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SPECIFICATIONS

Frequency Range: 400 ke to 60 Mec.

Reactance Range: 5000 2 at 1 Mc. This range varies in-
versely as the frequency, and at other frequencies the dial
reading must be divided by the frequency in megacycles.
Resistance Range: 0 to 1000 2.

Accuracy: For resctance, at frequencies .up to 50 Me,
=+ (2% + 19 + 0.0008 X R X f), where R is the meas-
ured resistance in chmas and f is the frequency in Mec.

For resistance, at frequencies up to 50 Mec, =% (1%
<+ 0.1 ), subject to correction for residual parameters.
At high frequencies the correction depends upon the
frequency and upon the magnitude of the unknown
resistance component. At low frequencies the correction
depends upon the frequency and upon the magnitude
of the unknown reactance component. Plots of both these
corrections are given in the instruction book that is
supplied with the bridge.

Satisfactory operation can be obtained at frequencies
up to 60 Mc with somewhat poorer accuracy above
50 Mc than at lower frequencies.

Accessories Supplied: Two input transformers, one
covering the range from 400 ke to 3 Mc, the other from

8 Mo to 60 Mo; two leads of different lengths (for conneot-
ing the unknown impedance); two Tyrx 774 coaxial
cables for connecting generator and detector.

Accessories Required: A radio-frequency generator and
a detector are required. The Tyrx 805-C Standard-Signal
Generator is a satisfactory generator, as are the older
Tyrz 605-B and the Trrx 684-A Modulated Oscillator.,
A well-shielded radio receiver covering the desired fre-
quency range is recommended as the detector. The coaxial
cable supplied for connection to the receiver is fitted with
spade terminals at one end for connection to the receiver
input terminals. For best results, however, it is recom-
mended that the receiver be fitted with a Tyrz 774-G
Panel Plug and the cable with a TYrx 774-M Cable Jack.

Mounting: Airplane-luggage type case with earrying
handles. Both input transformers are mounted inside the
case. Coaxial cables, lends, and instruction book are
stored in the cover of the instrument when not in use.
Dimensions: 17 x 1314 x 1134 inches over-all.

Net Weight: 34 pounds.

CAUTION: Before operating bridge
read Section 6.0 in SERVICE NOTES.



OPERATING INSTRUCTIONS
FOR

TYPE CAG-60094
RADIO-FREQUENCY BRIDGE

1.0 DESCRIPTION

1.1 GE CRIPTION

The Type 916-A Radio-Frequency Bridge
is a null instrument for use in measuring
impedance at frequencies from 400 Lc to
60 Mc. Measurements can be madc with de-
creased accuracy at frequencies somcwhat
below and above these nominal frequency
1imits.

The bridge 1is used with a series-
substitution method for measuring an un-
known impedance, 2., 1in terms of its ser-
ies resistance component, Ry, and series
reactance component, X,. The resistance
is read from a variable-condenser dial di-
rectly calibrated in resistance (in ohms).
The reactance 15 read from a variable-
condenser dial directly calibrated 1in
reactance (in ohms) at a frequency of 1 Mc.
The resistance dial reading is independent
of frequency. The reactance dial reading
increases linearly with frequency. For
frequencies other than 1 Mc the reactance
dial reading must therefore be divided by
the operating frequency in megacycles. The
resistance dial reads from O to 1000§2;
the reactance dial reads from 0 to 5000%1
at 1 Mc.

1.2 BASIC CIRCUIT AND BALANCE CONDITIONS

The basic circuit used 1s shown in
Figure 1.

A measurement is made by first bal-
ancing the bridge with the UNKNOWN termin-
als short-circuited, then rebalancing with
the short-circuit removed and the unknown
impedance connected to the UNKNOWN termin-
als.

When the UNKNOWN terminals are short-

circuited, the bridge-balance conditions
are:
. cA1
Rp = Ry ¢y 0
1 "
= 1 2)
ydcpl Ry,  JuCy

When the short-circuit is replaced by
the unknown impedance, Zy = Ry + JX,, the
new balance equations are:

c
A
Rp + Rx = RB CN (18.)
1 R :
IXye + B (2a)
JuCp, Ry JWCy
The unknown resistance, Ry, and re-
actance, X,, are therefore related to the
bridge parameters by the expressions:
Rp ‘
B m——— (c c ) (Ib)
B Ag - 7A
1 1 1
X L4 (—-—- - (2b)
x w cp2 cPl

The resistance, Ry, is seen to depend
upon & change in capacitance C,; the re-
actance, X,, upon a change in capacitance
Cp. The constant relating the resistance,
Rys to the change in capacitance, Cyy 1s
determined by the fixed resistance, Rp,
and fixed capacitance, Cy+ The reactance,
X,s 1s equal to the change in reactance of
the condenser, Cp,andis opposite in sign.

DET.

FIGURE 1.
Radio-Frequency Bridge

Basic circuit of Type 916-A
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1.3 COMPLETE CIRCUIT

Through the series-substitution meth-
od of measurement, simple relationships
between the unknown resistance and reac-
tance and increments of capacitance are
obtained. In order to extend this simpli-
city of analysis to simplicity of opera-
tion, auxiliary controls not shown in the
basic diagram of Figure 1 have been added.
Their functions are most easily described
when the resistance and reactance balences
are considered separately.

The dial of the condenser, C,, that
is used for resistance measurement can be
calibrated in resistive ohms, with any
capacitance setting chosen as zero. For
meximum resistance range, this setting is
chosen at minimum capacitance. A  small
trimmer capacitance, CA" is then con-
nected in parallel with the resistance con-
denser, C,, s0 that the initial resistance

balance, with the UNKNOWN terminals short-
circuited, can be made at zero dial set-
ting, irrespective of slight changes in
the bridge parameters with time or frequen-
CYeo

Y The dial of the condenser, Cp, that
is used for reactance measurement can be
calibrated in reactive ohms at any one
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, OCp', 18
then connected 1in series with the reac-
tance condenser, Cp, so0 that the initial
reactance balance,
minals short-circuited, can be made at
zero dial setting, irrespective 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 reactance. With
the zero position established at maximum

Figure 2 complete circuit diagram.

with the UNEKNOWN ter-

capacitance, the dial scale
tive reactance directly; for measurements
of capacitive reactance, the initial bal-
ance must be made at an upscale reading so
that the negative change in dial reading
will remain on scale. In order to obtain
maximum capacitive-reactance range a two-
position switch that changes the value of
the ratio-arm resistor, R, 1s added.!
With the switch set 1in 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 position an initial balance
can be obtained at the maximum setting of
the reactance dial, for measuring capaci-
tive reactance.

Figure 2 1s a complete circuit dia-
gram, showing the ratio-arm switch and the
two trimmer condensers, CA' and Cp'.

In the actual instrument the fixed
capacitance, Cy, 1s composed largely of
the capacitance to ground of the shielding
system,“ as shown by the dotted lines in
the diagram. The small adjusting conden-
sers, Cy' and Cy", are used to equalize
the capacitance from point "a"™ to ground
in the two ratio-arm-switch positions.

1.4 PANEL LAYOUT AND CONTROLS

reads induc-

A panel view of the bridge 1is shown
in the Frontisplece. 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
0 to 5000 ohms at a frequency of 1 mega-
cycle. It 1s provided with a small ver-
nier knob to facilitate precise setting.

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

(3) The two-position toggle switch
used to establish the initlal-balance set-
ting of the REACTANCE dial in the region
about 0 or 5000 ohms. This switch is lo-

1. In Equations (1) to (4) it is shown
that the value of the ratio-arm resistance,
Ry, 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. B. Sincleir, "A Radio-
Frequency Bridge for Impedance Measure-
ments from 400 Kilocycles to 60 Mega-
cycles", Proc. I.R.E., Vol. 28, No. 11,
ppe. 497-503; Nov., 1940.

-2~
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cated immediately above the REACTANCE dial.
The two positions are marked L and C to
indicate that the first is to be used when
neasuring inductive reactance and the sec-
ond when measuring capacitive reactance.

(4) The variable condenser, Cys used
to measure resistance (RESISTANCE). The
8" dial of this condenser 1s calibrated
from O to 1000 ohms. It is provided with
a slow-motion drive mechanism to facili-
tate precise setting.

(5) The trimmer condenser, Cy's used
to make the initial balance when the RE-
SISTANCE condenser is set at O ohms. The
knob controlling this condenser is located
immediately below the RESISTANCE diai.

The two adjusting condensers, Cy' and
Cy"s are accessible through holes in the
panel covered by the snap buttons to the
left of 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 for making
the input and output connections to the
bridge are marked GEN and DET on the
panel.

A binding post for making the ground
connection to the unknown impedance is lo-
cated on the panel to the left of the RE-
S8ISTANCE dial. The other connection to
the uninown impedance 1s made to the Jack
in the center of the circular window, at
.the left of the ground binding post,
through one of the two special connecting
leads supplied with the instrument. (See
paragraph 1.51).

1-5 ACCESSORIFS SUPPLIED

1.51 Connecting Leads: Two leads for
connecting the unknown impedance to the
bridge are supplied, one about five 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 small fixed resistor
and carries a plug to fit the Jack pro-

vided on the bridge jpanel, The resistor
is connected in series with the lead and
is designated by Rp in Figures 1 and 2.3
Each lead teérminates in a clip - at the
other end for convenience in connecting

ne of the two leads s lied must always
be used to connect to the unknown im-
pedance since the bridge cannot be fnitial-
ly balanced without the resistor, Rp.

1.52 Shielded Transformers: Two
transformers are supplied, one for use in
the frequency range from 400 ke to 3 Mc
and the other from 3 Mc to 60 Mc. The
high-frequency transformer 1is shipped in
place; the 1low-frequency transformer is
held 1in a mounting affixed to the re-
movable section of the instrument case.

1.53 Cables: Two single~conductor

coaxial cables are supplied for connection
to the generator and detector. One of

these 1s provided with General Radio Type
774-M Cable Jacks at each end and is in-
tended for use with a General Radio Type
605-B Standard-Signal Generator. The
other is provided with a Type 774-M Cable
Jack at one end and spade terminals at the
other and is intended for use with any re-
ceiver having machine-screw terminals for
antenna and ground. If possible, however,
it 1s recommended that a General Radio
Type 774-G Panel Plug be 1installed in the
receiver and that the second cable also be
terminated at each end with a Type 774-M
Cable Jack.?

3. See reference of footnote 2 for reasons
for mounting resistor Rp in external probe
unit.

4. It has been found that low-reactance
connections between the outer conductors
of the coaxial cables and the generator,
bridge and detector panels are very impor-
tant. Wherever possible, 1t is strongly
recommended that coaxial terminals be used
to complete the continuity of shielding.
At the higher frequencies the reactance of
a binding post or of an inch of wire may
cause noticeable error.

2.0 OPERATION

2.1 GENERATOR

Any well-shielded radio-frequency os-
cillator having an output voltage of the
order of 1 to 10 volts and adequate fre-
quency stability will serve as generator.

. 38

2.2 DETECTOR

Any well-shielded receiver having a
sensitivity of the order of 1 to 10 uv
will serve as detector. It is recommended
that the receiver used be provided with an



GENERAL RADIO COMPANY

adequate r-f sensitivity control and a
local oscillator to give a heterodyne note
st the intermediate frequency, and a
switch to cut out the avc. Most so-called
"communications receivers" f11l all thése
requirements.

2.3 GROUNDING

The instrument should, in general, be
grounded at a single point, through £s low
reactance a connection as possible. To
facilitate making this connection a ground
clamp 1s provided on the instrument case.

The ground lead should yreferably be
made with a short length of copper strip,
say 1 inch wide. In laboratory set-ups a
satisfactory "ground"™ can be ovtaine, by
covering the top of the bench with 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. 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
will usually be found that the panel of
the instrument is at a different potential
from the hand of the operator and that the
balance can be changed 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 differences. A
further test for the existence of this
condition can be made by removing the de-
tector cable from the panel jack of the
bridge. The detector pickup should be
negligibly small if the generator 1is
adequately shielded. If the outer shell
of the Type 774-M Cable Jack can then be
touched to the ground post of the bridge
without significantly increasing the re-
ceiver output, no excessive reactance
exists.

If the detector, when disconnected
from the bridge, shows considerable pick-
up, 1t is usually an indication of poor

5. The foil area should be at icast great
enough so that the generator, bridge and
detector cen all be placed upon it.

shielding 4n the generator or of energy
transfer from the generator to detector
through the power line.

It is sometimes found, in field set-
ups where grounding conditions cannot be
carefully controlled, that individual
ground connections from the panels of the
generator, bridge, and detector to a com-
mon ground point will give less piclup and
more consistent results than a single com-
mon ground to the bridge alone. The use
of coaxial connectors at both generator
and detector 1is particularly recommended
for these field setups to avoid, as much
as possible, the necessity for such multi-
ple ground connections.

2.5 TRANSFORMER INSTALLATION

The transformers used 1in the Type
916-A Radio-Frequency Bridge are very care-
fully adjusted to introduce negligible
measurement error over the rated frequency
ranges., This adjustment involves not only
proper internal construction® but proper
placement of the transformer within the in-
strument case. To assure this proper
placement the transformer mounting 1s
keyed to the panel by means of a pin in an
adjustable collar. The position of this
adjustable collar is set at the factory
and should not be altered.

The high-frequency transformer (3-60
Mc) is shipped 1n place. To remdve it,
first remove the rectangular section of
the instrument case that is held in place
by four Dzus fasteners. The low-frequency
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
internal gehield = assembly cah then be
pulled out and the transformer removed
through: the rectangular opening. The
transformers should be handled with reas-
onable care to. &void undue mechanical
stress. No_forcin is necessar in the

rocess of remdval or installation.

In installation, the transformer 1is
s11id into position as the coaxial terminal
is rlugged 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 locati in on
the transformer i1s seated in the panel re-
ceptacle before the shell of the coaxial
terminal is tightened.

Ihe transformer that is not in use
should be mounted on the removable section

6. For a discussion of the shielding re-
quired see reference of footnote 2.

-a-
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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 differ from the value for
which the resistance calibration was made
and inaccuracy of resistance readings will
result,

In order that the transformer in cir-

cuit may be identified easily, a pin is-

made to engage either of two holes in the
panel. When Type 916-P1 Transformer is
connected, the pin can be seen in hole en-
graved P1, and when the pin appears in P2
hole, the Type 916-P2 Transformer is in
circuit.

2.6 INITIAL BALANCE

To place the instrument in operation,
install the proper transformer for the
frequency at which measurements are to be
made, connect the generator and detector
with the cables provided in the cover, and
ground the instrument as described in para-
graph 2.3. Plug one of the two connecting
leads into the panel jack and clip the
free end to the ground 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 1is the
initial balance normally used for meas-
uring impedances with inductive reactance
components. To check the initial balance
for measuring impedances with capacitive
reactance components, set the toggle
switch to the C position and the REACTANCE
dial 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 initial balance can be ob-
tained at reactance dial settings from O
to about 1000 ohms, and, with the switch
set to the C position, from about 4000
ohms to 5000 ohms. As the frequency is
raised, these reactance 1limits tend to
move up the dial because of the inductive
reactance of the connecting lead. Depend-
ing upon the 1length of this connecting
lead, a frequency will bde found abdve
which the initial balance can no longer be
obtained at zero on  the reactance dial
with the toggle switch set to the L posi-
tion. A higher frequency will be found at
which the initial balance can no longer be
obtained at 35000 ohms on the reactance
dial with the toggle switch set to the C
position, This shift in the initial bal-
ante causes no corresponding error in

measurement since, in the series-substitu-
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 1lead 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
1s relatively small  over the entire fre-
quency range of the instrument and it is
not ordinarily necessary to use a series
condenser at any frequency. With the long
lead, the shift 1is appreciable and, at
frequencies abhove 15 or 20 megacycles a
serles condenser may be necessary.

In finding the balance 1t is particu-
larly desireble to use a receiver that has
a good r-f sensitivity control and g
switch to disconnect the ave. If the re-
cefver gain 18 set too high there 1s 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 quitedifri-
cult to find the reactance balance, or
vice versa. When the r-f sensitivity
control is set tominimum sensitivity, and
the ave 1s disconnected, no difficulty
should be found in making the initial bal-
ance. As balance 1is approached, the re-
ceiver sensitivity can be increased to im-
prove the precision of setting. For the
first rough balance the generator signal
can be modulated and the receiver 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 sensitivity control on
the receiver is not aveilable it 1s some-
times possible to accomplish the same gen-~
eral results by reducing the generator
output, rather than the receiver sensi-
tivitys, For the precise balance the gen-~
erator output should preferably be set at
maximum go that the ratio of useful output
to leakage 18 as great as possible.

2.7 MEASUREMENT OF UNENOWN IMPEDANCE

£.71 Imnedance Components Within Di-
rect-Reading Ranges of Bridge: Cornnect

the ground terminal of the unknbwn im-
pedance to the ground binding post on the
bridge panel with as short a lead as possi-
ble, and arrange the setup so0 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.

=8



GENERAL RADIO COMPANY

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 establish an initial balance as
described in Section 2.6. Renove the con-
necting-lead clip from the grounded ter-
minal of the uninown 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 1is shifted from the
grounded to the ungrounded terminal.

The unknown resistance 1s read di-
rectly from the RESISTANCE dial; the un-
known reactance 1is equal to the change in
reading of the REACTANCE dial, divided by
the frequency in megacycles. 1f the un-
known reactance is inductive, the initial
setting should be made at zera, the change
in reading of the REACTANCE dial then
being equal to the final dial reading. If
the unknown reactance is capacitive, the
initial settting should be made at 50008
the change in reading of the reactance
dial then being equal to 5000 ohms minus
the final 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 and
the REACTANCE dial to zero, with the con-
necting lead clipped to theungrounded ter-
minal of the unknown impedance. Balance
with the INITIAL BALANCE reactance con-
trol. Clip the connecting lead to the
grounded terminal and rebalance with the
RESISTANCE and REACTANCE dials. The REAC-
TANCE dial will then read up-scale for
capacitive reactance and the precision of
reading will be the same as for inductive
reactance. This method of reading capaci-
tive reactance has, however, the disadvan™
tage of requiring four balances, one pair
to determine the resistance component and
the other to determine the reactance com-
ponent, It is also not universal, because
reactance balances with the UNEKNOWN ter-
minals short-circuited can only be set
over ascale range of about 0 to 1000 ohms.
Since the "final" balance must be made un-
der this condition, only reactances that
fall within the 1000-ohm scale range can
be so measured.

8. For an inheren:ly grounded impedance,
the connecting lead can be clipped to the
ground binding post on the bridge panel.

If it is not known whether the reac-
tance component of the impedance to be
measured is inductive or capacitive the
following procedure is helpful, For the
initial balance, set the toggle switech to
the C position 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
permits a change in scale reading of 1000
ohms inductive or 4000 ohms capacitive, If
the receiver sensitivity control is turned
down, this dvailable reactance range is
sufficient to indicate the direction 1n
which the dial must be turned for a reac-
tive balance and a new initial balance can
be established accordingly.

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

When a pure reactance, jX,, 1s con-
nected in parallel with the unknown im-
pedance, Z, = R, + jX,, the effective in-
put impedance, 2, =R, + §X,, becomes:

R RyX,2 (
" R,2 + ( 2 9
X Xy + Xg)

N NLEEE X X X) I
R+ (X + X2

As X, 1s made
approach zero,
the relations

smaller, these equations
in the limit, according to

2 Ry

Rg = X
e a
Rz+xx2

(3e)

Xog = X, (42)
"Shunting down" a high impedance with 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
condenser® to the ground terminal of the
uninown impedance and locate the other
lead near the ungrounded terminal of the

9. "Postage stamp" condensers, ‘such as
the Cornell-Dubilier Type 5-W will ordin-
arily be found adequate for use as aux-
iliary condensers.
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unknown impedance. Establish an initial
balance as described in Section 2.8 and
measure the capacitive reactance, Xgqs 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 possible the same aux-
iliary-condenser lead length as was used
in making the reactance measurement, and
measure the effective 1impedance, Zo=
Ry + JXg,, of the parallel combination. The
unknown impedance can then be found from
the relations o ’
Re (X,)

B, = )
RJ2 + (x, - X,)2

Xa Bﬁe)z + Xo(Xg - xazl
(R)2 + (x, - x,)2

x‘ ™ (6)

It should be noted that, since -the
auxiliary reactance, Xa» 18 capacitive,
the number to be inserted for X, in Equa-
tions (5) and (6) will be negative. The
sign of the number for the effective reac—
tance, X,, will be positive or negative
accordingly as the measured value is in-
ductive or capacitive.

The value of the auxiliary capaci-
tance to use is easily found by experiment.
It should be kept reasonatly small s¢ that
the impedances to be measured are not re-
duced so far that precision of dial read-
ings 1s lost, but 1t will not ordinarily
be found critical. A value between 35 mapf
and 200 puf will usually be found adequate.
The resistantce, R,s of the awiliary con-
denser 1is generally negligitle but can be
corrected for, when necessary, by subtract-
ing from the effective resistance, Ry, of.
the parallel combination, a resistance,

R=R Xg® - Rg?
a
Xa

The corrected value of R, can then be sub-
stituted in Equations (5) and (8).

2.73 lead Corrections: In common

with other types of impedance-measuring
equipment, the bridge can only measure 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 appearing at the
terminals of the device under test. Under

(7)

some circumstnances the difference can be
ignored and the 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 and it is necessary to
compensate for the effect of these leads
to obtain the desired impedancze. An exact
correction for the effect of the leads re-
quires analysis as a transmission line and
is laborious and cumbersome. For specific
measurements, however, approximate correc-
tions will yield satisfactory accuracy.

In the procedure outlined in Sections
2.6 and 2.71 for measuring impedance com-
ponents within the direct-reading ranges
of the bridge it 1s noted that the length
and location of connecting leads te the
unlknown impedance should be altered as
little as possible when the clip 1is
shifted for initial and final bhalances.
This precaution assures that the inductive
Feactance of the leads 1is very nearly
equal under the two conditions and that it
therefore cancels out 4in the series-
substitution process. The capacitance to
ground of a connecting lead, however, 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
capacitance deliberately placed in paral-
lel with the unknown impedance, the correc-
tions for 1its effect can be obtained di-
rectly from Equations (5) and (6) , where
Zo= Ry + §X, is the observed impedance,
and X, the reactance of the lead capaci-
tance. The reactance, x‘, however, is
usually very high compared to both R, and
Xy and the equations can be written in the
simple, approximate form

X X, \2 /R
— e e e
Ry =R, |1 +2 +3( )- (5a)
Xa X, Xy
2 2 2 2
X - R X X, -3
| xx - Xe + e e +__e_ e RO (6&)
xa xa. xﬂ.

Equations S5a and 8a contain both first and

second order correction terms; however in
many cases the second order terms are neg-
ligibly small and can be neglected.

It should be noted that, since X, is
capacitive, the number to be inserted for
Xa 1n Equations (5a) and (6a) is negative.
If the connecting leads are kept at a
reasonable distance from metal objects,
say an inch or more at the closest point,
their capacitances to ground are, approxi-
mately:

Short connecting lead (916-P3) - 3.2 ity
Long connecting lead (916-P4) - 8.5"11‘10

-
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For cornvenience in making corrections, the
reactances corresponding to these capaci-
tances are plotted in Figure 4.

When measurements are made of 1im-
pedance components beyond the direct-
reading ranges of the bridge, no lead cor-
rections are necessary. Precaution 1in
keeping the length and position of the con-
necting lead as nearly the same as possi-
ble insures constant inductance, which
cancels out in the series-substitytion pro-
cess; the reactance of the connecting-lead
capacitance to ground is included in the
measured reactance, X of the parallel
condenser.

It should be emphasized that the
above treatment of lead corrections is
approximate. If, for instance, the induc-~
tive reactance of the connecting 1lead 1is
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 1s when the in-
ductive reactance of the 1lead is small
compared to the unknown impedance. When
the unknown impedance is zera, in fact,
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 effect of lead capaci-
tance. Qbviously, the shorter the connect-
ing lead, the smaller will be the lead
corrections and the more nearly exact
Equations (5a) and (6a). The short con-

a’*

necting lead (916-P3) should therefore be:

used wherever possible, especially at the
higher frequencies, say above S megacycles.
To aid in estimating the inductive reac-
tance of the leads relative to the unknown
impedance, approximate inductance values
are given below:

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

2.74 Corrections for Residual Para-
meters: Frequency 1limits 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 of operation. While these héve
been made extremely small in the bridge,
they are still large enough to affect per-
formance at the lowest and at the highest
frequencies and to set the respective

10. This capacitance was measured with
lead held about 6" avway from the panel, on
the average. It will depend more upon the
position of the lead than will the capaci-
tance of the short lead.

at .500 Kilocycles,

limits of operation at about 400 kc and 60
Nc.

The low-frequency 1limitation arises
from dielectric loss in the REACTANCE con-—
denser, cp. This loss causes an effective
series resistance that varies with the
dial setting and the frequency as shown in
Figure 5. Since the resistance changes
with the setting of the REACTANCE conden-
ser, incorrect measurements of the resis-
tive components of impedances with sub-

stantial reactive components will occur
unless corrections are made. The change
of resistance 18 such that resistance

associated with capacitive reactance will
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
from inductance in the RESISTANCE conden-
ser, Cp. This inductance causes the effec-
tive capacitance to increase as the fre-
quency 1is raised and, consequently, the
dial reading for a given resistance value
to decrease. A set of correction curves
is given in Figure 6.

2.75_ Jllustrative. 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) Measurement of 100 Juf Condenser

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

Plug short connecting lead (916-
P3) 1into panel jack and fasten one lead of
unknown condenser to pane]l binding post.
Adjust Jocation of unknown condenser so
that ciip of connecting lead can be ¢rans-
ferred from ungrounded condenser lead to
grounded condenser lead with minimum
change in connecting-lead position. Reac-
tance of condenser will be about 3200
ohms (1600-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.

Transfer clip of connecting lead
to ungrounded lead of unknown .condenser
and rebalance with RESISTANCE and REAC-
TANCE dials. Suppose the respective read-
ings are 2.3 ohms and 2450 ohms. Before
corrections, the observed resistance, R

e’
and reactance Xgs are:
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Re = 2.3 ohms

e = -3100 ohms

. 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

Rg = 2.3 +1.5~- 0.6 = 3.2 ohms

To correct for the
lead capacitance to ground, locok up, in
Figure 4, the corresponding reuactance X,.
It is -100,000 ohms. Applying Equations
(52) and (6a):

connecting-

"3100 3.2 2
- ) = 3.48
-100,000 ~-100,000 -

R, =3.2|1+ 2(

X, = -3100 + (-3100)2 - (3.2)2
' 100,000

= ~3196 § (capacitive)

From these measurements, the
capacitance, C,, and dissipation factor, 1

Dx -.33‘., are:

Xy
C‘ = 1012 -
off x 0.5 x 10% x 3196

= 100 pyf

p, =-3:4 = 0.0011= 0.11%

3196

This example is cited as an ex-
treme case, 1n 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 is lar-
ger compared with the reactance gomponent
the correction is of less importance.

b Measureme £ adcas ¢

t 1 1 e

In a typical case, the antenna
terminal is located within a metal rack in
a small house at the foot of the antenna

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

tower. The bridge can be set up on pack-
ing boxes to come up to the front of the
rack byt cannot 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 jacke. 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 instrument 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 conyenient means such as suspending
it with string.

Suppose the antenna to be about
0.6 wdvelengths long, with an impedance
hdving a capacitive reactance component.
With the toggle switch set to the C posi-
tion, and the connecting lead grounded to
the rack, establish an initial balance as
described in Sectlon 2.6. Set the REAC-
TANCE dial to 5000 ohms pending further
knowledge of the magnitude of the reac-
tance.

Transfer clip of connecting lead
to antenna terminal and rebalance with
RESISTANCE and REACTANCE dials. Suppose
the respective readings are 193 ohms and
4850 ohms. The resistance reading is ade-
quate; the reactance 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 INITIAL BAL~
ANCE controls. Transfer clip of connect-
ing lead to ground on rack and rebalance
with RESISTANCE and REACTANCE dials. The
RESISTANCE dial should rebalance at zero;
suppose the REACTANCE dial reading 1s 160
ohms. . Before corrections, the observed
resistance, R,, and reactance, X,, are:

Re = 183 ohms

=—-£O—= -137 ohms

Xe

The corrections for dielectric
Joss in the REACTANCE condenser and induc-
tance in the RESISTANCE condenser are seen,

-9-
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from Figures 5 and 6, to be negligible.
To correct for the connecting-lead capaci-
tance to ground, look up, in Figure 4, the
corresponding reactance, X,. It 1is
-16,000 ohms. Applying Equations (5a) and
(6a) and omitting the second-order correc-
tion terms, which are negligible:

-137
+ 2(——— =196 Q
R, = 193] 1 (_16,003;_]

——

157 + (-137 2 - (193)2
Xy ~16,000

= «136(2 (capacitive)

In this example, corrections are
very small. The Type 916-A Radio-Frequen-
cy Bridge is particularly suited for such
measurcments.

{c) Measurement of Terminated 72-Ohm

Coaxial Line at 50 Mc
At very high frequencies, lead

corrections become very important. It is,
.therefore, necessary to use the short con-
necting lead (916-P3). It is also de-
sirable, if possible, to bring up the out-
er conductor of the coaxial line over the
panel and make contact to it directly at
the ground binding post on the panel.

Plug short connecting lead (918~
P3) into panel jacke Clip to outer con-
ductor of line or to ground binding post
on panel, set toggle switch to the L posi-
tion and establish an initial balance as
described in Section 2.6. Set REACTANCE
dial to as low a value as possible, say
500 ohms.

Transfer c¢lip of connecting lead
to center conductor of coaxial line and
rebalance with RESISTANCE and REACTANCE
dials. Suppose the respective readings
are 64.5 ohms and 1430 ohms. Before cor-
rections, the observed resistance, R,, and
reactance, X,, are:

R, = 64.5 ohms

xo-Ma + 19 ohms
50

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 corrected
value of R, then becomes

Ry = 64.5 1 1.17 = 75.4 chusg

To correct for the connecting-

lead capacitance to ground, look up, in

Figure 4, the corresponding reactance, X,.
It is -1150 ohms. Applying Equations (5:)
and (6a) 4ndin this case including the sec~
ond-order terms, because they are signifi-
cant:

_ 19 19 \2 75.4\2
R,=75.4|1+2 +3 -
-1000 -1000/ \-1000

=75.4 [3+.osa+.oo1—.ooe = 72.1 0

(19)2-(75.4)2 19
~1000 23600

=19+5.32-.32524.0 0

(19) 2-3(75.4) 2
~1000

(inductive)

(I

X, =19+

This example is cited as an ex-
treme case, in which failure to correct
for the inductance of the RESISTANCE con-
denser leads to an error in resistance
measurement of the order of 11%.

2.76 Balanced lines and Antennas: The
measurement of three-terminal devices,
such as balanced 1ines and antennas, can
be made with the bridge, although the con-
putations involved are quite laborious.

The method depends upon the analysis
of the unknown impedance in terms of the
equivalent ecircuit of Figure 7 and re-
quires three separate measurements, as
follows:

(1) Short-circuit impedance 2Z; by
grounding line A at point of measurement,
and measure impedance, Z', from line B to
ground.

ZaZ3
2+ I3

z' =

()

(2) Short-circuit impedance 2, by
connecting line A to line B at point of

measurement, and measure impedance, 2%,
from the junction to ground.
232y
';'." = - (9)
Za + ZI

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

. L1Zg

Zy + 2

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

zll (lo)

AN AV AL
= z'zll - znzwn + znlzt

2y

s—_— (11)

-10-

2N - -]
Q—zit- 0



GENERAL RADIO COMPANY

2z'z"z"’
“TT vz - zn g

Zp

2 (12)

22z zm
S AV AN AL ALURSE ALY A

3 =

2 (13)
Lo, 1
AR AN Al

This method gives each component
of impedance, detecting any unbalance. At
perfect balance, Zy = 23, Z' = 2™,

4y, 1 =2z" (11a)
2z2'2" 1 (12a)
2y =— :
22" -2 1._1_
' 2z"

When the balanced 1line 1is fed
from a balanced source, the effective in-
put impedance 1s given by

4z - 2!

Zip = =
AB 22y + 2g (14)

ZAB is the input impedance seen
from the source. It should be measured
once with the far end of the line open and
once with it closed if it 4s 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 CHPECKS AND ADJUSTMENTS

3.1 RESISTANCE CALIBRATION

If the calibration of the RESISTANCE
dial changes slightly, with time or rough
usage, it can be restored by adjusting the
trimmer condensers Cy' and Cx" (See Fig-
ure 2), which are mounted Lehind snap but-
tons on the panel. Cy', mounted behind
the left-hand snap button, adjusts the RE-
SISTANCE dial span with the toggle switch
set to the L position: Cy"» mounted behind
the right-hand snap button, adjusts the
RESISTANCE dial span with the toggle
switch set to the C position.

To check the calibratibon, measure at
1 Me, the resistance of a good radio-
frequency resistor, such as a General
Radio Type 663-G Resistor or a small
"metallized” resistor, preferadbly of the
ceramic type. The measured resistance
should check the d-c value within 14. If
it does not, adjust Cy' and Cy". Turning
these condensers clockwise decreases the
dial reading for a given resistance and
vice versa.

Similar trimmer condensers are moun-
ted on the two transformers. If measure-
ments of the same resistor at 3 megacycles
made with 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.

8.2 CORRECTION FOR DIELECTRIC IOSS IN RE-
ACTANCE CONDENSER

The dielectric loss described in Sec-
tion 2.74 1s subject to some veriation
among different instruments because of
variations in the ceramic insulation,and
the curves of Figure 5 mway not be suffi-
clently accurate for the most refined work.
4n independent check of the resistance of
this condenser can be made by measuring
the resistance of a 200-ppf condenser at a
frequency of 1 Mc as follows:

First measure the resistance of the
condenser with an initial RFACTANCE dial
setting of 5000 ohms (switch in C posi-
tion). Say the readings are:

Re' = 0.05 ohms

X3' = 5000 ohms

>4
M‘
#

4180 ohms

P
it

x = X3! = X;' =-820 ohms

-11-
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Next measure the resistance of the
condenser with a final REACTANCE dial set-
ting of zero ohms (switch in L position).
Say the readings are:

R," = 0.31 ohms

e

Xl" = 820 ohms

Xo" = 0 ohms

Xy = 0 - 820 = -820 ohms

The effective resistance, R, read on
the RESISTANCE dial, is equal to:

Re = Rx + G EX2)2 - ul)ﬂ

= Ry + GXy (X3 +Xg+ 2X,)

(15)

where G 1is the effective conductance of
the REACTANCE condenser caused by dielec-
tric loss and X, 1s the reactance of the
- REACTANCE condenser at zero dial setting
X, = 432 D at 1 Nc).

If R, 1is plotted as a function of
Xg + Xg +2X,, 2 straight line results,
having a slope equal to GX, and an inter-
cept at Xy + Xp + 2X, = 0 equal to R,.

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

" _ '
0X. = Rg R{

x (X1'+ X2'+ 2X°) - (X1'+ XZ"# 2X°)

0031 - 0.05
820 - 9180

= -0.31 x 10~4

The intercept is:

Ry= 0.31 - (-0.31 x 10~%) (820 + 864)=0.368

From the slope and the measured value
of X,
-0.31 x 10~4 -
G»s ——— = 0.038 x 10
~820

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

R=G(X+ X2
At X = 5000, this becomes

R= 0.038 x 10°5 (5000 + 432)2 = 1.128

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 l-megacycle
figures.

3.3 CORRECTION FOR INDUCTANCE IN RESIST-

The change in effective capacitance
of the RESISTANCE condenser, noted in Sec-
tion 2.74, 1is subject to some variation
between instruments. Direct use of the
average correction curves of Figure S may
therefore lead to error in the measurement
of resistance with any given instrument.
This error 1s a constant fraction of the
correction percentage and amounts to about
+0.3. That is, if the dverage correction
factor 1is, say, 1.15 (correction percent-
age = 15%) as read frcam 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 from the
average correction are, in general, negli-
gible, At the highest frequencies, how-
¢ver, they may be large enough to warrant
an individual check on the correction
curves.

To check the curves of Figure 8, 1t
is recommended that a 100 £i General Radio
Type 663-G Resistor or a 1008 resistor
such as the IRC Type F-1/2 be measured at
a frequency of 50 Mc with the toggle
switch set to the L position. Suppose the
measured resistance and reactance are:

R, = 83.5 ohms
 Xq =-330_ 6.6 ohms
50

Ap»ly the lead correction for
short connecting lead (918-P3).
as read from Figure ¢4,
the lead capacitance is

the
At 80 MNc,
the reactance of

Xq = ~1000 ohms

Equation (5a) then gives the correc-
ted resistance, nx'

-5.6 -5.6 2 -83.52
R, '783.5 | 1+2 ) +3 () - )
x [ (-1000 v(-1ooo (-1000

= 83.5 x 1.008 = 84.0 ohms

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

-12-
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For the example givcn

100.7
B o 209:7 - ;100 1 100.7 - 84.0 1
R, ' 84.0 K s
2
50 100.7 84.0 + 500

As read from Figure 6 the correction
factor 1is about 1.175. The use of this = 1.135 x 10~7
average Tigure would therefore lead to an
error of about -2% in the answer. A complete new set of curves can now

The correction factor for this par- be drawn for the particular instrument,
ticular instrument can be obtained for any cither by computation of points by equa-
resistance setting from this one mesmure. t10R (16) or by finding the frequency at

ment through the relation which the average correction as read from
Figure 6, agrees with the observed correc-
1 tion and multiplying all frequencies by
Ry n (16) the ratio of this frequency to the meas-~
R,' 1- k2 (R ' + 2BP) urement frequency.
In the example cited, for instance,
where is the true resistance, Ry, 1s Figure 6 shows a correction factor of

the dial reading, corrected for the lead 1.199 at about 52 Mc. If all frequencies

capacitance, 2RP = 50083, £ is the frequene 1 52
¢y in megacycles, and are multiplied by the “‘“"5‘0" 1.04, the

curve of Figure 6 may be used directly or,
1 By - B’ 1 for simplicity, new curves may be drawn
kK =— (16a) with a correct frequency scale.

2 By R+ 2y
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PARTS LIST
Symbol Description Functfon Contractor’s - Mfr.
Part No.
R-1 Resistor, Fixed Composition, pigtatl, . 504-B Erie
300 ohms +5% \ Iritia] Reactance-
R-2 Resistor, Fixed Comjosition, pigtail, J’ Balance Resistor 504-B Erie
91 ohms +5%
R-3 Resistor Assembly, 330 ohms +1% Standard Bridge 916-36 GR
Resistor
R-101 Resistor Assembly, 240 ~ 270 ohms, Initial Resistance- 916-P3 GR
2-1/4-inch long lead Balance Resistor
R-102 Resistor Assembly, 240 - 270 ohms, Inttial Resistance- 916-P4 GR
24-inch long lead Balance Resistor
Cc-1 Capacitor, Air, Variable, Resistance Balance 913-30 GR
C-2 Capacitor, Air, Variable, 50 upf, max. Initta] Resistance 368-408 GR
Balance
Cc-3 Capacitor, Air, Variable, 360 uuf, max. Reactance Balance 568-407 GR
C-4 Capacitor, Air, Variable, 360 pupuf, Initia] Reactance- $68-407 GR
max. Balance Capacitor
c-5 Capacitor, Air, Variable, 2-12 puf Resistance Cali- COA-11 GR
C-6 Same as C-5 bration Trimmers COA-11 GR
C-101 Capacitor, Air, Variable 2~12 uuf Resistance Trimmer COA-11 GR
(mounted in trans-
{former assembly)
T-1 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 Input Transformer 916-P1 GR
insulated with .0008 polystyrene tape; 400 ke to 3 Mc
discontinuous electrostatic shields
under primary, between primary and
secondary, and over secondary.
Windings 7/8-inch wide.
T-2 Same as T-1 in construction. Pri- Input Transformer 918-P2 GR
mary, 8 turns #28 DSC; secondary, 3 Mc to 60 Mc
6 turns #28 DSC.

Figure 7.

Figure 8. Complete Wiring Diagram for
Radio-Frequency Bridge.
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GENERAL RADIO COMPANY TYPE 916-aA

FOREWORD
1.

SERVICE AND MAINTENANCE NOTES
for the
TYPE 916-A RADIO-FREGUENCY BRIDGE

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

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.

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.

RETURN FOR REPAIRS

If analysis of the report indicates that the bridge
requires factory readjustment, complete instructions
for its return will be furnished. Should it appear
obvious that repairs are neeessary, however, the
bridge may be sent in without first submitting 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 in the book should 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 comnected together by a spring
in the center of the jacks within the cable plugs.

1.3 1If no null setting can be found, but a strong signal

is heard in the receiver, be sure that the receiver
AVC 1s switched off.

l.4, Indications of certain defects are summarized below.

l.41 No Signal in Receiver
See Sectlons 1.2 and 7.2.

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

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

1l.44 Erratic Results
See Sections 4.1, 5.1, 7.2, 8.1, 8.2, and 9.1.

1.45 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 1s essential that a coaxial jack be provided
on the panel of the oscillator used with the 916-A
and it is recommended that a similar jack be used on
the recelver. Suitable jacks and plugs can be sup-
plied by the General Radic Company upon receipt of
your order. The following will explain the importance
of maintaining the continuity of the external con-
ductor in making measurements at frequencies above a
few megacycles.

2.2 A measuring system comprising a standard-signal gen-
erator, the Type 916-A, and a radio receiver are con-
nected as shown in Figure 1. A small amount of series
inductance in the ground side of the generator cable
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is designated as Lg, a similar inductance in the re-
celver cable as L, and the common ground lead as LM.
The voltage drop §h Lg produces a flow of current
around the loop consisting of the cable sheath, the
ground lead Ly, and the ground capacitance of the
oscillator. Similarly, current flows in the right-
hand loop that includes Lg.

]

TYPE 916-A .

NDAR
STANDARD L RADIO

SIGNAL
GENERATOR

 FREQUENCY T
é:o BRIDGE L:@_\ [

RECEIVER

|
+ |
+ e v

2.3 The voltage applied to the receiver now has two com-
ponents. one from the Bridge, the other from the drop
across Lp. When a null point is reached, therefore,
the Bridge 1is 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 gzero.

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 1it, coaxial terminals should be used on the
generator at least and, for best results, on the
receiver as well.

3.0 RESISTANCE DIAL

3.1 Examlnation 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 by lahoratory measurements.
Later models of the 916-A had this portion of the
scale evened out by a modification of the condenser-
plate shape.
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4.0

5.0

3.2 Negative readings of resistance may sometimes be ob-
tained with condensers of very high Q when measured
at low frequencies (400-600 kc). 1In 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 wcre 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 concern-
ing this. Before starting this process, it would be
advisable to check the panel plug and resistor
(916-P3 or 916-P4) to make certain that it has not
developed an erratic contact (see Section 5.1 below).

3.3 The friction drive on this dial is easily adjust-
able in case slippage should develop. The two set-
screws 1in 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.

REACTANCE DIAL

4.1 Appreclable backlash in 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 1is returned to the factory.

4.2 The friction drive on this knob can be easlly 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 1s eccentric, and
rotating it slightly with the wrench moves the small
shaft closer to the dial thereby forecing the driving
elements into closer engagement. Never attempt to
remove the triple shielding around this condenser.

CLIP LEADS (916~P3 AND 916-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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6‘0

7.0

the resistor R-101l. It should be noted that the pin
plug 1s 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.

RATIO ARM RESISTOR (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 between
a block of insulating material and a2 plece 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
4 new one may be ordered directly.

INPUT TRANSFORMERS (916-P1 AND 916-p2)

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 of
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 916-p1 has become damaged, it can be repaired
and readjusted at the factory, provided the 916-p2
1s returned with it. If the 9i6-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-Pl1 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-P1 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 Mc, L-C switch to L,
and measure the resistor on the bridge with the
916-P1 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-P1l 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 had 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 will 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 zinec panels must be
Ccleaned 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 LUBRIKO Grease, Density MD. These gears
are the split, spring-pressed type to eliminate back-

Symbol

R-1
R-2
R-3
R-101

C-1
C-2
C-3

C-5

C-6
C-101

T-1

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 RADIO-FREQUENCY BRIDGE

Rating and Tolerance

300

93
330
250
250

50
360
360

2-12
2-12
2-12

VOV

Resistors

Transformers

Mfr.

GR
GR
GR
GR

GR

GR
GR

Shielded Cables

GR
GR

Mfr.'s Type No.

FX-1/2

504~B

916-36

916-P3 22" lead)
916-P4 (24" lead)

916-30

368-408
568-407
568-408
l1CAll
l1CA1ll
916-35

916-P1 2low freq.)
916-P2 (high freq.)

774-R2
774-R3
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INITIAL
BALANCE

%57 REACTANCE
Q7 OHMS
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