083
211083
221117
221177
221177

120007
120197
130054
120218
120161

120162
120142
130055
12C158
130055

120034
130054
120218

120198
111148

110047
11C047
121393
101145
100008

101145
11C005

121088

DIoDEe
LIODE
DIODE
DIoode
DIODE

DIODE
LIODE
DIODE
DIODE
DIODE

CIODE
DIODE
DIODE
DIODE
DIODE

Cap
cap
CApP
CApP
CAP

CAP
CAP
CAP
CAP.
CAP

CAP
CApP
CAP
CAP
CAP

CAP
CAP
CaAp
Cap
cap

CAP
CAP
CAP

BE S Lo T P DN
SILICOD 007

SILICO 007

SILICO ZENER 1/4 W1
SILICO ZENER 1/74 Wl
SILICO ole 1
SILICO Gl8 1
SILICO 018 1
SILICO 018 1
SILICO ZENER 1N9&6T8

SILICO ZENER 1N967B

SILICO 018 1
SILICO 013 1
SILICU ZENER 1/4 Wl
SILICO ZENER 1/4 Wl
SILICO ZENER 174 Wl
MYLAR .22 MFD 600 V  20%
POLYS 20 PFDLOOO V

CERAM 1-5 PFD 10%
POLYS FSV

POLYS .047 MFU 63 V 2.5%
POLYS .0044 MFD 63 V 2.5%
POLYS FSV

CERAM 5-60 PFD 10%
POLYS 390 PFD 63 V 5%
CERAM 5-60 PFD 10Z
POLYS 100 PFD 500 V 5%
CERAM 1-5 PFD 10%
POLYS FSV

POLYS 12 PFD 500 V  20%
ELECT 100 MFD 25 V  20%1
ELECT 50 MFD 50 V  20%
ELECT 50 MFD 50 V  20%
MYLAR .22 MFD 100 V 10%
CERAM 100 PFD 500 V 1021
CERAM 82 PFD 500 V 102
CERAM 100 PFD 500 .V 1021
TANTA 10 MFD 50 V 1021
MYLAR .01 MFD 100 V 102

DANA
DANA
MOTOROLA
MOTOROLA
DANA

DANA
DANA
DANA
MOTOROLA
MOTOROLA

DANA
DANA
MOTOROLA
MOTOROLA
MOTOROLA

211236
211236
Me2.4A25
M.2.4A25
211083

211083
211083
211083
1IN9678B
IN96T8B

211083
211083
Me2.4A25
Ma2.4A25
M.2.4A25

ELEC CUBE 210B1F22¢

DUCATI 20-1000

AMPREX CO10KA/SE

DANA 120218

DIEL N10O

MIAL 611.20

DANA 120142

AMPREX CO10MA/60E

MIAL 611

AMPREX COl10MA/60E »
CRL CPR-100J

AMPREX CO10KA/SE

DANA 120218

MALLORY SX412
SPRAGUE FELZL]
DUCATI 50-50
DUCATI 50-50
CDE WMFLlP22
AEROVOX SCD1IXSF
AEROVOX TCD-N750
AEROVOX SCD1X5F
SEMCOR TSW1K-50-10
CDE WMFL1S1



PARTS LIST

ASSEMBLY 402581 AC & OHMS CONVERTER

REF.
CESIG.

clz4
125

cl26
c127
K101
K102
k103

K104
K105
k106
k107
»101

¢101
€102
6103
£104
£105

¢ 106
€107
;108
G109
¢110

G1lll
£112
€113
€114
G115

2101
2102
2103
r104
R 105

=106
2107
R108
R109
R110

g 1il

PART
NO.

121146
11c022

110022
121146
310036
310035
31C035

310036
310036
310035
310035
230026

200085
200022
200011
200043
200043

20C043
200043
200136
200136
200022

200043
200076
200011
200035
200043

010356
010354
040046
ccrza3
C40114%

010356
040115
010356
010356
€00z201

000104

cap
CAP

CApP
CAP
RELAY
RELAY
RELAY

RELAY
RELAY
RELAY
RELAY

MYLAR
TANTA

TANTA
MYLAR
REED
REED
REED

REED
REED
REED
REED

3.3
0047

e8|
vED
MED 35 N

MFO
MF D

35N
100 V

SPST
SPST

24V
24V

SPST
SPST

24V
24V

INTEGRATED CIRCUIT MCT709C

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

TRANS
TRANS
TRANS
TRANS
TRANS

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES

SILICD
54160
STLICO
STETED

SILICO
STLIED
SILICO
STLICO
SILICO

SELTCn

SIELED
SILICD
SIL LU

METAL
METAL
VART
CARRBRON
VAR

METAL
VAR ]
METAL
METAL
CARBON

CARBON

PNP
PNP

MPFL103
01z
go3

NPN
NPN

NPN
NPN

2N3565
ZN3565

2N3565
2MN3565

NPN
NPN
PND

NP

PN?
NPN
NPN

MATCH
MATCH
20
24
50

MATCH
500
MATCH
MATCH
290

100

SELECTED
SELECTED
Glz

Z2N3565
24250
009
Clé
2N3565

5%

S
S
K 10%
W
x 1073

¥ 10%
SET
SET
OHM 5%

K 5%

I ON
1051
1031

1021
10%1

174 W
1/4 W

1/4 Wl

174 W1

ChE WMF1D4&T
KEMET K33C35K
KFMET K33C35K
CDE WMF1047
ELEC-TROL R2096-3
AZTEC LIA24-51
AZTEC LIA24-51
ELEESTROLRZ2096=3
ELEC-TROL R2096-3
AZTEC LIA24-51
AZTEC LIA24-51
MOTORJOLA MC709C
MOTOROLA MPF103
DANA 200022
DANA 200011
FAIRCHILD 2N3565
FAIRCHILD 2N3565
FAIRCHILD 2N3565
FAIRCHILD 2N3565
DANA 2001386
DANA 200136
DANA 200022

FATRCHILD 2N3565
FATRCHILD 2N&250

DANA
DANA

200011
200035

FAIRCHILD 2N3565

DANA
DANA

BECKMAN

OHMITE
BECKMAN

DANA
RECKMAN
DANA
DANA
OHMITE

NHMITE

010356

010356
62PR20K
RCOTGF243J

62PR50

010356

62PRS00

010356

010356
RCO7TGF201J

RCOTGF104J



FORM NO, 10110-P

PARTS LIST

ASSEMBLY 402581 AC & OHMS CONVERTER

REF.
DESIG.

R112

2113
R114
R115

116
117

118
119
120

om0 XT 0N

121
122
123
124
125

prw B w i < S B o

126
127
128
129
130

s B < B =B =B v

131
132
133
134
135

ol el

xR x

136
137
138
139
140

ol v i G I < i < |

141
142

143
144

145

ol @l ¢ i = e w |

R 146
R 147
R 148
R 149

PART
NG.

000202
€C0332
001737
040159

cool02
010321
040110
060102
020494

010356
020495
040115
cool02
cocl102

000104
€Cco752
gcolos
20496
C4C097

0coloe
060104
cCCl04
040104
c10357

Co0203
010356
010356
ggQol06
cCn332

ocos12
cecors1
€Cc0103
COLI712
CcCcoess

ccl71e
CCC0332
ccoiol
CCOl01

RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES
REN

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

RES
RES
RES
RES

CARBON
CARBON
FSV
VARI

CARBON
METAL
VAR I
CARBON
WHW

METAL
Wi
VARI
CARBON
CARBON

CARBON
CARBON
CARBON
Wi
VAR

CARBON
CARBKRON
CARBON
VAR
METAL

CARBON
METAL
METAL
CARBON
CARBON

CARBON
CARBON
CARBON
CARBON
CARBON

CARBUN
CARBON
CARBON
CARBON

3.3

500

Ji

10
100
1
8.19

MATCH
89.815
500

1

1

100
T<5

1
996.15
5

10
100
100

50

8.981

20
MATCH
MATCH

10

3.3

5.1
750

10
750
6.8

750
353
100
100

C-R. I Pl o N

K 5% 1/4 Wl

K 2 1/4 W1
5% 1/4 W

K 172 W

K 52 1/4 wl

OHM 1%

OHM

K 52 1/4 Wl

K « 12

SET

K = 1T

K 10%

K 52 174 Wl

K 2 1/4 Wl

K 52 1/4 Wl

K 5% 1/4 Wl

M 5% 1/4 Wl

K -1%

K 102

M 5% 174 W1

K 5% 1/4 Wl

K 5& - 144 Wl

K

MEG .12

K 5% 1/4 Wl

SET

SET

M 5% 1/4 Wl

K 5% 1/4 Wl

K 2 174 Wl

OHM T 174 Wl

K 2 1/74 W1

OHM A i

MEG 5% 174 W

OHM 5% 172 W

K 5% 1/4 Wl

OHM 3% 1/4 Wl

(IHM 52 1/74 Wl

OHMITE

OHMITE
DANA
BECKMAN

OHMITE
ELECTRA
BBECKMAN
OHMITE
JORDAN

DANA

JORDAN

BECKMAN
OHMITE
OHMITE

OHMITE

OHMITE

OHMITE
JORDAN
BECKMAN

OHMITE

OHMITE

OHMITE
RECKMAN
PYROFILM

OHMITE
DANA
DANA
OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE
OHMITE
NHMITE
OHMITE

RCO7GF2024J

RCOTGF332J
001737
62PR500K

RCO7TGF102J
RN60OD10GROF
62PR100

RCO7GF102J
J11

010356

J11

62PR500
RCO7GF102J
RCOTGF102J

RCOTGF104J
RCOTGF752J
RCOTGF1054
J11
62PRSK

RCOTGF1l06J
RCOTGF104J
RCOTGF104J
62P
PME 70 12

-

RCO7TGF203J
010356
010356

RCO7GF106J

RCO7GF332J

RCOTGFS12J
RCOTGF751J
RCOTGF103J
RC20GFT751J
RCO7GF685J

RC20GF751J
RCOTGF332J
RCOTGF1l01lJ
RCO7GF1l01l4



PARTS LIST

ASSEMELY 402581 AC & OHMS CONVERTER

REFa
CESIG.

®150

R151
R152
2153
H154
R155

156
R157
R158
1159
2160

plel
R162
r163
r164
R165

PART
NO .

pun332

cnolol
ccec3sl
ccao3s3l
c4Cc048
COLT3T

coel52
C10356
000512
ccosz2l
clclal

010356
010141
ccoalz
02C050
02 L3325

.
*

RES

RES
RES
RES
RES
PES

RES
RES
RES
RES
RES

RES
RES
RES
RES
RES

CARBON

CARBON
CARBON
CARBION
VARI
FSV

CARBON
METAL
CARBON
CARRBON
METAL

METAL
METAL
CARRBON
W

W

100
330
330
100

1-5

MATCH-

5.1
320
10

MATCH
1C
9.1
9.0

o R [~ U
K 52 1/4
OHM 52 1/4
NHM AR
NHM o 174
K 102

5% 1F4
K 5% 1/4
SET
K 5% 1 /4
HM SZ 1/4
K «25% 1/4
SET
K =255 1i/4
K 52 1/4
K o i Al I
K «+01% 1/4

N

Wl

Wl
Wl
Wl

W1l
Wl
W

OHMITE RCO7TGF332J
OHMITE RCO7GF101J
OHMITE RCOTGF3314J
OHMITE RCO7GF331J
BECKMAN 62PR100K
DANA 001737
OHMITE RCO7TGF152J
DANA 010356
OHMITE RCO7TGFS512J
OHMITE RCO7GF821J
PYROFILM PME6O10
DANA 010356
PYROFILM PME6010
OHMITE RCO7GF912J
KELVIN EP-21
JORDAN J=12

FORM NO. 10110-P



‘ASSEMBLY 403212

PARTS LIST

PCB Assembly, Printer Qutput

~

REF. PART
DESIG. NO. BEE SO SRECRE T FESE TN
CRO1 211083 CIODE SILICO 018 1 DANA 211083
CRO2 220031 DIODE SILICO ZENER 1/4M3,3A25 MOTOROLA 1/4M3.3AZ5
CRO3 211083 DIODE SILICO 018 ] DANA 211083
CRO4 211083 EI0DE STLICO 018 1 DANA 211083
CROS 211083 DIODE SILICO 0l8 1 DANA 211083
col 100017 CAP CERAM «01 MFD 200 V 102 SPRAGUE TH-S510
coz2 101145 CAP CERAM 100 PFD 500 V 1031 AEROVOX SCD1X5F
co3 110071 cap ELECT «+1 MFB 35 N 10% KEMET K1W35K
Co4 110071 CAP ELECTY =l MFD - 35 ¥ 102 KEMET K1W35K
MOl 230024 INTEGRATED CIRCUIT MCa93p MOTOROLA MC893P
M0O2 230024 INTEGRATED CIRCUIT MC8g93p MOTOROLA MC893P
M03 230019 INTEGRATED CIRCUIT MCB24P MOTOROLA MCB824P
c0ol 200037 TRANS SILICO NPN 2N3646 FAIRCHILD 2N3646
co2 200037 TRANS SILICO NPN 2N3646 FAIRCHILD 2N3646
RO1 000152 RES CARBON 15K 5% 1/4 W1 OHMITE RCO7GF1527
RO2 000362 RES CARBON 3.6 K 5% 1/4 Wl OHMITE RCOTGF3624J
RO3 CC0362 RES CARBON 3.6 K 5% 1/74 W1 OHMITE RCOTGF362J
RO4 000563 RES CARBON 56 K 5% 174 W OHMITE RCO7GF563J
ROS 000513 RES CARBON 51 K 5% 174 W1 OHMITE RCOTGF513J
RO6 000513 RES CARBON 51 K 5% 1/4 W1 OHMITE RCO7TGF513J
RO7 000513 RES CARBON 51 K 5% 1/4 Wl OHMITE RCO7TGF5134
RO8 000752 RES CARBON Tad K 52 1/4 W1 OHMITE RCOTGFT7524
RO9 Q00622 RES CARBON 6.2 K 5% 1/4 W1 OHMITE RCOTGF622J
R10 000202 RES CARBON 2 K 52 174 W1 OHMITE RCO7TGF202J
R11 000512 RES CARBON Hal ¥ 5% 1/4 W1 OHMITE RCO7TGF512J)
R12 000273 RES CARBON 2T K 52 174 W1 OHMITE RCO7GF273J
R13 00l2é61 RES CARBON 2 K 52 1/2 Wl OHMITE RC20GF202J
R14 000243 RES CARBON 24 K 52 1/4 W1 OHMITE RCOTGF243J
R15 000563 RES CARBON 56 K 5% 1/74 W OHMITE RCO7GF563J
R16 000563 RE% CARBON 56 K 5% 174 W OHMITE RCOTGF563J
R17 000563 RES CARBON 56 K SZ 174 W OHMITE RCOTGF563J
R18 000563 RES CARBON 56 K 5% 174 W OHMITE RCOTGF563J
R19 00563 RES CARBON 56 K 5% 1/4 W OHMITE RCOTGF563J
R20 000563 RES CARBON 56 K 52 1/4 W OHMITE RCO7TGF563J
R21 000563 RES CARBON 56 K 5T 1/4 W OHMITE RCOTGF563J
R22 0e0563 RES CARBON 56 K 5% 1/4 W OHMITE RCO7TGF563J
R23 000563 RES CARBON 56 K 52 174 W OHMITE RCO7GF563J
R24 00563 RES CARBON 56 K 52 174 W OHMITE RCOTGF563J
lof2



ASSEMBLY 403212

REF.
DESIG.

R25
R26

R27
R28
R29
R30
R31

R32
R33
R34

PART
NO«

0C0563
000563

000563
060563
€00563
000563
co0563

000563
000563
000563

PARTS LIST

PCB Assembly, Printer Output

RES
RES

RES
RES
RES
RES
RES

RES
RES
RES

CARBON
CARBON

CARBON
CARBON
CARBON
CARBON
CARBON

CARBON
CARBON
CARBON

E

56
56

56
56
56
56
56

56
56
56

RAERARRX S

x X

[l B - el S

5%
5%

5%
5%
5%
52

5%

5%
5%

5%

174
1/4

1/4
1/4
1/4
1/4
1/4

1/4
1/4
1/4

b - A - - N rx

I XX

OHMITE
OHMITE

OHMITE
OHMITE
OHMITE
OHMITE
OHMITE

OHMITE -

OHMITE
OHMITE

RCOTGF563J
RCOTGF563J

RCO7TGF563J
RCOTGF563J
RCO7GF563J
RCOTGF563J
RCOTGF5634

RCOTGF563J
RCO7GF5634
RCOTGF563J

Z of 2



