
OPERATING INSTRUCTIONS

TYPE 1644-A

MEGOHM BRIDGE

GENERAL RADIO COMPANY

A



OPERATING INSTRUCTIONS

TYPE 1644·A

MEGOHM BRIDGE

Form 1644·0100-A
July, 1964

Coyprigbt 1964 by General Radio Company
West CoocOI:d. Massachusetts, USA

GENERAL R A 0 I 0 COMPANY
WEST CONCORD, MASSACHUSETTS, USA



SPECIFICATIONS

voltll

.MhtolM 1 kilohm tQ 1000 teraohms
(l0" to 10" ohlllll) in ten decade ranges.

Aff....acy' 1~ to 10" ohms, ± 10/0<
After 1lC1r~libration: 1{)1~ W 10" ohms,

±1%; IOU, ±2%.
1010 ohlIlll, ± 1O%.
1()11 ohms, ± one &Cale diviBion.

T... V.....,

Fiud VoUagea 1012015011001 volts
:M:.c.•Cim-~-CR~_--"·"--'--:-li~

for Unknown

FixM voUagu

Minimum Ruit~ kilohm8
for Unknown

Volt&ge atcuracy is ± 3% ± 0.5 volt.

Sh....Drc"'" Cwt..... <15 milliamperes at to tQ
50 volta; <10 millmmperee at 100 W 1000 volts.

.1.% DI•., ± 5% TlInge; &CCUTlIte tQ ± 0.2%
or, Cor 8mall changee, tQ ± O.I%.

Ml__ T_ v."... ,.. 1% .M"utI••, (for
approximately I-mm meter deflection).

Multiplier
&tting Max R. VolU

100 G or lese 10" 10
100G 10" 100
IT '0" 200

'o.er .........._...... 105 to 125 (or 210 w 250)
volts. 50 w 60 cfll'. 13 Wllttll.
Ca......., Flip-Tilt.

............. Width 12~.L~ight12~, depth 7M
inches (325 by 320 by :AIU mm), over.-aU; witfi
CfL8e c10eed and including handle.
'"' w 1IItt 18 pounds (8.5 kg).
Ship W..."', 22 pounda (10 kg).
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Figure 1·1. The Type 1644-A Megohm Bridge.
The convenient Flip-Tilt case provides pro­
tectiOfi during transport and storage and holds
open at any cOfivenient viewing OfIgle.
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IHTRODUCTIOH

SEcrtoN 1

INTRODUCTION

1.3 SYMBOLS.

10' kG
10 6 kO ..
109 kO

WARHIHG
High voltage may be pfesent 01 any
of the red binding posts, depending
on the switch settings. Although
the curren' available from the instru­
ment itself is not dangerous under
most conditions, I.thal energy moy
be stor4td in a copocitanclI ccnnect.d
10 the instrument. ALWAYS SET
THE FUHCTION SWITCH TO 015·
CHARGE BEFORE COHHECTIHG
OR DISCONHECTIHG THE UH·
KHOWN COMPOHEHTS.

l.l PURPOSE.

The Type 1644-A Megohm Bridge (Figure 1-1)
measures resistance from IO} to lOl'ohms. It is
useful for measurements of resistors, of insulation
resistance on components and machinery, for resis­
tivity tests on samples of InsuJating material, and for
leakage-resistance measurements on capacitors. The
vernier (6R%) diaJ permits accurate measurements
of voltage and tCtnperature coefficient of resistance.
The voltage applied to the unknown may be set from 10
vohs to 1000 volts.

1.2 COMTROLS AND CONNECTORS.

Table 1-1 (on page 2) Hsts the controls and con­
nectors on the panel and sides of the Type 1644-A
Megohm Bridge.

Low-thermal-emf binding posts are used for
the GUARD, ground. and UNKNOWN terminals. 1be
critical parts of these binding posts are made of gold­
plated copper, designed to minimize spurious de sig­
nals caused by thermal disturbances. 1bey are par­
ticularly useful in the presence of low-level signals
such as those encountered when a bridge is at or near
balance.

The following abbreviations are onthe RESiST­
ANCE MULTlPllER dial of the TYPe 1644-A Megohm
Bridge:

1 kO .. 10' 0
lMn .. 10 6 0
1 GO .. 109 0
lTO .. 10 12 n ..

1



~ TYPE 1644·A MEGOHM BRIDGE

,---------------TABLE 1.1 -----------------,
COHTROL$ AND COHNECTOR$

2

Function

COARSEZHRQ

FINE ZERO

VOLTAGE ON
UNKOOWN

RESISTANCE
MULTIPLIER

R

SENS

- UNKNOWN +
Ground

GUARD

EXTERNAL GEN

EXTERNAL AD]

S-position rotary control

Continous rotary control

Continous rotary control

8-position rotary control

lo-position rttary control

Continous rotary cootrol with
dial

Continous rotary cmtrol

{

Spring return, toggle switch

Contlncus rotary control
with dial

Pair of insulated bi.nding posts

Unlnsulated binding post

Insulated binding post

Pair of insulated binding posts

Pair of insulated binding posts

Turns instrument on. selects DISCHARGE,
CHARGE-ZERO. or MEASURE function.
(see paragraph 2.2.)

For coarse zero adjustment of detector.

For sensitive zero adjustment of detector.

Selects magnitude of internal voltage applied
to the unknown or connects an external voltage
source. (See paragraph 2.2.)

Selects the measurement range.

Balances bridge.

Adjusts the senSitivity of the detector circuit.
(See paragraph 2.<.)

Insens 6R% adjustment in the measurement
circuit. (See paragraph 2.4.)
Balances bridge over .tS% range. (See paragraphs
3.6.3.7. and 3.8.)

For connection of component to be measured.

GroWld connection to instrument chassis.
(See paragraIfl 2.1.4.)

For connection to iXlints to be guarded. such
as shields of leads. (see paragraph 3.4.)

For connection of an external voltage supply.
(see paragraph 3.10.)

For connection of a resistor to adjust the
voltage applied to the unknown to values
between those supplied. (see paragraph 3.9.)



OPERATING PROCEOURE

SEO"ION 2

OPERATING PROCEDUR,E

2.1 INSTALLATION. 2.1.2 RACK MOUNTING.

TheType1644-A can be mounted ina relay rack
by means of a Type 0480-9756 Adaptor set. The pro­
cedure is as follows (see Figure 2-1):

a. <:pen the instrument to its horizontal position
(fully open).

b. Remove the No. 10-32 screws with resilient
washers that hold theinstrumentin thecabi­
net. These screws are on the sides of the
instrument near the panel edge.

c. Lift the instrument out of the cabinet.
d. From the inside of the cabinet, remove the

two pivot screws.
e. Lift the cabinet off the handle and cover as­

sembly.
f. In place of the pivot screws, insert the two

3/4-inch screws (A) supplied in the hardware
set with the adaptor panel. Place a nut (B)
and 10ckwasher(C)oneach screw and secure.

g. Replace the instrument in the cabinet. Put a
3/16-inch metal spacer (0) on each of the
SIB-inch screws (E) supplied with the hard­
ware set and secure thde through the cabinet
into the instrument in place of the screws
removed in step b.

h. Place the adaptor panel (F) over the instru­
ment and let it rest on the spacers.

1. Put a large flat washer (G) over the projecting
screws on each side of the instrument.

j. Put the slot in the bracket (H) over the pro­
jecting screws so that the holes in the ell of
the bracket line up with the holes in the
adaptor panel.

k. secure each bracket to the panel with 1/2­
inch screws 0).

1. Put another flat washer (K) and nut(L) on the
projecting side screw and tighten. This se­
cures the bracket to the cabinet.

m. The instrument can now be mounted in a
standard 19-inch relay rack. For mounting
instruments with 3/16-inchpanels, a washer
isprovided toplace between the adaptor panel
and the rack at each panel screw, so that the
panel will be flush with the panels of heavier
units.

, I
I , \

\ \i I

rrJ~
1 I 1 I

. I I
I I

2.1.1 OPENING AND TILTING THE CAmNET.

The directions Cor opening the Type 1644-Aare
given on the handle support of the instrument. Olee
open, the instrument can be tilted to any convenient
angle. as shown in Figure 1-1. The angle should be
chosen to give the most comfortable access totheknobs
and the best view of the meter and dials.

The instrument may be locked fully open by the
same slide pins thai are used to lock the instrument
closed. TluJs. the instrument can be carried in the
open position with the cover firmly in place.

The cover forms a convenient storage place for
the instruction manual and for any test data that should
be kept with the instrument.

CABINET

Figure 2·1. Rock mounting cI the Type 1644.A.

,
INSTRUMENT r 1

A_,,::;:_

\
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~ TYPE 1644·A MEGOHM BRIDGE

2.1.3 CONNECTION TO POWER SUPPLY.

Connect the Type 1644-A to a source of JXlWer
as indicated by the legend at the input socket: at the
rear of the instrument, using the power cord provided.
While instruments are normally supplied for lIS-volt
operation. the power transformer can be reconnected
for 230-volt service (see schematic diagram. Figure
5-7). When changlng connections. be sure to replace
line fuses with those of current rating for tile new input
voltage (refer to Parts List). Appropriate measures
should be taken so that the legend indicates the new
input voltage. Ol instruments changed from 230 to
115 volts, this simply means removal of the 230-v
nameplate: a 11S-v legend is marked beneath. For
instruments changed to 230 volts, a nameplate (Type
5590-1664) may be ordered from General Radio.

2.1.4 GROONDING THE INsrRUMENr.

If the power cord does nO( have a ground wi Ie
(third wire), it is wise to camect the chassis ground
terminal 04) to a good ground. This is particularly
important for very high resistance measurements
where lack of a ground can cause difficulty. It is also
advisable to ground the panels of nearby instruments
to avoid electrostatic coupling to the detector.

2.1.5 C~NECTIONOF GROUNDING LINK.

1be grounding link, captive to the uninsulated
(chassis) binding post, may be connected either to the
GUARD terminal or to the - UNKNOWN terminal as
shown in Figure 2-2. 'The ground-to-GUARD connec­
tion is preferable if the unknown is a small, separate
component, or if it is mounted in an enclosure that
should be guarded. (Refer to paragraph 3.4). HO'N"ever,
if one terminal of the unknown must be grounded or is
a large exposed sudace, this terminal should be con­
nected to the - UNKNOWN binding postand thegrOWld­
ing link connected between the - UNKNOWN post and
the chassis ground post.

GUARD - UNI<HOWtt ..

~~ Figure 2-2. Grounding link con­
UN~DED OPERATION nected tD the GUARD terminal

(tap) and the - UNKNOWN ter-(@)~ m; ...1 (bottom).

GROUNDED Of"ERATION

WARNING

This instrument provides a high test
voltage. The cunent is limited to a
value that is sofe for mast persons,
but it can be dongerous to those with
poor hearts and is painful to all.
Particular care should be used in the
measurement of capacitor leakage,
because LETHAL ENERGY ma)' be
stored in the unknown capacitor.
ALWAYS SET THE FUNCTION
SWITCH TO OISCHARGE BEFORE
CONNECTING OR OISCONNECTING
THE UNKNOWN COMPONENT.

Proceed as follows:

a. 1\lrn the function switch from OFF to DIS­
CHARGE. Allow a minlXeor two for warmup.

b. select the desired test voltage with the VOL­
TAGE ~ UNKNOWN switch. (Refer to par­
agraph 3.9 for external adjustment of the
voltage supply and to paragraph 3.10 for use
of an external supply.) The minimum re­
sistance that can be measured at each test
voltage is given in Table 2-1. Avoid changing
the test voltage when the function switch is
in the MEASUREpositionasthiswill severely
overload the detector amplifier which will
then require several minutes to recover.

c. Connectthecomponcnttothe UNKNOWN ter­
minals. Noc:e polarity. (For grounding-link
connection, refer to paragraph 2.1.5; forre­
mote measurements. refer to paragraph 3.5.)

d. set the RESISfANCE MULTlPLIERswitchto
the desired range (if it is known).

e. set the SENSITIVITY control fully clockwise
for measurements either on the highest rang­
es or at low voltages. set it halfway (arrow
up) for other measurements. (Refer to par­
agraph 2.4.)

f. set the function switch to CHARGE-ZERO
and adjust the COARSE ZERO and then the
FINE ZERO controls for a meter zero(null).

..- TABLE 2.1---...,

MINIMUM MEASUREMENT RANGES

2.2 BASIC MEASUREMENT PROCEDURE.

Many types of measurements under various
conditions can be made with this instrument. The fol­
lowing is the basic measurement procedure. Refer­
ences are given to paragraphs that discuss each step
more fully or consider alternate procedures or special
measurements•

•

Tn' \loI,tt,,,,

IOv
20v
50 V

IllO V

200 V

500 V

1000 V

Mini.,.,.. R
X

1 kO
3 kO
7 kO

20 k(1
5OkO
15 kO

500 U}



g. Set the function switch to MEASURE and ad~

just the main R dial (and the RESISTANCE
MULTlPUBR switch, if necessary) to give a
null (meter zero). A deflection to the right
indicates that the dial setting should be in­
creased. Formaximum accuracy on the high­
est ranges, rezero the meter (step f) when
the RESISTANCE MULTlPLIER switch is
reset.

h. The value of the unknown resistance is the
dial reading at null indication multiplied by
the quantity indicated on the RESISTANCE
MULTlPLJER dial. (For accuracy of meas­
urement, refer to paragraph 2.3.)

i. Return the function switch to DISCHARGE
and then remove the component measured.

2.3 ACCURACY,

The bridge accuracy is ±l% between readingsoC
0.9 and to on the main R dial. Above a reading of 10,
the accuracy tolerance increases proportionally so
that it is ±20% at 20 and ±1O% at 100. An indication of
lCOO can be distinguished from 500 or co. There are
three exceptions to this:

a. thethree highest ranges will not necessarily
be 1% accurate if they have notbeen recently
calibrated or if the ambient temperature
has changed appreciably (refer to paragTaph
5.4.1);

b. reduced sensitivity reduces the accuracy on
the two highest ranges if less than 100 volts
is applied to the unknown:

c. on the I-TO multiplier range. the accuracy
is 29'Q.

For greatest accuracy. particularly at high re­
sistance values. be sure that the component to be
measured is not shunted by insulating materials with
resistance high enough to introduce error. (See also
paragraphs 3.11 and 3.12.)

OPERATING PROCEDURE

2.4 SENSITIVITY.

The high sensitivity of the internal dc null de­
tector (approximately 300 Ilvolts/division near zero)
permits accurate measurements with low applied vol­
tages, Cor measurement on the high ranges. and Cor
measurements of small differences withthe/:!.R% diaL
For other measurements less sensitivity keeps the
pointer on scale over a greater adjustment range and
does not show the amplifier drift and the discontinuous
meter jumps due to finite resolutionoCthe main R dial.
Balances toaprecision well beyond the bridgeaccuracy
offer no advantage. and take more time.

For maximum sensitivity, the measurement
should be made on the highest range possible. The
expression Cor the bridge output voltage is:

Em (6%)M
EO'" (Dial Reading) (10 4 )

where (j is the unbalance in percent
M is unity except on the 100-GOand I-TO

ranges where it is 0.1 and 0.05. respectively.

Thus. a low dial reading increases sensitiVity. With
careful zeroing. voltages as low as SO lJvolts can be
detected. Therefore. with 10 volts awlied and a dial
indication of 1. resolution is 0.05% on all but the two
highest ranges.

Note that the meter scale is nonlinear. This
allows a wide dynamic range without adjustmentoC the
SENSITIVITY control and still gives high sensitivity
near null (zero). Full meter deflection is not possible
when the SENSITIVITY control is fully counterclock­
wise. This low sensitivity is useful for limit meas­
urements on the linear portion of the scale (refer to
paragraph 3.13).

5



~TYPE 1644·A MEGOHM BRIOGE

SECTION 3

APPLICATIONS

3.1 RESISTOR MEASUREMENT.

11le EtA standard test voltage for fixed compo·
sitton resistors. film resIstors, and wire·wound re­
sistors is 100 volts for values above 100 kO. 10 volts
between 1 kO and 9.9 kn, and 30 volts between 10 kO
and 99 ko. (To obtain a W.volt test voltage with the
internal supply of the Type 1644- A, connect a 20·kn
resistor between the EXTERNAL ADJ terminals and
set the VOLTAGE ON UNKNOWN switch to SO. as
described in paragraph 3.9.)

For many types of resistors. the value measured
at some other voltage may be considerably different
from that at the standard test voltage, due to a large
voltage coefficient (refer to paragraph 3.7). In many
cases, measurements at the voltage at which the re­
sistor wUl be used are helpful.

Resistors as low as 1 kn maybe measuredeasily
101% onthe Type 1644-A Megohm Bridge. More accu­
rate substitution measurements are possible using the
6R% dial if an external standard is available (refer to
paragraph 3.6).

U the resistors to be measured are small. se~
arate units, they should be measured ungrounded with
the grounding link connected. between the GUARD and
ground terminals. Resistors maybe measured rapidly
in a production-line setup using the procedure de-­
scribed in paragraph 3.13.

3.2 INSULATION TESTING.

3.2.1 COMPONENT. MACHINERY, AND SWITCH­
GEAR INSULATION.

Insulation testing on a wide variety of apparatus
is possible with the Megohm Bridge. butdifferent types
of devices require different precautions. When one
rerminalis the case of the apparatus, or is a large,
exposed surface, this terminal should be grounded.
for both accuracy and safety. by connection to the
- UNKNOWN terminal with the link connected between

6

this terminal and the chassis ground tenninal (refer
to paragraph 2.1.5). When the device to be measured
includes polarized rect1fiers or capacitors. the sign
of the applied voltage must be correct. Note that the
+UNKNOWN terminal maybe grotmdedwith an exter­
nal lead if necessary (disconnect the link from both
adjacent terminals). but errors may occur when this
connection is used to measure resistances above a~

proximately 100 MrL
The connection of leads to largeequipment also

requires some care, and the problems of a large capa­
citive time constant anddielectric absorption may also
be present (refer to paragraphs 3.3.3 and 3.2.3. re­
spectively).

3.2.2 TEST SAMPLES.

This bridge is well suited for resistance meas­
urements on samples of insulating material as de­
scribed by ASTM Standard 0257. This standard de­
scribes in detail the techniques of both surface- and
volume-resistivity measurements. Diagrams of sev­
eral electrode configurations, applicable formulas.
and suggested precautions are given.

The most commonly used electrode arrange­
ment for solid materials is that shown in Figure 3-1.
This configuration may be used for either surface­
or volume-resistivity measurements. but for surface

" ..
"11' SAMPLE

L
UNOER

TE~'" < ">V
" ,

Figure 3-1. Electrode orrongemenl for insulolion
lesting of solid malerials.



measurements the gap. g. should be approxlmarely
twice the sample thickness, t. TIle connection of the
electrodes to the bridge depend on the quantity to be
measured 8S shown in Table 3-1. 'The ASTMStandard
also describes other sample tx>lders for bbth liquid
and solid materials.

Standard voltages forthis test are 100. 250.500,
1000, 2500. 5000, 10,000, and 15,000 volts, of which
the most common are 100 and 500 volts. TIle Type
1644-A Megohm Bridge will supply 100. 500. and 1000
volts directly, and 250 volts when anexternal resistor
is used (235kilohms when the VOLTAGE ON UNKNOWN
switch set to S()(); refer to paragraph 3.9).
3.2.3 DIELECTRIC ABSORPTION.

TIle apparent resistance of an insulator is the
ratio of voltage applied to the current flowing through
it. Unfortunately, the current Is time-dependent and
the true insulation resistance is the limiting, steady­
state value.

'The time-dependent currenlS are the simple
charging current that depends on the capacitance of
the sample and on the resistanceof the voltage source,
and the current duetodlelectric absorption. The sim­
ple charging current is negligible after the function
switch has been in the CHARGE-ZERO position for
a very short time (except when large capacitors are
tested; refer to paragraph 3.3.2). However, the ab­
sorption current may be appreciable for minutes.
hoors. or in rare cases, even days. nus dielectric
absorption is the result of dipole and interfacial po­
larization and ion mobility and is particularly large
for laminated materials.

A measure of the dielectric absorption is the
polarization index, which is defined as the ratio o(the
resistance measured after 10 minutes to that meas­
ured after one minute of electrification. men. a single
measurement after one minute is called the insulation
resistance. Although this value may be far from the
true resistance for some insulators, it is useful for
comparison of measurements on materials with rela·
tively low absorption.

3.2.4 MEASURFMENT PROCEDURE'-

The procedure (or measurement of insulation
resistance is the same as the basic measurement pro­
cedure described in paragraph 2.2 except for charging
and dielectric-absorption considerations.

TIle function switchshouldbeleftLntheCHARGE
position long enough to charge the sample. TIle time
required for simple charging is usually well under
one second except lor capacitors or extremely large
samples (refer to paragraph 3.3.2).

APPLICATIONS

When dielectric absorpti<:m is present. the main
Rdial must be continually adjusted to maintain a bal­
ance. To measure resistance at any given moment,
simply stop adjusting the dial at the desired time.
Thus, it is not necessary to make a reading on a mov­
ing dial (see paragraph 3.3.4).

3.3 LEAKAGE RE5'STANCE OF CA'ACITORS.

3.3.1 GENERAL.

WARNING

ne energy stored in 0 capacitor
moy b. LETHAL. Th. function
switch should h ..t to discharg.
b.fore you ConMCt ar disconnKt
tile capacitor to be meosur.d. DO
NOT TOUCH THE CAPACITOR
TERMINALS WHILE THE "VOLT­
AGE APPLIEO" LIGHT IS ON.

The procedure for measurements of the leakage
resistance on capacitors is basically the same as that
(or resistors excep.: that the several effects descI1bed
in the following paragraphs become more imponant
as the capacitance and leakage resistance become
greater.

3.3.2 mARGING TIME'-

"The function switch sOOUldbe left in the CHARGE
position long enough to ensure that the capadtor is
completely charged. U it is not fully charged, the
charging current will reduce the measured value of
leakage resistance. and the charging time constant in
the MEASURE position can become quite large (refer
to paragraph 3.3.3).

The charging time is limited mainly by the max­
imum current of about S rna that can be drawn from
the power suWly. Charging time is, therefore:

CV CV'0-,- = Sma

t z (C in 1J.f)S(V l.n volts) x 10-l sec

nus time is usually less than I second except for
large electrolytic capacitance units. The current is
somewhat greater than S rna at SO volts or less.

r-------------TABLE3-1--------------,
ELECTROOE CONNECTIONS FOR INSULATION TESTING

Por Volll"'~ R~llllltivity

FlUlctio" COfl"~et to

For S,..,/Iln Ruilltivity

FlUlctiOfl Como~ct toElf!chofi~

#1

#2

#3

Guarded Electrode

Guard Electrode

Unguarded Electrode

+ UNKNOWN

GUARD

- UNKNOWN

Guarded Electrode

Unguarded. Electrode

Guard Electrode

+ UNKNOWN

- UNKNOWN

GUARD _

7



3.3.5 ERRATIC DEFLECTIONS CAUSED BY LINE
TRANSIENfS.

r-------TABLE 3.2--------,
BRIDGE OUTPUT RESISTANCE

- T network. effective value given, refer to
paragraph 3.6.3.

-- Adjustable. refer to paragraph 5.4.1.
t Depends on setting of R dial.

'0

Skllt
5 kilt
Skllt

15 kOt
100 kO

1 Mil
lOMn

100 MO
100 MO
500MO

10 0 Wire-wound
100 0 Wire-wound

1 kO Wire-wound
10 kO Wi re-wound

100 kO Wire-wound
1 MO Metal-film

10 MO Metal-film
100 MO Carbon-film-­

WOO MO- Carbon-film--
10.000 MO- Carbon-film--

1 kll
10 kO

100 kO
1 Mil

IOMO
l00MO

1 Gil
lOGO

100 GO
1 Til

When leakage resistance of capacitors is meas­
ured on the higher resistance ranges, the test-voltage
supply must be extremely well regulated to avoid er·
ratic meter deflections due to power-line transients.
The capacitor being measured couples the high voltage
supply to the detector so that rapid variations of less
than 1 millivolt on the high voltage supply are easily
seen. The regulation of the internal supply of the Type
1644- A is very good, but in extreme cases. when the
powex·line voltage is vexy noisy, an external battery
should be used as the test-voltage supply (refer to
paragraph 3.10).

3.3.6 SMALL VOLTAGE CHANGES DURING CAPA­
CITANCB MEASUREMENTS.

When both appreciable dielectric absorption and
a long time constant are present. measurements be­
come quite difficult because it is hard to tell which ef­
fect causes the meter drift. In such cases, it is often
useful to make limit measurements. Set the main R
dial and the RESISTANCE MULTlPLIER switch to the
acceptance limit and wait to see if the meter deflects
to the left. which indicates thattheresistance is below
the limit. A time limit should be included in the spec­
ifications for such a limit measurement.

In the measurement of high·capacitance. very­
lowieakage capacitors (particular!y polystyTene units),
a small drift in the bridge voltage supply wi11 cause
an error in leakage measurements. This is particu·
larly noticeable when the bridge indication is greater
than infini£y. This condition occurs when the volt·
age rate·of·change multiplied by the time constant
(Cunknown x Ref see Table 3·2 for values of Ro> is

in the order of a few millivolts. It is, therefore. most
noticeable for measurements at high voltage and on
the high RESISTANCE MULTIPUER ranges.

3.3.4 DIELECTRIC ABSCRPTlON.

Dielectric absorption is present to some degree
iD all capacitors. but is particularly pronounced in
some impregnated paper types and is lowest in unim­
pregnated polystyrene. polyethylene. and Teflo~units.
The effect of dieleclric absorption is discussed in
paragraph 3.2.3. For measurements on most types of
capacitors, electrification for two minutes Is common
practice.

~ TYPE 1644·A MEGOHM BRIOGE

3.3.3 TIME-CONSTANT EFFECTS.

The time constant of the bridge-capacitor system
for the MEASURE functioo Is the produetof the capa­
citance measured and the effective bridge output re­
sistance, Rot given in Table 3-2. If this product is

greater than about 0.1 second, the bridge will appear
to be sluggish and the user may adjust the bridge
beyond balance before the null - detector deflection
reverses sign. Adjustment will be easier. although
the total balance time will not be less. if you wait for
a period of several time constants between balances.

When the function swUch is set to CHARGE. the
capacitor being tested is charged to a voltage that is
dependent upon the position of the Rdial. This voltage
may differ from the final capacitor vohage byas much
as 1%of the applied voltage. The final charging or
discharging must be done with the function switch set
to MEASURE so the time required is independent of
further adjustment of the R dial.

In extreme cases, this tIme constant may be so
long that it is impractical to wait. An alternate pro­
cedure described below makes useof the fact that the
bridge is initially at balance when the fWlction switch
is rotated from CHARGE-ZERO to MEASURE, and
then drifts slowly off null. The direction of the nu11~

detector drift indicates the direction that the main R
dial should be rotated to obtain the final balance.

The alternate balance procedure for measure­
ment of capacitors with long time constants is given
below:

a. Set the function switch to CHARGEandallow
time for full charging (refer to paragraph
3.3.2).

b. Rotate the functIon switch to MEASURE and
note the direction of the drift from zero
(discount the small, fast deflection caused
switching phenomena).

c. Make a large adjustment in the main R dial
in the direction indicated by the null detector
(i.e., a right-hand meter deflection indicates
that the dial reading should be increased).

d. Return the function switch to CHARGE and
repeat the above steps until-a balance is
reached.

Note that the time constant is reduced if the
measu,rement is made on a lower range (i.e. with a
dial reading above 10) so that a lower-valued standard
is used. nus, of course, gives reduced accuracy.
but high accuracy is rarely required for this type of
measurement. Also, use reduced detector sensitivity,
at least to get a rough balance.

8
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., Figure 3-2. Three-terminal
resistance measurement.

APPLICATIONS

The +UNKNOWN terminal should be connected to
the center conductor and the shield tied to the GUARD
terminal. The lead to the - UNKNOWN terminal need
not be shielded, but if it is. its shield should also be
tied to GUARD.

'Ole - UNKNOWN lead should be insulated unless
this terminal is grounded. All shields tied to GUARD
should be insulated if the GUARD terminal is not
grounded.

One source of this difficulty is the drift in the
internal supply during warm·up. A warm-up period
of one hour is recommended. In extreme cases, an
external supply of high stability must be used (refer
to paragraph 3.10). Another cause of this difficulty is
ambient temperature change which changes both the
internal supply voltage and the temperature of the
capacitor being measured. If the capacitor has an
appreciable temperature coefficient, a capacitor volt­
age change will result.

3.6 SU8STITUT ION MEASUREMENTS.

3.6.1 GENERAL

Substitution (or comparison) measurementscan
be made with accuracy uptoO.l% by means ofthe toR%
dial. Substitution measurements require an external
standard that is known to an accuracy substantially
better than the desired measurement accuracy. Re­
sistors of high accuracy are not available in the high
megohm range but the three-terminal standard de­
scribed below can be used. U only the differences
between resistors are tobe determined,and notabso­
lute values. the value of the standard need not be
accurately known.

3.6.2 PROCEDURE.

The procedure for a substitution measurement
is Simply tomcasure the unknown and then the stand­
ard and determine the difference between them. The
value for R is then:

x
~=Rs + ~m - Rsm

where R and R are the true values of the 00-x •
known and the standard

R and R are the measured valuesxm sm
of the unknown and the standard.

The difference between R and R can be')em sm
most accurately determined if this difference is small
enough to be within the range of the toR% dial. The
first balance should be made with the main R dial and
then the toR% dial. The second balance should be made
using only the toR% dial (leave the R dial as set). The
value of the lUlknown is then:

"" = Rs (I + f&%)
Here, toR% is the toR% dial reading for the unknown
minus that for the standard.

3.4 GUARDED (DIRECT) THREE-TERMINAL MEASUREMENTS.

In many cases it is necessary [0 measure the
resistance between two poims in the presence of re­
sistance from one or both of these points to a third
point (usually ground). This third point can often be
guarded to avoid error due to shunting the unknown
with the extraneous resistances.

This is shown diagrammatically as a three­
terminal resistor in Figure 3-2. Here, R

X
is the

quantity to be measured (the direct resistance) despite
the presence of RA and R

B
, If the junction of R

A
and

R
B

is tied 10 guard, R
A

is across the detector and

causes no error, but reduces the sensitivity by the
RAfaelor R + R (see Table 3-2 for values of Ro>-

O A
The other extraneous resistance, R

B
, is across the

SOO-kn resistor, Rp> where it causes an error of more

than 1% if RB is below SO Mn. The error due to RB

is approximately - ~ x 100%-
B

The guard may be used whether the GUARD or
the - UNKNOWN terminal is grounded. Note how­
ever, that if the - UNKNOWN terminal is grounded.
the GUARD terminal will be at high potential. Often
the lerminal to be guarded is a large chassis or case
and it is safer to ground the GUARD terminal.

3,5 REMOTE MEASUREMENTS.

Measurements can be made on components that
are some distance from Ihe instrument ifcare isused
to prevent leakage between Ihe connecting leads and
10 avoid shock. A convenient way to do tltis is to use
a shielded cable as shown in Figure 3-3.

-UNf<.,
.,

..
Figure 3-3. Connection far

remote measurements.
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3.6.4 ACCURACY AND SENSITIVITY.

Figure 3-40. Y configuration
of a three-terminal standard.

11le bridge accuracy for substitution measure­
ments using the.6.R% dial is to.li as long as the sen­
Sitivityis adequate (refer to paragraph 2.4). However,
if the two balances are well within I percent of each
other. the bridge accuracy can be as glXX1 as ±O.02~

Measurements on the main R dial can be made to
±1/4%;f the difference is small and the scale is care­
fully interpolated.

The accuracy of the standard must also be con­
sidered in the over-all accuracy determination. To
determine the accuracy for the worst case, the toler­
ance of the standard must be added to the bridge tol­
erance. When a T network is used. the worst possible
tolerance of the T is the sum of the tolerances of the
separate resistors if

(Rlk~R3) »RJ + R3

When a T standard is used to measure very high
values, the sensitivity is generally the limiting factor.
TIle approximate output voltage is:

('iN) (6%) (M) RI

EO ::c (Dial Reading) (104) x 'R'O-"'-+'R"I

where 6% is the unbalance in percent
M is unity except on the loo-GOand I-Tn

ranges where it is 0.1 and 0.05, respectively
Ra is given in Table 3-2.

Example';

A lO-GO cOf!1>OOefll is measlred Ofl the IO-GO
raflge.

A T fletWttk with I-MO resistors is used.

EIN =1000 volts.

SIl, =0.1%.

R1+R3+UI~~")1

-UNKNOWN v+UNKNOWNR,

R. "-
Figure 3-4b. Delta configuration

GUARD of a three-tefminol standard.

An alternate scheme may be used if a Tnerwork
with an adjustable resistor (refer to paragraph 3.6.3)
Is used as a standard. In ttus case, the T is used to
make the second balance and is adjusted for a nuJJ
without moving either dial of the bridge. The value of
the unknown is calculated from:

Fx = Rl + R3 + (RJ k~R3) + (O.S Mn) ~

3.6.3 THREE-TERMINAL RESISTANCE STANDARDS.

The T or Y connection of resistors shown In
Figure 3-43 is electrically identical to the 6. configu­
rationaf Figure 3-4b. Thi.s lsthe familiar Y-6trans­
formation. U R2 is small and Rl and R3 are large,
the resistance Ry can be very large. R.y can be used

as a standard and will be very stable and accurate if·
wire-wound resistors are used for the resistors of
the T.

Such a T network should be connected to the
bridge as shown in Figure 3-2,. Unfortunately, the
resistances RA and Ra shunt the bridge resistor Rp •

which causes an error (refer to paragraph 3.4), and
shunt the detector. which decreases senSitivity. The
loss of sensitivity limits the attainable accuracy at
low test voltages (refer to paragraph 3.6.4).

The error caused by the shunt on I). can be

compensated for in the calculation of the resistors of
the T. For any desired value of Ry • the value of R2

should be:

The lowest value Ry can have is Rl + RJ.

For the most precise measurements, Rl and R3
should be the largest wire-wound tmits available, and
R2 should be a multi-dial decade box. If Rl and R3
are I-MO units, such as General Radio Type 500·X
(accuracyoftO.05%), then the equation for R2 becomes:

R2 :: -.-!.2.... M 0"v. 2

where R
y

Is in megohms.

U Rl :: R3 ::c 10 MO, then:

lOS
R2' "v. 20 MO

Table 3- 3 lists the values of R2 for decade values of
Rl and R3 from 10 MO to 1 Tn.

~TYPE 1644·A MEGOHM BRIOGE

,- TABLE 3-3 ---,

RESISTANCE VALUES FOR T NETWORKS

Ry • E,,,;tJffl~"t Ruist...n

R2. lObi'll RI • RJ • I ,\10

Rl. u:h_ RI • RJ • JO,\IO

IDMn

187.5kO

IODMO

15.306 kn

1.3125 Mn

I cn
1.5022 kO

107.14 kn

10 GO 100 GO

150.02 0 15.000 O·

ID.52l kn I.OS02 kO

• Poor sensitivity
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RO =100 Mn (see Table '>2).

Eo =(1000) (O.I) ~ =100 volts.
(l}(1()4) x 101 MO P.

This would give meter denectiOflS of about 1 mm.

1£ the arms of the T network were increased to
10 MO, the sensitivity would be increased by a
factor of 10.

3.7 MEASUREMENT OF VOLTAGE COEFFICIEHT.

3.7.1 GENERAL

TI1e Type 1644-A Megohm Bridge is well suited
for the measuremenrof v~tage coefficient because of
the high resolution of its .6.R% dial and the wide range
of applied voltage.

The voltage coefficient of a resistor is gener­
ally defined as:

Rl - R2
VC • R2 (VI _ VO) x 100%

where VI > V2
Rl is the resistance at Vi
R2 is the resistance at V2
VC is in %per volt.

Any two voltages may be used. but, because the
voltage coefficient is not necessarily a constant (i.e••
the resistance is not always a linear function of volt­
age), the voltages used should be specified.

A common practice is to use two voltages dif­
fering by a factor of ten toone, in which case the for­
mula reduces to:

l>R 1
VC =T x Q9V x 100%

where [).R is the resistance difference
R is the resistance at the lower voltage
V is the higher voltage.

The iliA Standard RSI72 (Fixed Composition Resis­
tors) specifies the use of the rated voltage for V in
the above formula.

lftheapplied voltage Is high enough to cause ap­
preciable power dissipation, the measurement should
be made qulcldy to determine the true voltage coeffi­
cient and to avoid temperature effects. The IDA spec­
ification suggeStS that the time for measurement (at
the higher voltage) be less than 5 seconds.

Most resistors have a negative voltage coeffi­
cient (a lower resistance value at higher voltage).
except for semiconductor back resistance which has
a positive voltage coeffident as long as the voltage is
well beiow the break·down value.

3.7.2 PROCEDURE:

The procedure for voltage-coefficient measure-
ment is as follows: .

a. Measure the resistance of the unknown at the
lower voltage. For best accuracy use the 6R%
dial as the final balanceadjusunent.andnote
the 6R% dial indication.

APPLICATIONS

b. Change the position of the VOLTAGE ONUN­
KNOWN switch to the higher voltage and re­
zero the bridge with the functioo switch set
to CHARGE-ZERO. if necessary.

c. Balance the bridge with the6R% dial only (do
not change the setting of the main R dial).

d. The voltage coefficient is:

I) Initial balance made only with R dial:

VC _ 6R% Dial Reading
- Voltage Ch8Jige

2) Initial balance made USing 6R% dial:

VC = Otange in 6R% Dial Reading
Voltage Change

3.8 MEASUREMENT Of TEMPERATURE COEFFICIENT.

3.8.1 GEN'ERAL.

TIle 6R% dial allows the precise measurement
of temperature coefficient, which is defined as:

TC%I"C = l>R x~R l>,

where 6R is the resistance change between the
test temperaNre and the reference temperatUre

R is the resistance at thereferencetem-
perature

6t is the temperature change in ·C from
the reference temperature.

The ElA Standards RS196 (Fixed Film Resistors)
and RSln (Flxed Compensation Resistors) Specify
that measurements be made at -1S"C. The IDA Stand­
ard RS229 (Wire-Wound ReSistors) specifies meas­
urements at ·SS"C, +lOS"C, and +l4S"C, and a refer­
ence temperature of +2So C.

Shielded leads should be used to connect the
sample in the temperature chamber to the bridge to
avoid pickup and leakage (refer to paragraph 3.5).

3.8.2 PROCEDURE.

The procedure for the measurementof temper­
ature coefficient is as follows:

a. With the resistor in an environment held at
2S·C. measure me resistance. For best ac­
curacy use the 6R% dial as a final balance
adjusnnent. (Standard voltages should be
used. refer to paragraph 3.1.) Note the 6R%
dial reading.

b. Changethe temperatUre of the resis1orenvi­
ronment to the test temperature and. after
stabilization, measure the resistance again.
using only the 6R% dial. (Leave the main R
dial set as is.)

c. The temperature coefficient is:

TC" Ql.ange in 6R% Dial Readi~_
Temperat.ure Difference in. ·C

11
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3.9 EXTERNAL ADJUSTMENT OF THE INTERNAL TEST VOLTAGE.

Any test voltage between 10 volts and l(X)() volts
may be obtained by connection of the proper resistor
between the EXTERNAL AD) terminals.

WARNING

Volto~ is pres...' on rfle EXTeRNAL
ADJ 'ermlnals unlHs the VOLTAGE
ON UNKNOWN switch is ••, 10 EXT or
the instrument is turned oH.

To adjust the internal test voltage proceed as follows:

8. Set the VOLTAGH ON UNKNOWN switch to
EXT and connect a resistor of value R be­
tween the EXTERNAL ADJ terminals:

500 (V
S

- 10) (YO - 10)
R = atuneVs - Vo

wrere VSis lhe VOLTAGEON UNKNOWN

switch setting
Vo is the desired voltage.

It is generally preferable to set VS to the

closest value above the desired voltage, Vo'
Table 3-4 gives the values of resistance to
obtain many common voltages. The external
resistor should be rated for (V

O
- 10) volts.

b. Set the VOLTAGE ON' UNKNOWN switch to
VS and proceed with the measurement.

If a resistor of the required value is not avail­
able, a rheostat larger than this value may be used.
With the VOLTAGE QNUNKNOWN switch set to EXT.
attach the rheostat between the EXTERNAL ADJ ter­
minals, then set the VOLTAGE ON UNKNOWN switch
to VS' Set the function switch to CHARGE-ZERO and

adjUst to the desired voltage using a voltmeter con­
nected between the UNKNOWN terminals. Note that
the - UNKNOWN terminalwillbenegativebyanamount
equal to Vo if the GUARD terminal is grounded, or

the + UNKNOWN terminal will be positive by an amount
equal to V0 if the - UNKNOWN terminal is grounded.

3.10 EXTERNAL TEST_VOLTAGE SUPPLY.

An external supply for the test voltage is useful
for voltages below 10 volts, for continuous voltage ad­
justment, or for extreme stability for measu,rements
on capacitors (refer to paragraph 3.3.5). For best
stability, a battery is recommended. TIle maximum
voltage that may be appliedtothe bridge is 1000 volts.

12

TABLE 3.4
RESISTANCE VALUES FOR EXTERNAl

VOLTAGE ADJUSTMENT
vo v, R
- -
12 v 20v 1.25 kg
15 v 20v 5 kg
25v 50v 12 kg
30v 50v 20 kg
40v 50v 60 kg
60v 100 v 56.25 kg
70 v loov 90 kg
80 v 100 v 157.5 kg
90v 100 v 360 kg

125 v 200 v 145.7 kg
150 v 200 v 266 kg
175 v 200 v 627 kg
250 v 500 v 235.2 kg
300 v 500 v 355.3 kg
350 v 500 v 555.3 kg
400 v 500 v 955.5 kg
475 v 500 v 4.557 MO
600 v 1000 v 730.1 kg
700 v 1000 v 1.139 MO
750 v 1000 v 1.465 MO
800 v 1000 v 1.955 MO
900 v 1000 v 4.406 Mn

Set the VOLTAGE ON UNKNOWN switch to EXT,
and connect the external supply to the EXTERNAL
GEN terminals. To keep the same polarity as the in­
ternal supply, the negative terminal should be con­
nected to the right-hand GEN terminal (that is, the
middle of the three EXTERNAL terminals). TIle ex­
ternal supply should be current-limited to protect it
from short circuits. It is also advisable to limit the
current to a safe value to avoid shock.

WARNING

Witn tlte external supply connected
as described above and the GUARD
tennlnal af the llridge grounded, .he
negative side of this supply is at a
negative potential when the function
switch is set ta CHARGE.ZERO ar
MEASURE, and the pasltive terminal
Is at high potential when the functian
switch is set to discharge. With the
- UNKNOWN tennlnal graunded, Ihe
negalive supply of the extemol sup­
ply is olsa grounded, and theposilive
side will lle at a positive voltage
far all pasltlans af Ihe funclion switch.

With the external generator connected as de­
scribed above, the functi.on switch will perform its
operations. Note that the external supply is discon­
nected but not shorted in the DlSCHARG E position.
The circuit diagram for each position of the function
switch is shown in Figure 3·5.



3.11 MEA.SUREMENTS ON VERY HIGH.VALUED RESISTORS.

3.11.1 GENERAL

Extra precautions and careful technique are re·
quired for precise measurements on very high-valued
resistors for several reasons.

The ratio - arm resistors used for the three
highest ranges are carbon·film types and are not as
stable as those used on the lower ranges. For accu­
rate measurements on the highest ranges, the ratio
arms may be adjusted by the procedure given in par­
agraph 5.4.1.

01 the CWO highest ranges the sensitivity is re­
duced by a faaor of 1/10 and 1/20, respectively. be­
cause T networks are used as standards (refer to
paragraph 4.1). Measurements made at test vohages
below 100 volts are difficult.

abeT difficulties in measuring high valued re­
sistors are discussed in the following paragraphs.

3.11.2 ELECfROSTATIC COUPLING.

On the three highest ranges the + UNKNOWN
terminal laat a very high impedance and, as a result,
a very small capacitive coupling to this terminal can
cause a large voltage on the detector input. Two sep­
arate phenomena are present:

a. Variable capacitance to a point at a fixed
voltage will induce a transient voltage on the
detector. To observe this, set the main R
dial to 00, the function switch to MEASURE,
and move your hands above the +UNKNOWN
terminal.

b. Fixed capacitance to a variable voltage will
also induce a voltage on the + UNKNOWN
terminal,but it should have node component
and will not cause a detector deflection un­
less it overdrives the detector, or is low
enough in frequency (refer to paragraph
3.12.4).

3.11.3 SWITCH TRANSIENTS.

TIle movement of the fWlction switch and the
RESISTANCE MULTIPLIER switch will also cause
transient detector voltages because of the changing
capacitance of these switches (refer to paragraph
3.11.2) and more subtle contact phenomena. These
fluctuations should he ignored.

APPLICATIONS

3.11.4 SHUNT LEAKAGE BETWEEN LEADS.

At high resistance levels one must be sure that
the component being measured forms the only path
between the + UNKNOWN and - UNKNOWN terminals.
Leads should not touch each other, even if they are
insulated with high-qUality material. Shielding is the
best way to avoid leakage between leads (refeno par­
agraph 3.5). U the - UNKNOWN terminal is grounded,
leakage between the +UNKNOWN terminal and ground
shunts the unlmown. Therefore, ungrounded measure­
ments should be used wherever possible.
3.11.5 MOISWRE ON THE UNKNOWN.

The device measured should be clean and dry.
High-valued resistors should be handled only by their
leads to avoid surface dirt. Surface moisrure will
reduce the resistance value considerably. For exam­
ple, breathing on a glass-enclosed resistor of only 1
GO will cause a momentary change of several percent.

3.12 MEASUREMENT$ UNDER ADVERSE CONDITIONS.

3.12.1 HIGH HUMIDITY.

The Type 1644 - A Megohm Bridge has been
designed to operate under conditions of rather high
humidity but, nevertheless, errors will occur on the
highest ranges when the relative humidity is over
approximately 90%0 However, the most serious errors
generally result from the effects of humidity in the
external unknown connections. A few simple precau­
tions should be raken:

a. Clean the binding posts with a dry, clean
cloth. Make sure that there is no dust or
moisture between the UNKNOWN binding
post:s or between them and the panel.

b. Use ungrounded measurements if possible.
Thar is, connect the GUARD terminal to the
adjacent chassis ground terminal with the
connecting link.

c. Be particularly careful to keep the leads that
connecr the bridge to the unknown separate
from each other.

To determine possible errors due to humidity,
balance the bridge with no connections to the UNKNOWN
terminals; it should balance at 00.

The most important precaution necessary under
humid conditions is to avoid leakage on the surface of

..
GUARO

- .
UNKNOWN

DISCHARGE

- .
UN<NO'Ntl

CHARGE

Figure 3-.5. Circuit diagrams
for the Type 1644-A Megohm
Bridge for each position of
funclion switch.

- .
UNKNOWN

MEASURE
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the component being measured. In almost all cases,
the error duetothis leakage will be many times larg­
er than errors due to improper operation of the bridge
itself. Many high resistances simply cannot be meas­
Bured in a humid environment. Often, a simple solu­
tion is to place the component in a box with a light
bulb or other source of heat. Shielded leads should be
used to connect to the bridge (refer to paragraph 3.5).

3.12.2 TEMPERAWRE EXTREMES.

The Type 1644-AMegolun Bridge should operate
Satisfactorily over a range from -30 to +5O"C. The
instrument may be exposed to temperatures from -40
to +8S"C without damage.

For accurate measurements on the three high­
est resistance ranges, the ratio arms used should be
adjusted at the temperature of use to take into account
their temperature coefficients (refer to paragraph
5.4.1).

The temperature coefficient of the component
being measured is often high enough so that it cannot
be neglected and the bridge should not be expected to
give the room-temperature value of the unknown when
the componem is not at room temperature.

3.12.3 VIBRATION AND SHOCK.

The vacuum·tube electrometer used in the de­
tector is somewhat subject to mechanical shock and
will give a transient deflection under these conditions.
The detector mounting reduces this effect. However,
if the bridge is set on a vibrating platform it should
be mechanically isolated from the platform bya duck
layer of some spongy material, such as foam rubber.

Vibration or oUlCr movement of the leads con­
necting the unknown can also cause transient detec[Or
deflection (refer to paragraph 3.11.2).

3.12.4 HIGH AC FIELDS.

Unshielded components and any unshielded leads
that connect the component to the + UNKNOWN ter·
minal may have a voltage induced on them because of
capacitance coupling to objects which carry an ac volt­
age. The bridge is more sensitive to this capacitance
pickup on the lugber resistance ranges. The detector
input circuit contains a low -pass filter that gives 50·
db rejection at 60 cps, but large pickup can cause
enough signal to overdrive the amplifier, shift its ef­
fective dc voltage, and yield an erroneous indication.

Such pickup can be easily detected by a change
in meter deflection when the function switch is rotated
coonterclockwise from DISCHARGE to the adjacent,
detemed, unlabeled position. In thi s switch position,
the bridge is connected justas in the MEASURE posi­
tion except that the test voltage is not applied. (When
the switch is in the DISCHARGE and CHARGE·ZERO
positions, the + UNKNOWN terminal is not connected
to the detector, see Figure 3·5.)

U ac pickup is a problem,the best solution is to
shield the + UNKNOWN connecting lead and corres­
ponding terminal of the unknown component, to ground
the bridge and all nearby equipment, and to keep power
cables as far from the bridge, the component meas·
ured, and the leads, as possible. If the effect of pick­
up cannot be completely removed, improved accuracy
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will result if this unlabeled switch position is used
when the meter is zeroed

3.12.5 SAMPLFS WITH SOURCES OF EMF.

Some samples may contain either known or un­
suspected sources of voltage due to chemical action,
thermal emf, contact pOtential, or the presence of
electrets. H such voltages are additive to the applied
voltage, they will cause a bridge error.

If these voltages appear between the +UNKNOWN
terminal and the GUARD terminal in a guarded system,
they are particularly troublesome because they are
applied directly across the detector. If the polarity
is the same, tlus may result in a balance beyond 00.

Sueha difficulty is apt to occur during guarded meas·
urements on heterogeneous mechanical assemblies
under high humidity.

3.13 PRODUCTION LIMIT TESTING.

Resistors,ortheleakage resistance of all types
ofcomponents, canre rapidly checked without repeated
adjustment of tbe main R dial by using the meter as a
limit indicator. Two types of operation are possible:

a. Simple, single-limit testing. Tocheck rapidly
that components are above or below some
resistance level, set the RFSlSTANCEMUL­
TIPLIER switch and the main R dial to the
limit value, and connect the components to
be measured, one at a time, to the UNKNOWN
terminals. A deOectiontothe right indicates
the resistance is higher than tbe limit and a
deflection to the left indicates that it is lower.
The function switch should be set to DIS­
CHARGE betWeen measurements to avoid
shock, to avoid repeated meter banging, to
check the zero between measurements, and
to start each measurement at zero.

b. Lo-go-hi measurements. The meter deflec­
tion may be used to separate the components
teSted into three groups: those below the
tolerance range, those in the tolerance range,
and those above the tolerance range. The
main Rdial and the SENSITIVITY control (or
VOLTAGE ON UNKNOWN switch) can be
adjusted so that a meter deOection to the left
of a cenain value represents the lower limit,
and a meter deflection to the right of a cer­
tain value represents the upper limit. A
deflection of 5 divisions is recommended,
since beyond that the meter isquite nonlinear.
Once the controls are set, the components
may be tested without adjustment of the dials.
It is, however, preferable to zero tbe bridge
between measurements.

The Type 16SO-Pl Test Jig (see Figure 3-6) is
a convenient fixture for testing small axial-lead com­
ponents. The fixture is at ground potential and uses
groWlded, shielded leads; therefore, the GUARD ter­
minal of the bridge should be grounded. The unpainted
panel screw beneath the UNKNOWN terminals should
be used to hold the shield on the leads of the Test Jig
to lhe panel and to form the guard connection.



Inpermanenttestsetups using the Type 1650-Pl
or another fixture, a warning tight should be located
near the jig to indicate when voltage Is applied to the
terminals.

Figure 3--6. The Type
1650·Pl Test Jig fOf
production tesl setups.

APPLICATIONS

3.14 BATTERY OPERATION.

The bridge may be battery·operated if a power
line is not available. Two batteries are required: one
battery to supply the test voltage should be connected
to the EXTERNALGEN terminals and may supply any
yoJ(age up to 1000 volts (refer to paragraph 3.10). The
second battery to power the detector should supply 45
volts at about 20 rna. It should be connected with its
positive terminaltQ AT13and its negative terminal to
ATI2an the detector board (see Figure 5-3). The ca­
ble connections to these terminals should be removed.
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~ TYPE 1644.A MEGOHM BRIDGE

SECTION 4

THEORY OF OPERATION

4.1 BRIDGE.

The bridge circuit in the Type 1644-A Megohm
Bridge is a conventional Wheatstone bridge (see Fig­
ure 4-1). The equation of balance for this bridge is:

_ Rp R
SRx --.c

N
When the balance condition is met, there will be no
voltage across the detector.

In the Type 1644-AMegohm Bridge. the resistor
RN is the main R adjustment which is a precision

wire-wound rheostat of 5.5 kO. The value of R
N

is

inversely proportional to Rx. so that, when R
N

is set

to zero, the corresponding dial reading is infinity.
The winding mandrel of this rheostat is exponentially
shaped in the region between dial readings of 0.9 and
10 so that the scale 1nthis region is logarithmic. This
results in a constant angular displacement for a given
percent unbalance. From 10 co 0>, the rheostat is lin-

ear which yields a simple inverse scale. The rheostat
has a mechanical compensating mechanism which can
be set to give a tracking accuracy far better than 1%-

The resistor Rp represents a fixed 500-H2 re-

sistor unless the DoR% switch is depressed to put the
DoR% adjustment in the circuit (see Figure 4-2). When
R2 is in the circuit, Rp may be adjusted ±5% which

gives a ±5% change in the balance adjustment. This
small adjustment is used for precise substitution
measurements of small changes of resistance. The
DoR% SWitch. 8104. has a spring return so that this
adjustment will not be left in the circuit aCCidentally
and thereby cause an error in [he main R dial indica­
tion. The capacitor C is added to avoid a switching
transient when R2 is added to, or removed from. the
circuit.

The ratio-arm resistors. 1\;, are selected by

the RESISTANCE MULTIPLIER switch. Thefivelower
ranges use wire-wound ratio-arm resistors, the next
two ranges use metal film-type resistors, and the
three highest ranges use high-valued carlxm·film
types. Because the carbon-film resistors are less
stable, the three highest ranges are adjustable and
may be set precisely using the calibration procedure
described in paragraph 5.4.1.

Both ends of the ratio-arm resistors are SWitched
andthe unused resistors are guardedto avoid leakage
resistance between terminals of switch wafers (see
Figure 5-7). The two highest ratio-arm resistors
actually consist of two T networks, as shown in Figure
4-3. This is done so that more stable, lower-valued
resistors may be used, trimming adjusnnents can be
made with rheostats of reasonable values. and the
bridge output impedance is small enough to minimize
time-constant problems (refer to paragraph 3.3.3).
These T networks are equivalent [0 Do networks as
explained in paragraph 3.6.3. The loading on the ad·
justment ~iS always greater than 10 Mil,which cau-

ses negligible error. The use of the T's does reduce
the bridge sensitivity, however. The ratio between

Figure 4·1. Elementary
schematic diagram of

the bridge circuit.

Figure 4-2. Bridge circuit with
6R% cootrol odded.

R,

R,

?

L
2"" C....

""" J

47:1 ktl.

+UNKNQWN

R,
L Y-UNKNOWN
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THEORY OF OPERATION

the standard. Thus, each resistor is checked against
one that is 1/1OOth of its value. (Refer to paragraph
5.4.1. )

4.2 DETECTOR.

Figure 4-3. The ratio-arm T networks for
the two highest ranges.

the voltage on R
N

and R
S

is always 1/IOOth or less of

the voltage on Rp and R
X

• This large "bridge ratio"

results in less sensitivity than would be available if
it were smaller, but has the following advantages:

a. The standard is 1/IOOthorless of the unknown
resistor and, therefore, on many ranges it is
a much more stable resistor than any unknown
resistor would be. For example, resistors
up to 100 MO are measured using wire-wound
standards, and resistors to 10 GO are meas­
ured using 1/4% metal-film types.

b. The voltage applied to the unknown varies by
only 1% over the entire range of RN. (This

would be 10%on a bridge with a 10-to-l ratio.)

c. Because R
S

is smaller, several effects re­

sulting from high bridge output impedance,
such as time-constant problems in capaci­
tance measurement, and capacitance pickup
and zero shift resulting from grid current
on the highest ranges, are reduced.

d. Because a much lower voltage is applied to
RS than to RX' changes in R

S
due to its volt-

age coefficient are negligible. This is par­
ticularly important when voltage coefficients
are measured with the AR% dial.

The use of the T networks on the highest ranges
can be considered as a further increase of this bridge
ratio.

The bridge is mounted on a subpanel which is
tied to the GUARD point which is the low side of the
detector. Both UNKNOWN terminals are mounted on
a plate connected to this GUARD point to avoid any
leakage resistance across the UNKNOWN terminals.
Leakage resistance from any point on the bridge to
GUARD causes negligible effect if it is over 200 MO
or so. This value is easily obtained with good insul­
ating materials.

In use, either the GUARD point or the - UN­
KNOWN terminal can be tied to the panel ground. In
the latter case, there may be a high voltage between
the subpanel and the outside panel.

When the switch on the side of the instrument is
set in the CAL position, th~ ratio-arm resistor nor­
mallyused for the range selected is connected instead
across the UNKNOWN terminals, and the ratio-arm
resistor normally used two ranges lower is used as

GUARD GUARD
The detector circuit consists of a multistage,

dc-feedback amplifier, with an electrometer-tube in­
put stage, that drives the panel meter. The over-all
sensitivity of the circuit is about 100 llv /mm.

The electrometer tube provides the high input
resistance necessary to prevent loading the bridge
and, thus, decreasing sensitivity. It also has a very
low grid current to avoid appreciable zero shifts when
the bridge output resistance is changed as the range
is changed. Preceding the input tube is a two-stage RC
filter to reduce the effects of pickup. This grid cir­
cuit also includes a neon tube, which, with a series
resistor, limits the grid current drawn to less than 1
microampere, whatever voltage is applied.

The second stage in the amplifier is also a vac­
uum tube because of the high plate resistance of the
first stage. Following the second stage are a common­
collector and then a common-emitter transistor stage.
The output voltage is fed back through a divider to the
second grid of the input stage. This grid is also used
for the ZERO adjustments.

The amplifier output drives the zero-center
panel meter. This meter has shaped pole pieces to
give high sensitivity near a bridge null and decreased
sensitivity up scale. This nonlinearity facilitates
balance by eliminating the need for readjustment of
the SENSITIVITY control during balance.

The supply voltage for this detector is very well
regulated. The heater current in the vacuum tubes is
taken from the plate supply and is, thus, also well
regulated. The critical voltages on the first stage are
further regulated by a low-temperature-coefficient
Zener diode.

4.3 TEST.VOLTAGE SUPPLY.

The internal test voltage is regulated by a se­
ries regulator using a high-voltage vacuum tube as the
series element. The reference for this regulator is a
Zener diode and the amplifier consists of cascaded
transistor stages. The control circuit is connected to
the output and has a maximum of only 10 volts across
itwhile the remaining outputvoltage is dropped across
a resistor.

The current through this dropping resistor is
adjusted to be precisely 2 rna by the internal AD} 100
V adjustment and the voltage across the amplifier is
adjusted to 10 volts with the AD} 10 V adjustment. The
output voltage is the sum of 10 volts plus 2 rna times
the dropping resistor. This resistor is used to change
the test voltage. The EXTERNAL AD} terminals shunt
this resistor so that its value may be modified to get
intermediate values (refer to paragraph 3.9).

This supply is current-limited to about 8 mafor
ranges over 50volts and to about 15 rna at 50 volts and
lower. Shorting the supply will not damage it.
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~ TYPE 1644.A MEGOHM BRIDGE

IECYION 5

5.1 WA.RRA.MTY.

SERVICE AND MAINTENANCE

WARNING

We warrant that each new instrument Bold by us
is free from defects in material and workmanship, and
that. properly used. itwill perform in full accordance
with applicable specifications for a period of two years
after original shipment. Any instnunentorcomponent
that is found within the two-year period not to meet
these standards after examination by our factory. dis­
trict office. or authorized repair agency persormcl.
will be repaired. or. at our option, replaced without
charge. except for tubes or batteries that have given
normal service.

5.2 SERVICE.

The two-year warranty stated above attests the
quality of materials and workmanship inourproduClS.
When difficulties dooccur. our service engineers will
assist in any way possible. If the difficulty cannot be
eliminated by use oftbe following service instructions,
please write or telephone our Service Department
(see rear cover). giving full information of the trouble
and of steps taken to remedy it. Be sure to mention
the serial and type numbers of the instrument.

Before returning an instrument to General Radio
for service. please write to our Service Department
or nearest district office. requesting a Returned Ma­
terial Tag. Use of tins tagwill ensure proper handling
and identification. For instruments not covered by the
warranty. a ~rchase order should be forwarded to
avoid unnecessary delay.

5.3 REMOVAL FROM CABINET.

To remove the instrument from the cabinet.
remove the four screws near the panel on the sides
of the instrument and pull the instrument up out of the
cabinet.

18

Use care In trouble.shooting .he in·
strument when it is out of its case
ond connected to the power line. Don·
gerous voltages are present, particu.
larly at .he transfOfmer terminal••
Connect the ground strap betwHn the
GUARD and ground terminals to keep
the subpanel (GUARD) at ground
potential.

5..4 BRIDGE C"LIBRATION.

5.4.1 RATIO ARMS.

The ratio arm s (and the Rp-arm resistor) may

be checked easily without external standards or test
equipment. Resistance between the UNKNOWN termi­
nals will not interfere with the calibration. hut imped­
ance between the - UNKNOWN and GUARD tenninals
will cause calibration error. The eight lower-valued.
arms should maintain their values accurately for many
years. but the threehighesl-valuedunils are less sta­
ble. They can be adjusted to value as follows:

a. Set the function switch to DISCHARGE.
b. set the VOLTAGE ON UNKNOWN switch to

10 v.
c. Connect the captive link between the GUARD

terminal and the panel ground terminal.
d.. Rotate the measure·calibrate screw-driver

control on the right-hand side of the instru­
ment (see Figure 5-1) fully clockwise.

e. Set the RESISTANCE MULTlPUER switch to
100 kIt

f. Set the function switch to CHARGE-ZERO
and zero the bridge with the COARSE ZERO
and FINE ZERO controls.



g. Set the functlon switch to MEASURE and bal­
ance the bridge. It should balance near a
reading of 1. Make note if the balance point
differs from 1 by more than 1/2% (1/4 dial
division.

h. Set the RESISTANCE MULTIPLIER switch to
each range up to 1 GO, in turn. For each
range, rezero the meter and then balance
the bridge. Note any ranges that do not bal­
ance within l/Z%-

i. If any measurements are off. the resistor in
error can be identified by the chart of Table
5-1. Note that the 10-n, 100·0. I-MO, and
lO-MO resistors appear only once in this
table. An error in anyone of these would
cause only one inaccurate balance. Values
in between would cause two inaccurate bal­
ances that would be affin opposite directions.
If all the values areoffin the same direction,
Rp is in error.

j. 5etthe RESISTANCE MULTIPLIER switch to
10 Gn and set the main R dial to 1. Bllance
the bridge by means of the adjustmentonthe
side of the instrument in the left-hand hole
(see Figure 5~1~

k. Repeatstep i. for the loo-COand l~Tn rang~

es. making the balance with the middle and
right~hand adjustments, respectively (see
Figure 5-1).

~
MEASURE CALleRATE

't; IO~ "~

5.4.2 MAIN DIAL.

Figure Sol. Calibration controls
far the three highest ratio arms.
The meosure-ealibrate switch is
shown in the meosure position.

Rotate the switch clockwise
to calibrate.

SERVICE AND MAINTENANCE

To readjust the main rheostat, use a dc bridge
with an accuracy of to. I%- Remove the Type 1644-A
from its cabinet and swing the detector board out on
its cable. (Unsolder leads to terminals 1 and 2 on the
board and remove the screws at the corners of the
board.) Disconnect one of the internal leads that is
connected to the rheostat and connect the de bridge
across the rheostat.

The main rheostat has amechanism that permits
accurate adjustment at eight points with adjustment
screws. Table 5-2 lists the dial readings and resist­
ance values for these eight points and for intermediate
points that should alsobewithin ±1/2%or 2-1/2 ohms.
whichever is larger. These adjustments are numbered
clockwise starting at the slot in the cam plate. After
any adjustments are made. rotate the dial over its
entire range and recheck all points.

TABLE 5·2
MAIN DIAL CALIBRATION

Oial Reading Resis,ance Screw Adjustment

0.9 5556 0 -
1.0 5000 0 1
1.3 3846 0 -
1.5 3333 0 2
1.9 2632 0 -
2.5 2000 0 3
3.2 1563 0 -
4.0 1250 0 •5.0 1000 0 -
6.3 793.7 0 5
8.0 625.00 -

10.0 SOo.O 0 6
13.0 384.6 n -
20.0 250.0 n 7
32.0 156.30 -

100.0 50.00 8
200.0 25.00 -
~ 0.0 n -

To check the accuracy of the main dial. connect
a decade resistance box to the UNKNOWN terminals
and measure at various points over the dial range. A
Type 1432-Q Decade Resistor (I MO in 10-0 steps)
that permits readings up to 1(00 (1 k) on the l-kO
range is recommended.

The main dial should give readings to approxi­
mately 1/2% over the range from 0.9 to 10 and to an
equivalent scale distance (approximately 1/2 mm)
over the rest of the range. If the readings differ by
substantially more than this,the main rheostat should
be readjusted.

5.5 TEST.VOLTAGE ADJUSTMENTS.

To check the test voltages connect an accurate,
high-impedance voltmeter between the UNKNOWN
terminals and set the function switch to CHARGE­
'ZERO. Connect the link between the - UNKNOWN
terminal and the chassis ground terminal to keep the
negadve terminal of the voltmeter near ground poten­
tial. The test voltages should be within ±3%- They
will vary 1% over the range of the R dial so that, if
they are readjusted. the R dial should be set to 2 to
olxain center values.
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~TYPE 1644.A MEGOHM BRIDGE

TABLE 5·3
DETECTOR YOLTAGES

COI'IMCt the coptive link between the ground ond GUARD terminoh.

Adiu$t R231 fOf' 35.0 voln de between TPl ond ground.

rube or Tran:si"'Q' DC VollS rube Or Trans(slo, DC Volts

(Type) Pi'l 10 Gro....d (Type) Pm to Ground

I 10.8 Q202 C 32.5

V20l 2 6.65 (2N91O) B 26.0

(CK5886) 3 3.20 E 25.5
4 2.0
7 0.0 0203 C 27.5

(2N91O) B 18.0
I 26.0 E 17.5

V202 2 25.7

(CK6418) 3 13.1 Q204 C 45.7
4 10.8 (2NI304) B 27.5
5 11.8 E 27.4

Q2Ul C 17.9 Q205 C 35.0

(2NI377) B 25.5 (2N1131) B 45.7
E 25.7 E 46.5

,------TABLE 5-4----,
POWER.5UPPLY VOLTAGES

Conneet the e;optive link between the

ground on<! _ UNKNOWN terminols.

Adjust R509 f~ 10.0 volts de; oc:roS$

the UNKNOWN terminols.

5.6.2 DETECTOR SUPPLY VOLTAGE.

The detector supply voltage from TPI to AT12
should be 35 volts. This is set using R231 (see Fig­
ure 5-2).

The test voltages may be readjusted by means
oftheinternal adjustments RS09 and R513(see Figure
5-2). R509 should be set [0 give 10 volts and RS13 to
give 100 volts (with the corresponding settings of the
VOLTAGE ON UNKNOWN switch). U these voltages
are correct, bot others are in error, the fault is with
one of the dropping resistors, R517 through R527. H
the voltages are way off, check the circuit voltages
against those ofTahles 5·3 and 5·4 to help determine
the faulty component.

The voltages in Tables 5-3 and 5-4 are meas·
uredwith a vacuum-tube voltmeterunderthe following
conditions:

Function switch set to CHARGE-ZERO
RESISTANCE MULTIPLIER switch set to 1 k
Measure-calibrate switch set to measure
VOLTAGE ON UNKNOWN switch set to 10 v
Power-line voltage of 115 volts.

5.6 DETECTOR ADJUSTMENTS.

5.6.1 METER-ZERO ADJUSTMENT.

Uthe COARSE ZEROadjustmemonthe panel is
near the end of its range. or off range. it can be reset
to mid range. and the detector zeroed using R211 which
is located on the detector board (see Figure 5-2)­
nus ADJUSTMENT SHOULD BE MADE WITH THE
CONNECTING LINK BETWEEN TIlE GUARD TER­
MINAL AND nIE GROUND TERMlNAL TO AVOID
SHOCK.
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Tubf Of Tr4l1sislOl'
(Typd

VS01
(7239)

Q50l
(2N91O)

Q502
(2NIl31)

PC VollS

Pi" 10 Grourrd

I 6.7
2 10.0
4 10.0
6 60.0
7 10.0
9 10.0

cap 200.0
Between 5.6 ac4 and 5

C 6.6
B 2.7
E 2.1

C 2.7
B 4.7
E 5.5



5.7 TROUBLE·SHooTING.

5.7.1 NOISY DR ERRATIC BALANCE.

U the bridge has not been used in some time,
surface contamination in the Wire-wound R or 6R%
adjustment may cause erratic behavior of the null in­
dicator. To remedy this sUuation. rotate these con­
trols over their ranges several times.

5.7.2 LOW BRIIXiE SENSITIVITI.

To check the bridge sensitivity proceed as fol­
lows:

a. Set the VOLTAGE ON UNKNOWN switch to
10 v. the measure-calibrate switch (on the
side panel) to calibrate (fully clockwise). the
SENSITIVITY control fully clockwise. and
the RESISTANCE MULTIPLIER to 100 kR

b. Balance tile bridge. It should balance near 1.

A 1% change in the AR%dial is 1 millivolt and
should give a 2-1/2-division deflection. If the gain is

SERVICE AND MAINTENANCE

insufficient, check the voltage in the detector board
and compare themwiththose of Table 5-3. nus should
help locate a faulty component.

5.7.3 INABILITY TO BALANCE OR LARGE ERROR.

If the bridge does not balaoce. several things
should be considered before the bridge is returned
for service:

a. Make sure that the measure-calibrate switch
(side panel) is in the measure position (coun­
terclockwise), see Figure 5-1. 1be bridge
will always balance near 1 when this switch
is in the calibrate position.

b. Make sure that the component is correctly
connected.

c. Check all panel switch settings.
d. Try measuring a known resistor.
e. Refer to paragraph 3.11 for measuremed. o(

high-valued resistors and to paragraph 3.12
(or measurements lmder adverse conditions.

JI04

5103

RI21

RI14

5102

RI07

Rloa

POWER suPPLY BOARD R~3 J502
(SEE FIGURE 5-4) R509 J503 J!501

50.

R231 R211 RI03
DETECTOR BOARD (SEE FIGURE 5-3)

Figure 5-2. Interior view of the Tfpe 1644-A.
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Figure 5--3. Etched-board layout for detector circuit.



R<rf. No.

R210
R202
R203
R204
R205
R206
R207
R208
R209
R210
R211
R212
R213
R214
R215
R216
R217
R218
R219
R220
R221
R222
R223
R224
R225
R226
R227
R228
R229
R230
R231
R232
R233
R234
R235
C201
C202
C203
C204
C20S
C206
C207
C208
C209
CR201
CR202
CR203
CR2Q4
CR2ll)
M201
Q201
Q202
Q203
Q204
Q205
V20l
V202
V203

PARTS LIST - DETECTOR CIRCUIT

RESISTOR. Composition 100 MO :t5% 1/2 w
RESISTOR. Composition 100 M{} i5% 1/2 w
RESISTOR, Wire-wound 200 {} :t5% 2 w
RESISTOR, Composition 10 MO 15% 1/2 w
RESISTOR, Composition ISO k{} 15% 1/2 w
RESISTOR, Composition 22 kO :t5% 1/2 w
RESISTOR, Composition 2.2 M{} t5% 1/2 w
RESISTOR. Composition 4.7 MO ±5% 1/2 w
RESISTOR. Composition ISO {} ±5% 1/2 w
RESISTOR. Composition 390 {} t5% 1/2 w
POfENTIOMETER, Wire-wound 5 kO ±10%
POTENTIOMETER. Wire-wound 5 k{} t5%
POTENTIOMETER. Wire-wound 5 k{} ±S%
RESISTOR. Composition 120 {} t5% 1/2 w
RESISTOR. Composition 1100 ±5% 1/2 w
RESISTOR, Composition 6.2 kO 15% 1/2 w
RESISTOR, Composition 2700 ±5% 1/2 w
RESISTOR, Composition 100 k(} ±5% 1/2 w
RESISTOR. Composition 470 {} ±5% 1/2 w
RESISTOR. Composition 750 n ±S% 1/2 w
RESISfOR. Composition 10 kO i5% 1/2 w
RESISTOR. Composition 1 kO ±5% 1/2 w
POTENTIOMETER, Ccmposition 10 k(} :tlO%
RESISfOR. Composition 300 0 i5% 1/2 w
RESISfOR, CompoSition 20 kO i5% 1/2 w
RESISTOR, Composition 8200 ±5% 1/2 w
RESISTOR, Composition 47 k 0 ±5% 1/2 w
RESISTOR, Composition 4.7 kO ±5% 1/2 w
RESISTOR, CompoSition 47Qo-k.O ±5% 1/2 w
RESISTOR. CompoSition 20 kO ±5% 1/2 w
POTENTIOMETER. Wire-wound 5 k(} :tlO%
RESISTOR. Composition 20 kO ±5% 1/2 w
RESISTOR, Composition 22 kO t5% 1/2 w
RESISTOR, Composition 4.7 kO :t5% 1/2 w
RESISTOR, Composition 4.7 kO ±5% 1/2 w
CAPACITOR, Mica 470 pC ±lO% 500 v
CAPACITOR, Plastic 0.00lj.1f :tlO% 200 v
CAPACITOR, Ceramic 100 pC +80-20% 50 v
CAPACITOR. Ceramic 0.05 pi +80-20% 50 v
CAPACITOR, Ceramic 100 pC tlO NM 500 v
CAPACITOR, Electrolytic 25 j.1f SO v
CAPACITOR. Electrolytic 25lJf SO v
CAPACITOR, Electrolytic 25lJf 50 v
CAPACITOR. Electrolytic 2S j.1f SO v
DIODE. Type 1~'935

O1ODE, Type IN967B
O1ooE, Type IN3253
DlOOE. Type IN191
DIODE, Type IN191
METER. 650 () ±20%
TRANSISTOR. Type 2N1377
TRANSISTOR. Type 2N910
TRANSlSTOR. Type 2N91O
TRANSISTOR, Type 2NI304
TRANSISTOR. Type 2N1131
TIlBE. Type TUE-3
TIlBE, Type CK6418
nrBE. Type NE-2

16«-0420
1644-0420
6760-1205
6100-6105
6100-4155
61lXr3225
6100-5225
6100-5475
6100-1155
6100-1395
6059-2509
0971-3913
0971-3913
6100-1125
6100-1115
6100-2625
61()(}-1275
6100-4105
6100-1475
6100-1755
6100-3105
6100-2105
6020-0400
6100-1305
6100-3205
61()(}-1825
6100-3475
6100-2475
6100-4475
6100-3205
6059-2509
61()(}-3205
61()().3225
6100-2475
6100-2475
4700-0600
4860-7309
4404-1109
4403-3500
4400-4600
4450-3000
4450-3000
4450-3000
4450-3000
6083-1026
6083-1016
6081~1001

6082-1008
6082-1008
5730-1090
8210-1377
8210-1031
8210-1037
8210-1304
8210-1025

8380-5886
8380-6418
8390-0200





Figure 5-5. Etched-board layout for power supply.

Rotary switch sections ore shown as viewed hom the
panel end of the shoft. The first digit of the contact
number refers to the section. The lection neorut
the ponel is t,the next section hock is 2, etc. The
next two digits refer to the contact. Contact ot is
the first position clockwise from a strut screw (usu­
oily the scre..... ohove the locating key), and the other
contocts are numbered sequentially (02. 03, 04, etc),
proceeding clockwise around the section. A suffix
F or R indicates thot the contact is on the front or
rear of the section, respectively.



PARTS LIST - POWER SUPPLY

ReI. No. Descri"d_ PrtrtNo.

RSOI RESISTOR. Composition 4.7 Ul :15% 1/2 w 6100-2475
RS02 RESISTOR. Composition 470 to 15% 1/2 w 6100-4475
RS03 RESISTOR. Compositim 470 kO t5% 1/2 w 6100-4475
RS04 RESISTOR, Compositim 470 kO t5% 1/2 w 6100-4475
R505 RESISTOR. Composition 470 kO :15% 1/2 w 6100-4475
R506 RESISTOR. Compositioo 1 MO t5% 1/2 w 6100-5105
R507 RESISTOR, Composition 2 kG 15% 1/2 w 6100-2205
R508 RESISTOR. Composition 3.9 kG 15% 1/2 w 6100-2395
R509 POTENTIOMETER. Composition 2.5 kO ±10% 6{)1l}-0700
RSIO RESISTOR. Composition 10 to 15% 1/2 w 6100-3105
RSll RESISTOR. Composition 9.1 kG 15% 1/2 w 6100-2195
RS12 RESISTOR, Composition 11 kG 15% 1/2 w 6100-3115
RSt3 PaTENTIOMETER. CompoSition 100 kO ±10% 6010-1700
RSH RESISTOR, Composition 20 kO ±5% 1/2 w 6100-3205
R51S RESISTOR. Composition 47 n 15% 1/2 w 6100-0475
R516 RESISTOR, Composition 300 n 15% 1/2 w 6100.-1305
RS17 RESISTOR, Film 249 Hl ±l% 2 w 6590-3249
RSla RESISTOR, Film 150 kG ±Ii 1 w 6550-3150
RS19 RESISTOR. Film 49.9 G t1% 1/2 w 6450-9499
R520 RESISTOR. Film 24.9 kG H% 1/4 w 6350-2249
R521 RESISTOR. Film 15 kO ±1% 1/8 w 625l}-2150
R522 RESISTOR. Film 4.99 kO ±l% 1/8 w 625O~1499

R523 RESISTOR, Wire-wound 6.8 0 ±5% 2 w 6760-9685
R524 RESlSToo.. Wire-wound 6.8 0 t5% 2 w 6760~9685

R525 RESISTOR. ftlwer 1DkO :t:5% 5 w 666()-3105
C501 CAPACITOR, Blectrolytic 2S ~ 100 v 4450-5596
C502 CAPACITCR. Blectrolytic 10 ~ 250 v 4450-2100
CS03 CAPACITOR, Blectrolytic 4 ~ 475 v 44~2000

CSC< CAPACITOR. Blectrolytic 4f v.f 475 v 44~2000

C505 CAPACITOR. Blectrolytic 10 ~ 250 v 445l}-2100
CS06 CAPACITOR. Blectrolytic 4 fJf 475 v 4450-2000

= CAPACITOR. ElectrolytiC ... pI 475 v 4450-2000
CS08 CAPACITOR, Ceramic 0.0047 ~ tlO% 500 v 4407~2"'78

CR501 DIODE. Type 1N3253 6001-1001
CRS02 DIODE. Type IN3036A 6083-1025
CRS03 DIODE, Type 1N3255 6081-1003
CR504 DIODE. Type 1N3255 6081-1003
CR50S DIODE, Type 1N3255 6081-1003
CR506 DIODE. Type 1N3255 6081-1003
CR507 DIODE, Type IN3255 6081-1003
CR508 DIODE, Type IN3255 6081-1003
CRS09 DIODE. Type 1N748A 6083-1002
CRSlO DIODE. Type 1N191 6082-1008

P501 FUSE, 115 v. 0.2 a 5330-0600
230 v. 0.1 a 53Jl}-0400

PS02 FUSE US v. 0.2 a 5330-0600
, 230v.O.la 533ll-0400

1501 BINDING POST. EXTERNAL 4060-0400
lS02 BINDING POST, EXTERNAL 4060-0400
1503 BIND1NG POST. EXTERNAL 406{)-0400
PSOI PILOT UGHT. POWER ON 7510-1380
PS02 PILOT LIGHT. VOLTAGE APPLIED 7510-1380
PL501 Power Cord 4200-1903
Q501 TRANSISTOR, Type 2N910 8210-1037
Q502 TRANSISTOR. Type 2NIl31 8210-1025
5501 SWITCH. Rotary Wafer 7890-33ll0
TSOI TRANSFORMER 0345-4004
VSOI TUBE, Type 7239 8380-7239
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Figure 5-6. Etched-board loyout for bridge circuit.

PARTS LIST - BRIDGE CIRCUIT

R~/. No. D••m"IooI p., Ho.

RIO! RESISTOR. 5.6-5.95 kG 0433-4120
Rl02 RESISTOR. Wire-wound 475 kO to.11\\ 0510-2001
RI03 POfBNTIOMETER. Wlre-wound 50 kO 15% 0975-4060
RlO4 RESISTOR. Precision 2S kO ±0.2% 6690-4267
RIDS RESISTOR. Wire-wound 9.92 n ±1/4% 0510-3905
Rl06 RESISTOR. Wire-wound 100 n :U/4% 0510-3924
Rl07 RESISTOR, Wire-wound 1 kn :U/4% 0510-3928
Rl08 RESISTOR, Wire-wound 10 kO 11/4% 0510-3933
Rl09 RESISTOR. Wire-wound 100 kO ±1/4% 0510-3931
RlIO RESISTOR. Film 1 Mn :tI/4%. 50 1/2 w 6193-4100
Rlll RESISTOR. Film 10 MO tl/4%. 50 2 w 6195-5100
Rll2 RESISTOR. FUm 95.3 MO ±l% 2 w 6S90-S953
R1l3 POfENTICMBTER. Composition 10 MO %201\\ 6010-2800
Rl14 RESISTOR. Film 95.3- MO Hi 2 w 6S90-S9S3
Rl15 RBSISTOR. Film 10 MQ tl% 1 w 6550-5100
Rll6 RESISTOR. Film 953 kO- t:1% 1 w 6250-3953
Rll7 POTENllCMETER. Composition 250 kG tlOl\\ 6010-2000
Rll8 RESISTOR 500 Mil t~ 6740-1500
Rll9 RESISTOR. Film 10 Mn Hi 1 w 6550-5100
Rl20 RESISTOR. Film 475 kG :U% 1 w 6250-3475
R121 POfEN1lOMETER. Composition 100 kG ti(:J% 6010-1700
Rl22 RESISTOR. Composition 100 kD t5% 1/2 w 6110-4105
Rl23 RESISTOR. Wire-woWJd 1 kn t:10% 2 w 6760-2109
CIOI CAPACITOR. Plastic If.d tlO% 100 v 4860-8274
)101 BrnDING POST. Insulated. GUARD 4060-0400
)102 BINDING POST. Uninsulated, Ground 4060-1800
)103 BrnDlNG POST. Insulated. - UNKNOWN 4060-2428
)104 BINDING POST. Insulated, +UNKNOWN 4060-2428
S101 SWITCH, Rotary Wafer 7890-3270
5102 SWITCH. Rotary Wsler 7890-3280
8103 SWITCH, Rotary Wafer 7890-3290
S104 SWITCH 7910-0400





Appendix -------------------

RESISTORS

Detailed specifications on General Radio resistors
available for use with this bridte.

(....here D is the dislipe.tion factor of the difltributed capacitance)
which decreases ",ith frequent)' and caUflefl the effecti\'e pIlrallel
reeilrtance to decreaae rapidly be)'ond a cerlain frequency. In addi­
tion, distribuWl caperit./lnce along the ...inding caU8Cl5 a limilar
rapid decretUlC in reeistance e\'en if its dielectric klee: ill negligible,
The equati()lll! al:)(we indiCilte that the effectiv'C aerie8 resi8tance 01
Iov.·.valued rellistors v."{)Ijld be independent of frequency up to quite
high frequencies. In practice, if the re8idual inductance lind CIlp8ci­
tsnce lire kept small, Gkin effeet become8 the main cauae f(lf departure
from the }ow-frequency vlllue of the8c r-esiIltOI'8.

General Radio wire-wound reNl!ItII.nce elements are designed to
minimi>;e inductance in 10w-reei8tRnce value8 lind to minimize CIlpRci­
lance {Of high vlllu~ 01' ~~tl\nC(\. AU unit& up thrWlth '2(lQ \JhJt\&
ulili%e Iln A)'rton-Perry winding, in which e8ch ref!illtor consists Df two
wi2din in opposite directions, lJUch that their ll1lI~etic fields are
op and largely cancel. For very low-valued umts, the residual
in uctance of RIlch Il ",inding ill of the order of I % of that of a corre­
llpllnding llingle v.inding.

Elemenlll having 5CJO.ohm reei8tance (If higher are unifilar-wound
on flat rectangular "carda," and hal'e inherently Ieee inductance than
8O-<:alled "noninducti\'e" spool-wound types becaWlC cI the low
el'lJelHCctional area. of the v.inding (refer to Figure 2). The Cllpact..
tanoe cI fI card-type rcAstar is aleo much lov,"('I' than that cI a~
type be<:a1l8e the t.urfIlII of wire are not piJed up but are evenly wound
in one la)-eI".

figu•• 3. Equfoool.... dn:ult
of a .....onr;e dKOd••
ohoori"l;! IooDtian ond fur.

of .,..;dllOllmptl6anc ...
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I
I
I
I
I
I

I
, Io-l- -'

figure 4. EquiYol_
wy. ond delta net­
work. ,.,.. a ..........
with capocltClnc. to

...oId.

ThetIC wire-wound ~re exhibit a negligible freqUC!ncy error in
raiBllInce up to about 600 kc for valuf!6 up to 500 ohlTl8, and only
moderate errors at 1 Mc.

In decade boxCfI, the rOOdual impedanCCll of the 8witehee, wiring,
lind cabinet lire added to thMe of the ret5i8tors thernsclve8. The
equivalent circuit is then that 01 Figure 3, which repreacnta II llingle
TYI'£ 510 d~de. For multiple-dccttde bo~ the series inductanCell
are IIdditive, but thc Cll.pneit.nnce is Approximately that ACI"OlIII the
hi"hetlt valued aCClI.de U8Cd (eee lJ])C'CifiC:II.tions for t'II(:h t)1:le).

The effect of the residual reactance depends greatly upon the way
the reIlistor is connected in the circuit. For example, ~Ilel C8p11.C"
tance can often be compelllllLted for when the n'8iIItor III connected in
Jlllrallel v.ith a capacitor. For high-valued reel.norll, the upper fre­
quency limit for II. given l!f'TUI" ill eome ten timea higher in the effective
parallel reeista.noe than it ill for the ecries connection.

Genen.l Radio decade boxes have a IleJlllf'Ilte tcnninal for the _.
With a three-terminal connection, the CIlpacitanoe ia reduced becaU88
CIlpllCitance from the re:eiewr tef'minals to the caae (c. and Q, in
I<igure 3) are guarded and do not shunt the resistance. Moroo\'er,
this direct impedance will clten appelll" slightly indllCti\'e due to
distributed e:e.~tanoe aIon,; the~ to the~ M eqlIained
by the ...")-e-delta trllNfonnation (If F"JgUre 4.

The resistance material ueed for moet Gene",,1 Radio unitAl ill
E\'Ilnohm. an aIlo)' ..ith e~llent lItabilit)·, \'ery 10w and ODNtant
temeerature coefficient, low thermal emf ...ith coJ?Per, and h~h
teneile strength. It is relatively in.enaitive lo humidity and stnr..ID.
For reeilltance unita of 1_ than 5 ohnuJ, the older, well-known
mangM.in allo)' ill U8Cd becalllle ita lo"-eI" resistivity alkl"ll "ire
dimenaiolUl which are ee.si.CT to work l\ith and to adjust.

Becauae or its accuracy of adjUlrtJ1'lCflt, Ioog-term etabilil)', !ovo'.
find unifonn-tempen.lure coefficient, and relative immunity to ambi.
ent humidity OOIlditioJl8, the "im-wound retUtor is the nlO6t suitable
type for UlIe ae a laboratory lItand8rd lit IIlldio and 10.... radio frequen­
~ aa well B.8 at de. In the ~1Ilanl:e nl.nge from a fraction of fin

ohm to about one megohm, 8Ueh reelllol"ll have been developed to •
high lllate of refinement through impmvemmllJ in design snd IlUlnu·
facturing techniques.b "..",. E:rf.7l

Flgllfe 2. o.oool~
C QJIlCI 10 100

Resietonl deeigned for ac UIle differ from those intended for UlIO
onl\'.at direct current in thR.t low 1lCri~ resctB.noe and oonBtanty of
resUrtanoe 88 frequenl':)' is varied flre important design objectiVES.
lnevitablr. n'llirrtore have residual Cllpacitllnce and inductsnce M80ci­
lI.ted with t~~ ",-hich become incl'elUlingl}' important 88 the fre­
quem:)' ill~ acting to chsnge the terminaJ rellist&noe from itJI
kl..·..freqllf'rlCy vallie.

For frequencieB where the reailrt.anoe and it.ll ll.II9OCiated rellidlUll
reactanees beha,'c _lumped parameten. the eqw"a)enl circuit of a
~ can be repreeented as e.hov.'O in tigure I. The inductance, L,
is the equivalent inductance in eerie. ",ith the resistance, whale the
capacit.anef', C, ia the equi\*nt capacitance 8CrcMI the t.ermina1.ll
of the ree16tor.

It is neee.ary to differentiate elearly bef."...-eII the coocepta cI
equivalent eerioels and equivalent pllrallel circuitB. The two-tennina.1
circuit of FIgure 1 can be deecribed as an impedance R. + iX. or as

an admittance G +iB - ;. +i, ....·herein the pllnr..meten ve a
function of frequenev. This ~nctiOfl bet.....een eeriet!I and pa.1'll1lel
componenlll is more tllan a mathematical exerci.llc - the use to which
the reeiator is to be put ",ill frequently determine which component is
of principlll interest.

The ellpre6llioo for the effective lK!I"iee impedance (Z) is;

R+j<.l L(l-~)-RtC]
Z,_R.+jX,_ )'

1 - wi + (""RC)1

, '"wht.'nl "" - VLC ..nd wi - ..JLC.

The effective panr..lIel admittance is given by;

Y _ G + iD "" ..!.... + _'__ !~!::IC - ; (I - ::)]
R. iX. (wL)'1+ 7f

At low frequenciee ",-here termll in\"Olving the llqU&re of frequency
are neg1igible, the fftIistor rna}' be repreeent.ed by a two·dement net­
...-ark ('Il)fIlIillting of the ~ ~OI!, R, in llCriea "ith an inductAnce
equal to L - /PC or in pa.ra.llel with a capacitance eqUAl to C - LjR'.
BecaWlC 01 the~ d the R' tCTm in the equh-a}ent, reectj\'e
parameters, shunt capacitance ill the dominating residUAl for hil'h
\..Iuee of resiatance, while for low \"IlI~ of reeisumce, the 8CI'1ee
inductance in\viably predominates. Generally, individual wire­
wound ~ton: a~e a few kilohma an! capacitive, while dee­
ade8, whLeh have Ine~ effective capacitance, are capacitive at
lJOTne\\i1at lower \'1llul:':ll.

In the r;im~fied circuit above, the effective parallel resimance of a
high-\'alued reaitrtor in which shunt capacitance dorninatell wDuld be
independent of frequency. Actually, other effecta may cauae the
PAralle.1 resitrtttnce to deerf:ase with frequenc)·. For example, dielectric
~ 10 the ehunt CapRCltance, C, of Figure I are equivalent to a
reeurt./lnce



Type 1432 DECADE RESISTORS

Type 510 DECADE·RESISTANCE UNITS
Each decude has eleven contact studs and ten resistors,

so that the dial values overlap. Positive detent mechanisms
and bar-type knobs pennit the operator to SCll.8C the posi­
tion of the switches without looking at the panel. Each
resistor is adjusted to be accurate within its specified
tolerance at its terminals, so that resistance increments are
accurate to that tolerance.

Winding methods are chosen to reduce the effects of
residual reaetances. The l~hm steps are Ayrton-Perry
wound on molded phenolic forms especially shaped and
heat treated to minimize aging effects. The 10- and l{)(k)hm
stcps are Ayrton-Perry wound on a form of silicone-fiber­
glas laminate. The 0.01- and O.l~hm steps are straight
wire and hairpin-shaped ribbon, respectively, while the
lOCK).., lO,(X)()-, lOO,(X)()-, and 1,(X)(),()()()..ohm steps are uniw
filar wound on thin mica cards.

FEATURES:
• Low zero resistance.
• High accuracy.
• Low temperature coefficient of resistance.
• Low thermal emf to copper.
• Resistors are adjusted so that resistance increments are

always correctly indicated.
• Good frequency characteristics.
• Residual reactances are small and known.
• Excellent stability.
• Unaffected by high humidity.

SPECIFICATIONS
AcCUroc'f.f ...01I..........rm Each of the 10 reeiBtoI1l in each decade iB fnq..-ftCY~llInITheacoomp6nyingplot8howethemaximum
adjusted to be accurate at its tenninall within the tolerances given pel'eentage change in effective eerie3 re8istance, till a runction of rre-
in the table. Reei~ce increments are accurate to thia eame wi- quency ror the individual decade unit8. For low-resistance decades
eranoe. the error Ia due almost entirely to akin effect and ia independent of
t ..~ a.dll__ The resistance at Ute decade tenninall is the swn of switch setting, ",hue for the high-l1lIlbtance units the error is due
the awitch resistance (see below) and tha' indicated by the pitch- a1moet entirely to the shun' capacitance and itsl088e8 and is approXl-
eetti mately proportional to the sqUAre of the resistance setting.

ng. The high-resistance decades (Tl'ne 516-E, -F, -G, and -H) are
Mall,",,,,,,,, Cu...rm See table. Maximum current is engraved on panels very commonly wed till parallel resiatance elements in reeonan' cir.
or dia.l plates. cuits, in which the shun' capacitance of Ule decades becomes part of

the tuning capacitance. The parallel Mutanee changes by only a
fract.ion, between a tenth and a hundredth, of the aerieH'e8iatance
clla.nge. depending on frequency and the insulating material in
the llwitch.

CharacteriatiCll 01 the Typ.: 1432 Decade Resi!Jtors are 8i.milJj.r to
thoee of the individual 1TPIl 510 unitll, modified by the in~
I18riea inductance, L., and shunt capacitance, C. due to the wiring
and the presence of mote than one decade in the tlM8mbly. At total
resistance I18Uinga of approximately 1000 ohms or less, the rrequency
characteristic of any of the6e decade resilltol1l is 8\Ibstantially the
same till tholMlsho\\'ll ror the TYPE 5(0 unlt4. M higher settings., shunt
cap6citance becomes the controlling factor, and the effective value
of thia capacitance depends upon the settings of the individual
"-<1M.

USES: Decade resistors are used in circuits where a wide
range of resistance values is required or where variable
dummy generator and load resistances are needed. The
accuracy of General Radio decade resistors easily meets
the requi.rements of these applications and also permits
them to be used as laboratory standards and as ratio arms
for direc.... and nJternating-current bridges. Although de­
signed primarily (or direct-current nnd audio-frequency
work, many of tbe models are useful well into the radiI>
frequency range.

'Ibese resistors are available as assemblies of 4, 5, or
6 decades in cabinets for laboratory use, or as shielded
single-decadc units for building into experimental equip­
ment, production-wst instruments, bridges, and other
permanent assemblies.

DESCRIPTtON: Each TYPE 510 Decade-Resistance Unit
is enclosed in an aluminum shield, and a knob and etched­
metal dial plate arc supplied. The assembly is also avail~

able complete except for resistors, as the TYPE 51Q-P3 and
-P3L Switches.

The TYPE 1432 Decade Resistor is an assembly of
TYPE 510 Decade-Resistance Units in a single cabinet.
Mechanical as weD as electrical shielding of the units and
switch contacts is provided by the attractive aluminum
cabinet and panel. The resistance elements have no electri­
cal connection to the ca.binet and panel, for which a sepa­
rate shield terminal is provided.

T)'1'.1"32



Type 500 RESISTOR

FEATURES:

• Convenient and accurate.
• Low thermal emf to copper.
• Low temperature coefficient of resistance.
• Excellent high-frequency characteristics.
• Standard plug-in terminnls.

rLARGE CASE:........
ScrS\L 0 "11/ • 0

I I

~~1--."
.~

2: "TG.HOL.U
NO- 1& DftILL
.. u,flG( CASE:

2: lolTG.HOl.ES
NO. 1& Dl'lL.L. ..
S.....LLCASE

~th types an! sea.\ed with a hilth-meltin~point \\·u. l'Ypu ~A
through -V an! in amall cue; TTPr.a~W and -X in large cue.
06001_...., See llketdl., dimensioN! are in inet-. ~...II height,
1'" incbe8 ror large cue, 1 inch r« em.ll cue, exduah-e cl plug:a. To
tlOn\'~\ incbel kl nun. multiply by 2$.4.
.... W"hf: 2 ounClelJ (60 .).
Shl........ w...ht; 8 0WleeI (230 d.

USES: The 'mE 500 Resistors are particularly recom­
mended as resistance standards for use in impedance
bridges and as secondary standards for labomtory use. TIle
plug-type tenninnls make them readily interchangeable
in experimental equipment. Screw tenninals are a1eo sup­
plied for more permanent installations.

DESCRIPnON: This resistor is an accurately adjUfted
resistance unit w&x«aJed in n phenolic case to exclude
moisture and to provide protection from mechanical dam­
age. The construction of individunl units is similar to
that used in the TYPE 510 Demde-Resistance Units (page
160).

SPECifiCATIONS
4«_y .. "'''I.,.''''1Ifth ±O.05% at the lerminah, exoept for the
l-ohm unit, which is adjuatM within to. IS%-
m.,-q a...~..... SimilaT \0 thoee of the TTn: 510 I>e<:ad&­
Reaiatanoe Unitl for rellistanoe values up \0 600 ohms; llOIJle1l"bat
better for highu~ becauae of the relat.i.ve:ly .maIl .bunt
caPKit&ooe of an i80lated reUt.or.
......._ r_ .... c..-, AU unita will. d.iIleipatt one _U for a
temperature ri8e of 4{1 degres Cent«rade. The value 01 eurrent for
thiI ri8e iagiven in the table below and it engraved on ~h uniL
' ..........._ C~ U. than ±20 ppm per degJft Centigrade
at normal room tempen.ture.
Ty,.. ., WhlOlI,.. Lee. than 500 ohms, Aynon-Perry; 500 ohms and
higher, unifil.ar 00 thin mica cards. TTPJ';fJ 5O().V. W, and X are made
up 01 multiple mica cards in eerieL
'_I..... Both t.erminal ecrewI and p1.uglI are lIUpplied. Each t.ernU­
na1 Itud is~ as • jack to accommodate. plug. Standard
J(-inch Il{&cin is wed. High tennina1 is marked H."",,-,-. m:1 molded pbmoIic cue ill wed ror all unita havinc •
resl8tanoe or lee. than 1000 ohm-. Few unita having. reeietance value
cl 1000 oIuna or hieber•• 1ow4oes miea·filled pbeooIie cue is wed.

T RuiItame in Ohrru M o:u:imum C'1I.rT.ml COth Number..... 1 1.0_ 05QO·9101..... I. 310ma ......,02..... 20 '20 _
0.500-9711.....,

'" 140_ 0500-9703..... 100 100_ ......,....... 200 70_ ....."...... ... ,,- 0500-9706..... ... ..- 0.500-9707...... '000 "'- 0500..9701..... '000 22_ 0500-9712
....M .... ,,- O.soo.W13..... 10.000 '0_ OSoo.971 0..... 20,000 7_ 0500-9118
....T "',000 4.S ..... OSoo.972O...... 100.000 ,- 0500-9721..... 200.000

2.2 _
0500-9722

....w ....000 ....- 0500-9723
soo-x '- '.0_ ......".
TOM '- 1.1_ QSOO.912S...., .-..... 0.7 _

0500-9726...." '0_ ....- OSOG-9.504



------------------Appendix
ft.flJ Equl\lolltnt clr~ull of (I .etlllf·
once de«lde. showll'lQ ICKCIIKJn and

1>01",. 0' f ••1dIlClIImp.dc....c...

(light' Molllmum petc.mo.... chonge
In M,r•••esWane. 01 (I 'IIn'"tion of
frequltl'lC'f for Type 510 Oftod.·

a....h:ln« UnIt..
• - . . - ­,- -

T'(piccol V.I..... of R~ t .. ond C """'It Deco" I ..btonl
Zero led.tc.n«t (_.11 0.002 ohm or tess per dial at de (O.OOl-ohm

switch resistance and O.OOI-obm lead resilltance); 0.04 ohm per dial
at 1 Me; proportional to llQuare J'O()t of frequenfly at aU frequenciel!
above 100 kc.

Z_'ndua.nclt Ct.J, O.IO,.h per dial.
Eft.ctille Shunt CopociNl_ (c). 11tis value is determined largely by

the highest decade in use. With the LOW terminal connected to
shield, a value of 15 to to pI per decade may be assumed, counting
decade!! down from the highest. Thus, if the third. decade from the
top is the highest resistance decade in circuit (i.e. not set at uro)
the shunting tcrminul capacitance is 45 to 30 pl. II tbe highest decade
in the a&;embly is in use, the effective capacitance is 15 to 10 pl,
reganUess of the settings of the lower~re;;istancedecades.
' ...perotur. Coefficient ., R..'.toncO'l Le8s than ±20 ppm per degree
centigrade at room tempemtures for tbe TYPE 510 Decade-ReSist­
ance Units lLnd for the TYI'E 1432 Decade Resistors, except for tbe
0.1- and O.OI-obm decades, wbere tbe box wiring will incres.se tbe
over-u.ll temperature coefficient.
SWlfe...., Quadruple-leaf brusbes bear on lubricated contact studs
'" incb in diameter. Botb brushes and studs are of copper alloy.
These brushes are bent 80 as not to be ta~ent to the arc of trnvel.
thus avoiding cutting and affording a good. wiping action. A cam-

type detent is provided. There are eleven contact points (0 to 10
inclusive). The switcb resistance is less than 0.001 ohm. The effective
capacitance of the switch is of tbe order of 5 pf, with a diSllipation
factor ol 0.06 at I kfl for the standard celJulCll'le-tiJ eel molded phenoJ;fl
switch form and 0.01 for the mica·filled phenolic form usea in the
TYPE 51~ unit.
'_moll, For TYPE 1432, jack-top binding posts on standard ~~inch

spac:ing. Shield terminal is provided. TYPE 510 units have soldering
1_
MOOlrtll"" TYPE 1432, lab bench cabinet 1'n>E 510,
complete with dial plate, knob, template, and mounting screws.
DbMenliofl" TYPE 1432- width 4 5/J6 inches (110 rom), h~ight 4N
inches (120 mm); length 13 inches (330 rom) for 4-dial, 15~ inches
(400 mm) for 5-dial, and 184 incbes (470 mm) for 6-dial box. TYPE
510 - over-all diameter 3 1/16 incbes (78 lOrn), deptb behind panel
35/16 inches (85 mm).N.. W.".... TYPE 1432 - 5 pounds, 4 ounces (2.4 kI!:) for 4-dia1;
6 pounds, 5 ounces (2.9 kg) for 5-dial; and 7 pounds, ~ ounces (3.4
kg) for 6-dial box. TYPE 510 units-ll ounces (310 gfll,ms); TYPE
51o-P switches - 9~ ounces (270 grams).
Shlpt>f", Wef$.... TYPE 1432-7 pounds (3.2 kg) for 4- and 5-dial,
9 pounds (4.1 kg) for 6-dial box. TyPE 510 units and switches,
2 pounds (1.0 kg).

Type 610

MuUipk '/
No.tJ! """"'. Cod<

Typ< Tot" ""'" Uwl Nu.....

1432~U 111.1 onms 0.01 onm 4 AA, A. a, C 1432·9721
1432~K 1111 0.1 4 A,B,C.O 1432·9711
1432-J 11.110 1 4 B.C,D.E 1432·9710
1432~L 111.100 10 4 C,O.E.F 1432-9712
1432-0 1.111,000 100 4 D, E, F, G 1432-9717
1432-1 1111.1 0.01 5 AA, A, a, C, D 1432-9720
1432-N I I,J II 0.1 5 A, B.t:.O.E 1432·9714
1432..M 111.110 1 5 B,C,D,E.F 1432-9713
1432-' 1,111,100 ,0 5 C, 0, E. F, G 1432·9716
1432·Y 11,111,000 ,00 5 D,E,F,G,H 1432-9725
1432·X 111.111 0.1 6 A,B.C,O,E.f 1432-9724
1432-Z 11,111,100 10 6 C, 0, Eo F. G, H 1432·9726

RuWana Accuracy Maximum
T"" Per Step '/ C="" p-
R~na (6R) ..- WC Per Step oL C·· L. Cod<

Typ< Ohm8 Ohm8 1""""""" Riu W"" "A PI "A Nu.....
SIO....... 0.' 0.01

m~
• '"'" 0.16 0.0' 7.7-4.5 0.<>23 0510-9806

SIO.... , 0.' 1.6 amp 0.23 0.016 7.7-4.5 0.023 0510-9701
,no·. '0 , ±OoU .00 - 0., 0.056 7.7-4.5 0.023 0510·9702
S10.C '00 '0 ±o.... 230 m. 0., 0.11 7:7-4.5 0.023 0510-9703
S'O.D '000 '00 ±o.... .0 m. 0,' 0.29 7.7-4.5 0.023 0510-970"
510-1 10,000 '000 ±o.... 23 m. 0., 3.3 7:7-4.5 0.023 0510-9705
s'o..., '00.000 10,000 ±o.... 7 - 0., .~ 7.7--4,5 0.023 0510-9706

51'" 1,000,000 100.000 ±n05 23_ 0., - 7:1-<.5 0.023 0510·9707
UO.M 10.000.000 1.000.000 ±o.025% 0.7 '''''0 0., - 13.5-5.0 0.023 0510·9708
S'O.PS Switch cdy (Block Phenolic fnJ....1 0510.9603
SlO·'3l Switd> only (low-Lon l'tlenolrc ho"'e) 0510-9833

• Ot a muimum 01 4000 ,'0118, ""ak•
•• Th~ "'r,,~r ear"",ilanu Ott..,,.., ..1 1M Ioweoltetlin" of Il>edl'elO<l... ThlO va.I",,"lIi,·~n ar.. for unil~ withOtlt thlOahield ett.... in piau. With th.. lOhield e.ns in pr...:.., th.. ,hunt
cap""ita" ... i.lrom 10 toW pi ,,'HUr thJtn indicatM h~rlO. d~PIOndinlton w","th~r the""i..ld i.lied to thlOa..itt;h or to th.. ~ro ..nd of th.. deeo.dlO-
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WEST CONCORD. MASBACHU~eTTS.*01781

SALES ENGINEERING OFFICES

...........

COMPANY

MONTREAL BRANCH
OfJice 395.1255 Laird Boulevard
Town of Mount Royol. Quebec, Conado
Telephone 5'4 737-3673. -3674

LOS ANGELES*
J000 North Seward Street
los Angeles, California, 90038
Telephone 213 469-6201

DALLAS
2501·A West Mockingbird Lane
Dallas, Texos, 75235
Telephone 21 4 Fleetwood 7·4031

TORONTO*
99 Florol Parkway
Toronto' 5, Ontorio, Canada
Telephone416 247-2171

SAN FRANCISCO
1J861..05 Altos Avenue
los Altos, California, 94022
Telephone 415 948-8233

CHICAGO*
6605 West Norlh Avenue
Oak Parle, IIIino;s, 60302
Telephone 312848-9400

CLEVELAND
5579 Pearl Rood
Cleveland, Ohio, 441 29
Telephone 216 886-0150

RADIOGENERAL

.. Repoir Mrvices Of. available 01 these offices.

General Radio Company (OverRtOsJ. Zurich, Switzerland
General Radio Company (U.KJ Limited, Bourne End, Budcinghomshire, England

Representatives in Principal Overseas Countries

PHILADELPHIA
1150 York Rood
Abington, Pennsylvania, '9001
Telephone 215887·8486

PMo., 215 424-7419

617 369-4400

METROPOLITAN
NEW YORK*

Brood Avenue at linden
Ridgefield, New Jersey, 07657
Telephone N.Y. 212 964·2722

N.J. 201 943-3140

ORLANDO
1, 3 East Colonial Drive
Orlando, Florida, 32801
Telephone 305 425-4671

WASHINGTON*
and BALTIMORE

Rockville Pike at Wall lone
Rockville, Maryland 20852
Telephone 301 946-1600

SYRACUSE
Pickard Building
East Molloy Rood
Syracuse, New York, '32J'

Telephone 31 5 454-9323




