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WARRANTY

We warrant that this product is free from defects in material and workmanship
and, properly used, will perform in full accordance with applicable specifications.
if, within a period of ten years after original shipment, it is found, after examina-
tion by us or our authorized representative, not to meet this standard, it will be re-
paired or, at our option, replaced as follows:

® No charge for parts, labor or transportation during the first three months after

original shipment;

No charge for parts or labor during the fourth through the twelfth month after
original shipment for a product returned to a GR service facility;

No ‘charge for parts during the second year after original shipment for a product
returned toa GR service facility;

During the third through the tenth year after original shipment, and as long
thereafter as parts are available, we will maintain our repair capability and it will
be available at our then prevailing schedule of charges for a productreturned to a
GR service facility.

This warranty shall not apply to any product or part thereol which has been
subject to-accident, negligence, alteration, abuse or misuse; nor to any parts or
components that have given normal service. This warranty is expressly in fieu of
arid excludes all other warranties expressed or implied, including the warranties
of ‘merchantability and fitness for a particular purpose, and all other obligations
or liabilities ‘on our part, including liability for consequential damages resulting
from product failure or other causes. No person, firm ot corporation is authorized
16 assume for us any other liability in connection with the sale of any product.




Condensed Operating Instructions

SET @ GROUND
SET @ UNKNOWN

MULTIPLIER
DiaL

POWER-OFF !
SWITCH TEST-VOLTAGE FmCTION
SWITCHES SWITCH

Figure 1-1. Type 1864 front-panel view.

NOTE
The 1863 front panel is
similar. See Figure 1-2.

a. Determine which ground link connection is to be used
{paragraph 3.1.1).

b. Set the TEST VOLTAGE switchies) to the proper
voltage [paragraph 3.1.2), :

¢ Set the eoadjustments {paragraph 3.1 .3},

d Connect the unknown to the UNKNOWN termingls.

& Msasure the unknown with either the search (para
graph 3.2.2) or sort [paragraph 3.2.3) procedure.




Specifications

Voltage and Resistance Ranges:

Rumis Rea Useful
Yollage Full Scale | 10% of Scale = 2%% of Scale Ranges
Type 1863
50, 100 V 50 kQ 500 GO 270 7
200, 250, 500 V| 500 kQ 578 20TQ 7
Type 1864
10to 50V 50 k) 500 GO 270" 7
50t 100V 200 ki 570 2070 8
10010 500V 500 k&1 570 20 T 7*
500 t0 1080V 5 M0 50 TGO 200 7¢ 8

+ Note: Meter defiects 1o the leff, so 2% is near the right; however,
the meter scale reads naturally, from left to right.

* Recommended limit,

Resistance Accuracy: =2(meter reading + 1)% on lowest 5
ranges (min reading is 0.5). For 6th, 7th, 8th ranges, respec-
tively, add =2%, =4%, —, for the 1863; =2%, *=3%, *5%, for
the 1864.

Voltage Accuracy (across unknown): =2%.
Short-Circuit Current: 5 mA approx.

Power: 1000 125 0or 20010 250 V, 50 to 400 Hz, 13 W.
Supplied: Mounting hardware with rack models.

Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
(wxhxd): ‘Portable; 6.63x10x6.75 in. (245x254x172 mm);
rack, 19x7x4.63 in. (483x178x118 mm). WEIGHT: Portable,
9.51b (4.4 kg) net, 14 1b (7 kg) shipping; rack 11 1b (5 kg) net.

3 Catalog
Description Number
18563 Megohmimeter

Portable Model 1863-9700

Rack Model 1863-9701
1864 Megohmmeter

Portable Model 1864-9700

Rack Model 1864-9701

GR Experimenter; Reference, March-April, 1869. U.5. Patent No, D 187,740 and 2,866,257,
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WARBNING
High voltage is applied to the measurement
terminals of the Types 1883 and 1864 Meg-
ohmmeters, except when the function switch is
set to DISCHARGE. While the current from the
instrument is limited to a value that is not
dangerous under most conditions, the energy
stored in a capacitor connected to the terminals
may be lethal. Always set the function swiich
to DISCHARGE when you connect or discon-

nect the unknown.

1.1 DESCRIPTION.

The Type 1863 Megohmmeter indicates directly on the
panel meter any resistance from 0.5 to 20,000,000 M£2; the
Type 1864 (Figure 1-1} indicates resistance from 0.5 to
200,000,000 ME2. These ranges are suitable for leakage-
resistance measurements of most types of insulation used in
electrical machinery, electronic devices and components,
etc (Section 4). The voliage applied to the unknown can be
50, 100, 200, 250 or B00O V from the 1863, as selected by
the TEST VOLTAGE switch on the front panel. The 1864
has a voltage range from 10 to 1090 V that can be set in
1-V steps from 10 to 109 V, and 10-V steps from 100 to
1090 V by the TEST VOLTAGE switch on the front panel.

The 100-volt level is the EIA standard for measurement
of composition, film, and wire-wound resistors above 100
kilohms. The BOO-wolt level is a standard value in the
measurement of the insulation resistance of rotating
machinery, transiorrers; cables, capacitors, appliances, and
other electrical equipment.

Regulated power supply and charging circuit permit
rapid and accurate measurement of the leakage resistance of
capacitors.

Guard and ground fermingls permit measurement of
grounded or ungrounded two-or three-terminal resistors.

A panel warning light indicates when voltage is applied
+5 the fest terminals and thus permits connections 1o be
made safely.

1.2 OPENING AND TILTING THE CABINET.

The Flip-Tilt cabinet can be opened by placing the
instrument on its rubber feet with the handle away from
yvou. Push down on the handle and the instrument, located
in the upper part of the case, will rotate to a vertical
position. While holding the handle down with one hand,
rotate the instrument to the desired position with the other
hand and release the handle.

1.3 CONTROLS, CONNECTORS AND INDICATORS.

Figure 1-2 shows the front-panel controls, connectors
and indicators of the 1863 and 1864, Table 1-1 lists and
identifies them. Figure 1-3 shows the rear panel controls
and connectors and Table 1-2 lists and identifies them.

1.4 ACCESSORIES SUPPLIED.

The accessories supplied with the ~1863 and 1864
Megohmmeters are listed in Table 1-3.

1.5 ACCESSORIES AVAILABLE.

Table 1-4 lists a group of GR patch cords available for
use with ‘the megohmmeters. The GR 1581 Variac®
Automatic: Voltage Regulator can be used with the meg-
onmmeters {paragraph 4.3.5 part 3). Consult the latest GR
Catalog for-a complete selection of accessories.
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Table 1-1

FRONT-PANEL CONTROLS, CONNECTORS AND INDICATORS

Figure 1-2 instrument
Reference Name 1863 1884 Type Function
1 POWER X X 2-position Turns power on and off.
OFF toggle switch
Z Meter X X 4-in. meter Indicates the value to be
with plastic multiplied by the multiplier
cover switch.
3 SET = X Screwdriver )
HGHEST RANGE rotated control Adjusts high end of meter scale
X% Knob rotated on highest resistance range
contral 1o compensate for offset current.
4 SET = X Screwdriver
rotated control Adiusts high end of meter scale
% Knob rotated to compensate for offset-voltage
control in the voltreter.
5 GUARD X X Insulated For guarded measurements.
binding post The center of-the postis 3/4in.
from the center of the ground
post so that it can accept a
shorting link,
6 Ground X X Uninsulated Grounds the + unknown or guard.
binding post Contains captive shorting link.
7 UNKNOWN + X X Insulated Connects the + side of the
binding post unknown to the megohmmeter.
8 UNKNOWN — X X insulated Connects the — side of the
binding post unknown to the megohmmeter.
9 DANGER X X Indicating Glows red when the function
light shaded switch is in the CHARGE or
red MEASURE position.
10 Multiplier X 7-position
rotary switch Selects resistance
X 8-position range.
rotary switch
1 MEASURE- X X 3-position Selects the operating mode
CHARBGE. toggle switch applied 1o the unknown.
DISCHABGE
12 TEST VOLIAGE A 5 position Selects the test voltage as
rotary switch 50,100, 200. 250 or 500 V.
X Jrofary Select voltage in 1-V steps
switches a 10- from 1010 109 V and in 10-V
position, a 9-position | steps from 100 to 1090 V.
and a Z-position
{left to right)
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Figure 1-3. Type 1864 rear-panai controis and connpeciors.

Table 1-2
REAR-PANEL CONTROLS AND CONNECTORS

Function

Figure 1-3
Reference Name
1 POWER PLUG
HOLDER
2 QUTPUT
3 Linewvoliage
4 1/8 AMP
5 1/16 AMP

instrument
18623 1864
X X
X X
X X
X A
X X

Phone jack

{Accepts Switcheraft

No. 440 phone p

2-position
stide switch

Exiractor-type

fuse hoider

Extractor-iype
;

use holder

fug)

Holds power plug
in place after power cor
has been wrapped inside

cover.

Holder for 1/8-A fu
100- 1o 125-V operaty

Holder for 1/16-2 fuse
200- to 230-V operation.

1-4 INTRODUCTION




Table 1-2

ACCESSORIES SUPPLIED™
GR Part
item PMumber Cuantity
Instruction Manual 18630100 1

*Supplied with either an 1863 or 1864 or Megohrmmeter,
poriable or rack-mount instrument.

1.6 BYMBOLS.

These instruments indicate the resistance of the un-
known in multiples of chms. The relationship betwesen
ohms -{&1}, “kilchms {k£2), megohms
{G£2}), and terachms {T£2) is as follows:
1TMQ =100 =10°kQ
160 =10°0= 100 = 10°MQ
1TR=10"20=10°kQ =10°MQ = 10°GQ

1.7 CONNECTIONS.

The UNKNOWN, GUARD and ground terminals are

standard 3/4-in. spaced binding posts that accept banana

(M£2}, gigaohms

Banana plug
stabilized by
Shoulder
when fully inserted,
Standard Plug enters
telephone tip binding post body
assuring contact even
when nut is loose.

For metal-top
s binding post only.

s‘tsf! posts.

plugs, standard telephone tips, alligator clips, crocodile

clips, spade terminals and all wire sizes up to number eleven
{Figure 1-4).

When several measurements of components with leads

are 10 be made, the GR 1650-P1 Test Jig {Figure 1-5) can
be ussd.

WARNING
The terminals of the test jig are not insulated.

The presence of a high test voltage can be
dangerous.

7 % e
G ) Spade terminal & Clamps
Stender 7 with 4~ throat all wire sizes
atligator clip will clamp

up to No. 1%

fits inside jacktop without cutting.

i under nut,
of all binding g

Figure 1-4. Methods of connection to the measurement terminals.

Figure 1-5. Type 1850-P1 Test Jig.
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Tabie 1-4
AVAILABLE INTERCONNECTION ACCESSORIES

TYPE

DESCRIPTION CATALOG NO,
NG,
274-NC Double-plug patch cord, in-line 387 long 0D274-9860
274-MNOM Double-plug patch cord, in-line 24” long 0274-9888
274-MNQOS Double-plug patch cord, in-line 127 long 0274-9861
274-MP Double-piug patch cord, right-angle 38 long 0274-9880
274-MPM Double-plug patch cord, right-angle 247 long 0274-9882
274-NPS Double-plug patch cord, right-angle 12" long 0274-29852
274-N1L Shielded double-plug patch cord, 38" long 0274-9883
274-N LM Shigided double-plug patch cord, 24" fong 0274-9882
274-MNLS Shisided double-plug patch cord, 12" long 0274-9862
274-1.1.8 Single-plug patch cord, black, 36" long 0274-8468
274-L.LR Single-plug patch cord, red, 38" long 0274-9492
274-L.MB Single-plug paich cord, black, 24" long 0274-9847
274-1L.MR Single-plug paich cord, red, 247 long D274-9848
274-1.58 Single-piug patch cord, black, 12 jong 0274-9848
274-L8R Single-piug patch cord, red, 127 long 0274-9850
15680-PR5 Adaptor cable, double-plug to telephone plug, 367 1560-9685
B874-R34 Coaxial patch cord, double plug to GR874, 367 long 0B74-8692
874-R33 Coaxial patch cord, two plugs 1o 3R874, 36" long 0874-3890
274-Q8J Adaptor, shislded double plug 1o BNC jack 0274-3884
T76-A Patch cord, shisiged double plug 1o BMNC plug, 38" long 0776-8701
B74-R22A  Coaxisl patch cord GHBT4 10 GRE74, 36" jong 0874-9682
Tib-B Fateh cord, GRE74 {right-angle) 1o BNC plug, 387 long 0776-8702
778-¢ Pateh e, BRC plug to BNC plug, 36" long 0776-8703
FI6-D GHRB74 10 GRB74, both rightangle, 368" long : 0776-2704
274-13% A

269
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Installati

2.1 DIMENSIONS
2.2 BENCH MOUNTING
2.3 POWER CONNECTIONS
2.4 RACK MOUNTING

BENCH MOUNTED

!
<l
§

DIMENSIONS IN INCHES

RACK. MOUNTED

Figure 2-1. Dimensions of the GR 1863 and 1884 Megohmmetsrs,

2.1 DIMENSIONS.

The dimensions of the 1863 and 1864 are shown in both
the rack- and bench-mounied configurations in Figure 2.1

2.2 BENCHNMOUNTING.

The bench lportablel model of the meoohmmeter i3
cased in a Flip-Tilt cabivel 1he cabinet opens by pushing
down on the handle and tipping the instrument inio the
desired operating position (paragraph 121

2.2 POWER CONNECTIONS,

The 1863 and 1864 Megohmmseiers can be oporated
from either a 100--to 125V or a 200 1o 250V BO-1o
680-Hz power line. Before connecting the 3-wire powsr cord
10 the line, set the slide swiich on the rear pans) 1o the

Droper seiting as indicated by the position of the white line
on the slide switch., The slide can be moved with a
screwdriver blade. The fuses installed in the instrument are
connecied so that they will proiect the unit for either
voltage! 114 s necessary 1o.use a 3-wire adaptor plug, make
certdin-that the third wire is ¢onnected to a good ground
{water pipe or sguivalent). I this is.not possible, connect
the panel of the 1883 or 1864 luninsulated binding post) fo
a good ground.

2.4 RACKMOUNTING.
2.4.71 Single Instrument and Blank Panel (Figure 2-2).

A Rack Adaptor Set (P/N 0480-9744) is available to
convert the portable bench model for use in an EIA
opposite directions, one from inside the cabinet and one

INSTALLATION 21




""/AEA RUBBER FEET

Figure 2-2. Rack mounting a GR 1863 or 1864,

standard RS-310 19-inch relay rack with universal mount-
ing hole spacing. Table 2-1 lists the parts included in the
Rack Adaptor Set. The conversion procedure is as follows
{Figure 2-2):

Table 2-1

PARTS INCLUDED IN THE BACK ADAPTOR SET,
P/N 0480-9744 (see Figure 2-721.

Figure 2-2 . | pumbsr GR Part
Reference iised item Mumber
E 1 Blank Pansl 04808934
D 1 Sub-Panel 0480.8954
= 2 Rack Adaptor Assernbly | 0480-4004
{handle)
H 1 Support Bracket 04808523
= 1 Hardware Set 0480-2080
includes:
F,J, K, LM 8 Screws, Binder-Head -
10-32,5/16 in.
N 4 Screws, Binder-Head —
10-32,8/16 in. with
nylon cup washer

2-2 INSTALLATION

a. Open the instrument so that the front-panel makes a
90-degres angle with the bass.

b. From the rear, remove the two No. 10-32 screws that
hold the instrument in the cabinet.

c. Slide the instrument forward out of the cabinet.

d Remove the two O-rings, one on each side of the
cabinet (Figure 7-10, P/N 5210-0200).  {Use Waldes
TRUARC* Assembly Pliers No. 0100 or equivalent.)

e. Remove the two pins {Figure 7-10, pivot shaft}, one
from each side of the cabinet, and slide the cabinet from
between the handle ends.

f. Pierce and push out the plugs from the four bosses (Cy
on the inner sides of the cabinet, near the front. Do not
darpage the threads in the threaded holes.

g, Press the subpenel (D} into the blank panel (E}, to
form a liner for the latter.

b Attach the short flange of the blank panel to the front
of the cabinet lon either side of the cabinet, as desired)
using two 5/16.0n screws (F). Note that the screws enter in
opbosite dirsctions - ohe from inside the cabinet and one
from the flange side, as shown and that the feet (A} are on
iop

i Pierce and push out the plug in the lower rear boss {G)
on the side toward the blank panel only, as shown.

. Attach one end of the support bracket (H) to the
lower rear boss. The bracket must be placed so that the
screw passes through a clearance hole, into a tapped hole.
L ock the bracket in position with a 5/16-in. screw (J).

k. Attach the other end of the support bracket to the
lower: rear hole in the wide flange, as:shown, using a
B/16-in. screw (K).

I Attach one Rack Adaptor Assembly (handle}) to the
side of the cabinet opposite the blank pangl, using two
5/16:n. screws (L}, Again, note that the screws enter in

* Registered trademark of Truarc Retaining Rings Division, Waldes
Kohinoor, inc., Long Island City, NuY. 1101




from outside, lower holes in the
Assembly.

m. Attach the other Rack Adaptor Assembly (handle} to
the wide flange on liner (D} and the flange on the blank
panel (E}. Use two B/16-in. screws (M} through the two
holes in the flange that are nearest the panel and through
the upper and lower holes in the Assembly. Again,
the screws enter in opposite directions.

n. Carefully remove the rubber gasket that is around the
instrument panel. Note: Use fingers, not tools.

o. Install the instrument in the cabinet and replace the
two Mo, 10-32 screws removed in step b through the rear
panel and tighten.

p. Place a straight edge across both the instrument panel
and the blank panel. Loosen the screw (J) through the siot
in the support bracket {H}. Exert a slight pressure on.the
biank panel (B} so that it forms a straight line with the
instrument panel and tighten the screw ()] in the bracket,
10 lock the panels in this position.

g. Slide the entire assembly into the relay rack and lock
it in place with the four 9/16.n screws (N] with captive
nylon cup washers. Use two screws on each side and tighten
them by inserting a screwdriver through the holes (P in the
handles.

r Insert the instrument at aslight angle, leftend first, to
avoid hitting the cabingt spacer on the'rack rail. 1 your
rack won't allow this procedure, refer to paragraph 2.4.3
and read the CAUTION.

2.4.2 Reconverting to Portabie Bench Mounting.

To reconvert the instrument for bench use, {assuming
the procedure of paragraph 2.4.3 has not been performed}
reverse the procedures of paragraph 2.4.1, first removing
the entire assembly of instrument, cabinet, and blank panel
from the rack. Next remove:

a. The instrument from its cabinet.

b. The support bracket {H) from the cabinet (see Figure
2-2}.

c. The blank panel {E} {with handle attached) from one
side of the cabinet.

d. The Rack Adaptor Set {handle) from the other side of
the cabinet.

Install the instrument in its cabinet and tighten the two
No. 10-32 screws at the rear.

Use the upper and

2.4.3 Rack-mounting Two Instruments.
Two instruments of the same panel size {such as two
1863's or 1864's or one of each) can be mounted

side-by-side in a standard 19-inch relay rack. Use the
procedure of paragraph 2.4.1, substituting the second
instrument for the blank panel. Do not use the support
bracket {(H, Figure 2:2}, but insert three screws through the
bosses in the adjacent sides of the cabinets, two near the
front {C) and one near the rear (G).

When two instruments are mounted side-by-side, the two
spacers {B, one on each side of the cabinet] must be
punched out of the cabinet.

CAUTION
Once this is done the instruments cannot be
reinstalied in a Flip-Tilt cabinet.

Use the four screws (N} with nylon washers to lock the
instruments; in. the rack. The required hardware is listed
below:

3 Screws, BH 1032 5/16
4 Serews BH 1032 8/16 with nylon washers

25 LINEVOLTAGE REGULATION,

G he accuraoy of measurements accomplished with pre-
cision electronic test equipment operated from ac line
SOLrces can often be seriously degraded by fluctuations in
orimary. input power. Line-voliage variations as much as
+5% are commonly. encountered, even in laboratory envic
ronments. Although most modern -electronic instruments
incorporate some degree of linevoltage regulation, con-
sideration 1o possible power-source problems” should be
given for every instrumentation set-up. The use of line-
voltage regulators between power lines and the'test equip-
ment is recommended as the only sure way to eliminate the
effects on measurement data by low line voltage, transients,
and other power phenomena.

The General Radio Type 1591 Variac® Automatic
Voltage Regulator is a compact and inexpensive unit
capable of holding ac power within £0.2% accuracy for up
to a rack full of solid-state instrumentation. The 1591
possesses a basic capacity of 1 kVA with nosdistortion of
input waveform. This rugged electromechanical regulator
comes in bench or rack-mount configurations, both of
which permit direct plug-in of measurement-instrument
power cords.

Further details can be found in your GR catalog or in
the GR Experimenter for October, 1967,

INSTALLATION 2.3




Operation—

Section 3

3.1 MEASUREMENT SETUP
3.2 MEASUREMENT PROCEDURE
3.3 CUTPUT JACK

3.1 MEASUREMENT SETUP.
3.1.1 Ground-Link Connection.

The grounding link connected to the uninsulated,
grounded, binding post can be connected from this ground
terminal to the GUARD {paragraph 4.6} or the + UN-
KNOWN terminal {Figure 3-1}. The ground link should be
connected 1o the GUARD terminal if the sample to be
measured is a small, separate component, or if it is a
component mounted in an enclosure that should be
guarded {paragraph 4.8). However, if one terminal of the
unknown must be grounded, then the link should tie the +
UNKNOWN terminal 1o the instrument case.

3.1.2 Test Voltage Selection.

The TEST VOLTAGE switchi{es) should be set to the
desired measurement voltage. The 1863 Megohmmeter has
five individual test voltages, 50, 100, 200, 250, and 500 V.
The 1864 Megohmmeter has a selection of 10 to 109 V in
1-Vsteps or 100 1o 1090 V in 10-V steps. On' the 1864 the
right-hand TEST VOLTAGE switch must be set 1o the V
position for the first set of voltages and to the OV position
for the latter set of voltages.

3.1.3 Set~c:Adiustments.
To adjust the SET ec controls. proceed as follows
a. Turn the instrument on, ‘
b. Set the function switch to DISCHARGE.
c. Set the multiplier dial to any range.

UNGROUNDED OPERATION
GUARD

GROUNDED OPERATION

AR

4 UNKMOWHN ~

Figure 3-1. Ground-link connection to GUARD ter-
minal {top} and 1o + UNKNOWN terminal (bottom]).

d. Make certain that there isn’t anything connected fo
the UNKNOWN terminals.

2. Adjust the SET oo control for an = reading on the
meter. The adjustment on the 1883 is made with a
screwdriver; on the 1864 with the knob provided.

f. Set the multiplier switch to the highest range {Type
1863, 1T-100G; Type 1864, 10-17T).

g. Set the function switch to MEASURE.

h. Adjust the SET oo HIGHEST RANGE on the 1863
{screwdriver adjustment} or 1864 {knob adjustment] for an
oo meter reading. 1T these adjustments cannot be set to give
an on-scale reading, turn the instrument off and adjust the
mechanical meter adjustment {the center screw on the
meter}) to give a meter reading of less than a line width
beyond o, Repeat steps a through g.

3.1.4 Connection of Unknown.

Small: components:should be:connected. directly to the
UNKNOWN terminals. insulated leads (GR 274:1.SR Sin-
gle-Plug Patch Cord, Table 1.4) can be connected o a
nearby unknown, however, if the unknown resistance is
high. leakage between the leads will cause a measurement
error and changing capacitance 1o the high lead will cause a
transient meter deflection For such high: resistance
measurements, a shielded system is preferable {refer to
paragraph 4.7}

3.2 MEASUREMENT PEOCEDURE,
321 General.

Either of two measurement orocedures is used, depend-
ing on whether or not the correct resistance—multiplier
range is known. If the range is not known, the search
procedure (paragraph 2.2 21 should be followed. If repeti-
tive measurements are to be made on a given range {ie., if
simtlar components are to be sorted) the sort procedure
{paragraph 3.2 3} shiould be used.

3.2.2 Bearch Procedurs.

When the aporoximate resistance of the sample 1o be
measured is not known proceed as follows:

a Set the multiplier switch to the lowest range.

b. Set the function switch 1o DISCHARGE.

OPERATION 3-1




¢. Connect the unknown between the UNKNOWN + and
— terminals.

d. Set the function switch to MEASURE.

e. Rotate the multiplier switch cw until the meter gives a
reading of less than 5.

£ The resistance of the unknown is the meter reading
multiplied by the multiplier-switch indication.

3.2.3 Sort Procedure.

When the approximate resistance of the unknown is
known, proceed as follows:

a. Set the function switch to DISCHARGE.

b. Set the multiplier switch to the desired range.

¢. Connect the unknown between the UNKNOWN + and
— terminals,

d. Set the function switch to MEASURE.

e. The resistance of the unknown is the meter reading
multiplied by the multiplier-switch indication. For go-no-go
checks, it is often useful to draw a limit line on the outside
of the meter case with a wax pencil.

3.2.4 Shock Hazard.

Every precaution has been taken in the design of the
Types 1863 and 1864 Megohmmeters to reduce the
possibility of shock. However, high voltage must be present
at the terminals to make measurements at the required
voltage levels and the operator should be aware of the
dangers involved.

The current delivered by the megohmmeters under
short.circuit conditions is approximately 5 mA. ThisbmA
current is not lethal to most persons but might be [ethal to
those with poor hearts, and it is painful 1o all. The actual
current that will flow through a person depends on the
resistance of the part of the body that makes contact with
the terminals. This resistanice can be as low as 300 §. Note
that any of the three insulated binding'posts can be at high
yoltage, depending on the position of the shorting link.

When capacitors are tested there is an especially danger-
ous condition because a charged capacitor easily can have
enough energy to- cause heart fibrillation and death. The
capacitor should always be shunted before connection to
the megohmmeter, and the function switch should be set to
DISCHARGE for a few seconds before the capacitor is
disconnected.

We strongly recommend that additional precautions,
such as rubber gioves and insulated bench tops, chairs and
shoes should be used for anyone making repetitive measure-
ments with the megohmmeter, particularly measurements
on capacitors. These precautions should not take the place
of careful discharge of the capacitors before and after
measurement, but should be used as an additional safety
measure.

33 QUTPUT JACK,

The OUTPUT jack (J10B) on the rear panel makes
accessible a dc voltage that is directly proportional to the
reciprocal of the meter reading, that is, the highest value is
at 0.5 scale reading and the lowest value is at e, The output
voltage for a particular multiplier-switch setting can be
calculated by

R

RANGE
Vour = 002 Vagsr X —
X

where \/TEST is the TEST VOLTAGE setting, RRANGE is
the lower value for a particular multiplier-dial setting (100k
for the 1M/100 k range} and Ry is the value of the
resistance being measured.

The output can be plotted on a dc level recorder, such
as the GR 1621 Graphic Level Recorder{P/N :1521-9802)
with a 1521-P4 Linear Potentiometer (P/N: 1521-9604)
and & general use, 1/4 in. division chart paper (P/N 1521-
0428). A GR 1560-PO5 Adaptor Cable can be used to con-
nect the OUTPUT jack to the recorder. The full-scale
voltage value for any test voltage can be calculated from
the '\/owt formula using 0.5 times the measurement range
as the RX value Table 3-1 lists the full-scale voltage values
for the five test voltages of the 1863. These values are also
available on the 1864 along with the other levels that can
be set with the variable TEST VOLTAGE switches.

The GR 1782 Analog Limit Comparator can be used to
establish limits for gono-go checks of a series of compon-
ents being measured by 1863 or 1864, The 1782 has a
full:scale voltage of 10 V, whereas the maximum voltage
from the megohmmeters is 4 V. The fact that a full-scale
vaite cannot be reached does not affect the usefulness of
the comparator with the megohmmeters.

Table 3-1
OUTPUT VOLTAGE®

Lower Multipiier- Upper-Multiplier-
Dial Setting Dial Setting
Test Voltage (V) 50 100 200 250 500
Full-Scale Output Voltage (V) 2 4 0.8 1 2

*VoyT ot 0.5 scale reading.

3-2 OPERATION
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4.7 INSULATION TESTING.
The insulation” resistance of electrical machinery, Table 4-1

transducers, etc, is one of several parameters that may STANDARD RESISTOR VALUES (R
indicate the condition of the insulation. Routine ‘1

measurement of capacitance, dissipation factor, and leakage Multiplier Range
resistance provides useful data for monitoring the condition Lower Dial Upper Dial
of the insulation and for guarding against incipient Value {Q)
Sreakdown. 50, 100 V* : 200, 250, 500 ¥*
A routine test that has been widely adopted for 1010 109 v 100 to 1000V
insulation testing calls for the measurement of the apparent
leakage resistance after a test voltage has been applied for 100k M 2k
one minute-and again after the test voliage has been applied
for 10-minutes." The ratio of the indicated resistances, 1M 1O'M 20k
sometimes referred to as the Polarization Index, can have
some relation 1o the condition of the Insulation. The resulis 10M 100'M 200 k
of such a measurement are apt to be more dependent on
the dielectric absorption of the insulator than on its true 100 M 1G 2 M
leakage resistance measured at equilibrium. A complete
charge-current-vs-time plot  will provide more useful 16 1006 20 M
information.
The Type 1863 and 1864 Megohmmeters can be used for 1006 1606 200'M
either true leakage measurements or for measurements at 1-
or 10-minute intervals following the operating procedure 100G 1T 200 M with feedback

described in Section 3. MIL STD-202C gives procedures for
insulation-resistance measurements of various components.
On large machinery, one terminal must usually be

multiplication*®
26t

grounded, so the grounding strap should be connscted 1T 19 2 G with feedback
between the ground terminal and the + UNKNOWN multiplicationt
terminal.

To deter‘mu?e the charge current, divide the test voliage * Type 1863 Megohmmater
by the indicated resistance. At the start of 3 1Tvpe 1864 Megohmmeter

APPLICATIONS 41




*2 . #2
/ 1 /
[ [ sampLE
L Chre . UNDER
: TEST
— KL 11111 g
r s ;

Figure 4-1. Electrode arrangement for resistivity
measurements,

charge-current-vs-time plot, the meter will be off scale. The
resistance in series with the insulator is the reading of the
upper dial multiplier divided by 500. Table 4-1 lists dial
readings and resistor values.

4.2 TEST SAMPLE RESISTIVITY MEASUREMENTS.

The megohmmeter can be used for measuring the
resistivity of test samples as described by ASTM Standard
D257, which describes in detail the technigues for both
surface-and  volume-resistivity measurements. The most
common electrode arrangement is that shown in Figure 4-1.
In this configuration surface resistivity is measured with
terminal 1 tied to the -UNKNOWN terminal, terminal 2 tied
to the +UNKNOWN terminal and terminal 3 tied. to
GUARD. For volume resistivity measurements, terminal.1
is tied to the -UNKNOWN terminal, terminal Z to the
GUARD and terminal 3 to the +UNKNOWN terminal. The
formulas reguired to convert from measured resistance 1o
resistivity are given in the ASTM standard. The Keithley
Model 8105 Test Fixture can be used 10 hold the sample 10
be measured.

4.3 CAPACITOR INSULATION RESISTANCE.
4.3.1 General,

The. insulation  resistance, IR, of capacitors
{MIL-STD-202 C) is measured by either the search or sort
method (paragraph 3.2.2 and '3.2.3) .used for resistors,
except that some consideration must be given 1o the charge
and discharge currents,

WARNING
Capacitors being measured may be charged and
contain lethal enerav. Always set the function
switch to DISCHAHRGE before connecting or
discorinecting the capacitor under fest.

4.3.2 Charging Time Constant.
The time constant for charging & capacitor in the
CHARGE position is determined by the value ol the
capacitor times the effective source impedance of the

supply. The supply resistance is approximately,
E E

E
Ao = . Q=goma LTE

4-2 APPLICATIONS

where E is the indicated test voltage in volts and | max 15 the
short-circuit  current, which is approximately 5 mA.
Therefore, the time constant is

T=R_C, :SEGSS seconds
where C, is in uF. As an example, on the 500-V range, B
is approximately 100 k&2 so that the time constant for
charging of 2 1-uF capacitor is 0.1 s.

The time necessary for full charging depends on the type
of capacitor and the leakage current that is to be measured.
A capacitor with no dielectric absorbtion will have a
charging current that decreases by a factor of 2.72 {the
natural logarithm to the base e) for every time constant it is
left in the CHARGE pcsittion‘ Thus, the effective resistance
at any moment is ROEROC" The capacitor could be con-
sidered fully charged when this resistance is substantially
higher than the true leakage resistance, even though the
charging current theoretically never reaches zero. As an
example a 1-uF capacitor, with a leakage resistance of
10'% 0 measured at 500 V, would have less than 1%
error due 1o charging current, if measured after seventsen
time constants, or 1.7 s.

Dielectric absorption {dipole and interfacial polarization)
is present in many capacitors and insulators, especially
those with a laminated structure. When voliage is applied to
such material, the charge slowly diffuses throughout the
volume and several minutes, hours, or even days, are
reguired for equilibrium in order to make the charging
current small compared with the true leakage current, A
measure of this effect, called the Polarization Index, is the
ratio of the resistance measured after 10 minutes of
charging to that measured after 1 minute of charging.
Often, the measured resistance after 1 minute of charging is
called the insulation resistance, even though charging
current may be much larger than the true leakage current.
{Some capacitor specifications say less than 2 minutes).
4,2.3 Measurement Time Constant.

When the function switch is set from the CHARGE
position to the MEASURE position, the standard resistor is
placed in series with the unknown capacitor. If the supply
voltage is fixed the capacitor must discharge by a voltage
egual 1o that across the voltmeter at its final reading. The
time constant for this discharge would be C_ R_. Because
80% of the output voltage is fed back to the supply, this
time constant is reduced by a factor of b. As a result, the
time necessary for an indication, assuming an ideal
capacitor. depends on this time constant or that of the
meter movement, whichever is longer.

4.3.4 Discharge Time.

With the function switch set at DISCHARGE, the
UNKNOWN terminals are connected through 470 £2 and
the discharge time is approximately 0.0005 x C us, where C
is in uF. The red DANGER light is turned off by the

-




function switch, so that the capacitor might be charged
even after the light is extinguished. However, the discharge
time is so short that this is not a practical consideration,
except for capacitors greater than 100 uF.

Capacitors with high dielectric absorption (paragraph
4.3.2) can have a residual charge even after they are
shunted and must be repeatedly shunted to be completely
discharged. Usually this “voltage recovery” is only a few
percent {i.e., 3%) of the original applied voltage and,
therefore, not dangerous 1o the operator, but it can cause
damage 1o sensitive circuit elements.

18637641

Figure 4-2, Basic megohmmeter circult,

4.3.5 Large Capacitors, Very High Resistance

Meaasuring insulation resistance of large capacitors that
have very low leakage is difficult by any method. Con-
sidering the basic circuit of Figure 4-2, if RS is high, the
RSCX time constant can become very long on the high
resistance ranges if Cx is large. If RS is low, the voltmeter
must be very sensitive for a given leakage resistance range
and, therefore, the supply voltage {E}) must be extremely
stabie to avoid large meter fluctuations. The design of the
1863 and 1864 is a compromise between these factors:
Measuremenis become difficult when the HSCX product is
10% oven under ideal conditions. This can be caleulated as
{Cx in bl « {Rs in MES2 or (Cx = {Rs in 1
Table 4.1 contains values for R

Measurements can be unsatisteciory even below this
value for an RSCX product for several reasons.

1 Dielectric absorbtion. lparagraph 4221 This s the
main catse of erronecus readings. Besides the difficuly in
deciding what charging period should be tsed, the previous
history of the capacitor will greatly affect it indicated
leakage. For example, if & paper eapacitor is charged 1o ils
rated value, discharged for a short time, and then iis leakage
current is measured at some low value, it probably will give
a reading beyond eo. This is due to voltage recovery that isa
consequence of dielectric absorbtion. The voliage across
the capacitor will increase above the test voltage causing
current 1o flow in the reverse direction.

2. Temperature coefficient. If the temperature on the
unknown changes and it has an appreciable temperature
coefficient, the voltage on the capacitor will.change in the
MEASURE position. If RS is large, the charge, @, of the
capacitor is more-or-less constant, so if s capacitance

changes, its wvoltage must  change {Q=CV}). A
temperature-controlled environment is recommended.

3. Test voltage changes. The test voltage can have rapid
fluctuations due 1o large line-voltage transients even though
good regulation is provided in the instrument because when
R,C, is large, the test voltage fluctuations are transmitied
directly to the voltmeter unattenuated. This difficulty can
be reduced if the line voltage is regulated with an
wistrument such as GR 1591 Variac® Automatic Voltage
Regulator.

Slow drift of the test volitage can cause erroneous
readings if RsCX is large, because even a slow drift rate can
be fast compared to the RSCX time constant. A decreasing
test voliage can cause a reading beyond oo Sufficient
warm-up time {30 minutes) will allow the temperature
inside the megohmmeter to stabilize and result in a more
constant voliage at the UNKNOWN terminals.

4.4 RESISTANCE MEASUREMENTS.

The recommended fest wvoltage is 100 V for fixed
composition resistors, film resistors, and wire-wound
resistors above 100 k& {Refer to EiA Standards RS172,
RS196, and REC 229) These resistors can be measured
easily on the megohmmeter as long as the accuracy of the
instrument is ‘adequate. I the resistors are separaie, we
suggest that they be measured ungrounded {with the
grounding link connected 1o the GUARD terminal).

4.5 MEASUREMENT OF VOLTAGE COEFFICIENT.

The Types 1863 and 1884 Megohmmeters may be used
t0 measure voltage coefficient “as longas 1§ accuracy. is
adeguate. Thevoltage costfficient of resistance is defined as:

B, — B

o 5w 100 %
RV, V) .

where V, >V,
By s the resistance at V|, the higher voltage
B, s the resistance at s

Forexample £V, - 500V and V, = 100V,

Heoov = Rwevx 100%

Moliage Coelficierns =
- {400 R1ooy

! A
4 Rim}\/

%

This voltage coelficient is usually negative {except for
reversed semiconductor iunctions).

46 GUABRDED Z TERMINAL MEASUREMENTS.

in many cases i s necessary to measure the resistance
between two points In the presence of resistance from each
of these points 1o & third point This third point can often
be guarded W avoid error caused by the exiraneous
resisiarices.
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Figure 4-3. Guarded measurement of a three-terminal
resistor,

This situation can be shown diagrammatically as 2
three-terminal resistor {Figure 4-3}.. Here, RX is the
quantity t0 be measured in the presence of RA and RB. if
the junction of R and R is tied to a guard, B, is placed
across the power supply and has no effect if itis greater
than 500 k&2, RB shunts Rs and causes a much smaller
error than that which would be present if no guard were
used. The error is approximately —RS/RB x-100%, where RS
equals 2000 k£ times the multiplier switch indication. 1 a
choice is possible, the higher of the two stray resistances
should be connected as RB.

The guard terminal can be used whether the GUARD or
the + UNKNOWN terminal is grounded, but note that if the
+ UNKNOWN terminal is grounded, the GUARD terminal
will be a high {negative) voltage level. Often the terminal to
be guarded is a large chassis and it-is, therefore, safer to
ground the GUARD terminal. If this third terminal is true
ground then the GUARD terminal must be grounded.

4.7 REMOTE SHIELDED MEASUREMENTS.

Measurements can be made on components that are some
distance from the instrument if care is used to prevent

4.4 APPLICATIONS

jeakage between the connecting leads and to avoid the
shock hazard. A convenient way 1o do this is to use a
shielded cable (Table 1-4). 1f the unknown can be
measured ungrotnded, make the connection to the + UN-
KNOWN terminal with the shielded lead, tie the shieid to
the GUARD terminal, and connect the GUARD terminal
1o the panel ground with the connecting link. |f one side
of the unknown must be grounded, connect the grounding
link to the + UNKNOWN terminal, shield the + UNKNOWN
terminal, and tie the shield to the GUARD terminal. In
this instance, the shield is not at ground potential and
should be insulated.

4.8 MEASUREMENTS UNDER HUMID CONDITIONS.

The Types 1863 and 1864 Megohmmeters have been
designed to operate under conditions of high humidity but,
nevertheless, a few simple precautions should be taken to
ensure accurate measurements. These precautions are:

1. Allow several minutes warmup l(internal heat will
redice humidity inside the instrument).

7. Ciean the binding-post insulation with a dry, clean
cloth.

3. Use ungrounded operation (tie the GUARD terminal
to.the panei ground).

To determine the presence of errors due to humidity,
measure the resistance between the binding posts with no
external connections. Note that with the + UNKNOWN
terminal grounded, breathing on the terminals will cause a
meter deflection because leakage from the insulator of the -
UNKNOWN terminal to the panel is measured.

Actually, this problem is somewhat academic because the
unknown to be measured is usually much more severgly
affected by humidity than is the megohmmeter.
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5.1 GENERAL.

The 1883 and 1864 Megohmmeters basically consist of a
regulated dc power supply, a set of precision resistors, and
a FET-input voltmeter {Figure B-1). Switch S; is closed in
the DISCHARGE position of the function switch and open
in the CHARGE and MEASURE positions, while S, is open
only in the MEASURE position.

The regulated voltage, E, is controlled by a resistance
R4 A fraction, £,, of the meter output voltage, By RS/RX
is added 10 E to keep the voltage on the unknown, Ey.
more constant and thus improve the meter sccuracy. A me-
ter-sensitivity resistor. Ry, Is danged to the voitage control
resistor; B A 10 make the meter reading independent of
appliedivoltage, (assuming that the unknown has no voliage
coefficient). An inverse scale is used on a reversed meter (o
give a reading proportional to R {and not is reciprocal)
and vet have'a scale that increases from left to right (0 1©

Metal-film standard resistors are used on the five lowest
ranges {lowest range %% rext four ranges 21%). The sixth
range in the 1863 uses a 200-MSL carbon resistor [(£1%).
The sixth range in the 1864 uses a 200-M£2 carbon resistor

{£1%) and the seventh range a 2-G£) carbon resistor (#1%).
The use of carbon resistors makes it necessary fo broaden
the accuracy specification to include possible drift in this
standard. The top range of each instrument uses feedback
to effectively multiply the value of the previous standard
resistor by a factor of ten. In the 1863 the 200-M£2 resistor
is multiplied to 2 G£2; in the 1864 the 2-G£J resistor is
multiplied to 20 G£2. The specifications are again
broadened  toallow for the tolerance variations of this
multiplication:

The voltmeter uses a FET-input, foﬁr-stage, unity-=gain
amplifier (AMP, Figure 5-1) to obtain high stability and low
drift. The SET == control on both instriments is a voliage
balance control, while the SET oo HIGHEST RANGE
control compensates for the FET gate current on the
highest rangss.

5.2 CIRCUIT DESCRIPTION.
5.2.1 General.

The following. paragraphs will relate specific componenis
from the schematic diagrams of the 1863 (Figure 76} and
1864 (Figure 7.9) to the general components shown i
EFigure 5.1
5.2.2 Type 1863 Megohmmeter (Figure 7-6).

The woltage supply section (RECT.) of the 1863 consists
of five different circuils, three de and twosac. One ac circuit
15 a voltage source for the three pilot lamps used, two 1o
indicate the measurement range {P101, P102} and the third
to hght the DANGER indicator (P103). The second
supplies filiment voltage to the tube V101,

The first de supply is a half-wave rectifier circuit with a
24V Zener diode (CR111) that supplies voltages to the
amplitier {AMP) circuit. A second dc supply is a voltage
doubler [CRT01-CR104, C101-C102) that supplies the
plate voliage 1o V101, The voitage to the plate is the same
for the 50- to 250-V ranges but R109 is eliminated from
ihe circuit for the BOO-V range. The third dc supply is a
halt-wave rectifier with a 20-V Zener diode {CR211) 1o
supply voltage levels to run the unity-gain amplifier (+1).

Tube V101 is a series regulator that is controlled by the
56V Zener diode {CR112, REF) and the setting of R140.

THEORY 5-1
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Figure 5-1. Megohmineter biock diagram.

The voltage picked off R140 is fed into one side (Q102) of
the differential amplifier {Q102, Q103} while part of the
output voltage is fed into the other side {Q103}. The
output of the amplifier is fed to the base of 0107 {AMP)
and then 1o the grid of V101 for controlling the output
voltage.

The outpul selection resistors are R124 through R127
{B’&}. These resistors along: with. - the  voliage {EM}
developed across B138 d mine the TEST-VOLTAGE
level. Resistors BZ11 ugh B219 are the: standard
resisiors {RS} that determine the measurementrange. The
output from this circuit s fed through the SET o0
HIGHEST RANGE control {(BZ471) 1o the FET ampiifier,

A unity-gain  FET-input ~amplifisr [+1}) Tollows  the
standard resistors in the circuit configuration, H210 and
C203 comprise a low-pass filter input to FET Q204 The
amplifier components include a differential amplifier
{0202, G203}, a coarse °= control (R244), the SET =
control {R242} and an output transistor {Q201). The signal
then enters the series combination of R13B and R134 back
10 the GUARD terminal.

Resistors R221 through R223 {Rg} are meier-sensitivity
resistors. that. are. ganged. 1o the voltage resistors R124

52 THEORY

through R127 {RA}‘ R222 is used for both the BO- and
500-V raenges, while the 200-V range uses the circuit
resistance and has no added resistor. The remaining two
resistors, R221 and R223, are used for the 250- and 100-V
ranges, respectively. Potentiometer R243 is an adjustable
control on the meter sensitivity.

5.2.3 Type 1864 Megohmmeter {Figure 7-8).

The circuit of the 1864 Megohmmetsr is basically the
same as that of the 1863 {paragraph 5.2.2}. The exceptions
are explainad in the following paragraphs.

in the 1884 the sscond do power supply is a quadrupler.
This supply establishes the plate voltage of V101 with the
use of resistors B108 through B114,

The rsgulator circuit has a slightly different input when
the TEST VOLTAGE swiich is switched from V {1} to OV
{10} Hesistors R124 and R125 are switched out of the
circuit in the DV 110) position.

Voliage-selection resistors for the 1864 are R126
through R133 and the meter sensitivity resistors are R221
through B228. An additional range resistor, R220.is in the
1864,
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Service and Maintenance—S

6.1 SERVICE oo oL

6.2 MINIMUM-PERFORMANCE STANDARDS . . . .. ... ... ...

6.3 CABINET REMOVAL .. ...
6.4 TROUBLE ANALYSIS . .. ..

6.5 CALIBRATION PROCEDURE

6.6 KNOB REMOVAL . ... ...
8.7 KNOB INSTALLATION .. ..

8.1 SERVICE.

The warranty atiests the guality of materials and work-
manship in our products.  When difficulties do occur, our
service engineers will assist in any way possible. {f the dif-
ficulty. cannot be eliminated by use of the following service
instructions, please write or phone our Service Department
(see 185t page of manuall, giving full information of the
trouble and of stens tgken to remedy L Be sure o
mention the tvoe 1D and serial numbers of the instrg
ment

Before returning an instrument o General Hadio for
service, nlease write 1o our Service Depariment or nearest
District Office reauesting a ‘Retumned Material Tag ' Use
of this tag will ensure proper handling and identification
Eor instruments not covered by the warranty, o purchas
order should be forwarded 1o avoid unpecessary delay

6.2 MINIMUM-PERFORMANCE 51 ANDARDS,

The following checks are provided for cheexing the
operation of the 1863 and 1864 Megohmmeters The et
equipment necessary 1o perform these checks is lisied in
Table 5-1. To check an instrument, proceed as follows

a. Connect the case to the GUARD tarminal with the
shorting link,

b. Connect a GR 1433-H 'Decade Resisior 10 the
UNKNOWN terminals with a GR:274.NES Double Plug
Patch Cord {12 in.}.

¢. Set the decade resistor to 0500000 (500 k&),

d. Set the TEST VOLTAGE switch 1o 100 on the 1863
or 1o 1-0-0V on the 1864,

e, Set the multiplier switch 1o TM.

f. Set the POWER-OFF switch to POWER.

g. Adjust the two SET o controls as described in Section
3.

h. Set the function switch to MEASURE.

. Bead the panel.meter. The reading will-be 0.5 3%,
thatis 22 U1 + meter readingl% or 2 {1+ 05 =3%.

i, Set the decade resistor 1o 01000000 {(1ME2)

k. The meter will read | + 4%

| Set the decade resistor 10 UB000C0D0O (B MEZ).
m The meter will read & £ 199%. The checks of steps 2
through m are for meter tracking.
1 Set the TEST VOLTAGE switch to 50 on the 1863
and to 10V on the B4

o Se detades 1o DB000D0 (B0O0 k€25, MULTIPLIER
o I

o 1he meter will read 0.5 = 3%.

g lInecrease the voltage to the next higher step {100 on
the 1863, 20 Y on the 1864).

t [he meter reading will remain the same.

S Lontinoe 1o incresse the voliage setiings and obgerve
that the meter reading remains at 0.5 +3%. These readings
will cheek the voltage accuracy.

NOTE «
When the light under the 1M on the muliipter
switeh goes out, the switch must be rotated 50
that the 1M 'on the adjacent scale is lighted.

t. Set the POWER-OFF switch to OFF and disconnect
the decade resisior,
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Table 6-1
TEST EQUIPMENT

Function

Recommended
Equipment”®

DECADE RESISTOR

MEGOHM BRIDGE

PATCH CORD

PATCH CORD

EVM

SCREWDRIVER

Standard resistor {£0.02%)
for checking ranges {500 kQ2
to 10 M£2).

Bridge for measuring the
standard resistors of the
megohmmeter.

Connects decade resistor to

megohmmeter,

Connect megohm bridge to
megohmmeter {3 required).

Measurement of dc and a¢
voliages.

No. 2 Phillips-head screwdriver
forinternal adjustments.

GR 1433-H Decade Resistor
(P/N 1433-9734)

GR 1644 Megohm Bridge

GR 274-NPS Double-Plug
Patch Cord, Right-Angle Plug,
12-in. long (P/N 0274-9852)

GR 274-LSB Single-Plug
Patch Cord, black, 12-in. long
(P/N0274-0849)

GR 18086 Electronic Voltmeter
(P/N 18069707}

Xeelite Type X-102
Phillips Screwdriver

*or equivalent

terminal.

SHORTING
LINK

|

GR 644 i GUARD
MEGOHM BRIDGE %

u. Connect the GR 1644 Megohm Bridge between the
GUARD and -UNKNOWN terminals with two GR 274-1.5B
Single-Plug Patch Cords. Connect the two ground terminals
together. with a third patch cord {Figure 6-1). Leave the
megohmmeter shorting link attached only to the ground

T

/
/) unknown
7/

f
1
|
o

v. Set the multiplier switch in the full cow position (1M,
100k} and the function switch to MEASURE. ’

w. Measure the various standard resistors of the meg-
ohmmeter with the megohm bridge according to the
settings and tolerances of Table 6-2. Take into consider-
ation the 1844 bridge-accuracy tolerance for the final

GR 274-LSB measurement. Use a test voltage of 10 V.

PATCH CORD
/7
/)
77 T 6.3 CABINET REMOVAL.

l
|
1
]

1o remove the instrument from the cabinet, remove the
two screws on the rear of the instrument cabinet and pull

% N the instrument out of the cabinet.
—
.
i""_’“’ o ] WARNING
oR 1863 0 1ess | | Be careful when trouble shooting the instru-
MEGOMMMETER | (app + - | ment when it is out of its cabinet and connect-
| URKNOWN | ed to the power line. Dangerous voltages are
L T N present, particularly at the transformer term-

3 et inals. Connect the shorting link between the
GUARD and ground terminals to keep the

Figure 6-1. Connections for measuring standard resis-
tors with the GR 1644 Megohm Bridge.

6-2 SERVICE AND MAINTENANCE

voltmeter circuitry near ground potential.




Table 6-2
STANDARD RESISTOR MEASUREMENTS

. Table 6-3
TYPE 1863 TEST VOLTAGES™

Multiplier Switch Standard Resistor Measurement
Setting Value {02} Tolerance {%) Test Point {+) Test Point {~} Voltage (V)
™ 2k 1 CR105 Anode Q101 Emitter —16.7
100k Q101 Collector Q101 Emitter 20.2
Q101 Base Q101 Emitter 0.6
10M 20k 1 Q102 Base Q107 Emitter 20
™ Q102 Emitter Q107 Emitter 21
Q103 Base Q101 Emitter 205
100M 200 k 1 AT23 Guard 411
10M ~CR101 Cathode Guard 824
CR 102 Cathode Guard 419
1G 2M 1 CR103 Cathode Guard 410
100M CR104 Cathode Guard 0.6
CR201 Cathode Guard 31
10G 20 M 1 Q2071 Collector Guard 148
1G Q201 Base Guard 0.6
ATH Guard 9.3
100G 200M 2 AT10 Guard 89
10G Q202 Emitter Guard 9.8
(202 Collector Guard =65
17 2GT 2 Q203 Base Guard 9.1
100G Q204 Case Guard 0]
Q204 Drain Guard 9.2
107> —_ — Q204 Source Guard 0.6
1T 0204 Gate Guard 0

TThis value only appears as a fixed resistor in the 1864. Since the
value is determined by feedback multiplication of the 200-M{2 resis-
tor in the 1863, no measurement should be made with the megohm
bridge.

*This range only appears on the 1864. Its range valué is determined
from the feedback muitiplication of the 2-G {2 resistor, therefore. no
measurement shouid be made with the megohm bridge.

6.4 TROUBLE ANALYSIS.
6.4.1 General.

The following information is designed to assist in
troubleshooting the 1863 and 1864 Megohmmeters. An
understanding of the theory involved in these instruments
{Section B} makes the instrument easy 1o analyze because
the difficulty can usually be located quickly in either the
voltage regulator or in the meter circuit.

If the instrument is completely inoperative, be sure to
check the power-line connection and the fuses {located on
the rear panel).

6.4.2 Test Voltages.

Tables 6:3 and 6-4 tist a number of typical test voltages
10 assist in trouble analvsis. Figures 6-2 through 6:5 and the
diagrams of Section 7 will assist in locating components for
testing purposes.

*Voltages are dc and the values are typical  Set TEST VOLTAGE switch

1o 200, function switch to CHARGE, connect'the shorting link be-
tween the ground terminal and GUARD, and set the multiplier switch
to TMi Messurements made with s GRB 18086 Electronic Voltmeter:

6.5 CALIBRATION PROCEDURE.
6.5.1 General.

The accuracy of the 1863 and 1864 depends on the
accuracy: of the range resistors, the accuracy of the applied
voltages and the meter tracking accuracy. The over-all
accuracy can be checked most easily by checking each one
of these contributing quantities separately, for to check all
points on all ranges. at all voltages would reguire a
tremendous number of measurements,

8.5.2 Meter Tracking.

The scale tracking can be easily checked using a decade
resistanice box with 100-k§% and 1-M£) steps, such as the
GR 1433-H. Steps a through m of paragraph 6.2 should be
performed o check the-tracking. If all readings are
corrected by the amount of the error at a reading of 0.5
they should be betier than the specification.
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Table 6-4
TYPE 1864 TEST VOLTAGES”

Test Point {+} Test Point {—} Woltage (V)
ATID Q101 Emitter 24
CR105 Anode 0101 Emitter 17.3
CR112 Anocde 0101 Emitter 185
G101 Collector Q101 Emitter 12
Q107 Base 01071 Emitter 0.b
Q102 Base Q101 Emitter 20
Q102 Emitter Q101 Emitter 19.4
Q103 Base Q1071 Emitter 189
CR201 Cathode ATH 36.3
Q202 Emitter ATD 155
(203 Base ATH 14.3
CR104 Cathode Guard 304
CR103 Cathode Guard 8513
CR102 Cathode Guard 922
CR107 Cathode Guard 1099
AT23 Guard 496
ATH Guard -5
Q201 Collector Guard 14.7
Q201 Base Guard 0.6
Q202 Emitter Guard 95
Q204 Cathode Guard = O
0204 Drain Guard 89
0204 Souree Guard 05
204 Gate Guard o

8 suard 92
ATIO Guard 87
CR201 Cathode Guard 303
Q203 Base Guard 89

=y oltages are de and the values are typical. Set the TEST VOLTAGE
switch 10 200, function switch to CHARGE, connect the shorting
link between the gound terminal and GUARD, and set the multl-
plier switch to 1M, Measurements made with a GR1806 Electronic
Yoltmeter.

5.5.2 Voltage Accuracy.

While the voltage can be checked to be within its
specification, & more important check is 10 see that the
voltage and meter sensitivity track to give a correct
resistance reading. Such a check is generally adequate for it
would be an unusual coincidence if both the voltage-control
and meter-sensitivity resistors were both in error, such that
a good reading is obtained. To check this tracking, perform
steps n through s of paragraph 6.2, 1f a reading is incorrect,
the voitages shiould be checked with a voltmeter, such as
the GR 1806 Flectronic Voltmeter, connected between the
UNKNOWN + and - terminals. The function switch can be
set 10 either the CHARGE or MEASURE positions.
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if all the voltages are out of iolerance in the same
direction, they can be set within the tolerance by adjusting
R140 located on etched-circuit board P/N 1864-2701
{common 1o both the 1863 and 1884 Megohmmeters and
shown in both Figures 8-2 and 6-4). The adjustment can be
made as s00n as the instrument is removed from the cabinet
{paragraph 6.3). 1t is not necessary to move either of the
etched-circuit boards, since the adjustment is on the top
etched-circuit board. This adjustment affects all voltages by
the same amount, but adjustment at 200 V minimizes
possible errors due 1o resistance tolerances.

if all the voltages are correct but all meter readings are in
error in the same direction, the meter sensitivity can be
resel, Adjust R243 {Figures 6-2 and 6-4), located on the
same etched-circuit board as R140, to correct the meter
readings. This adjustment affects all measurements but on
the 1863 is most sensitive at 200-V and 250-V and
least sensitive at 100 V. In the 1884, it is most sensitive at
the lower settings of the first digit of the test voliage
adjustment, i.e. 100V, 200 V, etc.

£.5.4 Range-Besistor Accuracy.
The range resistors can be checked by performing steps t
through w of paragraph 6.2.

6.5.5 Coarse o= Adjustment.

1£ it is impossible to set the infinity controls on the front
nanel set both controls at their center positions and adjust
B44 (Eigures b2 and 64}, located on the etched-circuit
board with B140 for 2 reading as close to % as possible.
Make the final adjustments with the front:panel controls.

6.6 KNOB BEMOVAL.

1£ it should be necessary 1o remove the knob on @
front-panel control, either to replace one that has been
damaged or 1o replace the associated controf, proceed as
follows:

a. Grasp the knob Tirmly with the fingers, close into the
panel lor the indicator dial, if applicable), and pull the
knob straight away from the panel. ‘

CAUTION
Do not pull on the dial to remove a dial/knob
assembly. Always remove the knob first. To
avoid damage to the knob and other parts of
the control, do not pry the knob loose with a
screwdriver or similar flat tool, and do not
attemnpt to twist the knob from the dial,

b. Observe the position of the setscrew in the bushing,
with respect to any panel markings {or-at the full cow
position of & continuous control).

o Belesse the setscrew and pull the bushing off the shaft.

4. Remove and retain the black nyion thrust washer,
behind the dial/knob assembly, as appropriate.




NOTE

0 separate the bushing from the knob, if for
any reason they should be combined off the
instrument, drive a machine tap a turn or two
into the bushing for a sufficient grip for easy
separation.

6.7 KNOB INSTALLATION.

To install a knob assembly on the control shaft:

ETCHED-CIRCUIT BOARD
{FIGURE 7~-4)

RZ;EZ

i Ay
JI05 5802 Fiol

ETCHED-CIRCUIT BOARD
(FIBURE 7-5)

Figure 8-2, Top interior view of 1863 Megohmmeter
with both etched-cireuit boards tipped up.

5502 Fi02

Si01

Figure 6-3. Bottom interior view of 1863 Megohm-
meter.

RI40  R244

ETCHED-CIRCUIT BOARD

CRIOT #1101 8501

a. Place the black nylon thrust washer over
the control shaft, if appropriate.

b. Mount the bushing on the shaft, using a
smali slotted piece of wrapping paper as a shim
for adequate panel clearance. -

c. Orient the setscrew on the bushing with
respect 1o the panel-marking index and lock the
setscrew with the appropriate hex-socket key
wrench.

ETCHED-CIRCUIT BOARD
{FIGURE 7-4)

Viol R242 RI40 R24i

| _
JI05 ¢ 8302 Fioi

Figure 64, Top interior view of 1864 Megohmmeter
with both etched-circuit boards tipped up!

$201 JI0s Fio2 TiO}
\

3363 3102 5101 5501

Figure 8-5. Bottom interior view of 1864 Megohm-
meter,
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NOTE
Make sure that the end of the shaft does not
protrude ‘through the bushing or the knob
won't bottom properly.

d. Place the knob . on the bushing with the retention

spring opposite the setscrew.
e. Push the knob in until it bottoms and pull it slightly to

6-6 SERVICE AND MAINTENANCE

check that the retention spring is seated in the groove in the
bushing.

NOTE
If the retention spring in the knob comes loose,
reinstall it in the interior notch that has the
thin slit in the side wall. 1t will not mount in

the other noich.




Parts Lists and Diagra:

NOTE
Asterisk indicates component peculiar to 1863,
Components without asterisk are common 1o
both instruments or are in the 1864,

PARTS LIST
Ref. MNo. Description GR Part No, Fed Mfg. Code Mfg. Part No. Fed, Stock No.
CAPACITORS
101 Electrolytic, 4 uF +150-10% 475 V 4450~2000 BOIB3 32845 5910%893~0879
102 Electrolvtic, 4 uF +150-10% 475 V 4450-2000 80183 132845 5910~-893-0879
103 Electrolytic, 4 uF +150-10% 475 V 4450-2000 80183 D32845 5910-893-0879
Ci04 Electrolytic, 4 uF +150-10% 475 V 44530-2000 80183 D32845 5910-893-0879
105 Electrolytic, 4 uF +150-10% 475 V 4450-2000 80183 D32845 3910~-893-0879
C105 Electrolytic, 4 u¥¥ +150~ 0% 475V 4450-2000 80183 D32845 5910-893-0879
107 Electrolytic, 25 pF +130-80% 50 V 4450-3000 56289 D33883 5910+-799-9285
108 Ceramic, 0.01 uF +80-20% 50 V 4401 -3100 80183 CC61, 0.01 pF +80-20% 5910~974-5697
C109 Ceramic, 100 pF +80-20% 500 V 4404-1109 72982 831, 100 pF +80-20%
114 Electrolytic, 0,047 pF #10% 1000 V 4860-8235 84411 663UW, 0.047 uF £10%
111 Ceramic, 0.1 pF +80-20% 30 V 4403~4100 80131 CC63, 0.1 uF +80-20% 5910-811-4788
112 Oil Impregnated, 0.0047 uF £10% 600 V 4510-4300 56289 73P47298 5910~-666-7510
C201 Electrolytic, 25 uF +150-10% 50 V 4450~3000 56289 D33883 5910~799~9285
Czn2 Ceramic, 0.01 uF +80~-20% 30 V 4401-3100 80183 CC61, 0.01 uF +80-20% 5910-974-5657
203 Mica, 100 pF +106% 300 V 46201000 72136 CM15, 100 pF 10%
DIDDES
CRI0L . Type 1N3256 6081-1004 12672 1N3256 5960~972-9395
2CR101 Type 1N3255 6081~1003 THOBY  IN3255 5961-964-5242
CRI0Z . Type 1N3256 60811004 12672 1MN32536 5960-972-9395
FCRI10Z Tvpe 1N3255 6081-1003 79089 1N3255 5961-964-5247
CRI03  Tvpe INAISE 6081-1004 - 12672 1N3256 3960-972-9305
- “CRIO3 Type IN3255 6081-1003 79089 - 1N3955 5961-964-5949
- CRI04 Tune IN3956 6081-1004 19477 1N3I56 5960-979-9395
“CRI104 Type 1N3I55 6081-1003 70080 1N3955 5961-964-50472
CHIO®  Type 1N3953 6U51-1001 /5089 IN3255 5961 -814-4951
CHIOE Dope 1NGI55 6UB1-1003 79089 1N3055 5961 -964-5949
CRIO7  Tyvpe IN3955 6081-1003 79089 1N4055 3961-904-5242
“CRIUT Type 1N3953 6081-1002 79089 1N3955
CRIOB  Type IN3253 6081-1001 79080 1N3953 5561-814-4251
CRIIL  Type INGJOB 24 ¥ 0U83-1054 50211 1NOY0B
CRI12 Twoe INJRIA 6.0V 6083 -1008 12672 INT53A
CR201  lvpe IN3253 6081-1001 79089 'IN3253 5961-814-4251
CR211  Type INOGBB )0 V 6083-1018 80131 1N968B 3960-858-4180
CH21Z  Type IN9S6B 15 V o083-1047 07910 1IN955B 3961-877-6192
REJMSTORS
R101 Film, 100 kQ 259 5 W 6225-4105" 14674 1P1-5, 100 k@ £5%
R102 Pilm, 100 k2 5% 5 W 6228-4105" 14674 1.Pi-5, 100 kQ 5%
R103 Composition, 2.2 MQ 5% 1/2 W 6100-5225 01121 RC20GF225] 5903-190-8885
R104 Composition, 2.2 M@ I/ W 6100-5225 01121 RC20GF223] 5905-190-8885
R105 Composition, 2.2 MQ 33% 1/2 W 6100-5225 01121 RC20GF225] 5905-190-8885
R106 Composition, 2.2 MQ £5% 1/2 W 6100-5225 01121 RC200GF225] 5905-190-8885
R107 Composition, 2 kQ 5% 1/2 W 6100-2205 01121 RC20GP202] 5905-190-8887
R108 Composition, 1 kQ $5% 1/2 W 6100~-2105 01121 RC20GF10Z] 5905-195-6806
R109 Composition, 62 kQ #5371 W 6110-3625 01121 RC32GFb23] 5905-299-2009
*R109 © Film, 100 kQ 5% 3 W 6228-4105 14674 LP1-5,.100 kG 2597
R110 Composﬁmn 68k BT 1 W 6110-3685 01121 RC32GE683] 5905-299-2010
R1IiL Composition, 270 k2 3% 1 W 6110-4275 01121 RC32CGE274] 5905-279~4302
R112 Composition, 120 k@ BE 12 W 6100~4125 01121 RCZ0GE1LIZ4] 5905-192-3981
R113 Composition, 390 kQ 5% /2. W 6100-4395+ 01121 RCZ0GE394] 5905-279-2517
R114 Composition;, 1.2 MQ 5% 1/2 W 6100-5125+ 01121 RC20GEI25T 5905~190-8874
R1i5 Composition,; 39 kQ 5% L'W 6110-3395 . 01121 ROC32GE393] 5905-299-2015
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PARTS LIST {Cont)

Hef. No. Descripiion GR Part No, Fed. Mig. Code Mig. Part No. Fed, Stock No,
RESISTORS {cont)

R116 Composition, 47 k8 5% 2 W 6120-3475 01121 RC42GF473] 5905-190+8873
R117 Composition, 220 Q 5% 1/2 W 6100-1225 01121 RC20GF221] 5905~-279-3513
R118 Composition, 200 kQ 5% 1/2 W 6100~-4205 01121 RC200GF204] 5905-171-2003
R119 Composition, 12k 237 1/2 W 6100-3125 01121 RC20GF123] 5905-279-1878
R120 Composition, 8.2kQ #3% 1/2 W 6100-2825 01121 5905-185~8510
R121 Composition, 10 kQ 5% 1/2 W 6100-3105 01121 RC20GF103] 5905-185-8510
R122 Composition, 10 k@2 23% 1/2 W 6100-3105 01121 RC20GF103] 5905~-185~8510
R123 Film, 24.9kQ 21/2% 1/8 W 6251-2249 753042 CEA T0O, 24.9kQ £.5%

R124 Film, 226 k& i1/2% 1/8 W 6251-3226 75042 CEA~-TO, 226 k0 £.5%

*R124 Film, 249 k0 £1/2% 1/4 W 6351-3249 75042 Ctb TO, 249 k0 £,5%

R125 Composition, 30 k2 £3% 1/2 W 6100-3305 01121 RC20GF303] 5905-192-3978
FR125 Film, 499 k0 £1/2% 1/4 W 6351-3499 73042 CEB-TO, 499 k0 £.5%

R126 Film, 499 k9 21/2% 1/4 W 6351-3499 73042 CEB-TO, 499 k0 £,59

*R126 Film, 249 kQ £1/2% 1/4 W 6351-3249 75042 CEB-TO, 249 Q +.5%

Riz27 Film, 1 MQ 21/2% 1/2 W 6451-4100 75042 CEC-TO, 1 MO %.5%

*R127 Film, 1.24 M 2 1/2@ /2w 6451-4124 73042

R128 Film, 2 MQ 21/2% 1/2 W 64514200 75042 CEC-TO, 2 MD +.5%

R129 Film, 2 MQ 21/2% 1/2 W 6451-4200 75042 CEC-TO, Z MO 5%

R130 Film, 49.9 k £1/2% 1/4 W 6351-2499 75042 CEB-TO, 49.9 kQ £.5%

R131 Film, 100 kQ 1% 1/4 W 6350-3100 75042 CEB, 100 k0 3 1‘7 5905-539-3982
R132 Film, 200 kQ £1% 1/4 W 6350-3200 75042 CEB, 220 kn 5905-702-6528
R133 Film, 200 kQ £1% 1/4 W 6350-3200 75042 CEB, 220 k0 ~-% 5905-702-6528
R134 Composition, 68 k2 #5% 1/2 W 61006-3685 01121 RC20GF683] 5905-249-3661
R135 Composition, *”% /2 W 6100-3165 01121 RC20GPF163] 5905-279-3501
R136 Composition, /2 W 5100-9475 01121 EB, 4.7 @ 1‘::97

R137 Composition, 110 2 1/2 W 6100-0115 01121

R138 Composition, 22 <€2 *3% 172 W 6100-3225 01121 RL.Z(}(;FZZ&»{ 5905-171-2004
R139 Film, 200 k0 #1% 1/4 W 6350-3200 75042 CEB, 220 k9 19 3905~702 6578
*R139 Film, 208 kQ 721/2% 1/4 W 6351-3208 73042 CERB- ‘TO 208 k8 £.5%

R140 Pot, Wire Wound, 5 kQ £10% 1/4 W 6056-0142 11236 115, 35 k9 $10%,

R141 Special, 30k 5% 1/4 W 6099-3305 24655

R201 Composition, 1, 2 k0 5% 1/2 W 6100-2125 01121 RC200¥122] 5905-190~8880
R202 Composition, 3.6 k2 5% 1/2 W 6100-2365 01121 RC20GF352] 5905~-171~2001
R203 Composition, 27 kR 3% 1/2 W 6100-3275 01121 RCI2OGF273] 3905~279-3499
R204 Compuosition, 43 kQ #3% 1/2 W 6100~3435 01121 RC200GF433] 5905-279-3498
R205 Composition, 3.3 kQ 5% 1/2 W 6100-2335 01121 RC20GF332] 5905-279-3506
R206 Composition, 10 k2 £5% 1/2 W 6100-3105 01121 RC20GF103] 5905-185-8510
R207 Composition, 24 k2 "“5/:’, /2w 6100-3245 01121 RC20GF243] 5905-279~1878
R208 Composition, 20 k& 5% 1/2 W 6100-3205 01121 RC20GF203] 5905~192-0649
R20% Composition, 47 MO 257 1/2 W 6100-6475 01121 RC20GF476] 5905-794-3893
R210 Composition, 47 MQ 339 1/2 W 6100-6475 01121 RC20GF476] 5905-794-3893
*R210  Composition, 100 M 3% 1/2 W 6100~-7105 01121 EB, 100 M #3%

R211 Film, 100 kQ 219 1/8 W 6250-3100 75042 CEA, 100 k0 1% S5005-577-4743
*R211  Film, 10k 217 1/8 W 6250-2100 75042 CEA, 10 kD 1% 5905-8E3-4837
R212 Film, 11 kQ 19 1/8 W 6250-2110 73042 CEA, 11 kR £1% 590b-681-4941
*R212  Film, 1.1 kQ #1% 1/8 W 6250-1110 75042 CEA, 1.1 k0 21% 5905-577-1791
R213 Film, 1.02 MQ 1% 1/2 W 6430-4102 75042 CEC, 1.02 MO 17

*R213  Film, 102 kQ £1% 1/8 W 6250-3102 75042 CEA; 102 kI 217

R214 Film, 2 k2 £1/2% 1/4 W 6351~1200 75042 CEB~T0O 2 k& 157

R215 Film, 20 k2 21% 1/2 W 6450-2200 . 75042 0 CEC, 20 k80 219

R216 Film, 200 kQ £1% 1 W 6550-3200. 75042 MEE, 700 k4 219 5905-552-5162
R217 Film, 2 MQ 219 1/2 W 645074200 75042 CGBC, 2 Mo 217 5905-539-0802
B218 Filin, 20 MO 217 1 W 6550-5208 /5047 MEE 20 Mg 217

R219 Hilnm, 200 MIQ 2100 1 6619-3407 04655

Hi70 Frecision Cavbon Coated 2 GO 217 1 W 6740-1504 63060 B¥i-1 0 GO 7

R271 Hilm, 1.91k0 2109 1 /4 W G6351-1191 94455

FR221 Bl 1 RQ H1T 18 W 6250-1106 75042 CHAL | kg 210 5905-381-6915
R222 Bibm, J82 L0 21700 14 oy A351-1388 24655

FROZ7 Bilm, 499 %0 810 18w 6250-1499 95043 CEA 490%0 +19

R223 Bilm, 7.68 kQ 2100 1/4 W 63511768 7504) CBER-TO 7 68 O 3%

*R273 Fim, W0k TIZ i/aw 6250-0100 75042 CEA I0%D 217 5905-883-4837
RJ24 Hilm, 7.68 k0 21/0% 1/4 W 6351 1768 78047 CHEB-T0, 7.68k0 =59

R225 Hilm, 2000217 1/4 W 6350-0200 78047 OBEB 700 1 19 5905 -702-0028
R226 Filo, 402 9 21% /8 W 6250-0400 75040 CEA 402 O 219

R227 Film, 806 @ 21% 1/4 W 0350-0808 75047 OFB 806 O 19 5905-815-6464
R228 Film, 806 Q 47 1/4:W 6350-0806 75047 CED 806 O 19 5905-815-6464
R229 Composition, 1.2 k& #% 1/2 W 61002125 01121 RC20GF122] 5905-190-8880
*R229  Composition, 3 kQ T5%-1/2W 6100-2305 01121 RC20GF302] 5905-279-1751
R230 Composition, 100 kQ #5% 1/2 W 6100-4105 01191 RC20GF104] 5905~-195-5761
R231 Composition, 1 M 3% 1/2 W 6100-5105 01121 RCI0GF105] 5905-192-0390
R232 Composition, 10 M2 #5% 1/2 W 6100-6105 01121 RCI0GFI06] 5905-27921865
R233 Wire Wound, 470 © £10% 2 W 6760-1479 75042 BWH, 470 © 2109 5905-952-6772
R241 Pot, Comp. 250 £ £10% oU00-0100 01121 JU, 250 @ 2109

*R241  Pot, Composition 50 £ £10% 60000025 01121 JU, 50 @ £10%

R242 Pot, Comp. 2.5 k5 *10% G000=0400 /01121 33MS, 2.5 k0 £10% 9057760400
*R243 Pot, Wire Wound, 1kQ £10% 6056-0138 11238

R244 Pot, Wire Wound, 5 k%2 £10% 6056-0142 11236 115, 5 k2 x10%
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PARTS LIST {Cont)

Ref. Mo, Description GR Part No. Fed Mfe, Code Mig. Part No. Fed. $tock No,

SWITCHES

5101 Test Voltage (1-10) 7890-5350 24655 7890-5350

*8101  Test Voltage Switch 7890~3390 24655 7890-5390

5102 Test Voltage (0-9) 7890-5360 24655 7890-5360

5103 Test Voltage (V-0V) 7890-5370 24655 7890-5370

5201 Resistance Multiplier Switch 78905380 24655 7890-5380

#5201 Resistance Multiplier Switch 7690-5400 24655 78%90~5400

3202 Measure/Charge/Discharge 1864-0400 24655 1864-0400

5501 Power OFF, toggle 7910-1300 04009 83053-SA 5930-909-3510

5502 Line Voltage Selector, slide 7910-0831 42190 4603

TRAMNSISTORS

Q101 Tvpe 2N3905 8210-1114 93916 2N3905

Q102 Type 2N4250 8210-1135 93916 2N4250

*QI0Z  Type 2N39035 8210-1114 04713 2N3903

Q103 Type 2N4250 8210~1135 93916 2N4250

*Q103  Type 2N3905 8210-1114 04713 2N3905

Q201 Type 2N3905 8§210-1114 93916 2N3905

Q202 Type 2N3503 8210-1132 04713 2N3903

Q203 Type 2MN3903 8210-1132 04713 2N3903

Q204 Type 2N4220 8210-1143 93916 2N4220

MISCELL AMEOUS

Fi01 Fuse, Slo-Blo 1/8A 5330-0450 71400 MDIL, 0.125 Amp 5920-284~9455

Fi02 Fuse, Slo-Blo 1/16A 5330-0300 71400 MDL, 0.062:Amp

J101 Binding Post Guard 0938-3003 24635 0938-3003

jioz Binding Post Assy,, Ground (938-3022 24655 0938-3022

Ji03 Binding Post, Unknown + 0938-3003 24635 0938-3003

Ji04 Binding Post, Unknown - 0938~3003 24655 0938-3003

1105 Output 4260-1031 82389 Nill

Mi0l  Meter 5730-1412 24655 5730-1412

Pio1 Pilot Light S5600-0300 24454 #: 6240-155-7857

Pi02 Pilot Light 3600-0300 24454 6240-155-7857

P10s Pilot Light, Danger 5600-0316 24454 3

PL5301 Input Power Cable 4200~1800 24655 4200-1800 5995-738-6521

Tiol Transformer, Power 03454028 24655 0345-4028

#*T101  Transformer, Power 0345-4029 24635 0345-4029

V101 Tube 6AB4 8360-0100 80131 0AB4 5960-262-0190
Reg. and amplifier ass'y-1863 1864-2711 24635 1864-2711
Reg. and amplifier ass’'y-1864 1864-2701 24635 1864-2701
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Figure 7-1. Replaceable machanical parts on the 1863
{portable unit shown).

Figure 7-2. Replaceable mechanical parts on the 1884
{rack-mount unit shown).
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MECHANICAL PARTS LIST

Reference Number Name Description GR Pari Mo, Hed: Mis. Part Noo,
Fig. 7-1  Fig. 7-2 Mig. Code
1 1 DRESS NUT Nut, 15/32 -32, 7/16 inch, 5800-0800 - 246355 53800-0800
2 2 METER COVER Weston, 4 inch, light gray. 5720-4711 24655 5720=4711
3.4 - DRESS NUT Nut, 3/8 -32, 7/16 inch. 3800-0805 24655 3800-0805
- 3.4 KNOB ASM. Knob, white dot and line 5520-5221 24655 °5520-5221
including retainer P/N 5220-5402.
5,10,12 5,10,12  INSULATOR Gray insulator. 0938-9813 24655 0938-9813
6,11,13 6,11,13  BINDING POST ASM. Red-top. Binding Post, Brass 0938-9734 24655 0938-9734
7 7 SHORTING LINK Shorting link. 5080-4800 24635 5080-4800
9 8 BINDING POST ASM. Jack with top and shaft 0938-3022 24655 0938-3022
8 9 SPACER Spacer to ground jack to panel. 0938-9706 24655 (0938-9706
14* 14 DIAL ASM. Range switch dial assembly 1864-1200 24655 1864-1200
including bushing P/N 4143-3251,
15 15 KNOB Range switch knob including 3520-5420 24655 5520-5420
retainer P/N 5220-5401.
16 16 DRESS NUT Nut, 15/32 -32, 1/2 inch, 5800-0810 246535 5800-0810
- 17 DIAL ASM. Right-hand TEST VOLTAGE 1864-1220 24655 1864-1220
dial assembly including
bushing P/N 4143-3241.
17 - KNOB ASM. Knob, TEST VOLTAGE, including 3500-5421 24635 35500-5421
retainer P/N 5520-5401.
- 18,20,22 KNOB Knob, no lines, including 5520-5220 24655 5320-5220
retainer P/N 5220-3402,
- 18 DIAL ASM. Center TEST VOLTAGE 1864-1230 24653 1864-1230
dial assembly including
bushing P/N 4143-3241,
- 21 DIAL ASM. Left-hand TEST VOLTAGE 1864-1210 24655 1864-1210
dial assembly including
bushing P/N 4143-3241.
18 — GASKET Rubber gasket around panel. 5331-3602 24635 5331-3602
{ Removed on rack-mount unit)
Rear Rear FUSEHOLDER Fuse Mounting Device 5630-0100 71400 HKP-H
Panel Panel
*P/N 1863-1200 on 1863

fed Stk No.

53103443034

5940-927- 7459

5310-991~7185

5920-284~7144
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Rotary switch sections are shown as viewed
from the panel end of the shaft. The first digit
of the contact number refers to the section.
The section nearest the panel is 1, the next
section back is 2, etc. The next two digits refer
to the contact. Contact 01 is the first position
clockwise from a strut screw {usually the screw
above the locating key}, and the other contacts
are numbered sequentially {02, 03, 04, etc},
Riz7 proceeding clockwise around the section, A
LEAM suffix F or R indicates that the contact is on
raw the front or rear of the section, respectively.
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Figure 7-3. Type 1883 switching diagram.
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Figure 7-4. Regulator and amplifier circuits etched-
board assembly for 1863 and 1864 .

. Type 1863 rectifier circuit etched-board
assembly (P/N 1863-2720).

MOTE: The number appearing on the foil side is not the part number.
The dot on the foil at the transistor socket indicates the collsctor lead,
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Figure 7-6. Type 1863 schematic diagram.
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Cods

00182
Q0384
00434
006586
01008
01121
01288
22114
02806
02680
02768
03508
03636
os8RE
02911
04009

04713
05170
05624
0BR20
07126
07127
07281

072632
Q7387
07685
07828
07828
07910
07983
07289
08730
09213
08408
08823
08922
11238
11589
12080
12488
12672
12687
128854
13327
14433
14655
14674
145836
15238
15608
16037
17771

19386
19644
18701

21338
22753
23342
24446
24454
24458
24655
2WBB0L
28520
28958
30874
32001

33173
35828
37942
38443
40831

42180
42498
43991

9/68

FEDERAL MANUFACTURER'S CODE

From Federal Supply Code for Manufacturers Cataloging Handbooks H4-1
{Name to Code} and H4-2 [Code to Name) as supplemented through August, 1968,

Manufacturer

Jonses Mg Co, Chicago, Hilinols
Walsco Elecironics Corp, L. A., Calif,
Schweber Electronics, Westburg, L.1L, N.Y,
Asrovox Sorp, Mew Bedford, Mass,
Alden Producis Co, Brockton, Mass,
Allen-Bradlay, Co, Milwaukes, Wisc,
Texas Instrumsnts, Inc, Dallas, Texas
Ferroxcube Corp, Ssugertles, N.Y. 12477
Fenwal Lab Inc, Morton Grove, HiL
Arnphenol Electron Corp, Broadview, Hi
Fastex, Des Plainas, 1H, 60018
G.E, Ssmicon Prod, Syracuse, M.Y. 13201
Grayburna, Yonkers, MY, 10701
Pyrofilm Resister Co, Cedar Knolls, N.J.
Ciairex Ceorp, Mew York, MN.Y. 10007
Arrow-Hart & Hegemasn, Hertford, Conn,
081086
Motorole, Phosnix, Ariz. 85008
Engr'd Electronies, Sante Ana, Calif, 92702
Barber-Colmen {o, Rockford, il 81101
wakeafield Eng, inc, Wakefleld, Mass, 01880
Digitron Co, Pasadena, Calif,
Eagle Signal {E.W, Bilss Co), Baraboo, Wisc,
Awnet Corp, Culver City, Calif, 80230
Fairchild Camera, Mounialn View, Calif,
Birtcher Corp, No. Los Angsles, Calif.
Amer Semicond, Arlingten His, 11, 80004
Bodine Corp, Sridgeport, Conn, DE605
Bodine Electric Co, Thicage, 1. 60618
Cont Davice Corp, Hawthorne, Calif,
State Labs lnc, MY, MY, 16003
Borg inst., Dajavan, Wisc, 83115
vemaline Prod Co, Franklin Lakes, N.J.
G.E, Ssmiconductor, Buffalo, MN.Y.
Siar-Tronics inc, Georgetown, Mass, 01830
Burgess Battery Co, Fresport, il
Burpdy Corp, Morwslk, Conn, 06852
©.7.5, of Bernag, inc, Berne, ind, 46711
Chandlsr Evans Corp, W, Hartford, Conn,
rational Seamiconductor, Danbury, Conn,
Crystalonics, Cambridge, Mass, 02140
RO A, Woodbridgs, M.J.
Ciarostat Mfg Co, inc, Dover, M.H, 03820
Dickson Elsctronics, Scotsdale, Ariz.
Bolitron Davices, Teppan, N.Y., 10983
ITT Semicondictors, W.Palm Beach, Fia.
Cornatl-Dubllisr Electric Co, Newark, N.J.
Corning Glass Works, Corning, MN.Y.
Ganeral instrument Corp, Hickswilie, N.Y.
17T, Semiconductor Div, Lawrence, Mass.
Cutle-Hammer inc, Milwaukse, Wisc, 83233
Spruce Pins Mica Co, Spruce Ping, N.C.
Singer Co, Dish! Div, Somerville, N.J,
iliinols Tool Works, Pakton Div, Chicago, Hi.
1. RC Elsctronics, Horseheads, N.Y.
Eiectra Mfg Co, indepandencs, Kensas 87301
Fatnlr Bearing Co, New Briton, Conn,
UID Electronics Sorp, Hollywooed, Fla,
Avnet Electronics Corp, Franklin Park, HL
G.E,, Schensciady, M.Y. 12308
3.£,, Electronics Chmp, Syracuse, MN.Y,
GL.E. {Lamp Div}, Mela Park, Clevsland, Ohic
General Radio Co, W, Concord, Mass, 01781
American Zettlet Inc, Costs Mesa, Calif,
rayman Mig Co, Kenilworth, N.J.
Hofifman Electronics Corp, El Monts, Callf,
1.B.M, Armonk, New York
Jenszen Mig, Co, Chicago, 111, 80638
G.E. Comp, Owensboro, Ky. 42301
Constanta Co, Mont, 19, Qus.
P.R, Mallory & Co Ing, indianapolls, ind.
Marlin-Rockwsll Corp, Jamestown, N.Y.
Honeywsl inc, Minneapolls, Minn, 55408
Muter Co, Chicago, 111, 50638
Nationsl Co, Ing, Melrose, Mass, 02176
Norma-Hoffman, Stanford, Conn, 08304

Cods

49671
48356
53021
B4A2D4
BATIE
56289
53730
58875
60398
51637
61864
53060
63743
65083
55092
70488
70562
70903
711286
71294
71400
71468
71590
71688
71707
F1744
71785
71823
72138
722589
72618
72699
72765
72825
72962
72982
73138
73445
73569
73680
73898
74183
74861
74970
7042
75382
75491
75608
75915
7005
76149
78487
78548
76684
76854
77147
77168
77263
TI339
77842
77630
77638
78189
78277
78488
78553
72089
78725
79963
80030
B004B
80131
80183
80211
80258
80204

Manufacturer

RCA, Mew York, MY, 10020
Baytheon Mfg Co, Waltham, bass, 02154
Sangamo Electric Co, Springfield, 3l 82705
Shaticross Mig Co, Seima, N.C.
Shure Brothers, Inc, Evanston, 1L
Sprague Eisctric Co, N. Adams, Mess.
Thomas snd Betts Co, Elizabeth, N.J. 07207
TRW Inc, {Accessories Div), Clevalend, Ohio
Torrington Mig Co, Torrington, Conn.
Union Carbide Corp, New York, MY, 10017
United-Carr Fastenar Corp, Boston, Mass,
Wictoreen instrument Co, ing, Cleveland, O,
Ward Leonard Efectric Co, M1 Vernon, N.Y,
Westinghouss {Lamp Div}, Bloomfisld, MN.J,
Waeston instruments, Mewark, M.
tiantic-india Rubber, Chicago, Hl. 80807
Amperite Co, Union City, MN.J 07087
Beiden Mig Co, Chicago, 11l 80644
Bronson, Homer D, Co, Bescon Falls, Conn,
Canfisld, H,0. Co, Clifton Forgs, Va, 24422
Bussman {McGraw Edison), St, Louls, Mo,
17T Cannon Elec, L.A,, Calif, 90031
Centralab, inc, Milwaukse, Wise, 83212
Continentsl Carbon Co, Ine, New York, dN,Y,
Cote Coll Co inc, Providensce, B.L
Chicago Ministure Lamp Works, Chicago, Hi
Linch Mig Co, Chicago, il 80824
Darnsall Corp, Lid, Downey, Callf, 80241
Electro Motive Mig Co, Wilmingion, Conn,
Mvironics inc, Berksley Helghts, M.J. 07922
Dialight Co, Brookiyn, M.Y. 11237
Genarsl instr Corp, Newark, M,J, 07104
Drake dfg Co, Chicage, i, 80658
Hugh H. Eby ing, Phijadsiphls, Penn, 18144
Eiastic Stop Nut Corp, Union, MN.J, 07083
Eris Technological Products ing, Erle, Penn,
Beckman inc, Fullerton, Calif, 82834
Amperex Electronics Co, Hicksvills, N.Y.
Carling Electric Co, W.Hartford, Conn,
Eico Resistor Co, New York, N.Y.
JFD Electronics Corp, Brooklyn, MY,
Heinemann Electric Co, Trenton, Nud,
Industrial Condenser Corp, Chicago, Hi,
£.F, Johnson Cn, Wasece, Minn, 580383
I1RC ing, Philadeiphis, Penn, 18108
Kulka Elgctric Corp, M1, YVernon, N.Y,
i.afayetie industrial Elsctronies, Jamics, N.Y.
iLinden and Co, Providenca, R4,
Litteifuss, inc, Des Plaines, 11}, 60018
Lord Mig Co, Erls, Penn, 168512
wdatiory Elsctric Corp, Detroit, Mich, 48204
James Millen Mg Co, Malden, Mass, 02148
stusiler Electric Co, Cleveland, Ohjo 44114
National Tube Co, Pittsburg, Penn,
Osk Mig Ceo, Crystsl Lake, Hi
Patton MacGuyer Co, Providence, A,
Pass-Seymour, Syracuse, N.Y,
Plerce Poberts Rubber Co, Tranton, M.l
Positive Lockwasher Co, Newark, N, J.
Ray-0-Vac Co, Madison, Wise,
TARW, Electronic Comp, Camden, M.J, 0B103
General Instruments Corp, Brookiyn, N.Y,
Shakeproof (1. Tool Works), Elgin, 11, 80120
Sigma Instruments inc, 5. Braintres, Mass,
Stackpole Carbon Co, St Marys, Penn,
Tinnerman Products, Inc, Cleveland, Ohig
ACA, Rec Tube & Semicond, Harrison, Nk
Wiremold Co, Mertford, Conn. 08110
Zierick Mig Co, New Rochalls, MN.Y.
Prestole Fastener, Toledo, Ohlo
Vickers inc, 81, Louls, Mo,
Elsctronic industries Assoc, Washington, D.C,
Spragus Products Co, No, Adams, Mass.
tdotorela Inc, Franklin Park, 1, 60139
Siandard O Co, Lafeyette, ind,
Bourns inc, Riverside, Callf, 92508

Coda

80433

BOBS3
BO740
81030
B1073
81143
81348
B1350
81751

21831

B1B4O
81880
B2218
B2273
B2388
82647
82807
B3033
83058
82188
83361
B3EB7
B3740
B3781
84411
B4B325
84871

86577
B66RS
886887
38800
28140
88219
88418
B8G27
89482
296686
80201

0750
80852
91032
511486
21283
BIBO6
91598
91837
216562
1718
21928
92518
BRE78
93332
Q3916
94144
24154
980786
28121

85146
BHZ3IB
85278
25354
898412
95794
[EL95
26214
QE256
5341

86781

jeeelesd
98291
eB474
28821
899180
28313
89378
98800

Meanufactursr

Alr Fliter Corp, Mibwaukse, Wisc, 83218
Hammariund Co, ing, New York, N.Y,
Beckman instruments, ing, Fullerton, Cailf,
international Insturmaent, Orange, Conn,
Grayhill Ing, LaGranga, 111, 80525

isplantite Mig Corp, Stirling, M.J, 07980
wilitary Specifications

Joint Army-Navy Specifications

Columbus Elsctronics Corp, Yonkers, MY,
Filtron Co, Flushing, L., MY, 11354
Ledex inc, Dayton, Dhio 48402
Barry-¥Wright Corp, Watertown, Mess,
Sylvanis Elec Prod, Emporiumn, Penn,
indiana Pattern & Modsi Warks, LaPory, ind,
Switcheraft ing, Chicago, 1il, 80630

setzals & Controls Inc, Attleboro, Mass,
ailwaukes Resistor Co, Milwaukes, Wisc,
Meissner Mfg, (Maguire ind) Mt Carmel, 1L
Carr Fastansr Co, Carmbridge, Mass,

Wictory Engineering, Springfleld, N,J. 07081
Bearing Specialty Co, San Francisco, Calif,
Solar Electric Corp, Warren, Fenn,

Union Carbide Corp, New York, BLY. 10017
National Elscironies inc, Geneva, ill,

TRW Capacitor Div, Ogalisla, Nabr,

1_ehigh Metal Prods, Cambridgs, Mass, 02140
TA Mg Corp, Los Angsles, Callf,

Precision higtal Prods, Stoneham, Mass, 02180
ROA {Eiect, Comp & Dev), Harrlson, N.J,
REQ Corp, New Rochelie, N.Y, 10801

£ont Electronics Corp, Brooklyn, M.Y. 11222
Cutler-Hammer ing, Lincoln, il

Gould Mat, Batteries ing, Trenton, M4
Corneli-Dubiliser, FuguayrVarine, M.C.

K & G Mig Co, New York, N.Y.
Holrzer-Cabot Corp, Boston, Mass.

inited Transformer Co, Thicago, HL
wiatiory Capaciior Co, indianapolls, ind,
Wastinghouse Eiectric Corp, Boston, Mass,
Hardware Products Co, Reading, Penn, 18802
Continental Wire Corp, York, Pann, 17405
$TT {Cannon Electric Inc), Sslem, Mass,
Johanson Mig Co, Boenton, M.J, 070085
Augat inc, Attisboro, Mass, 02703

Chandler Co, Wethersfisld, Conn, 08108
Dsle Electronics ing, Columbus, Nebr,

Eico Corp, Willow Grove, Penn,

General Instruments, Ing, Dalles, Texas
Honeywell inc, Fresport, i,

Electra insul Corp, Woodside, 1.1, PLY,
£,5,&G., Boston, Mass,

Sylvaniz Elect Prods, ing, Woburn, Mass,
Cramer Products Co, New York, N,Y, 10073
Raytheon Co, Componenis Div, Quingy, biass.
Tung Soi Electric Inc, Newark, N..J,

Garde Mig Co, Cumberiand, R.L

Quality Components ing, 8t, Mary's, Penn,
Alco Efectronies Mfg Co, L a, Mass,
Continental Connector Corp, Woodside, MY,
Vitramon, Inc, Bridgeport, Conn.

#ethode Mig Co, Chicago, i,

Genersl Electric Co, Schensctady, MN.Y.
Ansconda Amer Brass o, Torrington, Conn,
Hi-Q Div, of Asrovox Corp, QOriesn, MY,
Texas Instruments inc, Dallas, Texas 75208
Thordarson-Melssner, M1, Carmal, I,
Microwave Assoclates ing, Burlington, Mass,
Amphenol Corp, Jonesville, Wisc, 83845
Military Standerds

Sealevtro Corp, Mamaroneck, NJY, 10544
Compar inc, Burlingame, Callf,

sorth Hilis Eisctronics Ing, Glen Cove, N.Y.
Transitron Eiectronics Corp, Malross, Mass.
Varian, Palo Alto, Calif, 94303

Aties Corp, Winchester, Mass. 01880
Dislevan Electronics Corp, E. Aurorae, MY,
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Rotary switch sections are shown as viewsed
from the panel end of the shaft, The first digit
of the contact number refers to the section.
The section nearest the panel is 1, the next
section back is 2, etc. The next two digits refer
to the contact. Contact 01 is the first position
clockwise from a strut screw {usually the screw
above the locating key), and the other contacts
are numbered sequentially {02, 03, 04, e,
proceeding clockwise around the section. A
suffix F or 8 indicates that the contact iz on
the front or rear of the section, respectively.
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7-8. PARTS LISTS AND DIAGRAMS

Figure 7-7. Type 1864 switching diagram.




Figure 7.8, Type 1864 rectifier circuit etehed-board
assembly (P/N 1864-2720).

NOTE: The number appearing on the foil side is not the part number.
The dot on the foil at the transistor socket indicates the collector lead.
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Figure 7-9. Type 1864 schematic diagram.
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GR Part
Name Number

Cabinet Base Complete 4182-1328
Cover Assembly 4182-1425
Handle Assembly 4182-1503
Gasket, base 5168~3620
(2 required)
Gasket, cover 5168-3605
Foot, round 5260-2051
(2 required)
Foot, square 5260-2060
(4 required)
Hub Insert 4182-6010
Side Plate Assembly™
Left 4182-1455
Right 4182-1475
Washer rubber® 8030-1642
(2 required)
Spring® 4182-8000
Pivot Shaft® 4182-6000

(2 required)
External Fastener Ring* 5210-0200
(2 required)

*Part of Hardware Set 4182-3010.

HUB INSERT

\;WASHER

| |
U o
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380 Midiand Avenus Saddle Brosk NI 078572
Telephone: (NJ] 901 7018000 [NY] 010 GRA D700
TWM 710 08B 9900

*BOBTON
Connecticut, Maime, Massachusetis, New Hampshirg, Rhiode sland,
Yerriont

{(5ALES)

Bolton, MA 01740

Telephone: 617 548-0550

{SERVICE}

300 Baker Ave., Concord, MA 01742

Telephone 817 3808770 « TWX: 710 2347-1051

PWASHINGTON, DG,
Marviand Virginis, West Virginia, [Wash, D.C)
15 Firstiield Road, Gaithersburg, MD 20760
Telephone: 301 9487071 ¢ TWXK: 710 828-9741

ATLANTA
Alsbama Florids, Georaiz, Mississipor, North Caroling,
South Caroling. Tennessen

7 Dunwoody Park, Suite 115, Atlanta GA 203471
Telephone: 404 457.7485 [FLA} 813 5310148

DAYTON

Kennicky Indiang, Michigen, Uhio) Western Pennsylvania
3300 5. Dixis Drive, Davion, O 45438

Telephone: 513 284-1500 » TWX: B1(:459:1765

*CHICAGO
linois, lowa, Kansas, Minnesota, Missouri, Nebraska,
North Dakota, South Dakota, Wisconsin

8440 West Foster Avenue, Chicago, 1L 80656
Telephone: 312 982-0800 « TWX: 910 2215486

TDALLAS
Arkanses Doldendn Loiisinna. Mew Mevden OLishons Touae Wyoming
717 5o, Central Exprassway, Buite 1D, Richardson, TX 75080
Telephone: 214 234.9387 (HOUSTON] 713 484.5112
& TWHIBIDBET-477

FLOS ANGELES
Arizona, Southern California, Hawail, Nevada {Clark County only)
17381 Armstrong Avenue
Irvine industrial Complex, irvine, CA 82705
Telephone: 714 B40-BE30 « TWX: 810 5351782

*BAN FRANCISCO
Morthern California, British Columbia, idaho, Montana,
Meveda lexcept Clark County), Oregon, Washington, Utah
1050 East Meadow Circle, Palo Alto, CA 94303
Telephone: 415 B48-8233 « TWX: 810 2373-1203
Alaska 907 279-5741

CANADA
*General Radio Canada Limited

307 Evans Avenue, Toronte, Ontario M8Z 1K2
Telephone: 416 282-3385 » TELEX: 07-20294
Montreal 514 727-2126 » Otewa 813 233-4237

EUROPE, AFRICA, and NEAR EAST
#General Radio Company {Overseas)

P.0O, Box, CH-8034 Zurich, Switzerland

Telephone: {D1) 55 24 20 « TELEX: 84553538

*Paris 355 7546 # Lyon 28 01 45 & *Milan 20 31 28 o *Munich 40 1801
# Hamburg 45 06 56 # *Bourne End {England) 22567
EASIAPALIFIC, and LATIN AMERICA

General Radio International Division

Concord, Mass §17472

Cable:: GENRADCO CONCORD {Mass) » TELEX: (94-504

GR COMPANIES @ Grason-Stadler @ Time/Data ¢ Techwars Computing Corp. GR ABSOCIATE e Micronetic Systems, Inc.

*Service Facilities

Privgedin biSA
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