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SECTION I 

INTRODUCTION AND SPECIFICATIONS 

The NLS Model 5020 Digital Multi-Function Meter is designed for users who require a highly accurate, 

easily-maintained instrument possessing a high order of reliability. The leading particulars of this 

instrument are here summarized to illustrate how NIB has met user demand, and to familiarize the 

reader with the instrument. 

SCOPE OF MANUAL 

The unit may be obtained in three different versions. The most complete version measures volts 

DC, volts AC, ohms and ratio; another measures volts DC, ohms and ratio; and the third version 

(without preamplifier) measures volts DC and one range of ratio. The discussion throughout the 

manual will be directed toward the most complete version of the Model 5020. Users possessing 

other versions of the instrument may simply disregard the portions of the manual pertaining to 

measurement functions not included in their particular instrument. Table 1-1 lists the measure­

ment functions of each version with their major assemblies. 

Table 1-1. Versions of the Model 5020 with Major Assemblies 

Measurement Functions 

Volts DC, Volts AC, Volts DC, Volts DC & One 

Ohms & Ratio Ohms & Ratio Range of Ratio 

Major Assemblies (P /N 50-193) (P/N 50-335) (P/N 50-336) 

Main Board 50-244 50-244 50-244 

Decade Board 50-61 50-61 50-61 

5th Decade Board 50-114 50-114 50-114 

Amplifier Board 50-177 50-177 50-177 

Logic Board 50-191 50-191 50-191 

Power Supply Board 50-7 50-7 50-7 

Pre-Amplifier Board 50-127 50-127 ------

Input Switching Board 50-172 50-172 ------

Pre-Amplifier Power Supply Board 50-250 50-250 ------

AC Attenuator & Converter Board 50-148 ------ ------

Auto Range & Counter Board 50-237 50-237 50-341 

Delay & Driver Board 50-242 50-242 50-242 
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Table 1-1. Versions of the Model 5020 with Major Assemblies (Continued) 

Major Assemblies 

Jumper Board 
(Replaces Input Switching Board) 

Function Relay Board 
(S/N 5020. 819 and on) 

ACCURATE AND STABLE 

Measurement Functions 

Volts DC, Volts AC, 
Ohms & Ratio 
(P/N 50-193) 

50-303 

Volts DC, 
Ohms & Ratio 
(P /N 50-335) 

50-303 

Volts DC & One 
Range of Ratio 
(P/N 50-336) 

50-340 

50-303 

A stable, built-in pre-amplifier permits routine measurements with a resolution of one microvolt 
on the 99. 999-millivolt range and 10 microvolts resolution on the . 99999-volt range. The pre­
amplifier is not used in the 10, 100, and 1000 DC voltage ranges, but is used in the two lower DC 
ratio ranges as well as all ohms and AC voltage ranges. The ohms and AC volts converters are 
built on separate plug-in etched circuit boards. 

DC VOLTS MODE 

In the DC microvolts, millivolts and volts mode of measurement, the Model 5020 operates as a 
laboratory potentiometer which has been automated with the time-proven tracking logic. Ultra­
stable, carefully selected matched and aged Zener diodes provide the self-balancing digital poten­
tiometer excitation voltage. A temperature-controlled oven is not required. Using a relay-operated 
voltage divider, energized by a 10-volt Zener reference voltage, the instrument creates a known 
precision feedback voltage which is equal to the unknown input. The value of the known voltage is 
determined by the settings of the relays in the voltage divider which also control the readout display 
of the known voltage. Thus, when the meter is balanced, the known voltage displayed in the readout 
is equal to the unknown voltage. 

AC VOLTS MODE 

In the AC volts mode, the instrument operates in the same manner as in the DC volts mode except 
that the AC input signal is first routed through the AC Attenuator and Converter Assembly to convert 
the AC voltage into DC. 

OHMS MODE 

In the ohms mode, a constant current generator, within the Model 5020, supplies current through an 
unknown resistor. The resistance of the unknown resistor is directly proportional to the voltage 
across the resistor. Thus, by measuring the voltage we are actually measuring the resistance. 

1-2 
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RATIO MODE 

In the ratio mode, the Model 5020 operates in the same way as in the DC volts mode, except that the 
signal voltage is derived from the external reference voltage which replaces the internal Zener 
reference voltage. 

EASY TO SERVICE 

Virtually all components are mounted on plug-in circuit boards for easiest access and replacement. 
It is thus possible to keep the Model 5020 operative with a minimum of down time. Hours spend in 
troubleshooting activities are now replaced by minutes spent in module replacement. For example, 
logic and feedback voltage generator circuits, common to any one decade (readout window), are 
mounted on a separate board and decades 1, 2, 3, and 4 are interchangeable; decade 5 will fit into 
any of the five positions, but the mating connector for decade 5 will not receive the decade 1, 2, 3, 
or 4 boards. 

COMMON-MODE REJECTION 

Rejection of common-mode signals, those caused by AC or DC currents flowing between signal 
source ground and instrument case ground, is a key feature of the Model 5020. Common-mode 
signal rejection is important in a wide range of applications - testing complex electrical and 
electronic systems, in automatic measuring outputs from thermocouples, strain gauges and other 
transducers where common-mode signals may be many times greater than the measured DC voltage. 

In the Model 5020, 60 CPS common-mode signals of 80 DB with filter out and 120 DB with filter in 
will have no effect upon measurement accuracy even with up to 1,000 ohms source unbalance in either 
side of the input line, This feature is attained because the m1.. :.LSUring circuits are isolated from the 
outer case by a metal guard shield that breaks the common-mode current loop and because the power 
supply is isolated from the power line. 

FLOATING INPUT 

Because input signal leads are not connected to the outer case of the Model 5020, signal-to-case 
potentials up to 500 volts are tolerable. Floating input adds to the unit's versatility by permitting 
it to measure voltage sources which could not be accurately measured by a non-isolated meter. 

PRINTED CIRCUIT BOARDS 

Epoxy fiberglass, rather than phenolic printed-circuit boards, are used throughout the instrument 
to minimize circuit breakage caused by expansion and contraction. For additional mechanical and 
electrical stability, the Printact relays used in the instruments are mounted on individual circuit 
boards. These small relay boards are not subject to many of the mechanical stresses which act 
upon the larger component boards, and therefore, the relay contact surfaces are more likely to stay 
in alignment. Electrical contact quality is assured, not only by alignment, but also by the use of 
precious metal contact surfaces on both the printed circuit board and the relay contacts. 

1-3 
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DIGITAL READOUT 

The readout is the time-proven NLS lucite-panel, edge-lighted type in which each decade is housed 
in a separate module. The lamps used in this readout have been expressly designed for use in NLS 
readouts to combine high brilliance with long life. Since the lamps operate at transistor voltages, 
there is no electrical shock hazard to the user. 

DIGITAL OUTPUT AND REMOTE CONTROL 

The standard Model 5020 does not provide digital output or remote control connections, however, 
since many users desire these optional capabilities, information for printout function and remote 
control is provided in this manual. See figure 1-1 and schematics 50-67 and 50-337 for digital output 
information and figure 1-2 for remote control connections. 

The NLS Sales Representatives or Engineering Department will be pleased to assist you with specific 
application problems and, of course, will gladly welcome your comments and suggestions. A contact 
with the nearest NLS office or to the main office in Del Mar, California will bring prompt response. 

8 l ii 22 28 :J.J 40 -16 G2 :,~ G!i 13 20 26 32 :l8 

U I 2 3 4 5 6 7 8 0 0 I 2 3 4 67890)23450789 

DECADE ;, (LEFT ~10S1) DECADE-! DECADE :1 

PRINT Pl/LSE 

l'Bl:S:T cml~lAI\D 

<1~ \"OLTS 

RANGE 

DECADE 2 DECADE l 

ii l 2 :1 -l :; G 7 8 9 0 l 2 3 4 5 G 7 d fl 

Figure 1-1. Digital Output Connections 

NC NO 
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,.------"'---. ,-... 
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SPECIFICATIONS 

DC VOLTAGE 
MEASUREMENTS DC RATIO OHMS AC VOLTS 

FULL 
SCALE FULL FULL 

RANGE READOUT SCALE SCALE 
NO. DISPLAY DISPLAY RESOLUTION DISPLAY 

1 99.999 ±DC MV 1 UV 
2 .99999 ±DC V 10 UV ±% 
3 9.9999 ±DC V 100 UV ±% 
4 99.999 ±DC V 1 MV ±% 
5 999.99 ±DCV 10 MV 
6 9999.9 

DC VOLTS 

FULL SCALE RANGES: ±99. 999 MV /. 99999V /9. 9999V / 
99. 999V /999. 99 volts DC. 

RANGING: Automatic and manual. 

POLARITY: Automatic. 

ACCURACY: ±(0. 01% of reading, . 001% of full scale) on 
9. 9999/99. 999 and 999. 99-volt ranges. 

NOTE: Internal preamp is used for 99. 999-MV and . 99999-V 
ranges. It has a gain accuracy of ±0. 01% of full scale plus 
short term drift of 3 microvolts, and long term drift of 30 
microvolts per week referred to input on the 99. 999-MV range. 
Ze-ro adjust is located on the front panel. 

COMMON MODE REJECTION: 80 DB@ 60 CPS, without filter. 
120 DB @ 60 CPS, with filter. 

INPUT RESISTANCE: 1000 megohms minimum on two lowest 
ranges; 10 megohms on upper three ranges. 

SPEED: Bit Rate - 40 steps per second, tracking meter. 

FLOATING INPUT: Signal-to-case potentials up to 500 volts 
are tolerable. 

AC VOLTS 

RESOLUTION: 1 MV on l0V range. 

FULL SCALE: 9. 999/99. 99/999. 9 volts. 

RANGING: Automatic and manual. 

FREQUENCY RANGE: 50 CPS - 10 KC. 

ACCURACY: ±0. 05% of reading, ±0. 05% of range in use. 

FULL FULL 
MEASUREMENT SCALE SCALE 

RESOLUTION DISPLAY RESOLUTION DISPLAY RESOLUTION 

. 00001% KOHM .01 OHM 

.0001% KOHM .1 OHM ACV 1 MV 

. 001% KOHM 1 OHM AC V 10 MV 
KOHM 10 OHMS ACV 100 MV 
KOHM 100 OHMS 

INPUT IMPEDANCE: 1 megohm shunted by 100 PF. 

OHMS 

INPUT: Four-wire input circuit. 

FULL SCALE: . 99999/9. 9999/9. 999/999. 99 and 9999. 9K ohms. 

RANGING: Automatic and manual. 

ACCURACY: ±. 01± of reading ±0. 01% of range in use. 

SETTLING TIME: Proportional to resistance being measured. 
6-second maximum for 1 megohm to within 0. 01% of final value. 

DC RATIO • 

FULL SCALE RANGES: . 99999/9. 9999/99. 999 percent. 

RANGING: Automatic and manual. 

POLARITY: Automatic. 

ACCURACY: ±0. 01% of reading±. 001% of full scale. 

REFERENCE INPUT: ±10 volts DC ±20%. 

EXTERNAL REFERENCE INPUT RESISTANCE: 100,000 ohms. 

INPUT RESISTANCE: 1000 megohms at balance on 99. 999% 
range; 100 megohms minimum on . 99999 and 9. 9999% ranges. 

DIMENSIONS: 19 IN. wide x 19-1/16 IN. deep x 5-1/2 IN. high. 

WEIGHT: 35 LBS. 

POWER: 115/220 volts, 50-60 CPS, approximately SOW 
maximum. 

1-5 
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SECTION II 

lli'STALLATION AND OPERATION 

T e instrument is shipped in a two-piece polystyrene-bead container. Cut the tape between the con­
t ·ner halves and open. If damage is seen, promptly notify the carrier. No packing materials are 
u ed inside of the instrument and it is ready for use when taken out of the shipping container. It is 
s ggested that the container be saved if the instrument is to be stored or shipped. 

T e instrument is usually supplied for operation from 115-volt, 50-60 cycle, single phase power 
s urces. However, the instrument will operate from 220-230-volt, 50-60 cycle, single phase 
s urces if the two primaries of the power transformer are wired in series instead of parallel. The 
Sdrial Number tag at the rear of the instrument indicates the correct power source if other than 115 

V /ts. • 

FfSING 

T~e instrument is protected by a 3AG two-ampere slo-blo fuse which is located in an extractor post 
o the rear panel. When a 220-230-volt power source is to be used (and the power transformer 
p ·mary rewired as indicated above), it is recommended that a one-ampere fuse be used to provide 
m imum protection. Keep in mind that the cooling fan is rated at 115 volts AC and must be paralleled 
wi h one winding of the power transformer pin connections when adapting the instrument to 230-volt 

e third pin of the power plug grounds the outer chassis of the instrument {figure 2-1). The internal 
gu rd shield box has no connection with power ground. 

ClBLES 

T e instrument is supplied with two input cables. Cable 15005-445 is for the measurement of voltage 
an resistance values and cable 5124 is for the measurement of ratio. See figures 2-2 and 2-3 for 
co ection information. 

e power switch is provided to supply to and remove a current from the instrument and to allow a 
rm-up position (STANDBY). The power switch also provides three positions (AUTO, CONT, 
NUAL) for use if the optional print-out capability is desired. If the print-out capability is not 

el cted, these positions are locked out. 

2-1 
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Figure 2-1. Power-plug Pin Coding 
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Figure 2-2. Input Connections (J2) 
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Figure 2-3. External Reference Connections (J3) 

The SENS. control is provided to decrease sensitivity for noisy signals.· 

The MV ZERO ADJ. control is provided to permit a fine adjustment when calibrating in the millivolt 
range. 

The FILTER switch is provided to engage or remove the filter application. 

WARNING 

If the FILTER switch is placed in the IN position, do not 
disconnect voltmeter input leads from voltage source when 
measuring in the l00V to l000V range. The filter capacitors 
will remain charged to these dangerous levels for a con­
siderable length of time if the input is opened. The Digital 
Voltmeter should be ranged down to the basic range after 
measuring high voltages or switched to filter OUT before 
being disconnected from the source. 

The RANGE switch is provided to allow the selection of a specific range of measurement desired. 
This switch also provides an AUTO position for fully automatic ranging, and a REMOTE position 
for range control from a remote switching device. If the remote switching capability is not elected, 
this position is locked out. 
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CAUTION 

In order to prevent damage to relays in the Model 5020, the 
input voltage should never exceed 100 volts when measuring 
volts DC in the AUTO ranging mode and with the DVM in . 1 
of 1. OV range initially. To measure volts DC in excess of 
100 volts, place the RANGE switch in the 1000 VDC range. 

The FUNCTION switch is provided to allow the selection of ratio (%R), volts DC (DC), volts AC (AC), 
or ohms (Jal) measurement. This switch also provides a REMOTE position for function control from 
a remote switching device. If the remote switching capability is not elected, this position is locked 
out. 

2-4 
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SECTION Ill 

CALIBRATION 

When a Model 5020 Digital Multi-Function Meter is not making readings within specifications, it is 

time for calibration, repair or both. In the calibration instructions provided in this section, it is 

assumed that the instrument is in good working order and only requires calibration. If any com­

ponents are defective, it may be difficult, if not impossible, to calibrate the instrument properly. 

The calibration procedure is divided into six distinct areas: power supply adjustment, volts DC 

calibration, ratio adjustm.ent, pre-amplifier calibration, volts AC calibration, and ohms calibration. 

See figure 3-1 for location of all major assemblies and zero adjust potentiometer. 

EQUIPMENT REQUIRED 

1. A Triplett Model 630-NA voltmeter or equivalent. 

2. A Tektronix Model 502 oscilloscope or equivalent. 

3. A bank of nine standard cells: NLS EMF Standard No. 3006. 

4. A DC High Voltage Supply and Calibrator, NLS Model 3021. 

5. A Ratio Test Fixture, NLS Model 3022. 

6. A Dekavider, Model DV-411 Electronic Scientific Industries. 

7. Five ohms standards, each having ±0. 01% accuracy. The ohmic values required are approxi­

mately 0. 9K, 9K, 90K, 900K, and 9000K. The resistors must be carefully shielded against 

any stray pick-up or they can couple noise into the instrument and cause an erroneous 

standardization setting. 

8. An Audio Voltage Standard, Holt Model AVS 323A, or equivalent. 

9. Input Cable, NLS No. 15004-445. 

10. External Reference Cable, NLS No. 5124. 

11. An Interconnecting Cable, Ratio Test Fixture to DC High Voltage Supply and Calibrator, NLS 

No. 3022-008. 

12. An Interconnecting Cable, Ratio Test Fixture to DV-411 Dekavider, NLS No. 3022-33. 

13. Two Extension Boards, NLS No. 1009-22. 

3-1 
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5020-7 

PRE-AMPLIFIER POWER SUPPLY 

AC ATTENUATOR ANO CONVERTER 

DECADE 5 

DECADE 4 

AUTO RANGE DELAY ANO DRIVER 

Figure 3-1. Top View,· Showing Major Assemblies and Zero Adjust Potentiometer 
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INITIAL PREPARATION 

1. Plug instrument power cord into 115-volt power source and turn power switch to STANDBY. 
Allow a 60-minute warm-up period. 

2. Interconnect Ratio Test Fixture, DC High Voltage Supply and Calibrator and DV-411 Dekavider 
as shown in figure 3-2. 

3. Plug DC High Voltage Supply and Calibrator power cord into 115-volt power source and turn 
power switch to STBY. Allow a 30-minute warm-up period. 

POWER SUPPLY ADJUSTMENT 

1. Remove inner and outer cover of instrument. 

2. Remove power supply assembly from the instrument. 

3. Insert extension boards into power supply connectors Jll and J12 on main board assembly. 

4. Mount power supply assembly on top of extension boards by inserting power supply board pins 
into extensi.on boards. Use care to ensure proper pin alignment. 

5. Connect a Triplett Model 630-NA Voltmeter or equivalent between the +12V and +24V outputs, 
pin 9 and pin 11 of Pl (figure 3-3). 

6. Set test meter range switch to 60V and scale switch to V /2. 

7. Adjust Rl7 (figure 3-3) on power supply assembly until test meter reads +12 VDC (+lV, -0V). 

8. Connect test meter between ground and the +12V output at P2-9 and Pl-9 (figure 3-3). 

9. Adjust R16 (figure 3-3) on power supply assembly until test meter reads +12 VDC. 

10. Remove power supply assembly from extension boards. 

11. Remove extension boards from main board assembly. 

12. Replace power supply assembly. 

13. Replace inner cover (one screw only). 

VOLTS DC CALIBRATION (10-, 100-, AND 1000-VOLT RANGES) D.C _ /0 L-. .. O / f 0 

Gain Adjustment 

1. Ensure that a minimum period of 60 minutes has been allowed for instntment warm-up. 

2. Connect instrument to Ratio Test Fixture as shown in figure 3-2. Place FILTER control in 
the IN position. 

3-3 
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Figure 3-2. Range Calibration Cable Connections 
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Figure 3-3. Power Supply Adjustment and Test Points 
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5020-2 , 

3. On Ratio Test Fixture, turn RA TIO switch to OFF and RANGE switch to 10. 

4. Turn the instrument power switch to ON. Turn DC High Voltage Supply and Calibrator power 
switch to ON. 

5. Set all Dekavider dials to zero. All instrument readout windows should read zero. 

6. Using the least significant dial of the Dekavider, increase the signal voltage to the instrument 
and slowly decrease it. The instrument should count down one digit at a time. If not, error 
amplifier gain is too low. 

7. Increase gain by turning gain potentiometer R36 (figure 3-4) on amplifier assembly in a clock­
wise direction. Slowly decrease signal input to the instrument. Gain is correct when the DVM 
barely counts down one digit at a time. The instrument how has a 100 microvolt sensitivity. 
If gain is too high - least significant digit unstable or rolling - R36 should be turned counter­
clockwise to reduce gain. Keep instrument front panel sensitivity control fully clockwise 
during this adjustment. 

R36 

WARNING 

If the FILTER switch is placed in the IN position, do not dis­
connect voltmeter input leads from voltage source when meas­
uring in the l00V to l000V range. The filter capacitors will 
remain charged to these dangerous levels for a considerable 
length of time if the input is opened. The instrument should be 
ranged down to the basic range or switched to filter OUT before 
being disconnected from the source. 

R37 

Figure 3-4. Amplifier Adjustment Points 
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Basic Accuracy Calibration 

1. Disconnect DVM signal input leads from Ratio Test Fixture, and connect to standard cell bank 
as shown in figure 3-5. 

2. The instrument should display the carded value of the nine standard cells, e.g. 9. 1651V; if not, 
adjust coarse and fine adjustment potentiometers R38 and R34 (figure 3-4) until it does. The 
calibration is now set in the basic range of 10 VDC. 

Range Calibration 

1. Disconnect signal input leads from standard cell bank and reconnect to Ratio Test Fixture as 
before (figure 3-2). 

2. Set RANGE switch on the Ratio Test Fixture to 9. Observe the reading on the 9. 0000V range 
and Record. For discussion purposes, let us say that the reading was 9. 1364. 

3. Next, set RANGE switch to 90. Observe the reading. Meter should read 91. 364. If not, adjust 
R37 (figure 3-4) until it does. 

4. Next, set RANGE switch to 900. Observe the reading. Meter should read 913. 64. If not, 
adjust R35 until it does. 

Final Gain Check 

1. Set all Dekavider dials to zero. Apply input signals to the instrument using the least significant 
dial on the Dekavider. Check gain as before, Step 5 under Gain Adjustment. Adjust gain to 
make instrument count down one digit at a time. Use only as much gain as needed to barely 
get one-digit steps as instrument counts down. 

RATIO CHECK 

1. Disconnect signal input leads from Ratio Test Fixture. 

2. Connect external reference leads from instrument to Ratio Test Fixture as shown in figure 3-6. 

3. Turn RANGE switch on Ratio Test Fixture to l0V RA TIO and RA TIO switch to 1 through 9. 
Instrument reading should agree with carded values. 

PRE-AMPLIFIER CALIBRATION 

1. Ensure that a minimum period of 60 minutes has been allowed for instrument warm-up. 

2. Connect leads of a Tektronix Model 502 oscilloscope or equivalent to top lead of C6 and ground 
as shown in figure 3-7. 

3-6 
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Figure 3-5, Basic Accuracy Calibration Cable Connections 
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Figure 3-6. Ratio Calibration Cable Connections 
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5020-5 Figure 3-7. Pre-amplifier Adjustments and Test Points 

R25 C6 Rl3 

3. Adjust potentiometer Rl3 (figure 3-7) until a square wave having a duration of 150 microseconds 
appears on oscilloscope. 

__ -jc-_ _, ~50 ).lSEC 

4. Connect leads of oscilloscope to top lead of CB and ground as shown in figure 3-7. 

5. Adjust potentiometer R25 (figure 3-7) until a square wave having a duration of 400 microseconds 
appears on oscilloscope. 

j 
6. Place FUNCTION switch in DC position and RANGE switch in .1 position. 

7. Short input leads (red and black clips together and yellow and blue banana pins together). 

8. Connect leads of oscilloscope to top lead of either C3 or C4 and ground as shown in figure 3-7, 

9. Adjust potentiometer Rl05 (figure 3-7) for zero error (waveform should appear as AT BALANCE 
in figure 3-8). 
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UNBALANCED 

APPROACHING 
BALANCE 

CLC6E TO 
BALANCE 

AT BALANCE 

l..____. 

Figure 3-8. Typical Waveforms to Obtain Zero Error 

10. With waveform appearing as set forth in step 8, readout of instrument should display within 
300 digits of all zeros. Place MV ZERO ADJ. control on front panel in center of its range 
(calibration mark on knob should point straight up). 

11. Again adjust potentiometer R105 to bring readout display as close as possible to all zeros. 

12. Re-adjust MV ZERO ADJ. to bring readout display to all zeros. 

13. Disconnect oscilloscope leads. 

Range Calibration (. IV and IV) 

1. Connect instrument to Ratio Test Fixture as shown in figure 3-2. 

2. Replace inner cover. 

3. Ensure that FUNCTION switch remains in DC position and MNGE switch in . 1 position. 

4. Apply 90. 000 MV and adjust Rl2 (figure 3-9) until readout displays 90. 000 MV. 

5. Place RANGE switch in 1 position. Apply . 90000V and adjust Rl 7 (figure 3-9) until readout 
displays .90000V. 
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6. Disconnect instrument from Dekavider. 

AC CALIBRATION 

1. Ensure that a minimum period of 60 minutes has been allowed for instrument warm-up. 

2. Remove inner cover. 

3. Remove AC attenuator and converter assembly. 

4. Insert extension boards into AC attenuator and converter assembly connectors J35 and J36 on 
main board assembly. 

5. Mount AC attenuator and converter assembly on top of extension boards by inserting AC atten­
uator and converter board pins into extension boards. Use care to ensure proper pin alignment. 

6. Short all four input leads together. 

7. Place FUNCTION switch in AC position and RANGE switch in 10 position. 

8. Adjust potentiometer R3 (figure 3-1) until readout displays all zeros. If readout remains 
stable with all zeros (digits not rolling), perform steps 23 and 24. If readout remains stable 
at 9. 0000V (step .24), proceed to step 25. If instrument is not stable on all zeros, proceed to 
step 9. If instrument is stable on all zeros but not stable on 9. 0000V, repeat step 6 and then 
proceed to step 9. 

9. Short P2-13 to P 2-1 0 (figure 3-10) with a clip lead. 

10. Place FUNCTION switch in DC position. 

11. Connect a l0K resistor between output capacitor (lead of C9 as shown in figure 3-10) and 
signal ground. 

12. Adjust DC level potentiometer R53 (figure 3-10) until readout displays 6. 0000V. 

13. Connect red and black input clips to lead of R32 and signal ground (figure 3-10). 

14. Adjust DC balance potentiometer R52 (figure 3-10) until readout displays approximately 
5. 0000V (±0. 0lV). 

15. Connect red and black input clips to lead of R34 and signal ground (figure 3-10). 

16. Repeat step 14 above. 

17. It may be necessary to repeat steps 13 through 16 several times to attain the correct reading 
from both test points. 

NOTE: Measured values should be within 0. 0lV of each other and approximately 5V (±IV). 
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5020-6 

R13 R15 Rl9 Rl7 

R14 Rl6 Rl8 Rl2 

R52 

R32 R34 SIGNAL C9 
GROUND 

Figure 3-9. Input Switching Adjustment Points 

R53 C22 C2 l C20 R55 R49 R56 

Rl4 Rl3 P2-l3 P2-l I P2-10 

Figure 3-10. AC Attenuator and Converter Adjustment and Test Points 
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18. Repeat steps 11 thru 16 until reading from each test points is correct. 

19. If required values set forth in steps 11 through 1 cannot be attained, connect red and black 
input clips to lead of Rl4 and ground (figure 3-10) and also to lead of Rl3 Signal ground (figure 
3-10). Each measurement should display -2. 1000V (±1. 5V) in readout. 

20. If measurement from lead of Rl3 and ground is out of tolerance, follow instructions in note 4 
on schematic 50-148. 

21. When DC balance and level adjustments attain proper values, disconnect lOK resistor from 
lead of C9. 

22. Repeat steps 6 through 8. 

23. Connect input leads to an Audio Voltage Standard, Holt Model 323A or equivalent, as shown in 
figure 3-11. 

24. With instrument remaining in 10-volt range, AC, apply 9. OOOOV, 50 CPS and adjust feedback 
gain potentiometer, R36 (figure 3-10) until readout displays 9. OOOOV. 

25. Apply 9. OOOOV, lOKC and adjust lOV range trimmer capacitor, C22 (figure 3-10) until readout 
displays 9. OOOOV. 

26. Repeat steps 24 and 25. 

27. Apply 9, OOOOV, 400 CPS. Observe readout display and record. 

28. Apply 9. OOOOV,. lKC. Observe readout display and record. 

29. Continue to perform steps 24, 27 and 28 until errors at 400 CPS and lKC are compensated for. 
See figure 3-12. 

30. Apply 90. OOOV, 50 CPS and adjust feedback gain potentiometer, R49 {figure 3-10) until readout 
displays 90. OOOV. 

31. Apply 90. OOOV, lOKC and adjust lOOV range trimmer capacitor, C21 (figure 3-10) until readout 
displays 90. OOOV. 

32. Repeat steps 30 and 31. 

33. Apply 90. OOOV, 400 CPS. Observe readout display and record. 

34. Apply 90. OOOV, lKC. Observe readout display and record. 

35. Continue to perform steps 30, 33 and 34 until errors at 400 CPS and 1 KC are compensated for. 
See figure 3-12. 

3G. Apply 900. OOV, 50 CPS and adjust feedback gain potentiometer, R55 {figure 3-10) until readout 
displays 900. OOV. 
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Figure 3-11. AC Calibration Cable Connections 

50 CPS 400 CPS lKC 4KC lOKC 
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Figure 3-12. Error Compensating Diagram 
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37. Apply 900. 00V, 10 KC and adjust 1000V range trimmer capacitor, C20 (figure 3-10) until 
readout displays 900. 00V. 

38. Repeat steps 36 and 37. 

39. Apply 900. 00V, 400 KC. Observe readout display and record. 

40. Apply 900. 00V, 1 KC. Observe readout display and record. 

41. Continue to perform steps 36, 39 and 40 until errors at 400 CPS and 1 KC are compensated for. 

See figure 3-12. 

42. Disconnect leads from Audio Voltage Standard. 

43. Remove AC attenuator and converter assembly from extension boards. 

44. Remove extension boards from main board assembly. 

45. Replace AC attenuator and converter assembly in main board assembly. 

46. Replace inner cover. 

OHMS CALIBRATION 

1. Ensure that a minimum period of 60 minutes has been allowed for instrument warm-up. 

2. Connect input leads of instrument to an ohms standard accurate to ±0. 01% (figure 3-13). The 
values required are called out in each calibrating step. 

3. Place RANGE switch in lK range. 

NOTE 

The 1K range is displayed on the front panel as the numeral 1 
since the ohms ranges are in K ohms. Also, the numerals 10 
and 100 represent the l0K and lO0K ranges respectively and 
the lK and l0K displays represent the 1 MEG and 10 MEG 
ranges respectively. 

Apply approximately . 90000K ohms and adjust coarse and fine potentiometers on input switching 
board (Rl4 and Rl3, figure 3-9) respectively until readout agrees with standard. Once instru­
ment is calibrated in lK range, do not again adjust Rl4 or Rl3. 

4. Place RANGE switch in l0K range. Apply approximately 9. 0000K ohms and adjust l0K poten­
tiometer on input switching board (Rl6, figure 3-9) until readout agrees with standard. 

5. Place RANGE switch in l00K range. Apply approximately 90. 000K ohms and adjust l00K 
potentiometer on input switching board (R15, figure 3-9) until readout agrees with standard. 
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Figure 3-13. Ohms Calibration Cable Connections 

Place RANGE switch in 1 MEG range. Apply approximately 900. 00K ohms and adjust 1 MEG 
potentiometer on input switching board (Rl8, figure 3-9) until readout agrees with standard. 

Place RANGE switch in 10 MEG range. Apply approximately 9000. OK ohms and adjust 10 MEG 
potentiometer on input switching board (R19, figure 3-9) until readout agrees with standard, 
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CHAPTER IV 

MAINTENANCE 

If the instrument is not working properly, or if it cannot be calibrated according to instructions, 
service will be required. 

EXTENSION BOARDS 

During maintenance procedures, two 22-pin extension boards will be required to raise each plug-in 
module (only one board is required for the logic and pre-amp power supply assembly) so that pin 
contacts on the bottom of the circuit board become accessible for the measurement of voltages and 
the observation of wave forms. These boards, NLS part number 1009-22, may be ordered from any 
NLS representative or from the NLS Main Office in Del Mar, California. 

GENERAL PROCEDURE 

Before seeking out specific defective components, it is best to establish that the power supplies are 
working. Specifically, voltage checks should be made at the voltage output points of the power sup­
plies as indicated on the schematic drawings. A simple 20, 000 ohm-per-volt d'Arsonval type meter 
may be used for these measurements. The voltage measurements should indicate correct values 
±15% when read on a voltmeter with a rated accuracy of ±13%. The outputs of the regulated power 
supplies cannot be accurately read by this method, but in practice the accuracy of their outputs need 
not be known; if a regulated power supply fails, it is most likely that the voltage error will be gross 
(or there will be no output at all) and therefore detectable with simple measuring instruments. 

If a measured voltage appears to be at an improper value, the associated power supply components 
should be checked: if none of these are found to be defective, it will be necessary to proceed along 
the defective power path, checking wiring, connectors, printed circuitry, and finally components on 
the boards. An obvious way to make a speedy check is to replace suspected defective boards with 
known good ones. 

It is suggested that the individual schematics be studied so as to better know what outputs may be 
expected at each function. 

TROUBLESHOOTING 

Table 4-1 lists specific types of malfunction. Note that any of dozens of components could fail and 
yet the symptom would be the same for all; there is no one component which can readily be singled 
out as a consistent offender. For this reason, the most useful approach to troubleshooting is to pro­
vide a list of possible types of failure and identify the plug-in board or circuit area most likely to 
contain the defective component. 
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Table 4-1. Troubleshooting 

SYMPTOM PROBABLE CAUSE 

Readout locks on 9 in a given decade Decade assembly (relays) 

Decimal lights are out or are incorrect Logic assembly, readout 

Multiple lights appear in one or more decades Decade assembly 

A particular digit fails to illuminate Readout bulb 

Readout is locked at 99999, or is unstable and Amplifier assembly 
seeks 99999 regardless of input Logic Assembly 

Instrument skips digits, or has 0 holes" in Decade assembly 
decades. Transfers and linearity are poor (bridge resistors) 

Readout shows only certain numbers in Decade assembly 
decades (decode matrix) 

Readout illumination is dim Power supply assembly 

Readout displays erroneous values which are Amplifier assembly 

u somewhat proportional to the input (range divider) 

Readout display is consistently higher than Amplifier assembly 
the input (reference) 

Readout "sticks 1' on particular numbers Decade assembly (relays) 

With input shorted, polarity locks one way; DC AMPLIFIER 
machine locks at all nines or decimal point a. Zero adjust off 
goes on and off b. Zero adjust transistor (Q25, pre-amplifier 

board) broken 
c. Oltput transistor (Q28 or Q29 pre-

amplifier board) shorted) 

Sarne as above except that zero adjust seems Zero adjust transistor (Q25, pre-amplifier 
to switch polarity board) broken 

At zero input level readout drifts + and - and AC AMPLIFIER 
is slow coming to final reading a. Gain is low. Check output levels of each 

differential pair (Ql3 thru Q22, pre-
amplifier board). Should be the same 
within I or 2 volts 

b. Input capacitor filter (CB, C3 main board 
assembly) leaky 
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Table 4-1, Troubleshooting (Continued) 

SYMPTOM PROBABLE CA USE 

Instrument will not calibrate on xlO or xlOO Feedback resistor Rl07 or C5 and C6 across 
it (pre-amplifier board) malfunctioning 

Instrument will not calibrate on xlO only Resistor R87 or potentiometer Rl 7 (input 
switching board) malfunctioning 

Instrument will not calibrate on xlOO only Resistor Rl09 or potentiometer R12 (input 
switching board) malfunctioning 

Pre-amplifier noisy on both ranges with no DEMODULATOR AND FILTER 
change in noise level between ranges Choke, NI.S 1757 or transistors Q23 or Q24 

(pre-amplifier board) malfunctioning 

DC AMPLIFIER 
Feedback capacitors, C5 or C6 (pre-
amplifier board) or integrating capacitor from 
input of DC amplifier to output, C25 (pre-
amplifier board) malfunctioning 

PRINTACT RELAY REPLACEMENT 

The Printact relays (P /N 12BW3G), located on the five decade assemblies and on the amplifier 
assembly may be removed and replaced by performing the following steps. See figures 4-1 through 
4-3. 

1. Remove the board assembly from the instrument. 

2, Grasp the relay housing between thumb and forefinger on the two sides not touching the metal 
retaining-clip. 

3. Partially insert a thin bladed screwdriver between the metal clip and a side of the relay 
housing, 

4. Gently twist the screwdriver to raise the clip away from the base of the housing. The bent tip 
of the clip will spring out of the hole in the relay printed circuit board. 

5. Perform steps 3 and 4 for the other side of the relay. 

6. Gently pull the relay away from its printed circuit board. 

7. Ensure that the relay printed circuit board is free of contaminants. To remove contamination 
or organic origin, FREON is recommended, If means are taken to protect the plated printed 
circuit wires on the printed circuit board, rosin may be removed from the solder by sand 
blasting. 
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RETAINING 
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Figure 4-1. Relay Removal Initial Step 

MOUNTING 
GUIDES 
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RELEASED 

RELAY PRINTED 

Figure 4-2. Relay Removal with One 
Side of Clip Released 

RELAY 
TERMINALS 

RELAY CONTACT 
ASSEMBLY 

Figure 4-3. Relay Terminals and Mounting Guides 
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NOTE 

Mounting of relays prior to any soldering operation is not 
recommended since solder flux fumes could contaminate 
the contacts. 

8. In handling relays, the following precautions should be observed: 

a. Do not attempt to adjust relay contacts. The relays are adjusted for correct contact 
pre-load by the manufacturer. 

b. Do not trade contact assemblies from relay to relay. The manufacturer's contact pre­
load adjustment takes into account manufacturing tolerances of the entire relay assembly. 

c. Do not manipulate the contact assembly by hand. This may bend contacts and change the 
pre-load setting. 

d. Do not handle the moving armature blades. This avoids contamination or bending blades 
out of adjustment. 

e, Do not operate relay when not mounted on the printed circuit board. Back pressure on 
blades is required to start armature back into the magnetic field. 

f. Contacts on relay and board can be cleaned by buzzing relay with AC current at rated 
voltage when mounted on the circuit board. This also assures proper seating of any 
armature dislodged in shipment. 

g. Do not hand-adjust relay blades. The relays have been factory-adjusted for the required 
overtravel and wiping action. If the relay does not operate for any reason, replace it 
with another relay. 

9. Remove the clear acetate cover protecting the armature and contact blades of the replacement 
relay. 

10. Carefully insert the two terminals and mounting guides into the holes provided in the relay 
printed circuit board. 

11. Press firmly against the top of the clip on the relay housing and insert the screwdriver blade 
between the clip and relay housing on one side of the relay. 

12. Twist the screwdriver until the bent tip of the clip enters the adjoining hole in the relay printed 
circuit board and springs firmly against the base of the relay housing. 

13. Perform steps 11 and 12 for the other side of the relay. 

14. Attempt to insert a . 003-inch shim under each corner of the relay, between a conductor and the 
relay seating surface. A no-go condition will indicate a properly seated relay. 
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DIGITAL READOUT MAINTENANCE 

The digital readout assembly (figure 4-4) does not ordinarily require maintenance other than lamp 
bulb replacement and an occasional cleaning, Most readouts have decals on the readout cover, on 
the top and bottom of each readout, to show which contact is providing the signal for each digit or 
symbol. If decals are not provided, see figure 4- 5 for information to locate each digit or symbol 
contact point. 

Lamp Bulb Replacement 

When it is determined that a digit or symbol is not illuminating within a specific readout display, the 
lamp bulb may be replaced by performing the following steps: 

1. Remove the four Allen-head screws attaching the bezel to the DOM chassis, The readout 
assembly may now be withdrawn from the instrument. 

2. Locate the correct contact point for the defective bulb either by noting the decal on the specific 
readout or by referring to figure 4-5, 

3. Remove the lamp board assembly (top or bottom) from the readout containing the defective bulb 
by removing the two attaching screws, 

4. Gently withdraw the lamp board assembly away from the lamp block within the readout cover. 

5. Unsolder defective bulb and replace it with a functioning T-1..:3/4 14-volt bulb. 

6. Re-assemble readout and readout assembly in reverse order of disassembly. 

Readout Window Cleaning cH,'-Af>O /'1INJA-ru1r:.& L.AMf'5 i"'l?/5 J7oS 
T- J f'! '-7 ct: €..., 'f-. oo /1() X o F JO 

Under extremely adverse dust or humidity conditions, the individual readout windows may require 
cleaning. If accumulated dust particles are likely to be unusually abrasive. a camel-hair brush or 
artist's sable brush should first be used to remove loose dust particles. The windows may then be 
cleaned with commercial isopropyl alcohol and lint-free paper, such as Kimwipes 900-L, manufac­
tured by Kimberly-Clark, Neenah, Wisconsin. The windows may also be cleaned if they are dipped 
in alcohol and then blown dry with compressed air. 

To remove the windows from the readout, perform the following steps: 

1. Perform Step No, 1 under Lamp Bulb Replacement. 

2. Remove readout retaining bar by removing two attaching screws. 

3. Perform Step No. 's 3 and 4 (both top and bottom lamp boards) under Lamp Bulb Replacement 
for each readout to be cleaned. 

4. Remove each two sets of lamp block attaching screws. 

5. Gently press against one lamp block until the other lamp block may be removed and until 
windows can be withdrawn with finger-tip pressure. 
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Figure 4-4. Readout Assembly 
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Figure 4-5. Lamp Bulb Contact Points 
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6. 

FAN HOUSING 
ATTACHING SCREWS 141 

FAN HOUSING 

Figure 4-6. Rear View, Typical DVM with Fan 

Clean the windows as set forth above. 

NOTE 

FAN ATTACHING 
SCREWS 141 

FAN 

5005-5 

It is well to be systematic about this operation so as to avoid 
replacing the windows in improper order. Care should be taken 
to avoid replacing the windows backwards; this type of error is 
most likely to occur with windows marked 1, 0, 6, 8, or 9. 
Note that the engraved side always faces to the rear of the readout. 

7. Stack the windows in proper order and press them together with mild finger-tip pressure. 
A void fingerprints on the windows. After ensuring that the numerals are right side up and 
that the engraved side faces the rear of the readout, gently slip the windows into the cover. 

8. Re-assemble readout and readout assembly in reverse order of disassembly. 

If the readout contains a Polaroid filter in front of the display, it may be removed and cleaned in the 
same manner as the readout windows. Care should be taken to re-install the filter so that the 
polarizing action is correct. Look through the filter at a piece of shiny metal, such as the chrome 
rim of a wrist-watch. If the metal shows a markedly violet cast. then the filter front is the surface 
closest to the eye. 
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FAN LUBRICATION 

Under normal operating conditions, the ventilating fan, located on the rear of the instrument, should 
be lubricated with two or three drops of SAE No. 10 oil approximately every three months. 

To lubricate the fan, perform the following steps (see figure 4-6). 

1. Remove the four screws attaching fan housing to chassis of instrument. 

2. Tilt the top of fan housing assembly away from rear of instrument until fan motor is accessible. 

3. Apply two or three drops of SAE No. 10 oil to lubrication opening in center of front of fan motor. 

NOTE 

The first time the fan is lubricated, it will be necessary to 
pierce the paper seal attached to the fan motor. 

4. Replace fan housing assembly. 

4-9 
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J/5•5 -~- J/9-S JJ.J - s J.1.7·5 

J/5·1. "5" J 19-1, J/1.J ·(. 

Ji5-7 ·1. - ,u,-7 J/1.J- 7 
JIS-8 •7• ""-B J/1.3· 8 

JJS-9 ·a· J/9-9 J.1.J-!J 

JI 5 ·10 . ,. .J/1-JO J.l.J ·lo 

54-AI (ryP) 54---'12. 
J:U-') 

Dt:t:ADC I ,R,, 3 

~----------------------· 
(0 O O O O O O O O O O o O O O O O O O O O O)J36 

C 
(0 O O O O O O O O O O O O O O O O O O O O 0) J32 

(0 o O O O o o o O o o O O o O O O O O O O)J 28 

(0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O)J 24 

B 

© o o o o o o o o o o o o o o o o o o o o mJ20 

{O O O O O O O O O O O O O O O O O O O O O O)Jl6 

A 

t 

4 3 

J31·1 
JJ /•,1. 

JJ/-J 

JJl-4 
JJt·S 
JJI ·l, 

JJ/• 7 

JJl-6 
JJJ• 9 
J]l-10 

J;t,/-1 

.5 

J 35(0 o o o O O O o O o O o o o o O O o O Q O O) 

o ;, o .;, .;, ;, o o o J .;,)DECADE 5 

I 2 3 4 '.; 6 7 8 9 10 II 12 13 14 15 16 17 18 19 2021 22 
o o ,:, .:. .:, ~ J " o o O) DECADE 4 

J 21~ o o ~ o o o ~ o 'o o o iii o o o o o o o) PRINT CONt 

~ ., .. , so "-'l 

::> o o o o ? o o o 0) DE.CADE 2 

Jl7(0~0~ O~.Q_Q_O o O o o O O o O o C) LOGIC 
J ' J ' J 2.S ,,,_ ., ,l. S 

o .;> O o o o o o o O o o DECADE I 

~---...----~-~--< MATERIAL 

NEXT 
ASSY. 

FINAL 
ASSY. 

APPLICATION 

NEXT INAL 
SY. ASSY. 

QTY. 

2 

ZONE LTR. EFFECT. 

A ALL 

REVISIONS 
DESCRIPTION 

AOOEO s+-,11 { ,:"f,\~ C,,VN. 
Jt•f WAS t.OIVN, T_, Jll•/-, 
Jf-S WAIS CONN. To. Jll•/'­
J~ WAS C4N#. TO, J/1•/7 
J9•7 WAS GONN. Ttl, J/1·18 
J9•/8 WAS C:tJNN. rt,, J/7-ZO 
Jt•Z5 W.fS CONN, TO. J/7•2I 

DATE APPROVED 

MFR. CIRCUIT ITEM QTY PART OR 
REQD IDENTIFYING NO. 

NOMENCI.ATURE OR 
DESCRIPTION CODE REF. NO. 

PARTS LIST 

NON-LINEAR SYSTEMS, INC. 
0El. MAR. CAUFORNIA 

SCHEMA TIC DVL -I 
ADDITION FO!e s o,c,r PPINr-our 

/"100EL $0/S f S020 
SIZE COO£ ID£NT "°-

0 03626 50-202 
SCALE WEIGHT SHEET ~o,- 3 

[ 

C 

B 

" 

" C: 
"i 
I 

~ 

A 



Ka
yp
roJ
ou
rna
lD 

C 

B 

A 

8 7 

CR-I 

_RAA/t;cO.,I l ci.2. 
CJ!J, k CR-3 '" Pl-22. - I c.R-2.I ., 

RAA/t;e2 CR-38. 
c~iy' 

P/-2() I 

li,7 
~I 

Pl-8 -
~~ 

-

CR.-39 

Pl-IS -
lt'41 

C~·40 ,_ i 

scr.s 
P2-I -

C/i!·43 

c,q,.44 

.J 

CR•dS 

P/-1/ 
-1-24 

P/-/0 
-r/6 

CR·6'1 

P2-8 
ON 

3. 19CC /?EJI.S/"ORS 4RE /4-'cW 5%. 

2. AU DIODc.5 //Rt: TYPt: 1.16 3/5(5003·002). 

I. ACC TR/JI.JSl.5TOl<.5 ARE i?ll//3O5". 

AJOTE:S:uNcEs.s on1cRw1..s1: .SPt:CIFlcD. 

CR-t., 
c/l-7 --

C/i!· 
c:;s 

6 5 

I() 

~ 
' 

-c.e-. c.e-
GB {;9 

V .. 
le) 'I- ~ 

* I\, 
Q.. ~ ·~ ' 

L.. 

CR·76 

CR·· CR· CR• 
70 71 7Z 

4 

I\J 

~ 
I~ 

'°c,/M9 
0 

I 

CR-2C. 

z 

3 
a-$, 

4 

s 
CR-37 

CR· 
75 

5"0-/9:3 50-193 I I 
NEXT FlNAL 
ASSY. ASSY. 

APPLICATION 

3 2 

REVISIONS 
ZONE LTR. EFFECT. DESCRIPTION DATE APPROVED 

CR-2() ·~ ,0/-21 
IVM/1>.:0-

Cli!-2'5" 
,0/-/:1 -

RPUCt!"O 
0-VAC K.fl. - Pl-7 

CR-30 
P/-18 

RAA/<;c.$ q I 
0/1/AC 

- Pl-19 • 
P/-17 

RAA./t;t!" S 
0A/OC,AC 

Pl-I~ 
ro ,o~et; 

DR. 

- ,0/-Z -
- PI-S 

if;L_'i 
R24, CR· • Res Qe· '>1?26 , C/l· R,!7 CR.· 

r.60 'GI ' 201( ' 6:) : ►loK • < 201<: 
';, 

'c0K 
'> 

62 

-,., I? /'v 
)q9 ~ 1Q8 \b 

~ +Ii! 

I QTY I PART OR 

UNLESS OTHERWISE SPECIRED CONTI!. 

DIMENSIONS ARE IN INCHES 1-=-:N~O.=:i-:---,r--f."l:r,:::-;;;:;:;1 
TOLERANCES ON 

DECIMALS ANGLES 
~.010 =o•y:, 

FRACTIONS 
"'1/32 

MATERIAL 

'► 1000 . Pl-/ 
/00 P/-3 
10 P/-4 
I P/-{,. 

IV 

i·Q/O 

- P/-9 

I NOMENCU.TURE OR MFR. CIRCUIT ITEM 
DESCRIPTION CODE REF. NO. 

PARTS LIST 

e NON-LINEAR SYSTEMS. INC. 
DEL MAR. CALJFDRNIA 

AUTO-RANG€ 
COUNTER 

Moocc.. soeo 
SIZE CODE 10€HT NO. 

S0-237 D 03626 
SCALE WEICHT SHEET c or 3 

D 

C 

B 
-~-
~ ~ 

~ 
I 

~ 

A 
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rna
lD 
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\ 
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,,,o~T 
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r-....... ~-1.i.-1 
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t:N/6 

., ...... ► IU6 .,,.,,, ► /0011. 

7 
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2.7K 

Rl3 
/01( 

Rl7 
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6 
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/Ill,\_ IU.5 

/VI' 
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0 
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\J 
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/i/-?.-9 
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-
C/l/7 
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JOO/( 47K 
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~/7 

__J<Y_ 
,.,,, 

~

,,.,_, 
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,lO/( 

'V !1 
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h 1-. l.i ~ .. 
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!> ~ 

'( 'I) 

~ ~ ,., p !> 
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'I 

~. A.(.,4. ~"';; rPA/1~,.:roR-· ,1&1'£ ~,,VIJOS 
A, ,r,.C.L ,'PP)/ -r;,,.N::1,LTt'A..f sCJC .,,,._ ✓,!~/I 

I ~,1.,1,, /'J/OD~.:,l .AJ}~~ 10 . .: SOOJ•':)OA. 
,Norr-· . .-',V..1.£:t.: orHEPw1..t£ .:Pr~,,,,,o, 

IJIU 17C"IP~.lli:lilt ~ ..... II 

,11, 

.(.7X 

"-"-1 ,1//4-

•oo:T JOI( 
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JI( 

I 
t 
1 
~ 
~ 
... ... ;: 
' 
~ 
0 
q 

/Ill 
;t.011. 

j'-

s 

/1,U, ,,H ... /0()/( /0/( :, 

i .,. ...,__,__ 
\J -~ .,., 

I., 
~ ~ I,) 

r--
I /1~1, 

/OX 

c.,ua 

;,.~;3~~ 
Cf'39 I li'"7 

/IP INli/S1r /OK 
ORIVE 

-

4 3 • 
ZONE 

8 ('(\ 

I rl 

2 

LTR. EFFECT. 
A ,,,..,.., 

REVISIONS 
DESCRIPTION CATE APPROVED 

t:o,'RE,:r,,:o ,uu: o,.,~,,,.r,oN.t ''.if~H il!'[f./,, 
P J 9(10<) WA.I '"· 7Jt. 91-i $1r(,:,.N13i,,{/ 

8 A.(.,(. 

1..i) -
W£R£ Jl.N,'11,t:,t(I I/IC} W~.J' ,/0/JF, 
ADDFD UP tH/11/JIT' DRIVE &:.tR, 
R+ 3{t/i.) W~.t J.J ,c, IW(,.(;;.u)wue:,,,,r 

~ 4/1 C /.41-
II .. 

~ 
~ '.t 
~ Q 

' 
';l ' ' ' ' ' ~ 

I 

Q.. \ 
ii I:, A 

.x: 
IJ 
q 

0 

~ 
.. ~ 

~ 
() 

' ~ 
.. ~ 

" ,e "' 
' ' ' 
~ ' ~ Q.. 

t " ~ I 
I I 

~ 

... ... t .. 
() ~ 
\ \" 

~ 

~ <> 
' 'I 
' ' 'l.. q_ 
~ t 

-- -- - -
' I I 

! 

,--------l-------+--T"-----------++--"t----H+-C/1-3Df---+-------;;.. Pl•l.1 /00 DEC. 
~A.SI 

--· -------------+----+------~ 

~ 

--C9 
--.DOI IJF 

I ,, 

;' " 'I :- :,! ~ 
II. ~ ~ ' Cl. 

~ 
~ 0 

i:: ii <! ,j 

' ~ 'I 

' ,. 

t 

' I 
,,,;,,c I UP INN/Bir' 
/0.A ~ArE 

IMO 

9.IK 

I 101-1< J.,(,,V/104 

50·1'3 

NOO 
ASSY. 

FINAL 
ASSY. 

APPLICATION 

NOO INAL 
ASSY. SSY. 

QTY, 

~-c._R_ 3_.s ____ _..: Pl•lJ /00 UV 

Cl'l:t7 
• 1'1.1,, : //( 

-
'.~,--q-,t.------~--➔ Pl-: :o:~~ M 0/tDC 

RJ9 
/0/( 

QTY PART OR MFR. CIRCUIT ITEM 
REQO IDENTIFYING NO. 

NOMENCLATURE OR 
OESCRI PTION CODE REF. NO. 

PARTS LIST 
UNU:SS Ont ERW1 SE SPEClfll D CONTR. 

DIMENSIONS ARE IN INCHES l-'N,;,:O.c.-+----.c""".""i--:-::-:1 
TOLERANCES ON DRAWN J.,4. t:O#IJS ~-.l.9-<,4 

NON-LINEAR SYSTEMS. INC. 
DEL MAR. CALIFORNIA 

DECIMALS ANGLES CHECK 
Fr:c:.~NS ::t;;Q•JO'. APPR /.'~ • t ·, .. · ,I /·/.. SCHEMATIC 

"' IJJZ RE.LEASE CATE I/· 'I .1, -;,-,.u 
MATERIAi: /'(ODE4 SO.:l-0 

SIZE c:oo£ IOE/fT NO. 

D 03626 50-242 
SCALE WEIGHT SHEET Jl O"".S 

C 

B 

A 



Ka
yp
roJ
ou
rna
l

8 

D 

C 

I ;2. ; 

A 

l 

a,.- Ill~ ~ _. .. 

7 6 5 4 

-- ---~ 
0 0 0 0 0 0 0 0 0 J 430 0 o":Jl ,b r o 

?I 

O ~ O O O o O O O O O J 36 

":)- J-' Cl 
r( .._ n ~ 

i-- + +-~ 
0000J32 

/,VPVT S WIT.:HINO 

I 'J.. 
,A. IITO /?ANOE D.o,,_,. Y t DK/VCR 

cs 
Jr39 JUF 

• 
' 

J 35 O O O O O O O O o 

J 30 0 0 0 0 0 0 0 0 0 0 0 0 0 

fl. 11tf,.'Pfl l~ ... J1ll'rf'f~f{filfll i 0 ms;r;;:;:i-;m-mimrftru'lrniTI':i':'T~rrn,rm:r.'rr.c;-r.u;;i7.11 
.... 

q 11) ,, /l,. 11 

o o 0°0J28 DECADE F'Ol/,t;I 

,.. uro ,q,v,,&E t!OIINTER 

f 2 3 4 5 6 7 8 9 10 11 12 
J260 0 0 0 0 ~ 0 0 0 0 0 0 

~! lm½li1 ~:ilt~ f'l•l::01 

o O O o J 24 

0 0 O O J20 

O o o OJ 16 OC<:A0£ ONE 

J 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1~1~ .. 1~·1°tt;l"ll0tl 0 tl~ .. 11 .. 1 
(To lt'/0) 

I 2 3 4 5 & 7 8 9 10 II 12 13 14 15 16 17 18 1920 21 22 

J21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

lffi ~ ~½11/P:ziui Pm'::jrn ~ 

Jl5 o o o o o o o o o o o· o o o o o o o o o o o 
1°.: l'!'li' I ~·1°. 1~· 1~•1~·1-:i· I~' I 

(TO 11/0) 

OOOOOOJl2 Jllo 

.D,V.l't. PDW£./l .SUPPLY 

J,l.(IJIPIIT) 
BorrOM VIEW c/J 

(c~TE#;,/AL RE,E#CJl~c) 

t 

NEXT 
ASSY. 

.S0•/93 

FINAL 
ASSY. 

APPLICATION 

I 

3 

~NCTJOII/ .sw,rc.H) .-----

.. 

.. ,~.;,. ... 
~ ~,-;,.o ~ 
" , '"t 
" J·J;::-:,c:i 
~ ......... ;; ' ;,.9•/j 
"' - , "t 
~ .::i•JB~ .u-,a 

2 

ZONE LTR. EffECT. 

8 

C 

.Re~. so-/9-f 
'1 (.SCK.!.IT/YIT,) 

REVISIONS 
OESCRIPTION 

ADDl!!"D so-,03 Al!!"J.AYIIOAlfO t 
A440t!, WllrOIO, 

IU.(SOJC)WAI RS IIJ(1,>.J'/i)W'A6A 
/Nt:o £.0 • .S. o,r CH~ • • 

,ea,. I0•/.&7 
(P,R£,ufp ZEJIO l<DJv.sr) 

• , .. Jf,>,SOJ( ,e J /.2Slf 

~ ""'" 
$T;YID4'1 0 

' I 0 ON 

I 

~ 
Al/TO 1 
~O~T/#1,/0U,S 

/'IAAIVA.<. 

~

I 

' 
' ,.,, 

I 0 

~ l1•L >. :,bl),::• 
., "t I 0 

' :10·-· -t 
~ ~ .t.A. o----ffl 

0 ,,, 
f'c 

DATE APPROVED 

·/l•t 3•:l.•" 
vM- '?/..T'1r. 

C 

o---fi] 
B 

UNLLSS OTHERWISE S>fClrtEO 

.J 

I 
/0 

/00 

/000 

1~000 

Avro 

QlY PART OR 
RECD IDEHTlfYI NG NO. 

5 4 (FIJ.T£R .!.111/Tt!.H) 

NOMENCLAT\JAE OR 
DESCRIPTION 

PARTS LIST 

MFR. CIRCUIT ITEM 
CODE REF. NO. 

DIMENSIONS ARE IN INCHES 1--,.,.,.,,,+,...,....==~T".=:-:-::1 
TOLERANCES ON e NON-LINEAR SYSTEMS. INC. 

DEL MAR. CALIFORNIA 

DECIMALS ANGLES 
: .010 : Q• 311' 

FRACTIONS 
Ml# 80A,('L> SCIIDVAT/C. 

., 1/ll 

MATERIAL 
.1'fOO£ ,l 5020 

SIZE <XX)[ IDENT HO • 

D 03626 50-244 
SCALE WEIGHT SHEET~ oF~ 

\) 

A 



Ka
yp
roJ
ou
rna
l

8 7 

D 

~,-u 

PI-ZO 

t<l'3 ~ cc,• ~ 
\\J,400~ 1'63.003 

PJ.l7 

C 
'Pl•IO 

CQ S 3 C~O i 
111,COll 1\ltOO:S 

Pl•I~ 

l:l1-\ 

:.1.12. 

B C"7 c..e ~• 
l\.:Ul0O'5 UJ0.0~ 

P\•11 -

;>\• 0 

'-"9 i~ CIIO: 
nJ,.,003 i\l4003 

PI-C 

~(-4.,.. 

A 

6 

r;::;o~m~ - -7 
I Gv~1>1> 111ox I 

2\Jl-,01 
I 

I 
I 

- _ __J 
Pt-9 

"' .1v---------..,_--+-I--~ 
\O.s,...3W 

r,:;O~b OIJ-- - 7 
I <>llAQl> l!IOX I 

5 

Ol•lb.\9 

011 
1.621( 

1'7. 

4 3 

{'3yoc...-r .. L/-w 

r,r 

....._,t..:.2:._ .. _:6:,_0_r_,.... ___ ,...._!J<l~2~v~--~ 0\-2.I 

-1'2.V 
~-2:t 

t0 C..10 .. ., .., .. 
"'"" 

I 2,115•0 I I "--1f"'c..·.=c•';..._ ________ +---+----=-·~2•!.,_ ______ ....J,.;.;;._ _______________ _ pJ-(;} 7 

.... 
\On.,~W 

I 
L 

QS 

I\C 

C4 
100 
\,~l) ... 

2SV 

2 

REVISIONS 
ZONE LTR. EfFECr. DESCRIPTION DATE 

IJIG(PP) 2."2/.tt 4·1•1< 

QTY PART OR MFR. CIRCUIT ITEM 
REQD IDENTIF'l'ING NO. 

NOMENCLATURE OR 
DESCRIPTION CODE REF. NO. 

t 

UNLESS OTNERWI 5.E SJIECIFlm COHTR. 

DIMENSIONS ARE IN INCHES 1-N_o_. -----~--~ 
TOLERANCES ON DRAWN /"f. BAGULA 7·-U·V 

DECIMALS ANGLES CHECK L. l(/{IIP/Jf 7-1,·V 

Fi:c~~NS "'o• YT APPR /1,T. WllfiH£/f 7·1'·tr 

=a 1/ll RELEASE DATE 'j•2.9·U· , 

,----..----..,...-~--I MATERIAL 

NEXT 
ASSY. 

,S0-19::I 

FINAL 
ASSY. 

APPLICATION 

NEXT INAL 
SY. SY. 

QTY. 

PARTS LIST 

e NON-LINEAR SYSTEMS. INC. 
CIEL MAR. CALIFORNIA 

124 A~D -24 VOLT SUPPLY SC\-\t.UATIC 
PREAMDLl~lt.tl A't-JD CO\JV[lHE~ 

UODEL 5020 
SIZE CX)I)[ ID£NT 110. 

D 03626 50-250 
SCALE WEIGHT 

D 

C 

B 

A 



Ka
yp
roJ
ou
rna
lERRATA 

MODEL 5020 DIGITAL VOLTMETER INSTRUCTION MANUAL 

1. Replace page 3-7 with revised page 3-7 located in back of manual. 

2. Make the following corrections to schematic 50-250: 

a. 

b. 

The transistor to the right of ("4 is C-8, 2NJ.l83. 

-,1V~\ ----i----
10<:, ~w J'I ,,,,-

/ /R5 
MAKE CONNECTION 1 JJ( 

c. NOTES: Unless Ctherwise Specified 

1. All R€sistors are l/2W, 5%. 

~ 
<n.1 
( 1009. 



4 I 3 + 2 I 1 I 

REVISIONS 
ZONE LTR. EFFECT. DESCRIPTION DATE APPROVED 

D 
D 
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I 
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' ~ ~ •• "? y. - - --
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it 
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I ~ - \t' ~ l 

\t fr) 
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I 

B 
. ~ 

~ "'"1 ~ j- " 
, 

~ "': ~ ..... 't 'X ~ ~ 
Q t-.. "' Cll~(O\J°' 

";l Ill~ ';{ 1 m ';I-;-.... ~ ~ '{ Cl ' I > I I I I ~ " I ~i"~.~~ I 

~ .:. "' ">Cl°' 
I I '~ ~ °' ',) ~ I O i!_ \) i!_ .., .., 

"' .... ~~~~~) ' ----
1~1 ~ ½ ~ "' ~ t~~~~~ 1~ :::: ~ ~ l ':i ~~ ~) 'S ~ Q,,~'$':i(\;: 

J B 
y r. 

RE:FcRE/V(!E' SO-.?- 'f'-,. gc#Eh(AT IC-
rbl< .HARNES$ -rER.M/N,ATIO/v' 

- --
QTY I PART OR NOMENCLATURE OR I MFR. I CIRCUIT I ITEM 

REQD IDENTIFYING NO. DESCRIPTION CODE REF. NO. 

PARTS LI ST 
UNLESS OTHERWISE SPECIFIED CONTR, • DIMENSIONS ARE IN INCHES 

NO, NON-LINEAR SYSTEMS, INC. 
TOLERANCES ON DRAWN u..A, (;OMtJS .Z-IO·b/, DEL MAR, CALIFORNIA 

DECIMALS ANGLES CHECK 
SCHEMATIC ±,010 ± o• 30' 

APPR 'l:.'tc/ev A FRACTIONS "" .l.•l(·lol.. 

± 1/32 RELEASE DATE .;i. ;J '{-(, .e_: FV#eT/0H RE,(,/,Y 8O.A/?0 A 
MATERIAL 

/>(OD£,(, SO.R..O 

00-19-9- 50-/93 I I SIZE CODE !DENT NO. 

NEXT FINAL NEXT FINAL C 03626 50-303 
. / TH/$ DWI! EFFECTIVE f0~0.819 ¢ ~VB. ASSY . ASSY. ASSY. ASSY. 

Nore.!? APPLICATION QTY. SCALE I WEIGHT I SHEET....!. OrJ - ,_ 

Ka
yp
roJ
ou
rna
l



Ka
yp
roJ
ou
rna
lD 

C 

B 

A 

8 7 

Pl-22 • 
Cl.A., CM,, 

RAA.l~e 0,1 CR-2 e,tl-J~ CR-3 
.. -

-
'CR-5' --

CR-lZ 

P/-20 
R,tM/t:;e 2 

-

liz7 

Pl-8 
~I -

~s 
CR.-~9 

Pl-IS -
C~·40 
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PZ-1 

Cl<-43 

CR·dd 

o.J 

CR•4S 

1'2-7 
UP 

-

CR-46 CR-47 

Pl-12. 
GA/O 

;,lelB Rl9< 
;4~~ 

R.9) R7 
~6 >47k >Z-1K 2.7K., ~~ 
41~ ? ' ? UZ8 RZ9.? . 
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H-- H' 

Cl,.Ot C3,.0I 
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}/SK ISk 

-
-,.z4 

1 -

P/-/0 -
-,./6 

CR·64 
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P2-B 
DN GS' 
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