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Check each part against the following list. Refer to the 
illustration in the separate “Illustration Booklet" that 

corresponds to the key number on the Parts List. The 
parts may vary slightly from the illustrations. Any 

part that is individually packaged with a part number 
on it should be kept in its package after it is identified 
until you use it. 

Some parts are marked with a “171-” or “172-” pack- 
aging number. These numbers are used for packaging 
only and do not appear in the Manual ‘‘Parts List.” 
Save all packaging material until all parts have been 
located. 

To order a replacement part, use the Parts Order Form 
furnished with this kit. For pricing information, refer 
to the separate “Heath Parts Price List." 

u 

PARTS IST 

Each circuit component in this kit has a Circuit Com- 
ponent Number (R2, C4, Q1, etc.). This is a specific 

number for only thatone part in the kit. The purpose 
of these numbers, which are especially useful if a part 
ever has to be replaced, is to help you easily identify 
the same part in each section of the Manual. These 
numbers will appear: 

In the Parts List, M 
rZ 

At the beginning of each step where a 
component is installed, 

In some illustrations, 

In the Schematic, 

In the sections at the rear of the Manual. 

KEY PARP MOTY I DESCRIBTIGN CIRCUIT KEY pA R TSA ӨТҮ; DESERIETION CIRCUIT 
No. No. Comp. No. No. No. к Comp. Νο. 

RESISTORS Resistors (cont'd.) 

NOTE: Open all resistor envelopes (marked Н) before you} ^1 1-35 2 1 MQ (brown-black-green) ^ R11,R59 
check the resistors. All resistors are 10% (fourth band silver) | A1 — 1-169 1 3.9 MN, 5% (orange- R76 
unless designated 5% (fourth band gold). while-green) 

A1 1-70 2 22 ΜΩ (red-red-blue) R14,R17 

- 1/2-Watt- Ai 1-139 1 100 ΜΩ (brown-black-violel) R55 

cA τα 2. 100 Q (brown-black-brown) Ri3R78 | 1-Май — — — EON GER 
Al 1-193 - 19 - 180 N (brown-gray-brown) — R35,R36,R37, T D sil. cas 1: ТМ АП ыы. 

ce РЕС R38,R39,R41, А2 1-1-1 1 470 2 (yellow-violet-brown) R92 

R42,R43,R44, 
R45,R46,R47, 2-Watt 

= R48,R49,R51, 
R52,R53,R87, A3 1-13-2 1 220 Ω (red-red-brown) R87 

Я R81 
ΑἹ + 4248 5 390 Q (orange-white-brown) R23,R24,A26, Hx 

: R34,R77 PRECISION RESISTORS 
A1 1-119 2 560 (1 (green-blue-brown) R16,R65 

A1 180 5-22 1200 О, 5% (brown-red-red) R64,R88 1/4-Watt 
A1 1-11 2 15000 (brown-green-red) АЇ5,918 Ἢ n ποιο us 

Al 1-44 6 22000 (red-red-red) R21,R22,R33, A4 2-670-12 1 1010 N (1.01k) ,5% R8 

ο» ` R66,R69,R79 A4  2-728-12 1 90900 (9.09к):5% -Βζ΄------------ 
Al 1-18 4 5600 Ω (green-blue-red) R25,R27, 

R29,R32 1/2-Watt 
Ai 1-116 1 6200 2, 5% (blue-red-red) R56 
At 1-105 3 10 ΚΩ, 5% (brown- R31,R61,R62 AS 2-19 1 9 0, 1% R3 

black-orange) ; A5 2-24 1 90 Ω, 1% R2 

A1 1-21 3 15 kN (brown-green-orange) R54,R68,R93 AS 2-83 1 200 Ω, 1% R82 

A1 1-26 2 100 ΚΩ (brown-black-yellow) R57,R58 A5 2-29 1 900 N, 1% R1 
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KEY PART. QTY. DESCRIPTION CIRCUIT KEY PART On LU BSGRIP LION CIRCUIT 

No. No. А Comp. Νο. | No. Νο. Comp. Νο. 

Precision Resistors (cont’d.) DIODES 

A5 2-228 1 2000 N (2k) 1% R83 Ci 57-27 2 1М2071 013,014 

А5 2-38 1 20 ΚΩ, 1% R84 G οι λα” 1N4002 016,017, 

A5 2-294 Ades 90.9 kN, .5% R6 D18,D22, 

A5 2-54 1 200 kN, 1% R85 E STEER En = - D24 

A5 2-55 1 2 ΜΩ, 1% R86 Ci 56-56 12 1М4149 D1,02, 
D3,D4,D5, 

1-Watt D6,07,D8, 
D9,D11,D12, 

A6 2-98-1 1 909 ΚΩ, .5% RS 025 

C1 56-31 1 Р518775 015 

5-Watt Wire-Wound C1 56-620 2 15V zener D19,D23 

A7  3-25-5 1 10,1%” R4 TRANSISTORS — INTEGRATED CIRCUITS (IC's) 

CAPACITORS NOTE: Transistors and integrated circuits are marked for iden- 

: tification in опе of the following ways: 

Ceramic 

1. Part number. 

B1 21-33 1 3.3 pF C13 

В | 330 pF: Ci 2. Type number. (On integrated circuits this refers only to the 

В πο. 1 3000 pF (.003 uF) c2, numbers; the letters may be different or missing.) 

B1 21-57 1 5000 pF (.005 zF) C8 

BORSE 4 05 KF C15,C16, 3. Part number and type number. 
C22,C25 

το Es 3 "με 017.018, 4. Part number with a type number other than the one 

C19 shown. 

Mylar* 
Die 41723500724 2N4121 transistor 02,03, 

B2 27-47 1 Л uF C3 05,06 

B3 27-60 1 22 pF 05 Πο 41221352 2N5249A transistor Q1,04 

a ο ο OO SIE τοτε — C9,C11,C14 | 03-— 417-801-  6- МРЅА20 transistor. |  08,09,01, - 

T03 m2762 = бды à СА БЕО, d priate Weegee 3 > Q14,012,018—— Е 

Es МАСЕ УВ 1S Y 117 095 NIT AMRS ES Vasil: como Lg шы тү 

ο οσο προς D3 417-884 2  Selectedtransistor 07,013 τ 

D4 417818 1 MJE181 transistor 0150 š 

05 442-39 1 LM301AN IC ІСІ 

Electrolytic 06 443-46 1 SN7402N IC IC2 

06 443-73 1^^ SN7416N IC -- IC8 

B4 25-115 1 10 pF C23 D6 443-7 3 SN7490N IC IC3,IC5.IC7 

B5 25-281 1 39 pF tantalum C12 D7 443-36 2 SN7447N IC IC4,1C6 

` B4 25-830 1 50 pF C26 
B4 25-819 1 500 μΕ C24 CONTROLS — SWITCHES 

B4 25-148 1... 1000 uF C21 Tum T 

ieee ies προς E1—-10-918-————1 —— - 500 f1 control. - R71 

Other Capacitor ΕΙ 10-936 1 1000 Ω (1K) control R19 

El 210-256 Е З ЕО Kit coma τς R63,R72,R94 - 

B6 294 2 1800 pF (1.8n) polystyrene С6.С7 E1 10-390 1 20 ΚΩ control R12 

E! 10-385 1 50 ΚΩ control Β28 

Ei 10-941 1 100 ΚΩ control 

B| 1-888 | | ΜΗ FAIR | 

E1 10-989 1 5 MQ control R75 

E2 63-1279 1 2-waler switch SW1 

ЕЗ 63-1280 1 3-waler switch sw2 



KEY PART QTY. DESCRIPTION 
No. No. 

OTHER CIRCUIT COMPONENTS 

F1 54-927 

100-1686 

F2 421-33 

F2 421-2 

F3 411-823 

1 

3 

Power transformer 

Selected calibration parts 

consisting-of the following 

paris. DO NOT open the 

envelope until instructed 

to do so in a step. 

7 2000 2, 5% (red-black- 

red) 1/2-watt resistor 

1 5100 2, 5% (green- 

brown-red) 1/2-watt resistor 

1 Selected diode 

1/4-ampere slow-blow fuse 

3-ampere regular fuse 

Light emitting diode (LEO) 

display 

CIRGUIT 
Comp. No. 

T1 

R91 

R89 

D21 

F2 

[59 

РЇР2,РЗ3 

CONNECTOR PINS — SOCKETS — CLIP 

G1 259-20 

G2 432-134 

G3 434-292 

G4 434-230 

GS 434-298 

G6 434-299 

G7 260-65 

2 

3 1 

8 

1 

5 

2 

4 

Straight connector pin (1 extra) 

Tapered connector pin (1 extra) 

5-ріп display sockot 

B-pin IC socket 

14-pin IC socket 

16-pin ΙΟ socket 

Fuse clip 

. TEST LEAD PARTS 

Н: 70-10 = — Black banana plug sleeve 1 

—— Ἡ 70-11 ̂  — 1 — Red banana plug sleeve” 

 . H2 73-21 1 Black alligator clip insulator | 
H3 260-1 ^1 Alligator clip | 

H4 436-11 1 Red banana jack 

H4 436-22 1 Black banana jack 

H5 438-47 — 2 : Banana plug 

H8 439-1 1 Red test probe 

HARDWARE 

Hardware packets are marked to show the size of the 

___ hardware they contain (HOW #4, ог, HDW #2 & #6, etc.). You 
may have to open more than one packet — in this pack — to 

locate all the hardware of any one size (#6, for example). 

#4 Hardware 

4-40 x 3/8" screw 

4-40 nut 

#4 lockwasher 

KEY PARTI OR DESCRIPTION 

No. No. 

#6 Hardware 

J4 250-56 

95 250-162 

76 7250-26 ” 

47 252-3 

J8 252-195 

99 254-1 

410 259-1 

5 

2 

4 

5 

6 

6 

1 

Other Hardware 

411 254-15 

412 252-7 

413 253-10 2 

6-32 x 1/4” screw 

6-32 х 1/27 screw 

8-32 х 5/8" screw 

6-32 nut 

6-32 self-retaining nut 

#6 lockwasher 

36 solder lug 

5/16^ lockwasher 

3/8 nut 

3/8" flat washer 

LINE CORD — WIRE 

1 

89-54 1 Line cord 

340-8 39" Baro wiro 

341-1 39" Large black wire 

341-2 39 Large red wire 

344-21 36 Medium red wire 

344-50 36” Small black wire 

344-51 15" Brown wiro 

344-52 30° Small red wire 

344-53 24" Orange wire 

344-54 27 Yellow wire 

344-55 15" Green wire 

MISCELLANEOUS yT EEN 

σα Ιθο OOslae Пе > Man сес board «= = 

| ^ 85-1787 1 Display circuit board | ақ” 
92-641 1 Cabinet bottom 

92-642 1 Cabinet top 

203-1783 1 Front panel 

K1 204-2191 3 Angle bracket 

Кә 346-56 12 Rubber tubing 

КЗ 455-619 2 Knob bushing 

K4 462-999 2 Knob 

K5 490-111 1 IC puller 

390-1279. ..1. . _Model label . .. 

390-1281 — 1 — Calibration label- 
390-1336 1 Front panel label 

391-34 — iP Blue- and white label-- —- 

597-260 1 Parts Order Form 

Solder 

Manual (See front cover 

for part number.) 
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INITIAL TESTS 

The purpose of this section is to make sure your Mul- 

| timeter will not be damaged as the result of a wiring 
== "E з error or other difficulty. 

RESISTANCE CHECKS 
TEST POINT READING: GREATER THAN 

A 10 ΚΩ 
15000 

10000 

| 

| 

| NOTE: Do not plug in the line cord until you are 

| instructed to do so. 

500 

10 ΚΩ 

500 

10000 

500 

Το perform the following steps, you will need ап 
ohmmeter that has a 1.5-volt test voltage. Most analog 
ohmmeters (VOM, VTVM) have this test voltage. In 

addition, it should have a center-scale deflection fac- 
tor (number at center of the scale) greater than 5, but 
less than 50. If such ап ohmmeter is not available, 
proceed to “Operational Check” on Page 40. ( 

— — — — — — — — 

) Reverse the ohmmeter leads and touch each test 

point again. 

TEST POINT READING: GREATER THAN 

500 

500 

500 

50000 

NOTE: In the first set of following tests (test points А 

through H), if you do not obtain the proper readings, 
reverse the ohmmeter test leads. (Some meters are 

| wired differently than others.) If you still do not get 
the proper readings refer to "Initial Test Problems 

Chart” on Page 40. 
300 

( 
( 
( 
( 
( 500 
( D 

( 500 
( 

| CAUTION: In the following steps. use only the RX10_ 
-or the RX100 ranges of your ohmmeter. Other ranges — 1 109294: дыы”. т BT I MR OF T 5 
| may cause excessive currents to flow or may produce ` ( ) With either oliemeter:Isad — Ic ШЕ? A ECTS 

| erroneously low readings. = anode (unbanded) lead of D21, measure at all 

| three prongs of the line cord, and at both of the: 
lugs of the AC switch at the rear of the RANGE 

| ПЕ ` Refer to Figure 1-1 (in the “Illustration Book- switch. The reading. at each point must show 
let") and connect the common (-) ohmmeter infinity.for any position of the FUNCTION 

lead to the anod&(unbanded) end of D21. Touch switch. 
the input (+) ohmmeter lead to the following 
points. The readings should be sage than Disconnect the meter leads and proceed to “Орега- 
those shown. REE σας = tional Check ALE аттау a a === 

| 

VA αι ESA (ches) 2 3 4 = с H 
I" э 5/8 7/8 

3 1 (см) 3 3 4 5 в 7 8 9 10 1 12 13 14 15 16 17 



PROBLEM 

Initial Test Problems Chart 

If you cannot find’ your problem in the following 
chart, proceed to “Іп Case of Difficulty” on Page 48. 

BOSSIBEE CAUSE 

OF LOW READINGS 

Improper reading | ТӘП) 
at Point А. 

2 (65293 

Improper reading 170470487021: 
at Point В. 2. 915.918: 

Improper reading Ότο [22 
at Point С. 221224; 

Improper reading αρα. 
at Point D. 

Improper reading 1. 023, D24. 
at Point E. 22626: 

Improper reading 1 026: 
at Point F. 

Improper reading 1: 1754018, C19: 

at Point G. 309155016; D12: 

2162 that ICs, 

1215.019, 

(CBB: 

«οι. 

Improper reading 

at Point Η. 

Improper reading 

at Рот == 

dation fuse ΕΣ. 

- foil areas. Ἐς 

. Short near solder lug 
_of line cord green wire. 
. Short near “120” 

ог “240” jumpers. 

. Short to red wires 

at holes S or T. 
. Short near AC switch. 

at rear of SW1. ` 

. Transformer T1. 

Any line cord prong 
or AC switch lug 
shows less than 
an infinite 
resistance reading. . 

OPERATIONAL CHECK 

Set all ten of the circuit board controls to their 
centers of rotation (slot vertical to circuit 
board). Use a small-bladed (1/8-inch wide) 
screwdriver. 

(5) 

(1 Turn the ZERO ADJ, DC CAL. and CLOCK ADJ 
controls fully counterclockwise. 

WARNING: When the line cord is plugged in, full AC 
line voltage is present at several points in the Mul- 

timeter. Be careful that you do not touch these areas. 
See Figure 1-1 (in the "Illustration Booklet”). 

Refer to Figure 1-1 for the following steps. 

( ) Set the front panel switches as follows: 

FUNCTION ΟΕΕ 

RANGE 2 

NOTE: If you do not get the proper results in the 
following steps, immediately unplug the line cord 
and proceed to “Іп Case of Difficulty." 

( ) Plug the line cord into an AC outlet. 

NOTE: In the following steps, the heavy solid por- 
tions of the displays indicate which segments should 
be on. The "ghosted" portions indicate the display 
segments that should be off. 

(0) Turn the FUNCTION switch to DCV. The dis-- — - 
~play should Бе —23 ^ 7 

( ) Turn the ZERO ADJ control clockwise until the - 
display is <.00. (You may have to rotate the DC 
CAL control clockwise slightly.) 

( ) Plug the red test lead into the “—” (black) front 
panel connector. - 

. Touch the red probe tip to.the base (B) lead of 
` transistor Q9. The display should Бе ".НН. 

Turn off the Multimeter, and unplug the line 
cord and test lead. Then proceed to “Final As- 

sembly." 



CALIBRATION 

NOTE: New Multimeters may exhibita small amount. 
of calibration drift due to “burn-in” stabilization. 
Therefore, it is suggested that you recalibrate your 
Multimeter after an initial period of use; one month, 
for example. You may also wish to regularly recali- 

brate your Multimeter at three to six month intervals, 
or as required, to insure optimum accuracy during 
use. 

If in any of the following steps you do not obtain the 
indicated results, refer to the "In Case of Difficulty" 
section. Locate and repair any problem before you | 

continue with the calibration. 

WARNING: When the line cord is connected to an 
AC outlet, hazardous voltages will be present at sev- 
eral places. These are shown by the boxed-in areas in 
Figure 2-1 in the “Illustration Booklet." 

Plug in the Multimeter, turn it on, and allow it 
to warm up for 30 minutes. Also read the opera- 
tional statements on Figure 3-1 in the “Шизіта- 
tion Booklet." 

( 

Plug the test leads into the front panel connec- 
tors (red lead to red connector; black lead to 

(9 

black connector). v ЖАЙЫНДА etek EDR г РД 

screws will not come out). 

Refer to Figure 2-1 for the following steps. 

(.) Set the ZERO ADJ, DC CAL, and CLOCK ADJ 
controls fully counterclockwise. 

( ) Set the other seven controls to their centers of 

rotation (slots vertical to the circuit board). 

Remove the cover from the Multimeter. The 

( ) Set the RANGE switch to 2. 

( ) Setthe FUNCTION switch to DCV. The display 
should show –.Ва. No other display segments 
should be lit. 

Set the ZERO ADJ control to a display of Ἠ.ΠΗ. 

(It may be necessary to rotate the DC CAL con- 

trol clockwise slightly.) 

( ) Connect the test leads together. 

Rotate the ZERO ADJ control until the display 

just shows 7.38. Then slowly turn the control 

until the display just changes to 4.00. siu a 
slight adjustment is needed. 

[πη 

Touch the red test probe to the DC CAL ΤΡ (test 
point) at the loop end of R91 (20000, red-- 
black-red). Hold the probe at the test point and 

rotate the DC CAL control slowly clockwise 
while you watch the display. The count should 
increase, reach a maximum, and then decrease. 
Rotate the control fully counterclockwise and 

-then slowly advance it until the display shows 
——~about -20-— counts-less - than the observed - 

. maximum. Remove the test probe from the test | 
point. eee TE т, огу 

NOTE: In the next step, if you are unable to obtaina 
reading of at least ' .НП, obtain the nearest possible 
reading with the CLOCK ADJ control. Then leave the 
control set at this point and proceed. 

Turn the FUNCTION switch to OHMS and ad- (95) 
. just the CLOCK АП) control for а | display of 

between! .В90 апа {ΠΠ  — taber or = ES 



DC VOLTS CALIBRATION 

NOTE: Refer to the calibration voltage value written 
on the label on the side of the transformer to perform 
the following step. Observe that the calibration volt- 
age number has four digits, whereas the Multimeter 
can display only three digits. Convert the number to 
three digits by dropping the fourth digit if it is 4 or 
less, or by increasing the third digit by one if the 
fourth digit is 5 or more. For example: 

1.943 — 1.94 

1.946 — 1.95 

2.037 — 2.04 

If the rounded-off number is 2.00 or higher, the 2 will 
not be displayed in the following steps, and the 

“overrange” indicator will be lit: 

2:312 ҮН! 

( ) Turn the FUNCTION switch to DCV. 

Connect the test leads together and, if neces- 
sary, adjust the ZERO ADJ control to show 

2.00. 

1. () 

2. () Touch the red test probe to the DC CAL TP at 

the loop end of R91. 

3. (-) Rotate the DC CAL control fully coun; 
SEUR terclockwise. Then turnit clockwise untilthe ` 

— —.. display matches the value of the rounded-off —-- 
-—-calibration voltage. МЕ 

4. () Remove the test probe from the DC CAL test - 

point. 

( ) Return the RANGE switch to 2 and repeat the 
previous four steps one time. Then finish by 
leaving the RANGE switch in the 20 position. 

NOTE: In the previous adjustments you “roughly” 

- calibrated the DC voltmeter function of your Mul- - 
timeter in order to perform the measurement in the 

` next step. This measurement reflects whether the AC _ 

line voltage is high, low, or of an average value, since 

it has a slight effect on the DC calibration test point 

voltage used to calibrate your Multimeter. After you 

complete this measurement, you may need to apply a 

small correction factor to the DC calibration number 

for only this particular calibration for the line voltage 

condition at this time. 
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Touch the test probe to the + V TP (bracket of 
Q15) and observe the reading. If the reading is 
less than 7.8, subtract .003 from the number on 
the calibration label. If the reading is greater 
than 8.6, add .003 to the number. If the reading 
was between 7.8 and 8.6, no adjustment is re- 

—  — quired. After you have added or subtracted as 
required, round off the result to obtain a “сог- 
rected" calibration number. Write this number 
down in a convenient place (not on the calibra- 
tion label) for use later. 

Remove the test probe from the +V ΤΡ, 

( ) Turn the RANGE switch to 2. 

( ) Turn the FUNCTION switch to OHMS. 

( ) Rotate the CLOCK ADJ control fully coun- 
terclockwise. Then turn it clockwise for a dis- 
play of ! «ΠΠ. 

NOTES; 

12 This time, the reading must Бе within 5 digits 
(nolessthan' .В5, or no more than! .H&). Ifyou 
are unable to calibrate within these limits, refer 
to the "In Case Of Difficulty" section of the 
Manual. If your Multimeter is operating from a 
60 Hz power line during calibration, this “іп- 
finity" (open-circuit) display will be approxi- 
mately ! «ΠΠ. 

INS. | 

- a 50 Hz power source. Also do not use a meter 
calibrated on 50 Hz on a 60 Hz power source. It 
will be inaccurate at the higher portions of the 

range. 

( ) Turn the FUNCTION switch to DCV. 

NOTE: The following procedure determines which 

of the two transistors in the Q1 апа 04 positions is ` 

better to use in the Q1 position to prevent Multimeter 

warm-up drift from showing negative at turn-on. 

Adjust the ZERO ADJ control as close as possi- 

ble to the point where the display changes from 

-. ΒΒ to H.DU but still shows 8.00 most of the 

time. 

(2) 

_If you calibrate your Multimeter using 60 Hz Ὃ 
power source, recalibrate it before you use itor — - 
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( ) Disconnect the line cord. 

( ) Interchange the transistors at Q1 and Q4. Make 

sure you properly reinstall each transistor. 

( ) Connect the line cord and, without touching 

any switches or controls. observe the display. If 
the display is 8.00, disregard the next step and 
proceed. If the display is 7. &3, perform the next 
step and then proceed. 

If the display obtained in the last step was --.5Ε, 
disconnect the line cord, interchange the transistors 

at Q1 and Q4 to their original positions, reconnect the 

line cord, and then continue with the calibration. 

Due to the interaction between controls, repeat the 
following procedure as many times as required until 
each calibration display is properly obtained. 

A. Connect the test leads together and adjust 
the ZERO ADJ control so that the display just 
changes from 9.0 Ito #.00 and then is stable 
at 4.00. 

B. Turn the FUNCTION switch to OHMS and 
adjust the CLOCK ADJ control to show an 
“infinity” display between ! .BS and ' .H5. 

C. Turn the FUNCTION switch to DCV, touch 
the test probe to the DC CAL TP, and adjust 

— ..the DC CAL control until the display shows 7 
. .trol fora'.OO display. The decimal point should beat. — — — 
—the indicated position as shown under the "Display 7 0 

~ the “corrected” calibration number. 

AC VOLTS CALIBRATION 

Set the front panel switches as follows: TA 

ΕΟΝΟΠΙΟΝ- —DCV 

RANGE 2 

2. () Touch the test probe to AC REF TP and ad- 
just the control for a display of |.b5. 

NOTE: The display may vary between І.ҺЧапа TREES 
and Ј.ЬЬ. A proper adjustment will cause it to read 
LBS most of the time. 

3. () Remove the test probe from the АС REF ΤΡ. 

4. ( J Turn the FUNCTION switch to ACV. 

5. () Touch the test probe to the AC REF TP again 
and allow the display to stabilize. 

NOTE: Do Not change the position of the AC REF 
ADJ control in the next step. 

Adjust the AC CAL control for a display of 
ΟΔΙΕ 

(55 (С) 

NOTE: The display may vary between 1.94, ПП, 
and !.ПІ. 

( ) Repeat the previous six steps until you obtain 

the correct displays in both switch positions. 

( ) Remove the test probe from the AC REF ΤΡ. 

OHMS CALIBRATION 

( ) Turn the FUNCTION switch to OHMS. 

You will calibrate the five OHMS ranges in the follow- 
ing steps. Touch the test probe to the indicated OHMS 
CAL TP for each range and adjust the indicated con- 

Reading” column in the following chart.. 

CAL DISPLAY 

CONTROL | READING 



` ( ) Repeat the steps in the previous chart as many 
l times as necessary until you obtain the proper 

reading for each switch position. 

( ) Turn off the Multimeter. 

( ) Unplug the line cord. 

CAUTION: In the next step you will install the 
cabinet top. Be sure none of the controls are touched 
or changed. 
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( ) Install the cabinet top on the cabinet bottom. Be 
sure no wires are pinched between the cabinet 
halves. 

NOTE: The built-in calibration standards provide 
accuracy within the specifications for your Multime- 

—ter. However, if you wish to improve the accuracy at 
any time, you can recalibrate your Multimeter with 
precision AC and DC voltage and resistance stan- 
dards. The precision standards should be accurate 
within one-tenth of the appropriate Specifications on 
Page 70. 

OPERATION 

DUTY GYGLE 

Since the power consumption of the Digital Multi- 
meter is very low, you may wish to leave the instru- 
ment on continuously during the daily work period. 
Always allow a 30 minute warmup period from a cold 
start to insure best accuracy. However, the Multi- 
meter will provide serviceable accuracy after a few _ 
minutes of warmup. А “touch-up”’of the ZERO con-- 
trol (through the front panel) may be necessary during ̀  
warmup. i. a 

SAFETY PRECAUTIONS 

CAUTION: Always observe basic safety rules any 
time you make voltage measurements. Always handle 

the test leads by their insulated portions and do not 
touch the exposed tips. 

When you make high voltage measurements, remove 
the power from the unit under test and then connect 

— the test leads: If this is not possible, be careful to avoid 
. accidental contact-with nearby objects which could 0 

- provide a ground return path. Keep one hand behind 
-you to minimize accidental shock hazard and be sure 

- to stand on a properly insulated floor or floor cover- 
ing. Do not switch ranges when high voltages and. 
high currents are at the Multimeter inputs; to do so 
may cause switch contact arcing. 
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Measurements 

Refer to Figure 3-1 while you read the following in- 

_ formation. 

If the input to the Multimeter is negative, the display 
will show only the minus sign and decimal point (if 
the RANGE switch is in a position where a decimal 
point is used). Otherwise, the display will show val- 
ues of .00 through 199. 

When the OVERRANGE indicator is on, overrange 

values up to 1 «ΞΠ (2.50) can be read directly, where 

the ! stands for the overrange digit (2). Overrange 

displays above '.SU (2.50) are unreliable and you 

should switch to a higher range. 

CONNECTING THE MULTIMETER 

Place the FUNCTION switch in the OFF position. 

Plug the line cord into an AC outlet. 

Select the desired function (voltage, current, or resis- 
tance) and, if necessary, connect the test leads to- . 
gether and adjust the ZERO ADJ control so the display 
just changes from “01” to “00”, and is stable at “00”. 
Then follow the instructions according to the type of 

measurement to be made. NOTE: This adjustment 
may produce an open-input display of “.01” on the 2- 

— VDC range. This із normal and will not produce a. 

measurement error when the test leads are connected 

to a low-impedance (less than 100 ΚΩ) measurement 
point. 

Always consider the loading effect of the Multime- 
ter's one megohm input resistance when you make 
voltage measurements in high impedance circuits. 

Start with the highest range and work down. 

DC VOLTAGE MEASUREMENTS - 

CAUTION: 1000 VDC is the maximum DC voltage 
allowable between the + and — inputs on the 20, 200, 
and 2K ranges; and 350 volts DC is the maximum on 

the 2 (volt) range. 

1. Set the FUNCTION switch to DCV. 

2. Setthe RANGE switch to 2K or the desired lower 

range. 

CAUTION: Do not connect the black test lead to a 
potential greater than 1000 volts above power line 

` (earth) ground. This could damage the Multimeter. 

Ας VOLTAGE MEASUREMENTS ο τ᾽ 

3. Connect the black test lead to circuit ground or 
to the least positive measurement point. 

4. Touch the red test probe tip to the measurement 
point and observe the reading. If the overrange 
indicator lights, switch to a higher range im- 
mediately as an overload condition exists. 

Lower the setting of the RANGE switch until 
you reach the proper range. Reverse the test lead 
connections if the negative input indicator 
lights. The following table indicates the display 
limits for each range. 

Does not function 
on DCV. 

,01 — 1.99 

0.1 — 19.9 

01 — 199 

.01 — 1.00 (1000) 

"50 

{ΠΠ 

Un 

None 

(2.50) 
(25.0) 
(250) 

— NOTE: When you measure AC voltage, any input — - 

other than a pure sine wave will cause an error be- SU eR 

cause the AC converter is average-sensing and rms 

(sine wave) calibrated. 

CAUTION: 700 volts rms is the maximum AC voltage 
allowable on the 20, 200, and 2K ranges; and 250 volts 
rms is the maximum on the 2 (volt) range. 

1. Set the FUNCTION switch to ACV. 0-00 ~ 

Set the RANGE switch to 2K or the desired lower - 

range. 
2 

CAUTION: Do not connect the black test lead to a 
potential greater than 700 volts rms above power line 
(earth) ground. This could damage the Multimeter. 

Connect the black test lead to circuit ground or 
to the circuit low point. 

3. 



RANGE DISPLAY 

RANGE 

Touch the red test probe tip to the measurement 

point, and observe the reading. If the overrange 
indicator lights, switch to a higher range im- 
mediately as an overload condition exists. 
Otherwise, lower the setting of the RANGE 
switch until you reach the proper range. The 

following table-indicates the display limits for 
each range. 

ALLOWABLE 

OVERRANGE 

Does not function 

on ACV. 

.01 — 1.99 

0.1 — 19.9 

01 — 199 

E TOZO) 

ΕΠ (2.50) 
rgo 

518 

Мопе 

(25.0) 
(250) 

* Approximate rms value of 1000У peak. 

DC CURRENT MEASUREMENTS 

CAUTION: The Multimeter is fuse-protected for a 

3-ampere maximum DC current on the 2K mA (ог 

lower) range. 

Да 

pen 

Set. the FUNCTION switch to DC mA. 

бер iis RANGE ΕΝ 10.2 or. T TA 

` lower range if it is known. Use the highest pos- 
sible range that. produces the resolution you 

require since this inserts the smallest amount of 

resistance into the circuit to be measured. 

Connect the test leads in series with the circuit 

where current is to be measured and observe the 

reading. If the overrange indicator lights, switch 
to a higher range immediately, as an overload 
condition exists. Otherwise, lower the setting of ` 

the RANGE switch until you reach the proper 
range. Reverse the test lead connections if the 
negative input indicator lights. The following 
table indicates the display limits for each range. 
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DISPLAY ALLOWABLE 
RANGE OVERRANGE 

Does not function 
on DC mA. 
.01 — 1,99 

Q:1:—19:9 we 

01 — 199 

.01 — 1:99 

ШЕШ 

Uit 

Ur 

50 

(2.50 mA) 
(25.0 mA) 
(250 mA) 
(2.50 A) 

AC CURRENT MEASUREMENTS 

NOTE: When you measure AC current, any input 

other than a pure sine wave will cause an error be- 
cause the AC converter is average-sensing and rms 
(sine wave) calibrated. 

CAUTION: The Multimeter is fuse-protected for a 
3-ampere maximum AC current on the 2K mA (or 

lower range). 

Set the FUNCTION switch to AC mA. 

2; Sct tho RANGE swilch to 2K or the desired 
lower range if it is known. Use the highest pos- 
sible range that produces the resolution you 

require since this inserts the smallest amount of 
resistance into the circuit to be measured. 

- 9... Connect the test leads in series with the circuit 
— where current is to be measured and observethe | 

reading. If the overrange indicator lights, switch 
to a higher range immediately, as an overload 
condition exists. Otherwise, lower the setting of 
the RANGE switch until you reach the proper 
range. The following table indicates the display 
limits for each range. 

RANGE OVERRANGE 

(2002) Does not function 5 

on AC mA. 

.01 — 1.99 

0.1 — 19.9 

01 — 199 

.01 — 1.99 

1.50 (2.50 mA) 
445.0 (25.0 mA) 
USD (250 mA) 
HSO (2.50 А) 

2 



RESISTANCE MEASUREMENTS 

CAUTION: Be sure to turn all power off when you 
measure resistance ina circuit. The resistance circuits 

of the Multimeter are protected against the applica- 
tion of positive (+) DC voltages up to 350 volts. For 

` negative (—) DC voltages or AC voltages, if sufficient 
current can be drawn from the circuit, the internal 
3-ampere fuse will open. 

1. Set the FUNCTION switch to OHMS. 

2. Set the RANGE switch to the desired range. 

ай Connect the test leads to the resistance to be 
measured and observe the reading. Raise or 
lower the setting of the RANGE switch until 
you reach the proper range. The following table 
indicates the display limits for each Tange. 

DISPLAY ALLOWABLE 

RANGE OVERRANGE 

USO (2509) 
"50 (2.50 ΚΩ) 
US. (25.0 ΚΩ) 
NSO (250 ΚΩ) 
"450 (2.50 MQ) 

RANGE 

πηι — 199 

01 — 1.99 

NOTE: Since the full-scale test voltage (2.0 volts) 
exceeds semiconductor conduction thresholds; er- 
roneous, low, readings may result when resistance 
measurements are made in circuits containing diodes 
or other semiconductors. If you doubt the readings, 
disconnect either the resistance being measured or 

the semiconductors in the circuit. 

CAUTION: When you use the Multimeter to check 
diode conductance or other semiconductors, do not 
use the 2000 range, as the test current (10 mA) com- 

bined with the maximum open-circuit test voltage 

(up to 9 volts) may damage delicate semiconductor 
junctions. The 2 (ΚΩ) or higher ranges should not 
produce any damage since their test currents are 

much lower. 

IN CASE OF DIFFICULTY | 

— WARNING: When the line cord is connected to an - 
— . AC outlet; hazardous voltages are present at several — 

. places. See Figure 2-1. 

CAUTION: qum ever remove the circuit board from 
the cabinet bottom, be sure you cover the solder lug 

on the green wire of the line cord with tape. This will ` 
keep the wire from accidentally causing a short cir- 
cuit if you plug the Multimeter in for testing. 

This section of the Manual is divided into two parts. 
The first part, titled "Troubleshooting and Repair 

__ Precautions,” points out the саге that you should use ` 
-when you service the Multimeter to prevent τ = 
to components. | 

The second part, titled “Troubleshooting Proce- 
dures," calls out specific methods to locate problems. 
that could occur and lists one or more conditions or 
components ("Possible Cause”) that could cause each 
difficulty. p 

NOTE: Refer to the “Circuit Board X-Ray Views” on 
_ Page 78 for the physical | location of parts on the circuit ̀  

boards. 
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Troubleshooting and Repair Precautions 

Observe the following precautions before you remove 
the cabinet from your Multimeter. - 

4. 

- effect of the trouble. If, for example, you should-- -— 

Disconnect the line cord. 

Make sure the RANGE switch is in the OFF 

position. 

Make sure you do not short any adjacent termi- 
nals or foils when you make tests or voltage 
measurements. If a probe or test lead should 
slip, for example, and short together two adja- 
cent connections, it is very likely to damage one 

or more of the transistors, diodes, or IC's. 

Be especially careful when you test any circuit 
that contains an IC or a transistor. Although 
these components have an almost unlimited 
life when used properly, they are much more 
vulnerable to damage from excess voltage and 
current than many other parts. 

Do not remove any components while the Mul- 
timeter is turned on. 

When -you make repairs to the Multimeter, 
make sure you eliminate the cause as well as the 

find a damaged resistor, be sure you find out 
what damaged the resistor. If the cause is not 
eliminated, the replacement resistor may also 
become damaged when you put the Multimeter 
back into operation. 

5, In several areas of the circuit boards, the foil 
patterns are quite narrow. When you unsolder a 
part to check or replace it, avoid excessive heat 
while you remove the part. A suction-type de- 
soldering tool makes part removal easier. 

6. Do not flex the front panel and switch wiring 
repeatedly. When you service the Multimeter in 
this area, it is best to position the front panel 
forward and leave it there throughout the ser- 

vicing procedure. (Unsolder the wire at C to 
fold the panel forward). 

COMPONENTS 

To remove faulty resistors or capacitors; first clip 
them from their leads, then heat the solder on the foil 
and allow each lead to fall out of its hole. Preshape the 
leads of the replacement part and insert them into the 
holes in the circuit board. Solder the leads to the foil 
and cut off the excess lead lengths. 

You can remove transistors in the same manner as 

resistors and capacitors. Make sure you install the 
replacement transistor with its leads in the proper 
holes. Then solder the leads quickly to avoid heat 
damage. Cut off the excess lead lengths. 

FOIL REPAIR ` "OR T ШЕН жаа ακομα. 

To repair a break in a circuit board foil, bridge solder. 
across the break. Bridge large gaps in the foil with a 
length of bare wire. Lay the wire across the gap and 
solder each end to the foil. Дадан trim off апу 
excess bare wire. 



Troubleshooting Procedures 

NOTE: Before your proceed, review the "Assembly 
| Check List” on Page 27. Most problems will be found 
there. 

It a DC voltmeter is available, proceed through the 
tests described in this section. Perform these tests in 
the following sequence: 

Basic Meter Tests 

DC Voltmeter Tests 

AC Voltmeter Tests 

DC and AC Milliammeter Tests 

Ohmmeter Tests 

The first portion of the “Basic Meter Tests” (Part #1) 

is a visual check of the basic measuring circuit for 
proper operation. No test instruments are requred. 

Perform this check first to verify the operation of this 
circuit. 

The second portion of the “Вавіс Meter Tests” (Part 
#2) requires a DC voltmeter and contains a sequential 
series of tests which will locate problems in the basic 

S: measuring circuit. —— ke acit 

Each of the remaining sections contain procedures to | 
identify problems and possible causes in the other 
circuits of the Multimeter. A DC voltmeter is required 
for these tests. 

NOTE: As a somewhat faster technique, if you have 
an oscilloscope, you may wish to perform the 
“Waveforms” tests on Page 66 first, and then return to 
the other tests if necessary. To perform these tests, you 
will need an oscilloscope capable of the horizontal 
sweep and vertical sensitivity settings listed in the 

may simply need to be recalibrated. - 

NOTE: In an extreme case where you are unable to ̀ 
resolve a difficulty, refer to the "Customer Service" 
information inside the rear cover of the Manual. Your 
"Warranty" is located inside the front cover. 

BASIC METER TESTS 

The Digital Multimeter is, fundamentally, a DC volt- 
meter. This circuitry is used in each position of the 

Function switch, and conditioning circuits are added, 
if required, for each function. Consequently, you 
should first check the circuitry used for the basic 
meter function as instructed in Part #1 below. 

If you obtain the indicated displays in each of these 

steps, the basic meter portion of your Multimeter is 
working properly. Proceed to the “DC Voltmeter” sec- 
tion which identifies other problems in the switch, 
wiring, and related circuitry. 

If you obtain the indicated displays in the first eight 
steps, but the display will not count up properly in 
the latter steps, your Multimeter may have a problem 
covered by the “DC Voltmeter Tests" section. or it 

B you encounter other-problems- in these steps. -pro- iure 
ceed to Part #2 of this section which locates problems 

_in the basic meter. 

Part #1 — Visual Inspection 

Proceed through all the following steps regardless of 
what indications you observe. Refer to Figure 2-1 
while you perform these steps. 

1. Unplug the line cord. 
chart, as well as а high impedance, low capacitance | 
probe. 

Review the "Circuit Description." This may help you 
determine where the trouble is. 

Refer to the “Circuit Board X-Ray Views," and the 
"Schematic" to locate the various components. 

2. Connect the black test lead between the “=” ` 
jack and the connector at hole “С.” (This is not 
jumper C.) 

E Plug in the line cord. 

4. Set the FINCTION switch to ОСУ. 



a σοι the БАСЕ 

6. Rotate the ZERO ADJ control fully coun- 

terclockwise. The display should show ~.В8. 

7. Slowly rotate the ZERO ADJ control clockwise. 
A point should be reached where the display 
changes to show 4.00, or Β.Π |, or 8.02, etc. It 
may be necessary to rotate the DC CAL control 
approximately 1/4 turn from the coun- 
terclockwise end to obtain this display. (Con- 
tinued rotation will produce a display similar 
to '].ΒΗ.) 

8. Rotate the ZERO ADJ control counterclockwise 

and set it for a display of 3.00. 

9. Unplug the line cord. 

10. Disconnect the black test lead and leave the two 

test leads disconnected. 

11. Rotate the DC CAL control to its center of rota- 
tion. 

12. Plug in the line cord. 

13. Set the RANGE switch to the 2000 position. In 

this position, there is no connection to the basic 
meter circuit input. The input filtering 
capacitor should charge so that the display 
"counts up." Observe the display while the 

- count. increases. It should increase uniformly 

` from B.Hüto'.5Handthenchangesuddenlyto ( 
__ an overrange display such as ! .H5. It may take 

several minutes. for the count to reach over- 

range. 

14. Set the RANGE switch to 2. The count should 

decrease to &.00 іп one or two seconds. 

Part #2 — Sequential Tests 

In the following steps, you will be instructed to ob- 
` serve the display and monitor certain circuit voltages 
with a voltmeter. You may also be instructed, in the 
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"Special Instructions" column, to open certain jum- 
pers on the circuit board, or to apply short circuits 
with the test leads to component or IC leads while you 
measure circuit voltages or voltage changes. If at any 
point you do not obtain the required display, voltage, 
or voltage change, refer to the "Possible Cause" col- 
umn which lists possible faulty components (cir- 
cuits). Check the part referred to. It may be open, 
shorted, “leaky,” installed backward, wrong value, 
etc. Perform the tests In sequence from beginning to 

end since results in the later portions may require 
operation of circuitry verified in the first parts of the 
test. 

Whenever a particular part (012, R19, jumper B; for 

example) is mentioned as a possible cause, inspect all 
foils or jumper wires associated with that part care- 
fully for open or short circuits. 

Refer to the "Semiconductor Identification Chart” for 

IC basing diagrams and a cross reference table of 
manufacturers’ numbers. 

NOTE: Some of the circuits use the same type IC's as 
other circuits. Απ IC or display digit believed to be 
faulty can often be interchanged with one known to 
be good. When you remove and install an IC, be sure 
that you first unplug the line cord. 

C ) ТТТ ΕΑΝΟΕ switch to 2. 

( ) Connect the voltmeter common (ground) lead 
(not the Multimeter common lead) to the end of 
R4 (1.0) at the center wafer of the RANGE 

switch. 

( ) Refer to Figure 2-1 and plug the red test lead of 
the Multimeter into the “-” lead connector... . 

Then plug the black test lead into the red test - 

SEE L........... 



Check fuse F2. 

+27 VDC at cathode 

(banded) end of D22. 

į -8.2 VDC at cathode. 

(banded) end of D17 - : 

and лава Н 

6.2 VDC at B (base) of 016. 

+5.0 VDC at pin 14 of 108. . 

+9.1 VDCat cathode | . 

(banded) end of D25. 

"a 

το. 
5 

|4. 

TEZ 

329 E20: 

Т D22; 924% 

ОСА СО Еи амата: ач 

. Short at “АМ,” +27, +8.2, +5.0, ог 

-30 volt points; or αἱ 025; or leads 
πώ ЮГАН ос 267120707240” 
jumper wires; or holes S, Т, U, V. 
215215: 

ОТАТ СТО; 

2 Дер thru 108. 

B21: 

. Unit not plugged in. 

. Open wiring at line cord or 
holes U or V. 

HEZ. 
. “120” or “240” jumper wires open. 

. T1 wiring at holes 1,2,3,4,7, or 8. 

. AC switch at rear of SW1; open 

. wiring at switch or holes S or T. 
B22: 

. C24. 

ST 
BAG, D22, (522011723: 

. Open at hole B or jumper wires. 

. Short at 6.2-volt point, or in 
circuitry connected to +15-volt supply. 

. T1 wiringatholes 5 or6. (0 
D17,.D18.— 

iti атал 
hl 

20158900916- 3 

76017: 618, 515» 928. 

. Short in circurity connected to 
- +5-volt supply. аір 
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POSSIBLE CAUSES 

ie D16: 

2. Open at ΑΝ, P3P, or pins of P3. 

ο ο ος qan 

4. Wiring at SW2. 

5. Open at hole R or short to P3P. 
6. SW2. 
ZERBI 

Decimal point lit at P3 
(left) digit; and +2.8 VDC 

Βα Di noard t. 

1. R79, R87, 
231) 7, ӘЛ ay, DAG 

By G221 

4. 07, 013, IC1. 

5. Short in circuitry connected 

lo +15 voll supply. 

None. . ü —30 VDC at anode 1. 024. 
(unbanded) end of 024. 2. (320. 

—15 VDC at pin 4 of IC1. T R92: 
2.198, 102365 

22025; 

4. Short in circuitry connected 

to —15 volt supply. 

+15 VDC al cathode 

(bonded) end of 015. 

HL lights in P3 (left) 

digit. (Only these segments 
should be lit.) 

1. Open at P3B, P3C, P3F, 
or pins of P3. 

Ba, IRS, Κος RIL. 

3. IC8-D, -E, or -F. 
4. 104, IC6, or 012. 
προς. 

Remove IC2, IC3, 105, and 

IC7. Be sure to disconnect 

the line cord first. 

α. PIA thrü P1G. or.pins.. 
οι PTS 

2. R46 thru R53. 

ЗЕТЕ 

4- PT. 

5. Open test lead. 

B lights in P1 (right) 
digit. 

Carefully short pin 3 of © 
IC4 with the red test 
probe tip. 

1. P2A thru P2G, or pins of P2. 
2. R38 thru R45. 

2, ОБ: 
4. Р2. 

H lights in P2 (center) 

digit. 

Carefully short pin 3 of 
IC6 with the red test 

probe tip. 

1. R69. 

2. IC3, IC5. 
Pin 2 and 3 of IC3 and ІС5 

measure more than +4.0 

VIG: 

Reinstall IC3 and IC5. 
IC2 and IC7 are still 

removed. Remove IC8. 



-|- clip to jumper Β.-- 

SPECIAL INSTRUCTIONS 

Reinstall IC8. IC2 and 

IC7 are still removed. 

Connect black test lead 

Open jumper Α. IC2 and IC7 

are still removed. Black 

test lead is still connected 

to jumper B. 

Close jumper A. IC2 and IC7 
are still removed. Black 
test lead is still connected 

to jumper B. Be sure 

the Clock Adj control 

is fully CCW. 

Reinstall 107.102] 2 
still removed. Black test 
IAA it otil lannan А 

jumper B. 

Pin 2 of 108, and pins 2, 
3, 6, 7, and 10 of IC3 and 

105 measure less than +0.8 

VDE! 

Each time you momentarily 
touch the red test probe 
tip to pin 14 of IC3, the 

display count should in- 
crease in digits P1 and PZ 
from 00 to 99 and repeat. 
Count increases may be 

just one, or several at a 

time. Continue this until you 
have seen a 0 thru 9 digit 
light in both P1 and P2 at 
least once. 

After satisfactory results, 
substitute IC7 in the IC5 
location and repeat the test. 

Momentarily touch the red 
test probe tip to the B 

(base) of Q10. Display 
should show 'J.86 after 
the test probe short is 
removed. 

Display shows only decimal 
point at P3. (No other 
жууну adut Ge HOP | 

. R68. 

(611167 

. IC8-A. 

. Open test lead or = jack wiring. m |. 

. IC3 or ICS. (Try substitution 
with IC7). 

. IC4 or IC6. (Confirm by 

reversing). 

1. Q9, R26, or D6; if C (collector) of 

Q9 measures less than +4.5 VDC. 

2. Q10, R28, R29, or open jumper wire; 

if C (collector) of Q10 measures 
more than +0.5 VDC before probe 
short is applied. 

37 Ὁιυ Όδ.υ», R27: оғ C6; πο 

(collector) of Q10 does not exceed 
___+3.0 VDC when probe short is applied. 
A ο. DS RIZ or GZ ШС s ШКО 

т collector) of Qi doesnot —— πο Es 

initially measure less than +0.5 
VDC and then does not exceed +3.0 VDC] | 
when probe short is applied 
to its B (base). 

5. E 25, O σσ. 

6. Jumper A. 
7. Foils in Q9, Q10, Q11 (clock) 

circuitry. 

1. 1C4, 106, IC7, or IC8. 
2. 
J. Sliuct im KIS OZ assuciated foils. ss 
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“SPECIAL INSTRUCTIONS 

Remove black test lead 
clip from jumper В. ІС2 

1. Jumper B measures less than +0.8 VDC: 

A. R64, R66, R67. 

Jumper B measures 

+1.9 VDC, and display 

is still removed. —--- —-- - changes as Clock Adj В.. C15; cin Mb dat Mio Meo. Ἡ 
control is rotated CW and C. Jumper B. 

then back to CCW end. Ὀ. 168. 
2. Jumper B measures more than +3.0 VDC: 

A ROS! 
jo μή». 

(021075. 
5158. 

. C16 or R68. 

mic 2: 
2. Jumper F or R19 if pin 2 of 

IC2 measures more than +1.0 VDC. 

3 .Ὠ5, ὨΘ, R17, or R18 if E 
(emitter) of Q6 measures less 
than +14 VDC. 

АТ: 

Pin 1 measures more 

than +3.0 VDC. 

Pin 14 measures +5.0 

VDC, 

Pin 7 measures 0 VDC. 

Reinstall IC2- Remove Q1 

and Q4. Set Zero Adj 

control to center of rotation 

(slot perpendicular to 
board). 

15 00/9). 

ROS 

κο, IRB Ole Κο S 

C (ccllector) of Q9 and 011 

measures less than +0.8 VDC. 
Same as above. 

Same as above. == lights in РЗ (left) 1. P3G or pins of P3. 

| digit. 2. R33, R34. 
2.20012: 

4. IC7. ; 
5 ρα. 

Momentarily open jumper F. ` 
Display should change from 
3.38 to URE The display 

will flicker. Closing 
jumper F should then have 
no effect. 

NOTE: To double check 

or re-establish this 

condition: momentarily 
remove test lead from ` 

jumper B; then momentarily 

"Open jumper F. — AL а 

Q1 and Q4 are still removed. 

Connect black test lead to . 

jumper B. 

Same as above. More than +2.0 VDC at E 1. Jumper D. 
(emitter) connector of Q4, 2- TH. 

and pin 4 of IC2 measures 3. R16. 
4. Open at Q4. approximately 0.7 volts 

higher. 



Same as above. 

Same as above. 

Q1 and Q4 are still removed. 

Be sure jumpers E and F are 

closed. Remove the test 
lead from jumper B. 

AGEZ: 

Pin 12 measures less than 

+1.0 VDC. 

Pin 13 measures more than 

+3.0 VDC. 

Pin 10 measures less than 

+0.8 VDC. 

Momentarily open jumper E. 
Display should change from 
Ui Eaton tor tha Ue ді 

or 3.81. Closing jumper E 
should then have no effect. 

NOTE: To double check or 

re-establish this condition, 

refer to NOTE three tests 

back, and repeat “Test” 
operations from that point. 

B (base) of Q8 measures 
+0.7 VDC. 

B (base) connector of Q4 

measures: 
1. Less than +1.0 VDC and 

changes to more than 
+14 VDC when jumper B 
is again shorted. 

. Drops to less than +0.1 
VDC- when jumper E is ` 

Q1 and Q4 are still removed. 
Be sure jumper E and F are 

closed. (They will not be 
opened again.) Remove test 
lead from jumper B. 

Same as above. 

т then opened: - ος ο 

S (source) of Q7 measures - 
less than +2.0 VDC. 

C (collector) of Q3 and Q6 

meausres between +0.3 and 

πλ πας 

1. Jumper E or R19. 

252162: 

3. 02, Q3, R14, ог R15; if E (emitter) 

of Q3 measures less-than +14 VDC. 

ΙΙ». 

2 οἱ «ροκ RZD! 

1. Jumper C. 

2, κος. R24: 

3-08. 

1. 08. 
2. R12, R13. 
ЕТЕ 
AO 
5. R23, R24. 

1. Q6/jumper F circuit; or 
Q3/jumper E circuit. 
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POSSIBLE CAUSES 

1. 05, 06. 
2 FRi17Z RIS: 

3. R86; if using 200 Κ TP causes change 

at Q6. Confirm R86 with ohmmeter. . 
4. Q4. 

SPECIAL INSTRUCTIONS 

Remove black test lead 
from “-” jack. Connect 
black test lead clip to 
2M TP (looped end of R86). 
Be sure Zero Adj control 

is centered (slot 
perpendicular to board). 

Touch plug end of black test 
lead to C (collector) 
connector of Q4. C (collector) 

of Q6 should measure- - 

more than +2.5 VDC. 

ορ. OS. 

2 SINE 8) 

AN 

Touch plug end of black 
test lead to C (collector) 
connector of Q1. C 

(collector) of Q3 should 
measure more than +2.5 VDC 

Same as above. 

. Q4. Confirm by substitution with 
remaining uninstalled transistor. 

Rotate Zero Adj control 
slowly CW. Display should 
change from =.85 to show 
any number, such as 11.35. 

Install either Q1 or Q4 in 

Q4 position. Remove - 

black test lead clip from 
2M TP, and set aside for 

use later. Rotate Zero Adj 
control to CCW end. 

Rotate Zero Adj Control 

slowly CW. Display should 
change from 5.55 to Я.ПП 
and then increase with 
further rotation. It may 

be necessary to rotate the 
DC CAL control approx- 
imately 1/4 from CCW end to 

- obtain Р.ПП display. 
` | Leave zero Adj control — SEEL 
1 settoshow SAO eSa μα ποια. 

Install remaining Q1/Q4 

transistor at Q1. Hold red 

test probe tip to E 
(emitter) connector of Q1. 

Rotate Zero Adj control to 

CCW end. 

DC CAL TP (looped end of 
R91) measures +1.8 VDC. 

Touch black test lead plug 
to DC CAL ΤΡ. Display 
count should increase. 
Opening connection should 
result in slow increase 
in display count. | 

-Touching plug to “-” jack. 
should cause display to 

-quickly return to £00. — 

Clip black test lead to 
orange wire at SW1 M22. 

(This wire should run to 
hole D on board.) 
Rotate Range switch to 
“2000” position. | 

. Wiring at SW1F, SW1M, SW2F, ог SW2M. 



( ) Set the RANGE switch to 2. above procedures, but are still unable to calibrate 
5 your Multimeter; the problem may be іп the wiring 

Clip the black test lead to SW1 M22, as before. Then and circuitry of the FUNCTION or RANGE switches. 
use the test lead plug as a probe and perform the Problems in these (and related) areas may be located 
following calibration test: in the remaining troubleshooting sections. 

1. Rotate the DC CAL control fully coun- If you have completed the Basic Meter Tests, but your 
terclockwise, touch the plug to the DC CAL TP, Multimeter still does not operate properly, you may | 
and slowly rotate the DC CAL control clockwise do one of the following: 
while you observe the display. The count 
should increase, reach a maximum. and then 1. Repeat the Basic Meter Tesls; perhaps having 
decrease. Rotate the control fully coun- someone observe the tests with you in the event 
terclockwise and then slowly advance it until you overlooked something. 

the display shows 20 counts less than the ob- 
served maximum. 2. Perform the “Waveforms” test which is a faster 

troubleshooting technique. 

2. Rotate the CLOCK АП) control fully coun- 
terclockwise, touch the plug to the + VTP (heat- 3: Contact a Heathkit Electronic Center or the fac- 
sink bracket of Q15), and adjust the Clock Adj tory for further assistance, or for service of your 

control until the display shows ! .НП. Mulitmeter. 

3. Touch the plug to the “—” jack, and adjust the 
Zero Adj control to show 33.00. 

П 

4. Touch the plug to the DC CAL TP. Then rotate NOTE: The following problems that can affect accu- 

the DC CAL control fully counterclockwise and racy, linearity, or stability of the basic meter circuit, 
then clockwise to show a display of $1.80. are not covered in this troubleshooting procedure. 

The causes of these problems may be identified by 
5. Repeat steps 2, 3, and 4 until the proper display inspection, ohmmeter measurement, or substitution 

is obtained for each step. of parts. 

If you got the proper results inthe above adjustments, | Wrong value or defective resistors: R11, R12, R13, 
the basic meter circuit is now functioning properly. R15, R16, R18. Mr —— : 

This indicates that any problem encountered in the Open Capacitors: C5; C15, C17, C18, C19, C22, C23, — — 

— —Itroubleshooting-charts-has.now-been.corpectod. You = C25 HEP ee a e sr 

` should now return to the “Calibration” section. How- 7 “Leaky” Components: C4, Q1, Q4, D1.— -———— ———.— 
ever, if you have obtained the proper results in the Shorted or “leaky” diodes: D2, D3, Da, D5. ----- 
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DG VOLTMETER TESTS 

The chart in this section locates problems in the 

switch wiring of SW1 and SW2. A series of problems 
is listed with “possible causes” for that problem. The 
tests require proper operation of the basic meter cir- 

cuit as determined by the tests of the previous 

troubleshooting charts. | ALIIS 

DC voltmeter is inoperative (reads “00”) . Open at holes À or C 
on all ranges. (or associated wiring). 

ЖЕЛЕ 

. Wiring αἱ “+” jack, or at SW1F, SWIM, ог SW2F 
- ӘУУТ or SW2. 

DC voltmeter reads properly оп “2” ranges, 1 КӨЗЕ. R7 ЕВ: 
but shows overrange оп higher ranges for 2. Wiring at (or between) SW2F and SW2M. 
inputs above 2 VDC. 

DC voltmeter reads properly on “2” range, 1-019027 

but reads low or “00” on higher ranges. 2. Wrong value at R5 thru R8. 

Decimal point does not light or is not. ' 19 Ρο. ρου or pins. of P2 ος P3: 
positioned properly. 2, R81. 

3. Wiring at SW2R. 

DC voltmeter is inaccurate (when 

compared to precision standards): 

12017 04707. 

2. С4. 

9. шады сезнец of R28. 

504 DH GR ад ЕС ыы D 

3. R11, R16. JUN 
4. Improper adjustment of R19. 

At any reading. ——— TERS die R8. 
2. Improper adjustment of R12 or R19. 
3. DC CAL TP in error. | 

Voltmeter reading is erratic or "noisy." 1; C37 Gs? 912" 
: - - Ў —À - 2. DC CAL control misadjusted. a 

DC voltmeter has excessive zero drift. 1. Q1 and Q4 not properly installed per 

---- —— = - “Calibration” procedure: i 
PR MG: 

3. 027 03700577067 976 

4. К19. 



AG VOLIMEIER TESIS 

The tests in this section are divided into two parts. 

The tests in Part 1 verify the AC/DC Converter cir- 
cuitry and are similar to the Basic Meter Tests in that 
you must follow them in sequence. A DC voltmeter is 

required. ανα δι Жа К же Oe хло N pa Ре ' ον» Lo ne 

The chart in Part 2 locates problems in the wiring and 
circuitry of SW1 and SW2, and lists a series of prob- 
lems and “possible causes” of these problems. 

Part 1 — AC/DC Converter Tests 

( ) Plug the black test lead into the “+” jack. 

( ) Set the Function switch to ACV. 

(. ) Set the Range switch to 2. 

( ) Connect the black test lead clip to the AC Ref TP 
(rear lug of R94). 

SPECIAL INSTRUCTIONS POSSIBLE CAUSES 

Front lead of R54 (near F1) 1. R93, R94. 
measures from zero to more |2. Open at hole F (or associated wiring). 
than +2.0 VDC as AC Ref 3. Open or improper wiring at SW1F or SW1M. 

Adj control is rotated 

from CCW end to CW end. 
Reset to CCW end. 

-Remove IC1- Black test — | S (source) of Q13 measures - 
lead is still connected . between 0 VDC and +1.0 VDC]2. 
іо К94. ere μη diss. ЖТЗ 

Same as above. 

Reinstall IC1. Be sure ΑΓΙΟΙ: AGILE 

AC Cal control is set Pin 7 measures +15 VDC. 2. R59. 
at center (slot perpen- 5 Pin 4 measures —15 VDC. 2512514: 

dicular to board). Black--— ]-- Pin 6-measureslessthan ~~ |m 
test lead is still 

connected to R94. 



Same as above. 

Same as above. 

Same as above. 

Same as above. 

-AC/DC converter cannot be 
"calibrated per “Cal{bration’™ 
section. 
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- Voltage at cathode (banded) 

end of D9 increases from 

less than +0.1 VDC to more 

than +2.0 VDC as AC Ref Adj 

control is rotated CW. Leave 
control set at this +2.0 

VDC. 

Voltage at anode (unbanded) 

end of D11 is approximately 
—2.0 VDC. 

Voltage at rear lug of AC 
Cal control remains 

near zero as АС Ref Adj 
control is rotated from CCW 
end to center (slot vertical). 

Display count increases as 
AC Ref Adj control is 
rotated CW from CCW end. 

QY b WN n 

TT. 

ΠΟΤ, ROZ, 

ОКОЛИЯ КӨЗІ 

2, C14. 

δρ καθ. 

259,11; 
. Open at hole E (or associated wiring). 
. Wiring at SW1-2F. 

SWI 

. R57, R58, R63, Re3, Rea. 

Nos 



Part #2 — AC Voltmeter Operation. 

, 
This chart identifies problems (and “possible causes’ 

of problems) associated with AC Voltmeter operation; 

and requires operation of the basic meter, AC/DC 
converter, and DC voltmeter circuitry, as determined 

by the previous troubleshooting procedures. Make 
sure these circuits are operating before you proceed 
with the following troubleshooting chart. 

PROBLEM 

Using the 2 VAC range, AC voltmeter 
is inaccurate (when compared with 
precision standards) at 50/60 Hz: 
— o s — + — + — s α — ee x — e ee — 

з — = — u maw o — = -« = ы — ә — o т=ш=  — 

At any reading. 

Frequency response is not “flat” on 

2 VAC range: 

— u oes ee ш e s= — ж — Ἡ — s —° — “πὶ  — 

Frequency response is not flat on 
higher AC voltmeter ranges. 

POSSIBLE CAUSES 

= q — а w ш рес < “φομ x EM 

17013: 

ЧЕГ 

3. D7, D8. 

4. C9, C11" 

2-D9D14* 

1. Improper adjustment of R63. 
2. R59, R61, R62. 

3 ο“ 

m < mo o — o — @ — x o o — + — e 

τ εςσ Cas Cli, Giz, C14. 

2, K54, Коб. 



DC AND AC MILLIAMMETER TESTS 

This chart identifies problems that affect the DC and 
AC milliampere function of these problems in the 

switch wiring and circuitry of SW1 and SW2. The 
basic meter and AC/DC converter circuitry must op- 

erate properly as determined by the tests in the previ- Ets P 
ous troubleshooting charts. — -— 

PROBLEM POSSIBLE CAUSES 

1. Wiring at SW1F, SW1M, SW2F, or SW2M. 

2. RI RZ R3, R4. 
Milliammeter is inoperative (reads 
00 or overrange) on all or any DC 

and/or AC range. 

1. R1 thru R4. Milliammeter reading is inaccurate (when 
2. Wiring at SW2. compared to precision standards) on 

any range. 

NOTE: Be sure to consider the effects 
of the insertion voltage drop when 
you use your Multimeter or check it for 

accuracy. (See “Specifications” on Page 70). 

OHMMETER TESTS 

The tests in this section are divided into two parts. 

The tests in Part 1 locates problems in the operation of 
the Ohmmeter Current Source circuitry of Q14. A DC 

P Voltmeter is required: Queda МИ dos ο HE СЫ erp ы Ды лл a 

The chart in Part 2 lists a series of problems and 
"possible causes” of problems іп the wiring of SW1 
and SW2; and requires that the basic meter circuit 
operate properly as determined by the previous trou- 
bleshooting charts. 

Part #1 — Ohmmeter Current Source 

( ) Set the Function switch to OHMS. 

( ..) Set the Range switch to 2000 . ..... en πο μις e 
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( 

( 

) Plug the black test lead into the “—" jack. 

) Be sure each ohmmeter calibration control (R71 

thru R75) is at its center of rotation (slot perpen- 

dicular to board). 

SPECIAL INSTRUCTIONS 

Clip the black test lead 
to C (collector) of 
014. 

Same as above. 

Clip black test lead to the 
anode (unbanded) end 
ου DI! 

Clip the black test lead 
to the cathode (banded) 
end of D13. 

B (base) of Q14 measures 
between +6.5 and +9.5 VDC. 

E (emitter) of Q14 measures 

0.7 VDC more than B (base). 

C (collector) of Q14 
measures approximately +1.6 

VDC and varies with 

setting of R71. 

Display count reads 00 
and quickly (in less than one 
second) increases to an 
overrange display (Ex: 
t AQ) when black test 

lead is unplugged from “—’ 
jack. Make sure you plug 
the black test lead back in. 

Voltage at C (collector). 

POSSIBLE CAUSES 

. D15 (remove Q14 to verify). 
> А7 
TOZ 

TRAIR: 

TOTA 

. Open at hole G or M 
(or associated wiring). 

. Wiring at SW2R. 

. D13, D 14: 

2. 014. 
. R77, R78. 

210413: 

2. Open at hole М (or 
associated wiring). 

. Wiring at SW1F or SW1M. 

SWT: 

of Q14 should not exceed ` 
η πιο Νο when yous μες 

momentarily touch black Ἢ 
test lead plug to anode - 
(unbanded) end of D23. 
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Part #2 — Ohmmeter Operation Tests 

The tests in this section.require that the basic meter 
and ohmmeter current source circuitry operate prop- 
erly as determined by the previous troubleshooting 

charts. 

Ohmmeter current source operates properly, 

but Multimeter cannot be calibrated on 
2002 range. 

. Open at hole H (or associated 
wiring). 

2. Open at hole J (or associated 
wiring). 

200 ΚΩ range. 
. Open at hole K (or associated 
wiring). 

pM EM د‎ — В — li iii 

2 ΜΩ range. . R75, R76, R88. 

2. Open at hole L (or associated 
wiring). 
Оа : : ο 

TDIe e 2 ee ee 

. High resistance leakage between foils 
in R75/R76/Q14 circuitry, possibly 
due to high humidity. 

- OW2R. 



к — SOS e 
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PROBLEM 

Ohmmeter is inaccurate (when compared 

POSSIBLE CAUSES 

with precision standards) on: 
w ee EM ο емесе а — s — s —O — U — =æ < == ш — y — “= eo  — 4 тына ЩЫ E ш 

2000 range. 

. R71 improperly adjusted. 

. Faulty test leads. . 

. F1 wrong. 

Ó“ ш w—H y — n s κ s — < = 

1. R83, R84, or R85 respectively. 
2. R72, R73, or R74 improperly 

adjusted. 
т o ә есе s 8 m 4 томы Б τὶ 8 x 0 s EE x — ы s = e ә u =m o mev a M в — o mew е — κ y 

2 МО range. 

LL EM M EM MEZ s. — ES Ἡ JL э та 

2 ΚΩ, 20 ΚΩ, or 200 ΚΩ ranges. 

1 

2. R75 improperly adjusted. 
<р ή. 

E 

9 

. D14. 

. High resistance leakage between 

foils in R75/R76/Q14 circuitry, 
possibly due to high humidity. 

WAVEFORMS 

NOTE: Before you proceed with the “Waveforms” 

tests, make sure the power supply circuits operate. 
The following checklist verifies operation of each 
power supply using a DC Voltmeter. Voltages may 

vary + 20%. If you encounter any difficulty, refer to 
_ the first ten steps of the “Basic Meter Tests” on Page ον SII. o Жей. 220 5 — 

- 50toidentify problems of improper operation of these ~ — ....---. n CoA сатыла гь. 
` power supply __circuits.__After_completing— POP Peur WE ас ССНИН T. deque 

checklist, proceed with the remaining portion оез τ DA κο Ар 

“Waveforms” tests. EYN GM — CE - 

( ) +27 VDC at cathode (banded) end of D22. 

(ae) 18 VDC at cathode (banded) end of D17. 

( ) +6.2 ντο at В (base) of 016. 

СЕПАНЛТ ЕСЕН === — = 

( } 3-15 VDC at cathode (banded) end of Π15.--------------------------------------- 

( ) —30 VDC at anode (unbanded) end of D24. 

( ) -15 VDC at pin 4 of IC1. 

/ ΠΝ Ἢ 



The “Waveforms” test section is used to verify vari- 

: ous waveforms in the basic meter circuit of the Mul- 

timeter. Each numbered step corresponds to the same 
numbered location and illustration shown on the 
Schematic. 

If you complete a step and do not obtain the indicated 
waveform, this suggests that either the indicated IC(s) 
is defective, or there is a problem i in the associated 
circuitry. 

NOTE: Each waveform generally requires that all 
previously indicated waveforms have been verified. 
Therefore, you must follow the steps in sequence, 
starting at Waveform I. 

To check for the presence of the various waveforms, 
you will need: 

1. A DC-coupled oscilloscope with vertical 
calibration from 0.5 volts/centimeter to 10 
volts/centimeter, and a time base (horizon- 

tal) calibrated at 2 milliseconds/centimeter. 

NOTE: The waveforms correspond to 60 Hz 
operation and thus repeat at a 16.7 mil- 
lisecond rate. For 50 Hz operation, the 
waveforms will have a similar appearance, 

but will repeat at a 20 millisecond rate. 

2. A high-impedance (10 megohm о 
low-capacitance probe. 

To prepare the Multimeter for the waveform СЕЕ ачаа, аы 

— 1. Unplug the line cord. = 

2. Plug the black test lead into the “+” jack. 
Connect the test lead clip to the DC CAL TP 
(looped end of R91). 

3. Set the Function switch to DC V. 

4. Set the Range switch to 2. 

~ 5. Connect the oscilldscope ground (common) 

to the end of R4 (1.00) at the middle wafer of ` 
the Range switch (SW2). 

6. Reconnect the line cord. 
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At each waveform step, perform each of the following 
steps: 

1. Adjust the oscilloscope for the designated 
voltage setting for the waveform to be ob- 
served. Adjust the DC vertical position 
("zero") level to some convenient level. 

(NOTE: The dot on the left edge of each 
` waveform indicates the DC "zero" level to 
which it is referenced.) 

Connect or touch the oscilloscope probe to 
the indicated test point. 

Adjust the triggering controls of the oscil- 
loscope to obtain the proper presentation. 

If you obtain the proper waveform, proceed 
` to the next step. If it is not obtained, discon- 
nect the Multimeter line cord, and make sure 

the test connections are correct. If they are, 
refer to the information provided in the 

"Comments" column to determine what cir- 
cuit areas should be inspected. 
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OSCILLO-, 
SCOPE 

VERTICAL 

SETTING 
(V/cm.) 

-| B (base) of Q9 ` 

Pin 14 of IC3 — 

TESISPOTNT 
LOCATION 

- Cathode (banded) 
end of D25 

Pin 3 of IC8 

Pin 6 of IC2 

Pin 2 of IC3 

B (base) of Q8 

B (base) of Q1 

Pin 2 of IC2 

Pin 12 of IC2 

Pin 14 of 105 

Pinî of 107 

Pin 11 of IC8 

Pin 4 of IC4 

-Ρίπ-Θ:ο[168----- 

“AN” foil on 
display board 

COMMENTS 

Confirms D25/T1 circuitry. 

Confirms pin 3 circuitry. 

Confirms IC8-B, IC8-C, and jumper B 

circuitry. 

Confirms IC8-A and IC3, ІС5, and 

ІС? reset circuitry. 

“High lighted" (darker) area confirms 

jumper C circuitry. (Although waveform 

must go “low,” duration of this “low” 

depends on input level.) 

Presence of any "ramp" confirms Q8 

circuitry; linearity of “ramp” confirms 

Q7 circuitry. (Duration/amplitude of 

"ramp" depends on input level.) 

Confirms Q4, Q5, Q6, jumper F, IC2-A, 

IC2-B, jumper D, and D1 circuitry. 

(DC level between pulses varies with 

setting of Zero Adj control, R19.) 

Confirms Q1, Q2, Q3, jumper E, IC2-C, 

and IC2-D circuitry. (DC level between 

pulses varies with setting of R19.) 

Confirms Q9 input circuitry. | 

Confirms 09, Q10, 011 (clock), | 

and jumper A circuitry. 

Confirms 163 circuitry. 

Confirms ІС5 circuitry. 

Confirms part of IC7 circuitry. 

Confirms part of IC7 circuitry. 

| Confirms remaining part of ІС? circuitry. 

“Confirms 016 and “АМ” circuitry. 



( ) Open jumper F. The display should show 'I.88. 
This confirms the circuitry of P1, P2, segment 

connections of P1 and P2, R35 through R53, 
most of IC4 and IC6, IC8-D, IC8-E, and IC8-F. 

( ) Close jumper F, and open jumper E. The display 

should show —.88. This confirms the РЗС seg- 
ment connection, R34, 012, and the remaining - 
parts of IC4 and IC6. 

( ) Close jumper E, and disconnect the line cord 
and test leads. 

If you have completed all waveform steps and have 

obtained each waveform, your basic meter circuit ap- 
pears to be working properly. Now proceed to the 
"Calibration" section. However, if you have obtained 

the proper waveforms, but are still unable to calibrate. 
your Multimeter, the problem may be in the wiring 
and circuitry of the Function and Range switches. 
Problems in these (and related) areas may be located 
in the "DC voltmeter” and subsequent troubleshoot- 
ing procedures. 

If you-have completed the “Waveforms” section and 

still have not obtained proper operation, you may: 

1. Repeat the “Waveforms” section tests in the 
event you overlooked something. 

2. Proceed to the “Basic Meter Tests” section, a 
point-by-point troubleshooting technique to lo- 
cate problems in this circuitry. A DC voltmeter 
is required for these tests. 

' SPECIFICATIONS 

NOTE: The Multimeter requires a warmup time of 30 
minutes to meet the following specifications. 

Functions 2342: 020 ЖЕГІ ο σος 

-Ranges (Full- Scale]. ا‎ Uu ο Ж espDGuoltst 
Fi eae ο NUR με ПС current: 

me DM AC ЖОПЕ. 

. Ohms:- 

Охегтапре аста E 

τ.μ... SEET ESSE S= 

AC current: 

DC volts, DC current, AC volts, AC current, Ohms. 

—0-2,-20,-200,-1,000-V.— — — — ——— 
0222020002 υπ. oT 

0-2, 20, 200, 700 V rms -г---- 3 

(50 Hz.to-10 КН=). m I. 

0-2, 20, 200, 2,000 mA rms 

(50 Hz to 10 kHz). 
0-200, 2K, 20K, 200K, 2M ohms. κορν 

25% on all functions, within maximum input — 

limits. 

-3 amperes into AC or DC mA, and Ohms (fuse protected). 700 ̀ 

εἴς. -VAC rms into Volts (except 2V range: 250 VAC rms). 1000 — 

VDC into Volts (except 2V range; 350 VDC). “ inpar хуз 
|. floated 1000 VDC (700 VAC) above earth ground. 



rays ға 

Resolution (Low Βαπρθ)...........:..::..::». Volts: 10 mV. 

багтеп ооу о 

Оһтѕ: 1 оһт. 

Display, emee oe БА ав аон" 2-1/2 digit, 7-segment, planar, LED (light emitting diode) 

with overrange and negative-input indicators. 

Accuracy . duco tok να aul ое s A aA DUC ος» Elo ss ENT 

(Full Scale, +1 Digit) DG current 411596] f 

AG volts: 105%. 

AC current: +2%. 

Ohms: +1.5%. 

Input Impedance ............................ 1 megohm on all voltage ranges. 

2.1-volt drop maximum on current ranges 

(except 2.5-volt drop on 2,000 mA range). 

Sample Rate ο σπα. Line frequency. 

Display Settling Тіпе........................ Less than 1.0 seconds on DC volts and DC current, 

and less than 3.0 seconds on AC volts, AC current, 

and ohms; to within 5 counts. 

Power Requirements ................: Ж RENE 100-135 VAC, 200-270 VAC 50/60 Hz, 8 watts. 

Fuse Requirements .......................... Input: 3AG, 3-ampere. Line: 3AG, 1/4-ampere slow-blow. 

(1/8-ampere slow-blow for 240 VAC). 

Dimensions (overall) ОШ И с аст са: 3.00" H x 8.69" W x 10.54" D. 

(7.62 cm high, 22.07 cm wide, 26.77 cm deep). 

The Heath Company reserves the right to discontinue 

products and to change specifications at any time 

without incurring any obligation to incorporate new 

features in products previously sold. 



CIRCUIFDESCRIETION 

- 

Refer to the Schematic Diagram and the Block Dia- 
gram (in the “Illustration Booklet") while you read 

the following description. 

GENERAL 

Selected inputs of voltage, current, or resistance to be 
measured, are directed through the contacts of the 
Function switch and through the scaling networks of 
the Range switch to the input of an A-to-D (analog- 
to-digital) converter. Inputs other than DC are di- 
rected through conversion circuits. The results of 
switching, scaling, and conversion is that all inputs 
are converted to a proportional DC voltage level ac- 
ceptable to the A-to-D converter. Full-scale input 
voltage to the A-to-D converter is +2 volts DC, regard- 
less of the selected function or range, and allows 
overrange operation to a maximum of +2.5 volts DC. 

The analog-to-digital converter uses a monopolar 
(single-slope) ramp technique to convert the input DC 
voltage to a control signal during a linearly propor- 

tional time period. This time period allows a 
temperature-compensated, high-stability, “clock” 
oscillator circuit to generate pulses. The number of 
pulses allowed is thus directly proportional to the DC 
input level. After passing through counting and de- 
coding circuitry, the number of pulses from the clock 
oscillator is displayed on a digital display. 

For voltage measurements, if the input exceeds 2- 

~ volts DC; it is scaled down to the 2-volt level by the апа other converter circuits will be described in later — || 
"sections вет τν гал Range switch before it enters the A-to-D converter. АС. 

voltages, after any required scaling, are converted to 
+DC by an average-sensing, rms-calibrated opera- 
tional rectifier circuit. | 

When DC current is measured, a precision resistor is 
placed in shunt with the input to the A-to-D convert- 
er. For AC current, the shunt resistor is placed across 
the input to the AC converter. The AC voltage de- 

- veloped.across the shunt resistor is thus measured, - 

Timing for the conversion and display circuit is con- 
trolled by the cyclic rate ofthe AC line frequency. The 
display is illuminated only during the positive por- 
tions of a half-wave rectified voltage, and the A-to-D 
converter is off, with no clock oscillator pulses being 
generated during this time. During the low-level por- 
tion of the rectified voltage, when the display is not 
illuminated, a pulse is generated to reset the counting 
circuitry to zero. Then the clock oscillator is turned 

on and its output pulses are counted. The pulse count 

is routed to the decoder circuitry and applied to the 
display before the next half-wave positive voltage 
disables the oscillator and lights the display. 

The total measurement (counting) and display time is 
approximately equally divided, and both occur in 
16.7 milliseconds for the 60 Hz line frequency, and in 

20 milliseconds for a 50 Hz line frequency. The on-off 
operation of the display is not visible, so the display 
appears to be on constantly. 

When a negative input is applied for DC voltage or 
current, a negative indicator is lighted during the 
display time, while it blanks the other digits of the 

display. 

Since all inputs being measured are converted to a 
zero to +2 volt DC level, which is applied to the 

A-to-D converter, the operation of this “basic meter ——— —— 

"circuit" will be described first. The scaling, ranging, 

BASIC METER CIRCUIT 

Ramp and Control Circuitry 

To describe the operation of the basic meter circuit, 

we will assume that a +1.0 volt DC voltage from any 

of the input scaling or conversion circuits is applied 

` tothe emitter of Q1 (R11 and C3 provide noise filter- 

and applied to the input of the A-to-D converter. 

Resistance is measured by routing one of several 
calibrated constant currents through the unknown 
resistance. The voltage drop developed across the 
unknown resistance is applied through the input to 
the A-to-D converter. 

ing). 

During time T1 of waveform I (see Figure 4-1), the 

` digital display of any previously measured value із 

lighted by current flow through D16 to the display 

digits. A half-wave voltage, which is also positive 

during this time, is applied to the R64, R65, and D12 



- network at the input (pin 3) of IC8-B. D12 clamps this 

waveform to the +5-volt level, and R64 limits current 

through D12. Amplification of IC8-B and IC8-C, along 

with the positive feedback action of C15, squares this 

waveform al tho output (pin 6) of IC8-G to that shown 

in waveform ПІ. The posilive portion (a digital logic 

“high”), is applied through jumper B to pins 6 and 8 

of 102. This porforms.sovoral functions: _ 

a. 

= 

О 

f. 

Tho high at pin 6 forces pin 4 (and pin 3) low. 

This low at pin 3, along with a low at pin 2 

(through part of R19). forces the output at pin 

1 and pin 5 to be high. 

The high at pin 1, applied through R21 to Q9, 

turns on Q9 and prevents the clock from 

generating any pulses. 

The high at pin 1 is coupled through R33 to 

the base of Q12, but has no effect at this time. 

The low at pin 4 is coupled to pin 14 of IC7, 

but has no effect at this time. 

The low at pin 4 is below the conduction 

point of D1, and allows the emitter of Q4 to 

be "grounded" through R16. 

The high at pin 8 forces pin 10 (and pin 11) 

low. This low at pin 11, along with a low at 

pin 12 (through part of R19), forces the out- 

put at pin 13 and pin 9 to be high. 

= 

— g: “The high from IC8-C and jumper B, couples 
‘through R24 and jumper C, and turns Q8 on. - 

Q8 shunts all current from Q7 to ground and ` 

insures that C4 is discharged. Q7 is a FET 

(field-effect transistor) and, as connected to 

Ri2, functions as a constant current source. 

At the end of time t,, the output of IC8-C goes low: 

a. This high-to-low transition, coupled 

through C16, forces the output of IC8-A high. 

—This; applied to IC3, IC5, and IC7 at pins 2 

and 3; clears all of their outputs (pins 8,9, 11 

“апа 12) to low. After a short period, C16 - 

charges, through current flow out of pin 1 of 

IC8-A, returning pin 1 high. The output of 

IC8-A returns low, enabling the counters for 

this measurement. See waveform III. ` 
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b. The low at pin 6 of IC8-C, along with the low 

at pin 10 of IC2-C, removes the base current 
from Ω8 and allows it to turn off (waveform 

IV). The constant current from the Q7 circuit 
now charges C4 to produce а linearly- 

increasing voltage (ramp). (See waveform V) 

NOTE: This high-to-low transition from the 
output of IC8-G docs not affect the outpul 

voltages of IC2-A, B, C, and D, since these 

require a low-to-high change in their inputs 

to affect the outputs. 

As the ramp voltage at C4 increases, during the time 

t, it reaches a point where the base-emitter junction 

of Q4 turns on. Q1 cannot turn on yet, since its emitter 

is held positive by the input voltage, +1.0 volts. The 

current increase through Q4 is applied to the high 

gain (Q5, Q6) circuit, which quickly produces a volt- 

age increase across the related portion of R19. When 

this voltage reaches a level sufficient to bea "high" at 

ріп 2 of IC2-A (coupled through jumper Ej 

a. The output at pin 1 goes low. This low, 

coupled to pin 5, along with the low at pin 6, 

allows the output at pin 4 to go high. The 

high at pin 4, coupled through D1, forces the 

emitter of Q4 positive; turning off the Q4, 

Q5, and Q6 circuit. The resulting low transi- 

tion at pin 2, however, does not effect the 

output voltages of IC2-A, IC2-B. This short 

low-to-high-to-low pulse at рїп 2 of IC2,as .— _ 
= shown in waveform VI, is the start pulse. ` : 

b. Thelowatpin1,along with thelow at pin 10 

of IC2-C, removes base current from Q9 

(waveform УШ). This allows the 010, 011 

clock circuit (described later) to generate 

pulses to the counting circuits of 103, 165, 

and IC7. 

с. The low-to-high transition at pin 4 of ІС2, 

coupled to pin 14 of IC7, causes 
pini2togo 

high. The significance of this will be 

explained later. (It is associated with the 

negative sign.) 



The ramp voltage at C4 continues to increase during 

time t, until it is sufficient to turn on the base-emitter 

junction of Q1. Notice that this voltage, approxi- 

mately +1.7 volts, is equal to the sum of the base 

emitter junction voltage of 01 (approximately the 

same as for the start voltage at Q4), plus the input 

you ое volts). 

As Q1 turns on, the increase in current through itis 
applied to the high gain (Q2, Q3) circuit; quickly 
producing a voltage increase across the related por- 

tion of R19. When this voltage reaches a level suffi- 

cient to be a "high" at pin 12 of IC2-D (coupled 

through jumper E): 

a. Theoutputat pin 13 goes low. This, coupled 
to pin 9, along with the low at pin 8; allows 
the output at pin 10 to go high. The high at 
pin 10, coupled through R23, turns Q8 on 
and discharges the ramp voltage on C4. The 
decrease in the base voltage of Q1, turns it 
and the Q2, Q3 circuitry off. This short low- 

to-high-to-low pulse at pin 12 of IC2, as 
shown in waveform VIII, is the stop pulse. 

The high at pin 10, coupled through R22, 
turns Q9 on. This forces the clock circuit off, 

inhibiting any further pulses from being ac- 
cumulated in the counting circuitry. 

During the t; time between the occurrences of the start 

and stop pulses, the Q10, Q11 clock circuitry has 

generated 100 pulses (as shown in waveform IX), and 

~ applied them- to the- 163, 165, and 107. -counting cir- 

—cuitry. 

When a sae πο ον É —0.1 volts, for example) is 

applied to the basic meter circuit input, the following 

Sequence occurs: 

a. As the ramp voltage increases, during tz, 

-- Q1's base is turned on prior to-Q4 being able 
` to turn on. This generates a stop pulse. Since ` 
Q1 "clamps" the ramp below the turn-on 
point of 04. по о start pulse i is generated. 

The occurrence of a stop pulse, similar to 

normal (positive input) operation, causes the | 

ramp to be discharged through the switching 

action of IC2-C and IC2-D. This action also 

forces the clock to be off. ' 

C. Since no start pulse occurs, pin 1 of IC2-A 

stays high. Pin 14 of IC7 is thus not pulsed 
and results in pin 12 of IC7 staying low. 

With pin 1 of IC2-A high, and pin 12 of IC7 
low, the base-emitter junction, of Q12 is 

biased on through R33. As described later, 
this will cause the negative input indicator 

to be lighted during the display period. 

After the occurrence of any stop pulse, the ІС2 cir- 
cuitry remains in that state (time t,) throughout ШЕ 

remainder of the measurement period. 

Clock Circuitry 

During the t, time, between the occurrences of the 

start and stop signals, the pulses counted are gener- 
ated by the clock circuit, which is basically a ‘‘mul- 

tivibrator.” 

When the start pulse occurs, Q9 turns off and its 

collector is pulled to +5 volts by R26. Then current 
flow through R31 turns Q11 on. The collector of Q11, 

previously held at about +0.7 volts by the drop across 
D6, now drops to near zero. This voltage change, also 
at the junction of C7, D4; is coupled through C7 to 
create a negative voltage at the base of Q10. Q10, 
previously biased on by R28, R29; now turns off. Its 
collector; and the junction of C6, D2; goes positive. 
Current flow through R27 and C6 to Q11’s base keeps 
it turned on. The negative voltage at the base of Q10 is 
charged positive through R28 and R29 to the point 

- where Q10 turns оп. When Q10 turns on, the resulting τ 

voltage drop at D2/C6 is coupled through C6-and- 

creates a negative voltage at the base of 011 which ̂ 

turns it off. The resulting rise at 07/04 is coupled- | 

through C7 and insures that Q10 is on again. Note that 

during this second cycle, D6 cannot limit the positive 

level that the collector of Q11 may rise to, since the 

collector must exceed +5 volts before D6 can con- 

duct. When the collector of Q11 exceeds a logic high ̀ 

level at the input of IC3 (pin 14), a count is registered 

in IC3. This cross-coupled operation through C6 and 

- C7 continues to alternately turn Q10 or Q11 off. Each 

-time Q11 turns off, a count is registered in IC 3 (апа | 

_ the other counting circuitry). 

When the stop pulse occurs, Qo i is again M od on. 

This removes the base charging current through R31. 

It also causes D6 to clamp the signal to the counting 



circuitry. This clamping action prevents any noise 

pulses from affecting the count during the display 

mode. It also prevents the initially short-poriod clock 
pulse from being registered, which occurs when the 
input is near 0 volts and the start-to-stop pulse time 

duration is very short. The action of D6 thus elimi- 
nates this first short pulse and allows a more accurate 
Zero Adjustment setting. Diodes D2 through D5 pro- 

vide temperature compensation. 

Counting and Display Circuitry 

At the beginning of each measurement time, the BCD 
(binary-coded decimal) output (pins 8, 9, 11 and 12) 
of counters IC3, IC5, and ІС? are “cleared” to logic 
low. When the start signal occurs, and clock pulses 
are generated, each “units” clock pulse is counted by 
IC3. The "units" count at the outputs of IC3 is de- 
coded by IC4 which, upon later presence of display 
power, will display that number on digit P1. When 
ten pulses are received the pin 11 output goes low, 
pulsing the input of IC5. IC5 counts each “tens” 
pulse. The “tens” counts of IC5 is decoded by IC6 
which will be displayed on digit P2. When 100 pulses 
are received, the pin 11 output of IC5 goes low, puls- 
ing the input of IC7. For counts between 100 and 199, 
the pin 9 output of IC7 goes high, resulting in a low at 

the outputs of IC8-E and IC8-F which forms a “1” on 
digit P3. When the count exceeds 199, pin 9 of IC7 
again goes low, and pin 8 goes high. This, through 
IC8-D, will then allow the overrange indicator to be lit 
in digit P3. 

` The preceding actions occur for positive input voll... 
-ages to the basic meter circuit from 0 volts to +2.5 - 

~ volts DC. Inputs which greatly exceed the measure- | 
. ment capability of the basic meter circuit, allow the 

clock to generate pulses during the entire measure- 
. ment period with no stop: pulse occurring. In this 
situation, the maximum number of pulses that can 

occur is limited to approximately 290 counts dis- 
played as ' ΠΗ (overrange plus 90 counts). 
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l'or negative input voltages, as previously described, 
Q12 is biased on with pin 12 remaining low duo to the 
absence of a start pulso. This will allow a "—" to be 
lighted in P3 during the display period. In addition, 
the low at the ріп 4 inputs to IC4 and IC6, functioning 
as blanking controls, will prevent digits P1 and P2 
from lighting during the display period. 

At the end of time t4. which follows each measure- | 

ment, the display voltage through D16 is applied to 

the display digits. If a segment of a digitis intended to 
be lit during the display period, the appropriate out- 
put of IC4, IC6, or IC8, or the collector of Q12 will be 
low. As the display voltage increases; current will 
flow through each digit anode (common connection), 
through the segment and its related current-limiting 
resistor (R34 through R53), and then to the low output 
to ground. In addition, depending on the Range 
switch setting, the decimal point of digit P2 or P3 is 

lighted through R81. 

Power Supplies and Calibration Standards 

The power supply circuitry which powers the basic 
meter circuitry and the othercircuitry of the Multime- 
ter, is derived from the secondary windings of T1 
which also provide voltage calibration standards. 

The AC secondary voltage at the red transformer lead 
serves several purposes: 

a. During its positive portion, the voltage is 

rectified through 022 to charge C24 to ap- 

-across R87 to D19 provides a regulated. +15 
“VDC supply which; is filtered by - -С222--- F 
Likewise, the voltage drop across R88 to D21 
provides a regulated +6.2 VDC which is fil- 
tered by C23. The zener voltage of D21; in 
conjunction with the voltage divider net- 
work of R89, R91; provides a precision, 
factory-measured, DC calibration voltage. 

proximately. +27 VDC. The voltage drop .ἃ 



b. Also, during the positive portion, the voltage 
is rectified by D25 to resistors R93 and R94. 

These half-wave pulses have a known ratio 
between the average DC value, as measured 
on the DC voltmeter, and the AC value, as 
measured on the average-responding, rms- 
calibrated, AC voltmeter of the Multimeter. 

With this known ratio, and with a calibrated 
DC voltmeter, the AC voltmeter can be cali- 
brated. This voltage from D25 is also coupled 
to the IC8-B, C, A circuitry which, as dis- 

cussed before, signals the basic meter circui- 
try to perform a measurement cycle. : 

c. During the negative portions, the voltage is 
rectified by D24 and charges C26 to approx- 
imately —30VDC. The voltage drop across 
R92 to D23 provides a regulated —15 VDC, 
which is filtered by C25. 

The voltage of the blue and blue/yellow winding is 
full-wave rectified by D17 and D18 to charge C21 to 
approximately +8.2 VDC. This voltage is used during 

calibration as the +V TP (test point) to indicate the 
approximate level of line voltage. This determines 
whether a slight correction to the DC calibration volt- 
age is required. The regulated +6.2 VDC is applied to 

the Q15, Q16 Darlington circuit which forces the 

voltage at the emitter of Q15 to be regulated at approx- 
imately +5 VDC. The +5 VDC source is filtered by 
6125618, and: Gig. 

| During the. positive portion of the AC voltage at the 
-blue wire; which is positive at the same time as the 
‘voltage at the red wire, current flow through D16 — 
powers the display digits P1, P2, and P3. 

The primary winding ο power ce T1 may be 

wired for a source voltage of either 120 volts or 240 
volts AC, 50 or 60 Hz. 

Precision resistor standards on the circuit board; R82, 
R83, R84, R85 and R86; permit full-scale calibration 

_ of the Multimeter ohms ranges. 

The following descriptions tell how the previously | 
described basic meter circuit is used with the Range 
and Function switches, and other conversion 

circuitry. 

CONVERSION CIRCUITRY 

AC Converter 

The AC converter; which consists of Q13, ІСІ, and 

their associated components; functions as an opera- 

tional amplifier precisionrectifier. The overall gain of 
the converter is such that the average rectified voltage 
of a sine-wave input will produce an output DC volt- 
age equal to the rms value of the applied AC voltage. 

Capacitor C8 prevents DC from entering the convert- 

er, while diodes D7 and D8 are protection diodes 
which clamp any excessive input voltage for safe 
operation of the gate terminal of Q13. R54 limits peak 
current through D7 and D8, and R55 references the 

very high input resistance of Q13 to ground. Signals 
applied to the AC converter are thus coupled through 
C8 to Q13. Q13 functions as a source follower which 

provides very low loading of the Range switch cir- 
cuitry voltage and applies it directly to the non- 
inverting input of IC1. 

In the IC1 circuitry, R59 feeds back any DC voltage at 
the output of IC1 to stabilize the DC operating point of 
ІСІ. C13 controls the high frequency response of IC1. 

C12 blocks the DC output voltage of IC1 from the 
rectifier circuitry. 

-puting thes negative portion oF the input signaly the 
output voltage of C12 is coupled through 011 апа R61 ` 

to R63. During the positive portion, the:outputofC12 . 
is coupled through D9 and R62 to R63. Since the 
internal gain of IC1 to any voltage difference at its 
inputs is very high, the combined portions of the AC 
signal at R63, coupled through C14 to the inverting 
input of IC1, is forced to be equal to the input signal. 
The ratio of the total value of R62 plus R63, to the 
value of R63, sets the gain of this circuit to approxi- 

- mately 3. The positive voltage at the output of D9 is 

filtered by the R57, R58, C9, and C11 circuit, resulting 
in a DC voltage at C9 which is proportional to the AC 

input signal. R63 is adjusted so that with 2.0 voltsrms — ` 

applied, +2.0 volts DC is developed at C9. This volt- 
age is then measured by the basic meter circuit. 



Ohms Converter Constant-Current Source 

Transistor Q14, in conjunction with D15 and R71 

through R77, comprise а five-decade constant current 

source ranging from 10 mA down to 1 μα. The circuit 

operates as follows: 

Current flow through D15 and R79 sets the base of 

Q14 ata fixed voltage below the +15 volt supply. On 

the 2000 range, for example, current through R71 and 

R77 (also referenced to + 15V) flows through the emit- 

ter to the collector of Q14, through R78 and D13 to the 

Range switch (SW2), and then to the applied resis- 

tanco being measured. If tho current through R71 and 

R77 tends to decrease; the voltage drop across them, 

plus the emitter-base voltage of Q14; is less than the 

voltage drop across D15. This voltage difference 

forward-biases Q14 and turns Q14 on, increasing the 

current flow. Α current increase is countered by an 

opposite action. The adjustment of R71 is such that 

this constant current is set to precisely 10 mA. For any 

resistance being measured between zero and 200 2, 

the voltage across it increases from zero to +2.0 volts 

DC. This voltage is then measured by the basic meter 

circuit.. ' 

Similarly, R72 is adjusted to produce a constant cur- 

rent of 1 mA; R73 produces 100μΑ; R74 produces 

10μΑ, and R75 (with R76) produces 1μΑ. 

Diodes D13 and D14 protect the current source output 

to prevent damage to the circuit. If the input leads are 

inadvertently connected across a high positive volt- 

age source, D13 is reverse-biased and blocks the 

_ over-voltage. If the applied voltage is negative, D13 

and Di4 are-forward-biased with 014 clamping the | 

collector of Q14 to less than —1.0 volts. R78 limits-- 

` peak current through D14 and results in the input 

fuse, F1, opening if the current exceeds three am- 

peres. 

INPUT RANGE AND FUNCTION SWITCHING 

DC Voltage 

.— When a DC voltage is being measured, it is routed 

through the “+” input jack to lug 1 on wafer10fSW1 ` 

—— and through the switch contacts to lug 3. The voltage 

is then applied to a voltage divider network оп switch 

SW2 that consists of precision resistors R5 through 

R8. A DC voltage developed across each “tap” on this 

divider, proportional to the input voltage for that 

range, is routed through SW1 and SW2 contacts to the 

A-to-D converter input. 

AC Voltage 

AC voltage is routed in the same manner as DC volt- 

age, through the input switching until it passes 

through the voltage divider network, where a propor- 

tionate voltage is developed. This scaled AC voltage 

isthenapplied to the AC converter through the lugs of 

SW1M. The DC output of the AC converter is routed 

through lugs 3 and 22 of SW1M to tho A-to-D convert- 

er input. 

DC Current 

DC current is applied to the “+” jack and, after pass- 

ing through contacts of switch SW1F, the current is 

routed {о lug11 of SW2F. Current then passes through 

a shunt resistor (R1 through R4) selected by Range 

switch SW2. A voltage is developed across the 

selected shunt. This DC voltage is then coupled 

through SW1F to the A-to-D converter input. 

AC Current 

AC current is directed through the Function switch 

contacts and into the shunt resistors of switch SW2 

where a proportional voltage is developed, as in the 

case of the DC current. The AC voltage developed 

across a shunt resistor is applied to the AC converter — 

in the same manner as for AC voltages previously - 

described. The resultant DC voltage is routed to the” ^ —— 

input of the A-to-D converter. 

Resistance 

The unknown resistance to be measured is connected 

through lugs of SW1F to the constant current source 

transistor, Q14. Depending on the ohms range 

selected by SW2, the proper constant current then 

passes through the unknown.resistance апа develops - 

a voltage that is proportional to the value of that 

resistance. This voltage is then coupled throughlugs . 

of SW1M to the A-to-D converter input. 



NOTE: Το find the PART NUMBER of a component 

for the purpose of ordering a replacement part: 

А. Find the circuit component number (R5, СЗ, 

CIRCUIT BOARD X-RAY VIEWS 

etc.) on the X-Ray View. 
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B. Locate this same number in the ‘‘Circuit Com- 
ponent Number” column of the “Parts List." 

Adjacent to the circuit component number, you 
will find the PART NUMBER and DESCRIP- 
TION which must be supplied when you order a 
replacement part. 
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