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SPECIFICATIONS
Frequency Range: 400 kc to 60 Mc.
Reactance Rang.: 5000 0 at 1 Me. This ranp variee in­
wnely .. the frequency. and at other frequenciee the dial
readilla mut be divided by the frequency in mepcye1el.
R.latance Range: 0 to 1000 n.
Accuracy: For reectance. at frequeDdee .up to SO Mc.
:t: (2% + 1 0 + 0.0008 X R X n. where R ia the m_
ured I'Miatance in ohma and/ia the frequency in Me.

For relIiItance, at frequenciee up to SO Me, :t: (l%+ 0.1 0). BUbject to correction for reeidual parameten.
At hiah frequenciee the correction depends upon the
frequency and upon the magnitude of the unknown
resiatance component. At low frequencies the correction
depends upon the frequency and upon the magnitude
of the unknown reactance component. Plo... 01 both th_
correctiolll are liven in the instruction book that ia
supplied with the bridge.

Satiafactor)' operation can be obtained at frequenciee
up to 60 Mc with IOmewhat poorer accuracy above
50 Mc than at lower frequenciee.
Ace_rl. Supplied: Two input transformeTII. one
ooverina the range from 400 kc to 3 Me, the other from

, Me to 60 Me; two le&da of cWrerent lenathe (for connect­
ina the unknown impedance); two Trn 774 couial
cablee for connectin& generator and detector.
Acc.aorl. Required: A radio-frequency generator &D4
a detector are required. The Tl'n 805-C Standard-8icnal
Generator ia • eatiafactory generator, .. are the older
Tn. 805-B and the Tl'n~A Modulated o.cm.tor.
A well-ebielded radio receiver -rina the cleeired fre­
quency ranp ia recommended .. the detector. The cou:ial
cable aupplied for connection to the receiver ia fitted with
epade terminala at one end for connection to the receiver
input terminala. For beet reeul.... however. it ia recom­
mended that the receiver be fitted with a Trn 77"-0
Panel Plue and the cable with a T1'n 774-M Cable Jack.

Mounting: Airplane-luaap type caM with oarryIna
handle•. Both input transformero an mounted inaide the
caM. Coaxial cables, ICI,de. and instruction book are
atored in the cover of the iDlltrument when not in uee.
Dlmenalona: 17]1; 13Ji]l; ll)i incbee over-alL
Net Weight: 34)( pounde.

CA UTION: Before operating bridge
read 8ecUon 8.0 In SERVICE NOTES.



OPERATING INSTRUCTIONS

FOR

TYPE CAG-60094
RADIO-FREQUENCY BRIDGE

1.0 DESCRIPTION

re­
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x w

FIGURE 1. BaSic circuit of Type 916-A
Radio-Frequency Bridge

"he unlmown resistance, !lx, and
actance, Xx' are therefore related to
bridge parameters by the expressions:

RB
!lx • CN (C-'2 - CAl)

The resistance, Rx, is seen to depend
upon a change in capacitance CA; the re­
actance, Xx' upon a change in capacitance
Cp. The constant relating the resistance,
!lx, to the change in capacitance, CA, Is
determined by the fixed resistanoe, RB,
and fixed capacitance, CN. The reactance,
Xx' is equal to the change in reactance of
the condenser, Cp ' and is opposite in sign.

(2)

are:

The basic circuit used is shown in
Figure 1.

A measurement is made by first bal­
ancing the bridge with the UNKKOWN termin­
als short-circuited, then rebalancing with
the short-c i T"Cui t removed and the unJmown
impedance cormec ted to the UNKNOWN termin­
als.

When the UNKNOWN terminals are short­
circui ted, the bridge-balance conditions

1.2 BASIC CIRCUIT AND BALANCE CONDITIONS

1.1 GENERAL DESCRIPTION

The Type 916-A Radio-Frequency Bridge
is a null ins trumen t for use in measuring
impedance at 1'requencies 1'rom 400 kc to
60Mc. Measurements can be made ~tth de­
creased accuracy at frequencies som('",7hat
below and above these nominal 1'requency
limi ts.

The bridge is used with a series­
substitution method for measuring an uri­
Jmown impedance, Zx, in terms of its ser­
ies resistance component, !lx, and series
reactance component, Xx. The resistance
ts read froID a variable-condenser dial di­
rectly calibrated in resistance (1n ohms).
The reactance is read from a variable­
cOndens~r dial directly calibrated in
reactance (1n ohms) at a frequency of 1 Mc.
The resistance dial reading is independent
of frequency. The reactance dial reading
increases linearly wi th frequency. For
1'requencies other than 1 Mc the reactance
dial reading must therefore be divided by
the operating frequency in megacycles. The
resistance dial reads from 0 to 1000";
the reactance dial reads from 0 to 5000g
at 1 Mc.

When the short-circuit is replaced by
the unlmown impedance, Zx"· Rx + jXx' the
new balance equations are:

-1-



GENERAL RADIO COMPANY

1.3 COMPLETE CIRCUIT

Through the series-substitution meth­
od of measurement, simple relationships
between the unlmown resis tance and reac­
tance and increments of capaci tance are
obtained. In order to extend this simpli­
ci ty of analysis to simpl1ci ty of opera­
tion, auxiliary controls not shown in the
basic diagram of Figure 1 have been added.
T!'t..1 r functions are most easily described
when the resistance and reactance bal.nces
are considered separately.

The dial of the condenser, CA, that
is used for resistance measurement can be
calibrated in resistive ohms, wi~ any
capaci tance setting chosen as zero. For
maximum resistance range, this setting is
chosen at minimum capaci tance. A small
trimmer capacitance, CA', is thencon­
nected in parallel with the resistance con­
denser, CA, so that the initial resistanc~

balance, with the UNKNOWN terminals short­
circui ted, can be made at zero dial set­
tin~, irrespective of slight changes in
the bridge parameters wi th time or frequen-
ey.

The dial of the condenser, Cp ' that
is used for reactance measurement can be
calibrated in reactfve ohms at anyone
frequency, again with any capacitance set­
ting chosen as zero. For maximum reac­
tance range and best scale distribution
this setting is chosen at maximum capaci­
tance. A trimmer capacitance, Cpt, is
then connected in series with the reac­
tance condenser, Cp, so that the initial
reactance balance, with the UNKNQWK ter­
minals short-circuited, can be made at
zero dial setting, irrespecttve of changes
in the bridge parameters with time or fre­
quency. An additional auxiliary control
must, however, be added to take care of
the sign of the unknown reac tance. Wi th
the zero posidon es tablished at maximum

DIET,

Figure 2 complete circuit diagram.

capacitance, the dial scale reads induc­
tive reactance directly; for measurements
of' capacitive reactance, the initial bal­
an.ce must be made at an upscale reading so
that the negative change in dial reading
will remain on scllie. In order to obtain
maximum capacitive-reactance range a two­
position switch that changes the value of
the ratio-arm resistor., RA, is added. 1

With the switch set in one position an
initial balance can be obtained at the
zero setting of the reactance dial, for
measuring inductive reactance; with it'set
in the other posi tion an ini tial balance
can be obtained at the maximUL1 setting of
the reactance dial, for measuringcapaci­
tive reactance.

Figure 2 is a complete circuit dia­
gram, showing the ratio-arm switch and the
two trimmer condensers, CAt and Cp '.

In the actual instrument the fixed
capacitance, CN' is composed largely of
the capacitance to ground of the shielding
system,2 as shown by the dotted lines in
the diagram. The small adjusting conden­
sers, CN' and CN"' are used to equalize
the capacitance from point "a" to ground
in the two ratio-aJ'll!-swi tch posi tions.

1.4 PANEL LAYOUT AND CONTROLS

A panel view of the bridge is shown
in the Frontispiece. The controls, plain­
ly marked on the panel, are:

(1) The variable condenser, Cp, used
to measure reactance (REACTANCE). The 3"
dial. of this condenser is calibrated from
o to f5000 ohms at a frequency of 1 mega­
cycle. It is prdvided with a small ver­
nier knob to facilitate precise setting.

(2) The trimmer condenser, cpt, used
to make the initial reactance balance when
the REACTANCE condenser is set at 0 or at
5000 ohms. The lmob controlling this con­
denser is located immediately below the
REACTANCE dial. It is geared down to the
condenser shaft so that approximately two
full terms of the lmob are necessary to
cdver the full range.

(3) The two-position toggle switch
used to es tabUsh the ini tiaI-balance set­
ting of the REACTANCE dial in the region
about 0 or 5000 ohms. This switch is 10-

1. In Equations (1) to (4) it is shown
that the value of the ratio-arm resistance,
RA, enters only into the initial reactance
balance and has no other effect upon the
measurement of the unknown impedance.

2. For a description of the shielding of
the bridge, see D. E. Sinclair, "A Radio­
Frequency Bridge for Impedance Measure­
ments from 400 Kilocycles to 60 Mega­
cycles", Proc. I.R.E., Vol. 28, No. 11,
pp. 497-503; Nov., 1940.
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cated immediatel)' above the REACTANCE dial.
The two positions are marked L and C to
indicate that the ~irst is to be used when
,easuring inductive reactance and the sec­
ond when measuring capacitive reactance.

(4) The variable condenser, CA' used
to measure resistance (RESISTANCE>. The
8" dial o~ this condenser Is calIbrated
~rom 0 to 1000 ohms. Itis provided wit4
a slow-motion drive mechanism to ~aciU­

tate precise setting.
(5) The trimmer condenser, CA', used

to make the initial balance when the RE­
SISTANCE condenser is set at 0 ohms. The
knob controlling this condenser is located
immediatel)' below the RESISTANCE dial.

The two adjusting condensers, CN' and
CN... , are accessible through holes in the
panel covered by the snap buttons to the
left o~ the indicator of the RESISTANCE
dial. They are set at the factory and
should not be varied unless recalibration
becomes necessary. (See paragraph 3.1).

The two coaxial terminals ~or making
the input and output connections to the
bridge are marked GEN and DET on the
panel.

A binding post ~or making the ground
connection to the unknown impedance Is lo­
cated on the panel to tbe le~t o~ tbe RE­
SISTk~CE dial. The other connection to
the unknown impedance is made to the Jack
in the center o~ the circular window, at
the le~t o~ the ground binding post,
through one o~ the two special connecting
leads supplied with the instrument. (See
paragraph 1.51).

.1.5 ACCESSORIES SUPPLIED

1.51 Connecting Leads: Two leads for
connee ting the unknown impedance to the
bridge are supplied, one about ftve inches
long, overall, and the other about twenty­
seven inches. Each of these leads termin­
ates at one end in a cylindrical metal
probe, which houses a 5mall ~ixed resistor
and carries a plug to f'1 t the jack pro-

vided on the bridge panel. The resistor
is connected in series wi th the lead and
is designated b;y Rp in Figures 1 and 2. 3

Each lead terminates in a clip at the
other end ~or convenience in connecting
One o~ the two leads supplied must always
be used to connect to the unknown im­
pedance since the bridge cannot be ini tial­
ly balanced without the resistor, Rp.

1.52 Shielded Transformers: Two
transformers are supplied, one for use in
the ~requenc;y range ~rom 400 kc to 3 IIc
and the other ~rom 3 Mc to 60 Mc. The
hlgh-~requenc;y trans~ormer is shipped in
place; the low-~requency trans~ormer is
held in a mounting a~rtxed to t.he re­
movable section o~ the instrument case.

1.53 Cables: Two si ngl e-conduc tor
coaxial cables are supplied ~or connection
to the generator and detector. One of
these is provided with General Radio Type
77~1I Cable Jacks at each end and is in­
tended ~or use with a General Radio Type
605-B Standard-Signal Generator. The
other is provided with a Type 774-11 Cable
Jack at one end and spade terminals at the
other and is intended~or use wi th any re­
ceiver having machine-screw terminals ~or

antenna and ground. If possible, however,
it is recommended that a General Radio
Type 774-G Panel Plug be installed in t.he
receiver and that the second cable also be
terminated at each end wi th a Type 774-11
Cable Jack.4

3. See re~erence of footnote 2 for reasons
~or mounting resistor Rp in external probe
unit.
4. It has been ~ound that low-reactance
connections between the outer conductors
o~ the coaXial cables and the generator,
bridge and detector panels are ver;y impor­
tant. Wherever possible, it is strongly
recommended that co~lal terminals be used
to complete the contlnuit;y of' shielding.
At the higher ~requencies the reactance of
a binding post or o~ an inch of' wire may
cause noticeable error.

2.1 GB"ERATOR

2.0 OPERATION

2.2 DETECTOR

Any well-shielded radlo-frequenc;y os­
cillator haVing an output vol tage o~ t.he
order of 1 to 10 volts and adequate fre­
quency stability will serve as generator.

An;y well-shielded rece:l:ver having a
sensitiVity of the order o~ 1 \0 10 uv
will serve as detector. It is recommended
that the rece:l:ver used be provided with an

-3-
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when disconnected
considerable pick­
indication of poor

adequate r-f sensitivity control and a
local oscillator to give a heterodyne note
at the intermediate frequency, and a
switch to cut out the avc. Most so-called
·communications receivers" fill all these
requirements.

2.3 GROUNDING
The instrument should, in general, be

grounded at a single point, through es low
reactance a connection as possible. To
facilitate making this connection a around
clamp is prOVided on the instrument case.

The ground lead should rreferably be
made with a short length of copper strip,
say 1 inch wide. In laboratory set-ups a
satisfactory "ground· can be olJtaine. lIy
covering the top of the bench wi th copper
foil, even though the bench is physically
far removed from ground. If the foil area
is large enough, it will usually be found
that a connection from it to ground, say
through a steam radiator system, will make
no appreciable difference in results. 5 In
field set-ups the best ·ground· is usually
found to be some large metal structure,
such as a relay rack.

If the grounding is not adequate it
w11l usually be found that the panel ot
the instrument is at a different potential
from the hand of the operator and that the
balance can be chl\nged by touching the
panel, and erroneous results will be ob­
tained.

2.4 STRAY PICKUP
If the panel of the instrument is at

ground potential but those of the detector
and generator are not it is usually an in­
dication of excessive reactance in the con­
nections from the outer conductors of the
coaxial leads to those panels. The use of
Type 774 Coaxial Connectors, as recom­
mended in paragraph 1.53, will generally
eliminate these potential ditterences. A
turther test for the existence of this
condi tion can be made by removing the de­
tector cable from the panel jack ot the
bridge. The detector pickup should be
negligibly small if the generator is
adequately shielded. It the outer shell
ot the Type 774-M Cable Jack can then be
touched to the ground post of the bridge
without signiticantly increasing the re­
ceiver output, no excessive reactance
exists.

If the detector,
trom the bridge, shows
up, it is usually an

5. The foil area should he at :()~:s~· great
enough so that the generator, bridge and
detector can all be placed upon it.

shielding in the generator or of energy
transfer from the generator to detector
through the power line.

It is sometimes found, in field set­
lJlls where grounding conditions cannot be
caretully controlled, that individual
ground connections from the panels of the
generator, bridge, and detector to a com­
mon ground point will gtve less pickup and
more consistent results than a single com­
mon ground to the bridge alone. The use
of coaxial connectors at both generator
and detector is particularly recommended
for these field setups to avoid, as much
as possible, the necessity tor such multi­
ple ground connections.

2.·5 TRANSFORMER INSTALLATION

The transformers used in the Type
916-A Radio-Frequency Bridge are very care­
tully adjusted to introduce negligible
measurement error over the rated frequency
ranges. This adjustment involves not only
proper internal construction6 but proper
placement of the transformer wi thin the in­
strument case. To assure this proper
placemeat the transformer mounting is
keyed to the panel by means of a pin in an
adjustable collar. The position of this
ad1ustable collar is set at the factory
and should not be altered.

The high-trequency transformer (3-60
Mc) is shipped in place. To remdve it,
first remove the rectangular section of
the instrument case that is held in place
by four Dzus fasteners. The low-fl'equenc,.
transformer (400 kc - 3 Mc) is mounted on
the inside of this removable section. Next
unscrew the shell of the coaxial terminal
mounted on the panel (GENERATOR). The co­
axial terminal that is plugged into the
intel'llal Fh!eld assembl,. can then be
pulled out and the transformer remdved
through the rectangular opening. ~
transformer!: should be handled with reas­
onable care to· avoid undue mechanical
stres,. No forcIng is necessary in the
process of removal or installation.

In installation, the transformer is
slId into posi tion as the coaxial terminal
is flugged into the internal shielding
assembly, and the shell of the coaxial ter­
minal is screwed on from the front of the
panel to secure the assembly_ Care should
be taken to see that the locaties pin on
the transformer is seated in the panel re­
ceptacle before the shell of the coaxial
terminal is tightened.

The transformer that Is not In use
should be mounted on the removable section

6. For a discussion of the shielding re­
quired see reterence or footnote 2.
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GENERAL RADIO COMPANY--------------
of the instrument case and the section se­
cured in place by the Dzus fasteners when­
ever the instrument is operated. If the
spare transformer is not mounted within
the instrument the value of the capaci­
tance CN will di ffer from the value fur
which the resistance calibration was made
and inaccuracy of resistance readings will
resul t.

In order that the transformer in cl~­

cult may be identifled easily, a pin Is
made to engage either of two holes in the
panel. When Type 916-Pl Transformer 1s
connected, the pin can be seen In hole en­
graved Pl, and When the pin appears in P2
hole, the Type 016-P'~ Transfc:-mer is in
circuit.

2.6 INITIAL BALANCE

To place the instrument in operation,
install the proper transformer for the
frequency at which measurem~nts are to be
made, connect the generator and detector
with the cables provided in the cover, and
ground the ins trument as described in para­
graph 2.3. Plug one of the two connecting
leads into the panel Jac~ and clip the
free end to the gr'Jund binding post. Set
the toggle switch to the L position and
the REACTANCE and RESISTANCE dials to
zero. Balance to a null by varying the
two INITIAL BALANCE knobs. This is the
initial balance normally used for meas­
uring impedances with inductive reactance
components. To check the initial balance
for measur!ng impedances with capacitive
reactance components, set the toggle
switch to the C position and the REACTANCE
aial to 5000 ohms, and again rebalance
with the two INITIAL BALANCE knobs.

It will be noted that, at the lower
frequencies, with the switch set to the L
position, the init1al balance can be ob­
tained at reactance dial settings from 0
to about 1000 ohms, and, with the switch
set to the C posl tion, from about 4000
ohms to 5000 ohms. As the frequency 1s
raised, these reactance l1mi ts tend to
move up the dial because of the inductive
reactance Of the connecting lead. Depend­
ing upon the length of this connecting
lead, a frequency will be found ab~ve

which the 1nitial balance can no longer be
obtained at zero on the reactance d1al
wi th the toggle swi tch set to the L pos1­
tion. A higher frequency will .be found at
which the initial balance can no longer be
obtained at 5000 ohms on the reactance
dial wi th the toggle swi teh set to the C
position. This shift in the initial bal­
an~e causes no corresponding error in

measuremen t s i nee. In the series-sUbs ti tu­
tion process, the constant inductive reac­
tance of the connecting lead cancels out.
It does, however, reduce the reactance
range of the bridge since the full cover­
age of the reactance dial cannot be ob­
tained. It can be corrected, when neces­
sary, by inserting a small fixed condenser
in series with the connecting lead to
neutralize the inductive reactance.

Typical curves of the shift in
initial balance are shown in Figure 3.
With the short lead, as shown, the shift
is relatively small over the enUre fre­
quency range of the Instrument and it is
not ordlnarily necessary to use a series
condenser at any frequency. With the long
lead, the shift is appreciable and, at
frequencies above 15 or 20 megacycles a
series condenser may be necessary.

In finding the balance it is particu­
larly desirable to use a receiver that has
a good r-f sensitivity control and a
switch to disconnect the avc. If the re­
ceiver gain i8 set too high there is a
tendency for the receiver output to in­
crease as balance is approached, and if
the resistance balance is not set approxi­
mately correctly it becomes quite Jdif1'i­
cult to find the reactance balance, or
vice versa. When the 1'-1' sensitiVity
control is set to minimum sensitivi ty, and
the avc is disconnected, no difficul ty
should be found in making the initial bal­
ance. As balance is approached, the re­
ceiver sensittvity can be increased to im­
prove the precision of setting. For the
first rough balance the generator signal
can be modulated and the recei vel' beat
oscillator turned off. The precise bal­
ance, however, should be made with the
generator signal unmodulated. The avc
should be left disconnected at all times.
If an adequate r-f sensittvity control on
the receiver i8 not available it is some­
times possible to accomplish the same gen­
eral results by reducing the generator
output, rather than the receiver sensi­
Uvity. For the precise balance the gen­
erator output should preferably be set at
maxilllWD so that the ratio of usefUl output
to le.kage 1s as great as possible.

2. 7 MEA.S~T OF UNKNOWN IMPEDANCE
2.71 Imnedance Components Within Di­

rect-Reading Ranges of Bridge: Connect
the ground terainaI of the unJenbwn im­
pedance to the ground binding post on the
bri~e panel with as short a lead as possi­
ble, and arrange the setup so that the
7. For an inherently grounded impedance,
for instance an antenna, this ground cOn­
nection can be dispensed with since the
bridge is already grounded through a low­
reactance connection.
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"Shunting down" a high impedance wi th a
parallel condenser Will, accordingly,
bring either or both the resistance and
reactance component within the measurement
range of the bridge.

To measure a high impedance by this
method, connect one lead of the auxiliary
condenser9 to the ground terminal of the
unknown impedance and locate the other
1ead near the ungrounded terminal of' the

2.72 Impedance Components Outside Di­
rect-Reading Ranges of Bridge: If' the re­
sistance or reactance component of the un­
known impedance f'alls outside the direct­
reading range o.f th(~ bridge, indirect meas­
urements can be made through the use of an
auxiliary parallel condenser.

When a pure reactance, JXa , is con­
nected in parallel with the unlmown im­
pedance, Zx .. Rx + jXx ' the effective in­
put impedance, Ze .. Be + JXe , becomes:

(4)

(3a)

(4a)

~maller, these equations
in the limi t, according to

RxR .. X 20 _
e a

Rxxa
2

Be = ---------
Rx

2 + (Xx + Xa) 2

X
e
.~Rx2 + Xx(Xx + xail

Rx2 + (Xx + Xa)2

As Xa is made
approach zero,
the relations

If it is not known whether the reac­
tance component of the impedance to be
measured is inJucttve or capaci t:I:ve the
following procedure is helpful. For the
initial balance, set the toggle switch to
the C posi tion and the REACTANCE dial to
the lowest setting that can be obtained,
normally about 4000 ohms (see Section 2.6
and Figure 3). This reactance setting
permi ts a change in scale reading of 1000
ohms inductive or 4000 ohms capaci t1ve. If
the receiver sensitivity control is turned
dOwn, this avallable reactance range is
sufficient to indicate the direction tn
which the dial must be turned for a reac­
tive balance and a new initial balance can
be established accoFdingly.

ungrounded terminal of the unknown impe­
dance can be reached with one of the two
connecting leads supplied, preferably the
short one. Clip the connecting lead to
the ground terminal of' the unknown impEd­
ance and es tablish an ini tial balance as
described in Section 2.6. Remove the con­
necting-lead clip from the groullded ter­
minal of the unlm01l1l impedance, clip to
the ungrounded terminal, and rebalance
with the RESISTANCE and REACTANCE con­
trols. The location of the connecting
lead should be altered as little as possi-

ble when the clip is shifted from the
grounded to the ungrounded terminal.

The unlmown resistance is read di­
rectly from the RESISTANCE dial; the un­
known reactance is equal to the change in
reading of the REACTA.__ CE dial, divided by
the frequency in megacycles. If the un­
known reactance is inductive, the initial
setting should be made at zero, the change
in reading of the RSA.CTANCE dial then
betng equal to the final dial reading. If
the unknown reactance is capacitive, the
initial settting should be made at 5000~

the change in reading of the reactance
dial then being equal to 6000 ohms minus
the f'inal dial reading.

When the capacitive reactance is
small, the precision of measurement may be
low because of' the cramping of the reac­
tance scale at the high-reactance end. To
improve the precision of reactance meas­
urement, set the toggle switch to the L
position, the RESISTANCE dial to Rx and
the REACTANCE dial to zero, wi th the con­
nee ting lead clipped to the ungrounded ter­
minal of the unknown impedance. Balance
with the INITIAL B~~CE reactance con­
trol. Clip the connecting lead to the
grounded terminal and rebalance wi th the
RESISTANCE and REACTANCE dials. The REAC­
TANCE dial will then read up-scale for
capacittve reactance and the precision of
reading will be the same as f'or indUcttve
reactance. This method of reading capaci­
ttve reactance has, however, the d1sadva~

tage of' requiring four balances, one pair
to determine the resis tance component and
the other to determine the reactance com­
ponent. It is also not un:t:versal, because
reactance balances wi th the UNKNOWN ter­
minals short-circuited can only be set
over a scale range of about 0 to 1000 ohms.
Since the "final" balance must be made un­
der this condi tion, only reactances that
fall within the 1000-ohm scale range can
be so measured.

8. For an inhereI. ~l>' gl'ounci€:d i:ilpedance,
the connecting lead can be clipped to the
ground binding post on the bridge panel.

9. "Postage stamp- condensers, such as
the Cornell-Dubllier Type 5-W will ordin­
arily be f'ound adequate f'or use as aux­
iliary condensers.
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The corrected value of Re can then be ~b­

sti tuted in Equations (5) and (6).

2.73 Lea.d Corrections: In common
with other types of impedance-measuring
equipmen.t, the bridge can only mea.sure im­
pedance at its own terminals. The residu­
al impedances of the leads used to connect
the unknown impedance to these terminals,
however, often causes this impedance to
differ from the impedance a.ppearlng at the
terminals of the device under test. Under

Short connecting lead (916-P3) - 3.2 ppf
Long connecting lead (916-P4) 8.5~fl0

some clrcums 1.1lI1f:f!S the difference can be
ignored and Ule measured impedance taken
as the impedance of the deVice under test,
including the leads. In most cases, how­
ever, the device will not be used with the
same leads used to connect it to the meas­
uring instrument anti it is necessary to
compensate for the effect of these leads
to obtain the desired impedan::e. An exact
correction for the effect of the leads re­
quir.s analysis as a transmiasasion line and
is 1 abo I'ious and cUlllbersome. For specific
measurements, however, approximate corr.c­
tions will yield satisfactor,y accuracy.

In the procedure outlined in Sections
2.6 and 2.71 for measuring i ....&I1c. co....
ponents within the direct-rea4l1. ranee.
of the bridge it is noted that the length
and location of connecting leacs te the
unknown impedance should be altered as
11 ttle as possible when the clip is
shifted for iniUal and final balances.
This precaution assures that the Inductive
reacta.nce of the leads is "er~ nellrty
equal under the two condi tions anil that 1 t
therefore cancels out In the 8erles­
substitution process. The capacit~ce to
ground of a comlectlng lead, howev.r, will
cause errors in measurement that increase
as the frequency is raised.

Since the capacitance of a connecting
lead to ground has the same effect as a
capaci tance deliberately placed in paral­
lel with the unknown impedance, the correc­
tions for its eft'ectcan be o1)'talned di­
rectly from Equations (5) and (6), wh.re
Ze =Re + JXe Is the obsetved impedance,
and Xa the reactance of the lead capaci­
tance. The reactance, Xa , however, is
usually very high compared to both Rx and
Xx and the equations can be wri tten in the

si~le, a(pprOXi~:te 1'o~~e )2 (Re ~o
Rx - Re 1 + 2_+ 3 - - - (5a)

Xa Xa Xa

Xe
2

- Re
2

Xe (Xe
2

- 3Re
2 J

~=~+ +- ~
Xa Xa Xa

Equations $a and 6a contain both first and
second order correction terms; however in
many cases the second order terms are neg­
lig1~ly small and can be neglected.

It should be noted. that, since Xa is
capacitive, the number to be inserted for
Xa in Equations (5a) and (6a) Is negattve.
If the connecting leads are kept at a
reasonable distance from metal objects,
say an inch or more at the closest point,
their capacttances to ground are, approxi­
mately:

(5)

(0)

Rx---------

It should be noted that, since the
auxiliary reactance, Xa , is capaci ttve,
the number to be inserted for Xa in Equa­
tions (5) and (6) win be negative. The
sign or the number tor the effective reac­
tance, Xe , wll1 be positive or negative
accordingly as the measured value is in­
ductive or capacitive.

The value 01' the auxiliary capaci­
tance to use is easily found by experiment.
It should be kept rea.sonably small se that
the impedances to be measured are not re­
duced sO tar that precision or dial rea.d­
ings is lost, but it wHl not ordina.rUy
be found cri tical. A value between 35 PJlf
and 200 ppt will usually be found adequate.
The resistante, Ra , 01' the &uxi11ar1 con­
denser is generally neg11gitle but can be
corrected tor, when neceesary, by subtract­
ing frOlll the etfective resiastance, Re , of.
the parallel combination, a resistance,

X 2 _ R 2
R • R e. (7)

a x.2

unknown impedance. Establish an initial
balance as described in Section 2.6 and
measure the capaci ttve reactance, Xa , of
the auxiliary condenser as described in
Section 2.71. Connect the ungrounded lead
of the auxiliary condenser to the un­
grounded terminal of the unknown impedance,
using as nearly as possibl-e the s8llle aux­
iliary-condenser lead length as was used
in maldng the ~~Ilctance measurement, and
measure the errective impedance, Ze­
R. + jXe , or the parallel combination. The
unknown impedance can then be tound trQIII
the relations

-7-



GENERAL RADIO COMPANY

For convenience in making corrections, the
1'1Iactances corresponding to these capaci­
tances are plotted in Figure 4.

When measurements are made o~ -im­
pedance components beyond the direct­
reading ranges o~ the bridge, no lead cor­
rections are necessary. Precaution in
keeping the length and posi tion of" "he con­
necting lead as nearly the same as possi­
ble insures constant inductance, which
cancels out in the series-substi tution pro­
cess; the reactance o~ the connecting-lead
capaoi tance to ground J.s included in the
measured reactance, Xa , of the parallel
condenser.

It should be emphasized that the
above treatment o~ 1 ead correc tions is
approximate. If, for instance, the induc­
tive reactance of the connecting lead is
comparable to the unknown impedance, the
voltage to ground will vary along the lead
and the effective capacitance to ground
will not be the same as it is when the in­
ductive reactance of the lead is small
compared to the unlmown impedance. When
the unknown impedance is zero, in ~act,

the effective capacitance to ground of a
connecting lead will be only one third the
static value. In compensation, it should
be noted that the lower the unknown impe­
dance, the less the ef~ect of lead capaci­
tance. Obviously, the shorter the connect­
ing lead, the smaller w11l be the lead
corrections and the more nearly exact
Equations (5a) and (6a). The short con­
necting lead (916-P3) should therefore be
used wherever- possible, especially at the
higher frequencies, say above 5megacycles.
To aid in estimating the inductive reac­
tance of the leads relative to the unlmown
impedance, approximate inductance values
are given below:

Short lead (916-P3) - 0.05 Jlh
Long lead (916-P4) 0.6 ph

2.74 Corrections ~or Residual Para­
meters: Frequency limits for accurate
operation of radio-frequency impedance­
measuring equipment are nearly always de­
termined by reSidual parameters, in the
wiring and in the impedance elements, that
they are not accounted for in the basic
theory o~ operation. While these have
been made extremely small in the bridge,
they are still large enough to af~ect per­
f'ormance at the lowest and at the highest
frequencies and to set the respective

10. This capacitance WRS measured with
lead held about 6" ay!ay f.rolll tile panel, on
the average. I t will d~··rl(md more l!pon the
position of' the lead than will the capaci­
tance o~the short lead.

limits of' operation at about 400 kc and 60
IIc.

The lOW-frequency limitation arises
~rom dielectric loss in the ~TANCE con­
denser, Cp. This loss causes an e~~ectrve

series resistance that varies with the
dial setting and the ~requency as shown in
Figure 5. Sinee the resistance changes
with the setting o~ the REACTANCE conden­
ser, incorrect measurements o~ the resis­
tive components o~ lmp·edances with sub­
stantial reactrve components will oceur
unless corrections are made. The change
o~ resistance is such that resistance
associated wi th capaci tive reactance w11l
appear too low, resistance with inductive
reactance too high. From the curves it is
evident that reactance measurements should
be made at the low-reading end of the RE­
ACTANCE dial whenever possible in order to
minimize corrections for dielectric loss.

The high-frequency limitation arises
~rom inductance in the RESISTANCE conden­
ser, Cp. This inductance causes the e~f'ec­

ttve capaci.tance to increase as the ~re­

quency is raised and, consequently, the
dial reading f"or a given resistance value
to decrease. A set of' correction curves
isgtven in Figure 6.

2.75 Illustrative. Examples: As a
guide to the practical application of the
material of" Sections 2.6 and 2.71 to 2.74,
three illustrative examples follow.

(a) lIeasurement of' 100 PJlf Condenser
at ·fIOO Kilocycles.

The unknown impedance, in this
example, is a small mica condenser of' good
power ~actor.

Plug short connecting lead (916­
P3)into panel jack and fasten one lead of'
unknown condenser to panel binding post.
Adjust location of' unknown condenser so
that clip of connecting lead can be'trans­
f'erred from ungrounded condenser lead to
grounded condenser 1 e a d wi th minilllUJll
change in connecting-lead position. Reac­
tance o~ condenser w11l be about 3200
ohms (l600-ohm change in dial reading) so
balance cannot be made with switch in L
position.

With switch in C position estab­
lish initial balance as described in Sec­
tion 2.6. Set the REACTANCE dial at the
lowest convenient reading, say 4000 ohms.

Transf'er clip of connecting lead
to ungrounded lead of' unknown condenser
and rebalance wi th RESISTANCE and REAC­
TANCE dials. Suppose the respecttve read­
ings are 2.3 ohms and 2450 ohms. Bet'ore
corrections, the observed resistance, Re ,
and reactance Xe , are:
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Re • 2.3 + 1.5 - 0.6 • 3.2 ohms

-3196 n (capaci ti:ve)

1012
Cx = - = 100 )lJ1f

ZIT x 0.5 x 106 x 3196

tower. The bridge can be set up on pack­
ing boxes to come up to the front of the
rack bqt cann,)t be brought close enough to
the antenna terminal to use the short con­
necting lead (916-P3).

Plug long connecting lead (916­
P4) into panel Jack. Ground bridge to
rack with short lead, preferably of copper
strip 1" or so wide. If this connection
cannot be made conveniently to the clamp
prOVided on the instrument case the panel
can be loosened and a piece of copper foil
slid onto the crack between the panel and
the instrume:1t case. Do not ground to
panel screws as they may not be making con­
tact to the panel because of paint. Ar­
range connecting lead so that it can be
clipped to antenna terminal or to nearest
ground point on rack with as little change
in physical location as possible. The
lead should be kept as far away from metal
objects as possible throughout its length
by any conyeJlient means such as suspending
it with striJlg.

Suppose the antenna to be about
0.6 wavelengths long, with an impedance
having a capaci tive reactance componen t.
Wi th the toggle swi tch set to the C posi­
tion, and the connecting lead grounded to
the rack, establish an initial balance as
described in Section 2.6. Set the REAC­
TANCE dial to 5000 ohms pending further
knowledge of the magni tude of the reac­
tance.

Transfer clip of connecting lead
to antenna terminal and rebalance with
RESISTANCE and REACTAl\CE dials. Suppose
the respec tive readings are 193 ohms and
4850 ohms. The resistance reading is ade­
qf.late; the reaC!tance reading is not as
precise as might be desired because of
crOWding of the REACTANCE scale. To ob­
tain a more precise reactance measurement,
throw the toggle switch to the L position,
set the REACTANCE dial to zero and rebal­
ance the bridge with the two INITIJ..\. BAL­
ANCE controls. Transfer clip of connect­
ing lead to ground on rack and rebalance
wi th RESISTANCE and REACTANCE dials. The
RESISTANCE dial should rebalance at zero;
suppose the REACTANCE dial reading is 160
ohms. Before corrections, the obsel'ved
resistance, Re , and reactance, Xe , are:

-3100 ohms

these measurements, the
and dissipation factor,11

Re • 2.3 ohms

X • 2459 - 4900
e

0.5

From
capacitance, Cx '

IlxDx • _, are:

Xx

Dx -...!:.!.. 0.0011= 0.11%
3196
This example is ci ted as an ex­

treme case, in which failure to correct
for the dielectric loss of the REACTANCE
condenser leads to an error in resistance
measurement of nearly 30:'. For impedances
in which the resistance component i8 lar­
ger compared with the reactance qelllponent
the correction is of less importance.

E -3100· 3.2 ~Rx-3.21+2( )-( ) ·3~4n
-100,000 -100,000

To correct for the (:OJlnel~t1ng­

lead capacitance to ground, l::>ok i~P, in
Figure 4, the corresponding reactance Xa •
It is -100,000 ohms. Applying Equations
(5a) and (6a):

To correct for dielectric loss
in the REACTANCE condenser look up in Fig­
ure 5 the effective resistances for dial
settings of 4000 ohms and 2450 ohms at 0.5
Mc. The corrected value of Re then be­
comes

Re • 193 ohms
(b) Measurement of Broadcasl Antenna

at 1170 Kilocycles
In a typical case, the antenna

terminal is located wi thin a metal rack in
a small house at the foot of the antenna

-160.---'"
1.17

-137 ohms

11. This quantity is practically equal to
the power factor (Rxlzx) for small values,
and is often so miscalled.

The correctlons for dielectric
loss in the REACTANCE condenser and induc­
tance in the RESISTANCE condenser are seen,
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1'rom Figures 5 and 6, to be negligible.
To correct for the connecting-lead capaci­
tance to ground, look up, in Figure 4, the
corresponding rea c tan c e, Xa • I t is
-16,000 ohms. Applying Equations (5a) and
(6a) and omitting the second-order correc­
tlon terms, which are negligible:

~ = 193~ + 2( -137)\ = 196 nL: -16,0(i~' I
(-137) 2 _ (193) 2

Xx =-137 +--~~~-­
-16,000

• -t36n (capacithe)

Figure 4, the corresponding reactance, X •
It is -1150 ohms. Applying Equations (ft:)
and (6e.> llnd in this case including the sec­
:~;~rder terms, because they are Sig n

j
ifl-

19 19 2 75 4 2

ftxX
70.{+2 (:"000 )+.(~ -(--'0~0~

=75.4 [!+.03A+.00l-.00ij =72.1 n

_ +(19) 2_ (75. 4) 2 19 [(19) 2_3 (75. 4) 2J
Xx-19 -1000 +~ t:: -1000

=19+5.32-.32=24.0 n (inductive)

This example is cited as an ex­
treme case, in which failure to correct
tor the inductance 01' the RESISTANCE con­
denser I eads to an error in resis tance
measurement 01' the order 01' 11%.

(2) Short-circuit impedance ~ b)'
connecting line A to llne B at point of
measurement, and measure impedance, Z·,
from the Junction to ground.

(9)

(8)

(10)

,,":.. .

2Z'Z·Z"ZI a _

Z'Z" - Z"Z·· + Z··Z·

Z.' • ZlZ2

Z1 + ~

Combining Equations (8), (9) and (10)
gives:

Z3Z1

Z3 + Zl

(3) Short-circuit Impedance, Z3' b7
grounding line B at point 01' measurement.
and measure impedance, Z·', from line A ~
ground.

2.76 Balanced Lines and Antennas: The
measurement of three-tetwinal devices,
such as balanced lines and antennas, can
be made with the bridge, although the com­
putations involved are quite laborious.

The method depends upon the analysis
of the unJmown illlpedance in terms of the
equtvalent circuit of Figure 7 and re­
quires three separate measurements, as
tollows:

(1) Short-circuit impedance Zl by
grounding line A at point of measurement,
and measure impedance, Z', from line B to
ground. Po. IS

~n/·:S;...}'t
~/

(c) Measurement 01' Tenlinat~d 72-ohm
Coaxial Line at 50 Me

At very high frequencies, lead
corrections become 'very important. It is,
there1'ore, necessary to use the short con­
necting lead (916-P3) • It 18 also de­
sirable, if possible, to bring up the out­
er conductor of the coaxial line Over the
panel and make contact, to it dlrectl,. at
the ground binding post on the panel.

Plug short connecting lead (916­
P3) into pa'lel jack. Clip to outer con­
ductor 01' line or to ground binding post
on panel, set toggle switch to the L posi­
tion and es tablish an ini tial bal Mce as
described in Section 2.6. Set REACTANCE
dial to as low a value as possible, sa,.
500 ohms.

Trans1'er clip 01' connecting lead
to center conductor of coaxial line and
rebalance with RESISTANCE and REACTANCE
dials. Suppose the respective readings
are 64.,5 ohlls and 1450 ohms. Before cor­
rections, the observed resistance, Re , and
reactance, Xe , are:

Re • 64.5 ohms

X • 1450 - 000. + 19 oluue
50

In this example, corrections are
ver1 ••all. The Type 916-A Radio-Frequen­
c1 Bridge is particular11 suited 1'or such
l'1e&sur_ents.

To correct for inductance in the
RESISTANCE condenser look up, in Figure 6,
the correction for a dial reading of 65
ohms at 50 Mc. It is 1.17. The correc~ed

value 01' Re then becomes

lead
To correct for the connect1ng­

capacitance to ground, look up, in

2---,;;;..--
..!...+..!..+..!..
Z· Z" ZIt.

(11)
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2Z'Z"Z'"
Z2 '" -""'""'::---~--~~

Z'Z· + Z"Z·, - Z"'Z'

2 (12) 2Z'Z" 1

(11a)

(12a)

..L --1.. + -l.
Z' Z· Z"'

2Z" - Z' 1 1
-V-2Z"

When the balanced
from a balanced source, the
put impedance is given by

line is fed
effective in-

2Z'Z"Z'"
Z3 '"

-Z'Z· + Z·Z'" + Z·, Z'

2 (13)

..1..+ ...L_ ...!..
z' z" Z"'

This method gives each component
o~ impedance, detecting any unbalance. At
perf'eot balance, Zt .. Za, Z' .. Z·'.

2Z1Z2 4Z'Z"
ZAB'" ----

2Z 1 + Z2 4Z" - z' (14)

ZAB is the inpu t impedance 5 een
from the source. I t should be measured
once with the far end of the line open and
once with it closed if it is desired to
compute the characteristic impedance and
propagation constant by the usual method.
No grounds should be made- to the line at
any point other than the input when making
measurements.

In Equations (11) to (14) the
component impedances must, of' course, be
written in their complex forms.

3.0 CHJOC:KS AND ADJUSTMENTS

3.1 RESISTANCE CALIBRATION

I~ the calibration of the RESISTANCE
dial changes slightly, with time or ro",gb
usage, it can be restored by adjusting the
trimmer condensers CN' and CN" (See Fig­
ure 2), which are mounted behind snap but­
tons on the panel. CN', mounted behind
the left-hand snap button, adjusts the RE­
SISTANCE dial span with the toggle switch
set to the L position: CN", mounted behind
the right-hand snap button, adjusts the
RFSISTANCE dial span with the toggle
swl tch set to the C posi tion.

To check the calibratibn, measure at
1 Mc, the resistance of a good radio­
frequency resistor, such as a General
Radio Type 663-G Resistor or a small
"metallized" resistor, pref'erably of the
ceramic type. The measured resistance
should check the d-c value wi thin 1%. If'
it does not, adjust CN' and CN". Turning
these condensers clockwise decreases 'he
dial reading f'or a given resistance and
vice versa.

Similar trimmer condensers are moun­
ted on the two transf'ormers. If measure­
ments of the same reslstor at 3 megacycles
made wi th the two transformers are not the
same, the trimmer condenser on the high­
frequency transformer (3-60 Mc) can be ad­
justed to bring them into agreement. Un-

less the transformers are subjected to
abuse these condensers should not require
readjustment.

3.2 CORRECTION FOR DIJiUCTRIC LOSS IN RE­
ACTANCE CONDENSER

The dielectric loss described in Sec­
tion 2.74 is sUbJ ect to some variation
among dif'ferent instruments because of
variations in the ceramic insulation ,and
the curves o~ Figure 5 may not be suf'fi­
ciently accurate tor the most refined work.
An independent check of' the resistance of
this condenser can be made by measuring
the resistance of' a 200-ppf' condenser at a
f'requency of 1 Me as f'ollows:

First measure the resistance or the
condenser wi th an ini tial REACTANCE dial
setting of' 5000 ohms (swi tch in C posi­
tion). Say the readings are:

Re ' '" 0.05 ohms

Xl' .. 5000 ohms

X2' 4180 ohms
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Next measure the resistance of the
condenser wlth a flnal REACTANCE dial set­
ting of zero ohms (swl tch In L posi tion) •
Say the readings are:

Re It .. 0.31 ohms

Xt " .. 820 ohms

The resistance at other settings can
be computed in the same way. Since the
power factor of the ceramic used is essen­
tially constant at frequencies above 400
kc, the resistance at any setting varies
inversely as the frequency and curves can
be drawn accordingly from the I-megacycle
flgures.

ohms

Xx .. 0 - 820.. -820 ohms
The change in effec tive capaci tance

of the RESISTANCE condenser, noted in Sec­
tion 2.74, is subject to some variation
between instruments. Direct use of the
average correction curves of Figure 5 may
therefore lead to error in the measurement
of resistance with any given instrument.
This error is a constant fraction of the
correction percentage and amounts to. about
~0.3. That is, if the average correction
factor is, say, 1.15 (correction percent­
age .. 15%) as read frem Figure 6, the cor­
rection for any individual instrument may
be from 1.10 to 1.20'. For small devia­
tions of the effective capacitance from
the static value such departures froll! the
average correction are, in general, negli­
gible. At the highest frequencies, how­
ever, they may be large enough to warrant
an individual check on the correction
curves.

To check the curves of Figure 6, it
is recommended that a 100 n General Radio
Type 663-G Resistor or a 100$1 resistor
such as the IRC Type F-l/2 be measured at
a frequency of 50 Mc with the toggle
switch set to the L posi tion. Suppose the
measured resistance and reactance are:

3.3 CORRECTION FOR INDUCTANCE IN RESIST­
ANCE CO::tlENSER

(15)
Re .. Rx + G ~2)2 - (11)3

.. Rx + GXx (Xl + X2 + 210>

The effective resistance, Re , read on
the RESISTA.'iCE dial. is equal to:

where G is the effective conductance of
the REACTANCE condenser caused by dielec­
tric loss and Xo is the reactance of the
REACTANCE condenser at zero dial setting
(Xo .. 432 .n.. at 1 Mc).

If Re is plotted as a tunction of
Xl + X2 + 2Xo ' a straight 11ne results,
haVing a slope equal to GXx and an inter­
cept at Xl + X2 + 2Xo • 0 equal to Rx.

The two end points above are suffi­
cient to determine this straight line With­
out plotting. The slope is:

Be • 83.5 ohms

0.31 - 0.05 4
------. -0.31 x 10-
820 - 9180

The intercept is:

Rx • 0.31 - (-0.31 x 10-4) (820 + 864).0.36A

Xe • -§i!Q .. -6.6 ohms
50

Ap~ly the lead correction tor the
short c:-;,nnecting lead (916-P3). At 50 Mc,
&s read f"rOJ'l Jo"1gure 4, the reactance of
the lead capacitance is

R.. 0.038 x 10-6 (5000 + 432) 2 .. 1.12 Sl

-0.31 x 10-4 -6
G·· 0.038 x 10

-820

From the slope and the m~asured value
of Xx

The resistance of the RFACTANCE con­
denser at any setting, X, is:

R • G(X + Xo) 2

At X,. 5000, thi s becomes

XII. = -1000 ohms

Equation (5a) then gives the correc­
ted res istance, Rx'

~
-6.6 -1).6 2 -ij3.~J

R '=93.5 1+2(-)+3(~"(
x -1000 -1000 -1000

.. 83.5 x 1.006 .. 84.0 ohms

the true resistance, Rx ' at this fre­
quency should be well within 1% of the d-c
value, which is, say, 100.7 ohms. The
correction should therefore be
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For the example given

100.7 ..
1.199

84.0

where I\y is the true re::;istance, Rx 1s
the dial reading, corrected for the led
capacitance, 2Rp • roon, fis the frequen.
cy ip lIegacycles, and

As read from Figure 6 the correction
factor is about 1.175. The use of this
average fibure would therefore lead w an
error or about -2% in the answer.

The correction factor for this par­
ticular instl'Ulllent can be obtained 1'01" &fly
resistance setting from this one lie_are­
ment through the relation

1 100.7 - 84.0 1
k .. 502 • --1-0-0-.-7--8--4-.0-+-50-0-

.. 1.135 x 10-7

A complete new set of curves can now
be drawn for the particular instrument,
either by computation of pOints by equa­
tion, (16) or by finding the frequency at
whiob the average correction as read from
Figure 6, agrees with the observed correc­
tion and mul tiplling all frequencies by
the ratio of thill frequencl to the meas­
urement frequency.

In the example cited, for instance,
Figure 6 shows a correction factor of
1.199 at about 52 Mc. If all frequencies

are mul tipl1ed by the ratio~. 1.04. the
50

curve of Figure 6 mal be used directll or,
for simplicity, new curves may be drawn
'lfi th a correct hequency sceJ.e.

(16)

(16&)
1 Rx - Rx' 1

k .-----------r2 Rx Rxt + lap

5
FREQUENCY IN MG

20 50

-13-
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GENERAL RADIO COMPANY

PARTS LIST

Symbol Description Function Contractor's Mfr.

R-l Resistor, Fixed Composition, pIgtatl, 504-B Erie
300 ohms !.5% IJIltial Reactance-

R-2 Resistor, Fixed CompQsltlon, pigtaU, lIa1auee Resistor 504-B Erie
91 obms +5%

R-3 Resistor Assembly, 330 ohms !.l% Standard Bridge 916-36 GR
Resistor

R-lOl Resistor Assembly, 240 -2'10 ohms, IIIIUa1 Reslstance- 916-P3 GR
2-1/4-lnch lone lead Balance Resistor

R-I02 Resistor Assembly, 240 -2'10 ohms, lIItUal Reatstance- 918-P4 GR
24-tnch lone lead Ba1uIce Resistor

Col Caj:8citor, Air, Variable, Restatance Balance 913-30 GR

C-2 Caj:8citor, Air, Variable, 50 ".".f,max. Inttial Restatance 368-408 GR
Balance

C-3 Caj:8citor,Air, Variable,360 jl.jI.f, max. Reactance Balance 568-407 GR
C-4 Caj:8citor, Air, Variable, 360 jl.jI.f, Inttial Reactance- 568-407 GR

max. BalaDce Capacitor
C-5 Caj:8citor, Air, Variable, 2 -12 jl.jI.f } Resistance Call- COA-ll GR
C-6 Same as C-5 bration Trimmers COA-ll GR

C-I01 Capacitor, Air, Variable 2 -12 jl.jI.f Resistance Trimmer COA:ll GR
(mOUDted in trans-
former assembly)

T-l Transformer, radio-frequency; dust-
core; primary 85 turns .38 DSC, on
7/8 inch dia. form; secondary 85 turns
.38 DSC on 1-5/16 dia. form. Windings Inprt Transformer 916-PI GR
Insulated with .0008 polystyrene tape; 400 tc to 3 Mc
discontinuous electrostatic shields
under primary, between primary and
secondary. and over secondary.
Windines 7/8-lnch wide.

T-2 Same as T-l In construction. Pri- Inprt Transformer 9I6-P2 GR
mary, 6 turns 128 DSC; secondary, 3 Mc to 60 Mc
6 turns *28 DSC.

Figure 7.

B

OfT

----+'t.v_v_"'_~.-1lJ V"'­
RIOI

Figure 8. Complete Wiring Diagram for
Radio-F'requency Bridge.
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'PARE PARTS LIST
MAVY TYPE CAG-t0094 RADIO FREQlmNCY BRJDQE

GENERAL RADIO TYPE IUG-A

PARTS liD, .......
~Jt inDBRAL IO'Jl COlt- ALL I EQUIP TEN-

lAM AJI]) AND AJI]) TRACTOIl SYMBOL IdNT DBR
SYMBOL lCAIIB OI'PAIlT A1m FtlNCTlOlt (NAVY (8JGNAL (MFR'S DRAW- DESlG.
DESJQ. DUCRlPl'IClII TYPE) CORps) DESlG- lMG AJI]) lNVOLVBD ~ ~No. 8TOCJC NATroN) PART No.

~
~ ~ i ~Ho.

~ iIi Ii
CABLES

RP CABU:AlI'II:IIBLTCO-IIS/U (3 ft. SI&.): GENERATOR lMPUT CG-583!U (3ft. S1II.) G.a. Co. 774-IU 1 1 2 7.00
cClUIa1; 72 ...............17.... RIO; fou·
.... ,,:lAWO copper udl1w OJlOlIa. dIaa
lItaIJIl_ .... 1ItrUde4 .....Ioi.; c1_
braJcIed "1 u.a4 copper win ....... 0.3201a.
00; ...... ta.. aepIfttor. 1_ ...... factar
IllIIIa S,t;B.,.Ia.OOI re.d1llaek MeopnM,
lead CU'ad'"~ 0.310 Ia. 00; t...•
IIlI1med at -.cia ... ." a GeMnl Rad10 TJpI
",.,4-11 jIcIr.
RI' CABU: AEDlBt.T co-M4/U' (3ft.l.I/S DBTECTOR otlTPIlT CO·584/U (SIt. 1-1/2111.) G.R. Co. n4-RS 2 I 2 7.00
Ia.): ~; 72 ....JmpIdUee; .,....RIO;
foutMa .n AWO copperUIII1w 0.00' Ia.
dIaa ataIIII_ 1Itft1,IItnIIdedClllldKtor~

c1_111'aJded .SI u.a4 CiGPilU*,·1IItiI14
O.UG" (I); ...... tllpa "'--'.iDIr>..-r
factof Baa S 0.217... ,00; re.d1llaek ....
preM, ........... eenrIIC 0.310 Ia. 00;
tenalaaWat .....1IJ aOR TJpa "4·11 I
juIr. ...........~ atrlpped
1Iat!II'14f(1t11. ... caDllllctor ... aIdald flttad IwItII ..... tanaIMIa.

i

" :" CAP.ACITORS_... ..•.
C2 -,' .-

"--~::~-.r-..actrIeJ ..... ~"""J,,,
'. -(nOl'1) G.a,Co. he..... C2 3 1 I 5.lIO

1UlIIIIiaI;'.aiilf"';'1'" .a;1SLC; ....
,,:..~.... -:~.., .... (CAG).,

P.O.Oft tll.ll-1/1'1&;1&1Il 1-1/'" wdlll
1-1/1' .... adlbaft; dIlIft 1/~"'dIaa II
1/....1&...... 1IaBIlJJIr, J/...... 2S tIld a
D/U ...,,; txte~~:~n1IIaft;IIIJubD-; It
IIIeet brUa plale.; 380 .. rolalia; laolu-
We ......; IIlINer 1"1 itra; two 1/11 ...
dIam a 114 IL. ta..... 1Merta l-J/llLctoc.

C5.CI CAPACI'I'OIl, ftriaIIIt:ab'i1leIeetIU:_. Ree. calIbratioa trlllllller (414918) lIeluner 22-1230 C5. CI 4 I 2 .90
eatr.I4~;:Hll.12.-f; t/l......... (eMU
.1.1/1~'G::1 !,e1J acnw ... ttra; IIIJ
bJ acrw;:.HDO l!eI'1'OlIItI. (10 l1InUt); 1CIIf
108. IIataI:Ite dIe1aetr1c ....tlO8; aolller hi .Iterm; .td bJ tera; Plo .1t-Pl; P2.

I -- .
CONN1::CTORS

_.._--' .-
PLUG ,IlI!tJa1 balance cond. lnpllt G.R. Co. 274-310 5 I 2 .25
COIldBC'l'OR. neeptacle: _ .... mala DetectDr GIdpIt (481t3'1) G.a. Co. 7'74-U • 1 2 1.80
ca-tact; atraJcM ~ll.lI/M Ia. " a '/11L (CAG) l'I'1C-G)
acroaa~ .....-a Ilnaa 1IadJ; 2/4 lII. •
2., tIld for 4 Ia. • 1IadJ.

ReaclUet OIItuat~ACJt G.R. Co. tll-14 7 1 2 .70
CONTACTS

COltTACT L-CtwrreB G.R. Co. seos-l-PI • 2 10 ••11

GBKR-lI

GBARA8IBIfBLT " InlU&I G." Co. tll-327 II • 1 ]H/.P.n.en..IIriIII...... ReaclUce ".00
GEAIl A&WIIBLT Ba1Uc4I G.a. Co. tl'-328 10 0 1

3An. 1441:., .prhiI ....... C.....tr

:~~~~.e~'~"::.
RedaCtIoIl G.R.Co. tI8-'211 11 0 I 1.110
Geua G.R.Co. 811-825 12 0 1 l.IO

HARDWARE

DX NUT Slc·mII. T.o_Det. G." Co. NUH-U85 13 0 S .30
JlIdplt~1

"LD PANEL Jllll:LL ~ ,............ ~ tll1tJ 14. 0 1 1.10
.'



FEDERAL Mra COM- ALL l aQUIP TEN BrOCK

iIAN AND AND AND TRACTOR SYMBOL M£NT DER
SYMBOL NAIll: OF PART AND FUNCTIOM (NAVY (8JONAL (MFR', DRAW- DE8JO. aDUlG. DB8CRIPTIOM TYPE) CORPtO Dl:lIIO- lIfO. AND IIfVOLTm

No. IlTOCK NATION) PART 110.

! I ~ I I ! R110. la
IIISULATORS

.......TOR .....LT~ Ia1tlal G.R. Co. 1I1l1-302 15 2 • 1.40
5/.xa/b: .1/8, Pol,.t,rene Reactaaee III 2 • 1.40INSULATOR ASIIBIIBLY Balaace G.K. Co. '111-301
1/h lS/Ux H/ll. Pol,. CoDdellSer 17 f 1.40IIlSULATOR ABSBMBLY 1nBulatora G.R. Co. '111-IOf 1
1/h11/lhf. Pol,.t,reae
TERMINAL BLOCK. L-CswrrcS G.R. Co. 11111-'/01 II 1 2 1.14
2/b: 11/11z 17/8, Bakelite TermIDaI mte- bloc:1l:

2 .10SWITCS ARM. S/fx 1/1x 2. Bakelite L-C Swttcb blade mte. bloc:1l: G.R. Co. 11111-'/02 III 1
INSULATOR Jatual Reactance Bal. COIId. G.R. Co. 1111-71 20 1 2 2.11
23/f DIA.ll 1/12th. PoIJBtJrene Output lDsulator

'11-7f 21 I 12 .11I DISC. 1-1/1 DIA. x 1/fth.. Resistanc. Balaace G.R.Co.
I Pol,.t,reae Cond.nser lDsulator

l STATOR SUPPORT. Resistane. Balane. COlI'" G.R. Co. 6st-'IOO 22 1 f .110
e/ilziiaza-aif steatlte dellBer Stator lnBulator

1--
R

RI RI:SISl'OR, flHd: CompoalUOII: ptcta1l: SOO} RC-21BF EJim IIOf-B Rl 231

:I
5 .21

oIuD. +dJ I'IItUal R.actaac. (CBIl)
R2 REsrsToR. f1lred: composlUOll: plctaU: 1I1 Balaace Resistor RC-21BF ERIE IIOf-B R2 H 5 .sa

oba. +1I'lt (CBIl)
itS RZSI8TOit, flud: wtre-wOlllld, _ IDductlftl Standard Bride. Resistor (1137250-1) G.R. Co. lilli-III R2 2lI 1 ! ; II lo.s0

sao oIIIa. +1'ltl 0.21 watt, '/O'C IllUl 2 111. Ja x (CAG)
1-S/f Ia'" x 1/f 111. II polJatJnu bloc:1l:1

I
atraJPt wtre e1_nt e1uaped lletwe.. bloct
... bracket witll aatca ...c.... DO coat!IC. ra-
e1ataJIl to IMatdltJ. aot ree1ataJll to salt_tv
"ere1oll1 _ lIo1dar ........ ate bncbt ,
.... u otIler teral .~ bncbt IIaY1lll two
0.11' Ia..... lIo1e. 2'1 U Ja. c to Cl mte por
UOII fIl bractet ta 1~1/2 111. Ja 111/2 111. wei.

(flml @taJ) 2. a.s0RI0l .LBAD. teat: e1JICle fIlAWO atruded, fl I'IItUal Reslataace G.K. Co. II1I-PI RI0l 1 I
'MAW 8truda, cottaa wrap, Baa 11011 Ia- Balaac. Reslator (CAG)
nlaUoa 0.121 111. 001 JAM type ac-21 resla-
tor. 240-2'10 __ mid Ia e1ctel-plated brass
tIIbe '/11 111. on &1-'/11 111. Ie. ucl1l1l1m of I
polJat,reae lDnlator u4 Jlk:ttel-plaled br:ts" .
cap at .ods ....... cOJltact at _ ad, I
Mu.ll.r Peew.. CU, oa otIler ad. I

(film ~tt.1-I/UaJ)RI01 LBAD, teat: _ ... RI0l _.pt fO!' length. IatUal Reelstaac.
Gi~i.go. 8111-Pf RI02 2T I 5 foliO

.._- -.;.1 ...... A..i""•
SPRINGS

SPRING. COMPRES8tON TYPB. ReduCUOII gear tak.-up ! G.R.Co. 2SPC-2 28 f 20 .10
0.0lI_tcwtre. 2T tlIra8 per 1DCh, spr" iO.lot OJ)zs/e IOIIR. cad. Dlate.

DZUS FASTENER DY To open TRANSP01U4ER com' -1_ I G.n. Co. FDS-lf71-, i I 2 .'10
i ..rtm.1It tn earrY" eu. _____l

TRANSFORMERS (RADIO F1:EOUENCY)

Tl TRANSFORMER. RF: 2 ccmeelltrtc ...... lIII 400 te to I Me (472408) G.R. Co. lilli-PI Tl 30 I I 42.00
....rai. form., ."Ie l.,.r wild; botII ...... (CAG)
eompletel, sbl.lde4 II)' 0.005 111. copper
sbeet1JCl two plec••olded !llack llateltte
CU.l 1-1/11 111. .... &1-3/8111. leI laoluttta
coll t-l"'lIouIec oa _ ad 01 -
proridee m_ fIl m" oa ..... Iaatcle Ia-
8tna8lltltumlaatallll)' two)aeb, _ ....
fIl a2-S/111a.1C ....tnm e1de fIl_, otIIer
loeatalloaadfllllod)'lfreqruca4OOKe toWc.

TI 1'tlAH8FORKBIl. RI': 2 -.trlc ... oa IMe to 10 Mc (4124Ol1) G.R.Co. 1I11-P2 TI I I , fLOO
HlII.rete1_. e1JICle la)'8r ad; botII ... (CAO)
aII1elded II)' 0.001 Ja. copper eIIeet1aIl two
plec. molded black IlateUte CU.l 2-1/11 111.
dIua x 1-3/1 111. Ie QI.; IaGIuUte form: pllll
1louJIIc oa _ ad fIlllateltte - JIl'O'1dn
.... fIl ate oa ..... Iaatcle ID8tnmIeIItI ter-
mlated II)' two jacb. _ oa tile ead 01 •
1-3/11111. Ie lead lrom atda fIl _. olJIer
located. adfllllod)'l lreq ruce SMe-lOMe.

GENI:RAL RADIO COMPANY
CAMBRIDGI: III MASSACBUSBTTS U.S.A.

CONTRACT - NOb8r - f2070
DECEIofBER 21, 11141



GENERAL RADIO COMPANY

SERVICE AND MAINTENANCE NOTES
for the

TYPE 916-A RADIO-FREQUENCY BRIDGE

FOREWORD

TYPE 916-A

1. This service information, together with that in the
Operating Instructions, should enable the user to
locate and correct ordinary difficulties arising from
normal usage.

2. Major service problems should be referred to the
Service Department, which will cooperate as far as
possible by furnishing information and instructions
or any replacement parts which may be required. If
the instrument is more than one year old, a reason­
able charge should be expected for replacement parts
or for reconditioning and recalibration at the fac­
tory in case the instrument must be returned.

3. Type number and serial number of the instrument
should always be included in your report to the Serv­
ice Department, as well as detailed facts on the
operating condition. A complete set of data on a
measurement is frequently helpfUl in analyzing the
cause of an error.

4. RETURN FOR REPAIRS
If analysis of the report indicates that the bridge
requires factory readjustment, complete instructions
tor its return will be furnished. Should it appear
obvious that repairs are neeessary, however, the
br~dgemay be sent in without first SUbmittins a
report. In this event, it should be wrapped in paper
and packed in a large wooden case, using plenty of
excelsior, and shipped to us via prepaid express
marked for the attention of the Service Department.
A purchase order to cover the work should be sent at
the same time in order that the repairs can be sched­
uled as soon as the instrument and the order arrive.

1.0 GENERAL

1.1 The instructions 1n the book sh~uld be carefully ob­
served with regard to setting up the bridge and mak­
ing ground connections. Panel screws must be kept
tight to minimize leakage, and the unused transformer
must be in the clips within the cabinet.
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1.2 If no signal is heard in the receiver, the generator
output should be connected to the receiver directly
to see that the difficulty is not in either of these
units. This will also check the connecting cables
if the two units are connected together by a spring
in the center of the jacks within the cable plugs.

1.3 If no null setting can be found, hut a strong signal
is heard in the receiver, be sure that the receiver
AVC is switched otf.

1.4 Indications of certain defects are summarized below.

1.43

1.45

1.44

No Signal in Receiver
See SectIons 1.2 and 7.2.

No Balance (steady signal)
See Sections 1.3, 5.1, and 6.2.

Broad Balance Point
See that the proper transformer is in place for
the frequency being used.

Erratic Results
See Sections 4.1, 5.1, 7.2, 8.1, 8.2, and 9.1.

Errors in Results
See Sections 2.0, 3.1, 3.2, and 6.1.

2.0 COAXIAL CONNECTORS

2.1 As noted in Paragraph 1.53 and 2.4 of the instruction
book, it is essential that a coaxial jack be provided
on the panel of the oscillator used with the 9l6-A
and it is recommended that a similar jack be used on
the receiver. Suitable ja.cks and plugs can be sup­
plied by the General Radio Co~pany upon receipt of
your order. The following wiJ.l explain the importance
of maintaining the continuity of the external con­
ductor in making measurements at frequencies above a
few mE:gacycles.

2.2 A measuring system comprising
erator, the Type 9l6-A, and a
nected as shown in Figure 1.
inductance in the ground side

a standard-signal gen­
radio receiver are con­
A small amount of series
of the generator cable
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is designated as La, a similar inductance in the re­
ceiver cable as LR, and the common ground lead as LM.
The voltage drop in LG produces a flow of current
around the loop consisting of the cable sheath, the
ground lead LM, and the ground capacitance of the
oscillator. Similarly, current flows in the right­
hand loop that includes LR.

STANDARD

SIGNAL

GENERATOR

TYPE 916-A

~"OJO

FREQUENCY

BRIDGE

RECEIVER

2.3 The voltage applied to the receiver now has two com­
ponents. one from the Bridge, the other from the drop
across tH. When a null point is reached, therefore,
the Bridge is out of balance by the amount necessary
to cancel the effect of the extraneous voltage from
LR by making the vector sum of the Bridge output
voltage and the extraneous voltage equal to zero.

2.4 The error in measurement caused by this series in­
ductance is one of the most serious encountered in
null instruments at radio frequencies, and, in order
to avoid it, coaxial terminals should be used on the
generator at least and, tor best results, on the
receiver as well.

3.0 RESISTANCE DIAL

3.1 Examination of the dial may show a slight irregu­
larity in the spacing of the divisions near the 25 or
30 ohm points. These.markings are actually correct,
having been obtained b.Y laboratory measurements.
Later models of the 916-4 llad this portion of the
scale evened out b,y a modification of the condenser­
plate shape.
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Negative readings of resistance may sometimes be ob­
tained with condensers of very high Q when measured
at low frequencies (400-600 kc). In such a case,
be sure that the rather large corrections shown in
Figure 5 of the instruction book have been taken
into account. If these corrections are insufficient,
the error may be caused by one of the substitute
ceramics which b~re used during the war, and can be
corrected by checking the curves of Figure 5 in ac­
cordance with Section 3.2 of the instruction book.
See also Sections 2.74 and 2.75 in the book concel~­

ing this. Before starting this process, it would be
advisable to check the panel plug and resistor
(9l6-P3 or 9l6-P4) to make certain that it has not
developed an erratic contact (see Section 5.1 below).

The friction drive on this dial is easily adjust­
able in case slippage should develop. The two set­
screws in the knob should be loosened and the knob
removed. Turn the knob slightly so that the set­
screws will not engage the old dents in the shaft;
replace the knob on the shaft, bearing down on it
firmly until both setscrews are tightened.

3.4 Calibration of this dial may be adjusted as des­
cribed in Section 7.4.

4.0 REACTANCE DIAL

4.1 Appreciable backlash 1n this dial may be noted on
instruments having a serial number lower than 116.
These had bakelite shafts which can be changed to
the currently used shafts of more rigid material if
the bridge is re~urned to the factory.

4.2 The friction drive on thi~ knob can be easily tightened
by means of a thin wrench that fits the hexagonal
head of the panel bushing through which the friction
drive shaft passes. The bushing is eccentric, and
rotating it slightly with the wrench moves the small
shaft closer to the dial thereby forcing the driving
elements into closer engagement. Never attempt to
remove the triple shielding around this condenser.

5.0 CLIP LEADS (9l6-P3 AND 9l6-P4)

5.1 Erratic results will be obtained if these leads de­
velop poor contact at the point where the rubber­
covered wire enters the cylindrical casing containing
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the resistor R-lOl. It should be noted that the pin
plug is insulated from the casing by a piece of poly­
styrene and that a 250 ohm resistor within it is con­
nected between the plug and the casing. If the lead
becomes loose or broken off~ it may be resoldered
directly to the outside of the casing cap.

5.2 The panel jack into which these parts are normally
plugged should be screwed down only finger-tight into
the insulator behind the circular hole in the panel.
Never use a wrench to tighten this Jack or the insula­
tion may be 'broken.

6.0 RATIO.ARM RESISTOH (R-3, 916-36)

6.1 This resistor is located between the two shielded
units on the back of the panel and consists of a
short length of 0.7 mil manganin wire clamped betT.een
a block of insulating material and a piece of mica
cemented to a metal plate. Never check this with an
ohmmeter unless precautions are taken to limit the
current to 30 milliamperes.

6.2 Failure of this resistor will result in the bridge
showing no balance at any setting. A defective re­
sistor may be returned to the factory for repairs or
a new one may be ordered directly.

7.0 INPUT TRANSFORMERS (9l6-Pl AN12 9l6-P2}

7.1 The two transformers furnished with this bridge have
been carefully adjusted by setting the angular rela­
tionship between the transformers and their colla~s

with the locating pins~ and be means of the trimmer
condensers located above these collars.

7.2 Early models had the output leads shielded with rigid
tubing and flexible joints while later models have a
shielding consisting of a spring-like winding or
steel wire. The former units were subject to occa­
sional breakage at the joints and are always modified
to the new construction when returned for repairs.

7.3 If the 9l6-Pl has become damaged~ it can be repaired
and readjusted at the factory~ provided the 9l6-P2
is returned with it. If the 916-P2 has become dam­
aged~ however~ it will be necessary to return the
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complete 916-A Bridge. If spare transformers are
required and the original 916-Pl and 916-P2 are in
good condition, the old ones should be returned to
the Service Department so the new ones can be ad­
justed to match them.

7.4 The adjustment of the RESISTANCE dial depends upon
the setting of the trimmer condensers on the trans­
formers. This setting is rather critical on the
916-P2 and should be performed only at the factory.
The 916-Pl adjustment may be easily checked by the
following procedure.

7.41 Measure on a d-c bridge a small 1,000-ohm
resistor of the non-inductive metallized ceramic
type. Set the generator to 1 Me, L-C switch to L,
and measure the resistor on the bridge with the
916-Pl transformer in place. If the RESISTANCE
dial setting does not agree with the d-c bridge
measurement to within 1%, the trimmer condenser on
the 916-Pl should be adjusted until it does.

8.0 L-C SWITCH

8.1 The contacts of this switch should be kept clean by
the use of a 50:50 mixture of ether and alcohol.

8.2 Some of the earlier models had the cross-shaft of
this switch made of steel that bad been rustproofed
and is easily recognized by the black surface. The
shaft surface made poor contact at high frequencies,
and an absorption loop with erratic contact resulted
from the shaft, its two bearing blocks, and the panel.
To correct this, remove the bearing block near the
switch handle, and clean the surface of the shaft
with emery cloth. This wlll provide good contact
with the bearing block, while the two lock-collars
will ground the shaft to the other block, thus insur­
ing an unchanging condition around the loop.

9.0 PANEL

9.1 Government regulations during the war necessitated
the use of zinc panels on several lots of these
bridges. The backs of the zinc panels must be
cleaned at the contact points from time to time to
maintain the shielding and the internal ground con­
nections. These points are at the DETECTOR jack,
the GENERATOR jack, the common ground point of the
two trimmer condensers and a strip around the edge
to contact the panel frame.
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10.0 GEARS

10.1 The gears on the REACTANCE condensers should be lubri­
cated with LOBRIKO Grease, Density MD. These gears
are the split, spring-pressed type to eliminate back­
lash and should not be disassembled. If cleaning
seems necessary, use a small brush and a 50:50 mixture
of ether and alcohol, and then apply new lubricant.

PARTS LIST
for the

TYPE 916-A P~IO-FREQOENCY BRIDGE

Symbol Rating and Tolerance

Resistors

Mfr. IUr.ts Type No.

R-l
R-2
R-3
R-101

300 g
93 g

330 g
250 g
250 g

IRC
ERIE

GR
GR
GR

FX-l/2
504-B
916-36
9l6-P3
916-P4

(2 ft lead)
(24 ft lead)

C-1
C-2
C-3
C-4
C-5
C-6
C-101

T-1

Condensers

Transformers

GR
GR
GR
GR

GR

GR
GR

916-30
368-408
568-407
568-408
1 CA 11
1 CA 11
916-35

9l6-Pl (low freq.)
916-P2 (high freq.)

774-R2
774-R3
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