TYPE

1606-A R-F BRIDGE

Section 1

INTRODBUCTION

1.1 PURPOSE. The Type 1605-A R-F Bridge (Fig-
vre 1)is a nullinstrument especially useful for ac-
curate measurement of antennas, r-f components,
andother circuits having relanvely low impedances,
The frequency range of the bridge is from 400 ke
to 80 Mc. Measurcements can be made; with reduced
accuracy, at frequencies sonmewhat above and be-
low the nominal limits, The low-frequency limit
is determined mainly by sensuivity considerations,
and satisfactory measurements can usually be made
at frequencics as low as 100 kc.

1.2 DESCRIPTION.

1.2.1 GENERAL. The bridge fs mournted in an a-
luminum cabinet, Since capacitance between the
bridge components and the inside walls of the cab-
inet cemprigses one army of the bridge, the instru-
ment cannot be used outside of the cabinet, TFor
rough usage in field applications, a separate lug-
gage type carrying case is available as an acces-
sory. The bridge can he operated either inside or
outside of the luppage case.

1.2.2 CONTROLS. The following controls are on the panel of the instrument {sec Figure 2);

Control Description
REACTANCE Yernier knob and four-inch dial
RESISTANCE Vernier knob and six-inch dial

INITIAL BALANCE
ing mechanisms

LOW, HIGH

Capacitors (2)
buttons

Two rotary controls, with lock-

Two -position toggle switch

Adjustments covered by snap

Function
Indicates reactance.
Indicates resistance,

Used ta obtain initial reactance
-and resis_tancc balance

Used to establish initial balance
setting of the REACTANCE dial
in the vicinity of 0 or 5000 ohms,

Resistance calibration adjustment,

1,2,3 CONNECTIONS. The following connections are on the pauel of the instrument (see Figure 2};

Connection Description
GEN. Coaxial connector
DET. Coaxial conncctor

Binding post

Tapped (6-32) terminal
in circular window

Function

Connects generator to bridge,
Connects detector to bridge,

Ground connection to unkpown
impedance,

Connection for unknown tmpedance,
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f. Generator connection 6. Resistance calibration ad- 10. Reactance initial-balance
2. Ground binding post justment (LOW range) control :
3. gonnection for uninown 7. Detector connection 11. Locking mechanism
4, Initial-balance range switch 8. Reactance control 12, Resistance initial-balance
5. Resistgnce calibration ad- 8. Resistance control control
justment (HIGH range) 13. Locking mechanism

Figure 2. Panel Controls and Connections.

1.2.4 ACCESSORIES SUPPLIED. The following ac-
cessories are supplied with the Type 1606-A R-F
Bridge:

a. Two clipleads for connecting the unknown im-
pedance to the bridge, one ahoiit seven inches long,
the other about 27 inches. Eachlead has athreaded
stud on one end and a clip on the other. Leads are
stored in the accessory pouch when not in use.

b. A 3/4-in., 6-32 screw and a spacer 1/4 inch
in diameter and 1/2 inch long, These are-mounted
on the unknowr terminal to elevate the connection -
to the samelevél as the binding-post mounting hole,
so that, if desired, a component can be connected

directly hetween the ground binding postand the un-
known terminal without the use of leads.

*e. Two Type 874-R22A Double-Shielded, three-
foot Patch Cords for connections to generator and
detector; These cords are fitted with Type 874 Co-
axial Connectors.

d.” One Type 874-PB58A Coaxial Panel Connector
for mmounting on the detector, if necessary, since
for best results the detector should be fitted with a
coaxial r-f input connector to-completc the contin-
uity of-shielding. At higher frequencies the react-
ance of a binding post or of an inch of wire may
cause noticeable error.
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Section

PRINCIPLES OF

2,1 GENERAL CIRCUIT DESCRIPTION AND RAL-
ANCE CONDITIONS. Tie basic circuit of the Type
161)6-A R-F Bridue is shown inFigure 3. An initial
balance iz made with the upkpown terminals shori-
circuited. The short-circuit is then removed, and
the bridge rebalanced with the unknown impedance
connected to the terminals.

When the terminals are short-circuited, the
balance conditions are:

. Ca1
Ry = Rp = &
™ 1 Ry _1

ijpl Ra jWCn

wheré C,; and Cp) arethe capacitances of the var-
iable capacitors’in the short-circult balance posi-
tion. When the short-circuir is rejplaced by the un-
“known Impedance Zy = Ry + jXy, the new balance
equations are:

and

= — s

1
]wcpz "R a JuwC,

where C,7 and Cpg are the capacitances of thevar-
fable capacitors with the unknown impedance inthe
circuit.

The unknown resistance Ry and the reactance

Xy aretherefore related to the bridge constants hy
the expressions:

Ry
R"-=Cn * {Ca2 ~ Cay)
and_
l(l l)
Xo =~ -+ - 1
X w sz C-P[

The resistance R, is proportional to the change in
capacitance Ca, and the reactance Xy depends upon
a change in cdpacitance C,. The constant that re-

lates resistance Ry to chfnge in capacitance C, is’

determined by the fixed resistance Ry, and fixedca-
pacitance C,. The reactance Xy is acrually meas-
ured by the reactance substitution method, and is

2
CPERATICN

equal and opposite In sign to the change in react-
ance of the capacitor Cp.

OET.

UNKNOWN

XL

Figure 3. Basic Circuit of the Type 1606-A
R-F Bridge.

2.2 DETAILED CIRCUIT DESCRIPTION.

2.2.1 GENERAL. Simple relationshipsbetween the
unknown resistance, reactance, and increments of
capacitance are obtained by the series-substitution
method of measurement, For simplicity of opera-
tion, auxiliary controls not shown in the basic dia-
gram are added. Their functions are most easlly
described by separatcdiscussions of the resistance
and reactance bhalances.

2.2,2 RESISTANCE MEASUREMENT. The RESIS-
TANCE dial, which contreols variable capacitor Cl
(see schematic diagram, Figure 10), can be call-
brated in resistive chms, with any capacitive set-
ting as zero. For the maximum resistance range,
this setting is chosen at minimum capacitance. A
small variable trimmer capacitor, C2, i8 then con-
nectedin paralle] with Cl, so that the initial resis-
tance balance, with the unknown terminals short-
circuited, can he made at zero dial setting, irre-
gpective of slight changes in the bridge parameters
with time or frequency. '

2.2.3 REACTANCE MEASUREMENT,. The REACT -
ANCE dial, which controls variable capacttor C3,
can be calibrated in reactive ohms at any one fre-
quency, again with-any capacitance setting as zero.
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For the maximum reactance range and the best

~aledistribution, this setting{dial zero)is chosen
.maximum capacitance. A variaole trimmer ca-
pacitor, C4, is thenconnecred in serieswoes C3, so
thatthe initial reactance balance, with the unknown
terminals short-¢ircuited, canbe madeat zero dial
setting or ar other points on the dial, irrvespective
of changes in the bridge parameters with time or
frequency,

Another auxiliary control permits the meas-
urement of both capacitive andinductive reactances
equally well. Withthe zero position onthe REACT -
ANCE dial established at maxirmum capacitance,
the dial scale reads inductive reactance directly;
for measurements of capacitive reactance, the in-
itial balance must be made at an wpecale reading
so that the negative change in dial reading will re-

main on scale. Since the range of adjustmentof the

IN{TIAL BALANCE contrel dees not permit initial
balances to be established over the entire scale, a
twu-position (LOW, HIGH) switch is provided to
shift the inidal-balance adjustment range to cither

the top or bottom end of the dial by changing the
value of *be ratio-arm resistor {(R1-R2). With this

switch i:. -+ LOW position, initial balance can be
obtaine.! 7 the REACTANCE dial set from zero
to abhou! - for the measurement of inductive re-
actance clarively small capacitive veactances.
With swch at HHIGH, an initial balance c¢an be
obtaine! the vicinity of the maximum setting of
the REAL. ANCE dial, for the mwasuwrement of large
capacits  reactances. The unknown reactance e-

quals the difference in the REACTANCE dial read-
ing hetvreen the two balances divided by the fre-
quency o megacycles, no natter where the dial is
set fur the ininal balance,

2.2.4 CIRCUIT DIACRAM. Figure 10is a complete
schematic diagram, showing the ratio-arm switch
S1 and the two trimmer c¢apacitora C2 and C4. In
the instrument, the fixed capacitance C7 is com-
posed chicfly of the capacitance to ground of the
shielding systemn, The small adjusting capacitors,
C3 and CG, are uscd o cqualize the capacitance
from point A to ground in the two positions of Sl.

Section 3

INSTALLATION

3.1 GENERAL. The complete measurement setup
usually consists of the Type 1606-A R-F Bridge, a
well - shielded radio - frequency oscillator, and a
well-shielded radio receiver,whichserves as ade-
tector, -

3.2 OSCILLATOR. The r-foscillator mustbe cap-
able of covering the Ircquency band of 406 ke to 60
Mec {or any desired portion thercof) with a maxi-
mum output voltage of between 0.1 and 10 volts,
{(For measurements on broadcast antennas, the
maximum possible oscillator voltage should be used
to override !nterfercnce.)l The oscillator should
have a coaxial output connector, (The Type 1211-C
Unit Oscillator, with 2 range of 0.5 to 30 Mc, is
especially recommended.) Also, the following in-
struments may be used as signal generators for the
frequencles indicated:

Range

“pe 1210-C Unit R-C Oscillator 20 cps - 0.5 Mc
.ype 1215-B Unit Oscillator 50 - 250 Mc
Type 1330- A-Bridge Oscillator 5 ke - 50 Me

Instrument

1 see Appendix 1

Instrument Range

Type B03-D Standard-Signal 16 kc - 50 Mc
Generator

Type 100i-A Standard-Signal - 5Ske - 50 Mc
Generator

3.3 DETECTOR. The receiver should have a sen-
sitivity control, a beat frequency oscillaior, a switch
to cutout the AVC circuit, and coverage of the fre-
quency band of 400 kc to 60 Mc, or any desired por-
tioh thereof. Conventional communication-type re-
ccivers are usually satisfaciory. For bestresults,
the receiver should be equipped with a coaxial in-
put connector, The Type 874-PB38A Coaxial Panel
Connector is supplied as an accessory for instal-
lation on receivers nat so equipped.

3.4 GROUNDING. When the instrument is used
for antenna impedance measurements, it should be
grounded at a single point, through a connection of
as low reactance as possible, Whenrhe instrument
is used to measure impedance of componentis,
grounding is usually not required. To facilitate
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making the ground connection, a ground clamp is
provided on the instrument case. The ground iead
should be a short length of copper strip, about an
Inch wide. [na maintenance shop sctup, a satis-
factory ground can be made by copper foil cover -
ing the Yop of the bench, even though the bench is
physically far removed from ground. If the fail
avea is large enough, it will usually be found that
a connectonfrom it to ground{c.g. througha steam
radiator system) wiil make no appreciable differ-
ence in results. The foil area should he at least
great enough so that the generator, bridge, and de-
tector can all be placed upon it, Large metal struc-
tures, such as relay racks, are also found to he
adequate grounds. If the grounding is inadequate,
it will usually be found that the instrument panel is
at a different potential from the hand of the opera-
tor, and that the balance canbe changedif the parel
s touched. .

3.5 STRAY PICKUP. Ifthebridge panelis atground
potential and the generator and detector panels are
not, it is usually an indication of excessive react-
ance in the connections from the outer conductors
of the coaxial leads to the generator and detector
panelsa. Use of the double-shielded, single-conduc-
tor coaxial cables supplied, with coaxial connect-
ors on both generator and detector panels, will
generally eliminare these diffey~~ces in potential,

Asa check for stray pickup, halance the bridge
with the unknown terminals short-circuited and re-
move the detector’ cable from the panel jack of the
bridge. The detector pickup should be. negligible
if the generator is adequately shielded. If the outer
shell of the cable jack can be touched to the ground
shell of the detector connector without significantly
Increasing the recelver output, no excessive react-
ance exists, If the detector, when disconnected
from the bridge, shows considerable pickup, it is
usually an indication of poor shielding in the gen-
erator and detector or of energy transfer from the

generator to the detector through the power line,

The leakage can also be produced by a faulty cable.
It is sometimes found, where grounding conditions
carnotbe carefully controlled, that individual ground
connections from the genérator, hridge, and detec-

tor panelsto a common ground point give less pick~

up and better results than a single common ground

to the bridge alone. The use of coaxial cables and

eonnectors at both generator and detector is par-
Key to Flgure 4,

A - Short clip lead

B - Unknown component

C - Ground bindirg post

D - Unknown terminal

E - Bridge panel

F - Coaxial line

G - Clamp

H - 10-32 screw substituted
for panel screw

I' - Bug wire

J - Strap (recommended at
hgh frequencies)

K - Network under rest

L - Ground terminal

M- Spacer

N - Banana pln or Ty'pe 874-61-4
Inrer Conductor

FINAL DALANCE

e

a. Method can be usexl ov>r entire range, Above 20 Mc use 2-

in. or shorter bay wire oriarminals atone for greater accucacy,
If unknown impedance s fow, oreeat unknown-parailel to pancl
to h tp th lnd posmnn ul( nm ton ho:h h.111ncc~; T

G F
A N N/
. "\2.) 1o _—
D e
EE H

b. Short cltp fead used 1o measure input impedance to coaxial
tine. Abave 20 Me use short bus wir: l'u— Yreater accuracy,

¢. Physically large unkmown, For inldal bilance, conneet clip

lead o ground terminal or short input teruurnals ro nerwork by

copper strap. Above SMe use ground strapdirectly 1o panel in-
stead of hus wire ta tending post.

d: Short No. 20 bus wire used to measure input impcedance to
coaxial line, For initial balance, shoert inner amd outer coaxial
conductors by a strap, or connect bus wire tu grounded shell of
_coaxial line, Most accurate mcthod especially at higher fre-
qUERcics

pevially aliove )..) e
I

com N

8
C\ M
£ /o

e, Component connected directly to bridge terminals. Recom -
mended {or accurate measurements on small comprments, es-

Figure 4. Methods of Connection,

GR 1606-A RF Bridge.max



GENERAL RADIO COMPANY

ticularly recommended to avoid as much as pes-
ible the necessity for such multiple ground con-
.ections. In some cases, the effects of stray pick-
up ar¢ reduced if the gencvator and detector con-
nections are reversed.

For a further check for stray pickup, repeat
the procedure described earlier in this paragraph,
with the generaior cable in place of the detector
cable. For anteana measurements, check for coup-
ling between the antenna and the generator or de-
tector by repeating the above checks with the an-
tenna connected to the unknown terminals and the
bri.ige balanced.

3.6 PRELIMINARY ADJUSTMENTS. The following
adjustiments must be made to prepare the instrumen.
for use:

a. Connect the generator and detector ta the
bridge, using the cahles and connectors provided.

b. Ground the equipment if necessary. (Refer
to paragraph 3.4.)

c. Set the gencrator and detector to the proper
frequencies. The input signal shouk! be cw (un-
modulated} to prevent possible difficulties arising
from side bands.

d. Cennect leads accord.mg to paragraph 3.7,

3.7 LEAD APPLICATIONS. The following types of
leads should be used for the applications indicated
(see Figure 4):

a. Long clip lead (supplied) - Use only when
shortlead cannot be used, and then only atfrequen-
cies below 5 Me.

b. Short clip lcad (supptied) - Useful gver the
frequency range of the bridge, For greatest accu-
racy, especially at frequencies apove 20 Me, use a
two-inch or shorter bus wirc or the terminals them-
selves.

¢. Bus wire leads - A two-inch or shorter lead
is recommendled, pardcularly ar frequencies abave
20 Mc. If longer leads are used dt lower frequen-
cies, their capacitances to ground must be meas-
ured or estimated (refer to paragraph 4.4).

d. Bridge terminals - Most accurate measure-
ments result when the unknown impedance can be
mounted dircctly across the bridge terminals.

Use of the terminals alone andterminals with
a short bus wire lcad also have the advantage of
confining the important electrostatic ficldsto a rel -
atively small area and thus minimizing hand capa-
cigance clfects, which may be noticeable when small
capacitors are measured.

Section 4

OPERATING PROCEDURE

4.1 INITIAL BALANCE.
4.1.1 PROCEDURE.

a. -»et controls for initial balance as follows:
(1) If unitto be measured has an inductive
reactance, set switch to LOW, and REACTANCE
amd RESISTANCE dials to zero and short circuit

fhe-unknown terminals,
{(2) If circuit is known to have a capacitive

reactance, set switch to HIGH, REACTANCE dial
0 5000, and RESISTANCE dia!l to zero.
(3)/If the sign of the reactance is unknown,

set switch to HIGH, REACTANCE dial to abouy 3400,
and RESISTANCE dial to zero The mid-dial set-
ting makes it possible to obtain a balance or atleast
anindication of the signof the reactive balancc with
elther inductive or capacitive unknowns, .

b, Balance the bridge to a null by varying the
"\'ITIAL BALANCE controls.

I LIMITS Atlower frequencies, with the switch
at LOW, initial balance can be obtained at REACT-

. of the connecting lead.

ANCE settings from zero to about 1200; with the
switch at HIGH, from about 3100 to 5000. As the
frequency is raised, these reactance limits tend to
move up the dial because of the inductive reactance
Depending upon the length
of the connecting lead, a frequency will be found
abbve which initial balance cannot be obtained with
the REACTANCE dial at zero and the switch at
LOW. A high frequency will be found at which the
initial balance can no longer be obtained with the
REACTANCE dial at 5000 and the switch at HIGH.
The shift in balance causes no corresponding er-
ror in measurement since, in the series-substi-
tution process, the constant Inductive reactance of
the connecting lead cancels out. It does, however,
reduce the rcactance range of the bridge, since the
full coverage of the REACTANCE dial cannot be ob-
tained. The cffect can be corrected, when neces-
sary, by the insertion of a small fixed capacitor
(about 200 puf) in series with the connecting lead
to neutralize the inductive reactance,
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|
LIMITS FOR INITIAL SETTING OF REACTANCE DIAL
| SHORT CONNECTING LEAD _
e——— L ONG CONNECTING LEAD
TERMINALS AL QNE
5000 , ~
N
[ o] / ‘\ ’ L
z Ry / N |
5 2000 P * |
< 7 \
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Figure 5. Range of Initial Reactance Dial Setting as a Function of Frequency.

Typical curves of tHe shifts in initial balance
are shown in Figure 5. With the short clip lead, as
shown, the shiit is relatively small over the entive
frequency range of the instrument, and itis usually
not necessary to use a series capacitor at any fre-
quency. Withthe long lead, the shiftis appreciable,
and at frequencies above 15 or 20 Mc a series ca-
paciror may be necessary. However, the use of the
long lead at these frequencies is not recommended
as the errors are liable to be fairly large. |

. " When a short bus wire is used for the con-
necting lead, or when the unknown is connected oi-
rectly across the hridge terminals, the initial-balt-

ance range shifts with frequency in the opposite .

direction from the shift when a clip lead is used

(see .Figure S). This reverse shift is caused by

compensating reactances, included in the bridge to
minimize the initiai-balance shift when clip lgads
are used. ‘At the highest frequencies, the bridge
cannotbebalanced inthe vicinity of 5000 or atzero,
but it can be'balanced over most of the intermedi-
ate range.

4.1,3 NULL DETERMINATION. To balance to".a
null, adjust the bridge controls until the: signal in-

dicated by the detector disappears. Either anaural
or a visual indication of signal amplimde may be
usedd, If an aural indication is used, the receiver
beat-frequency oscillator should be switchedon and
tuned to produce an audible beat inthe headset. The
r-f gain control on the receiver should be st at a
level at which the recciver is not saturated. Then,
with the receiver AVC off," a rough null should bhe
found. The r-f gain'should then be increased, and

‘a more accurate null found. This process should

be repcated uptil the null is located with adequate
accuracy. If a visual indication is desired, the §
meter on the receliver can be used. (For this pur -
pose, the AVC should be on.) The null can then be
determined from a minimum meter reading. The
T -fgain control should be set at'the maximum level
required to obtain a balance with the desired pre-
cision of measurement, Usually, the most satis-
factory method is a combination of the visual and
aural methods, in which the rough balance its made
with the headset, with the AVC on. The precese
balance should be marde with the generator signal
unmodulated. The AVC tends to broaden the null,
and sometimes makes locating the aull more dif-
ficult. Therefore, operation of the AVC should be
left to thediscretionof the operator. If the recciv-
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ar does nothave an adequate r-f sensitivity control,

:ducing the generator output or detuning the re-
cciver may produce the same general results, For
precise balance, the generator output should be set
at maximum, so that the ratio of usecful output to
leakage is as great as possible,

4,2 MEASUREMENT OF UNKNOWN IMPEDANCE
WITHIN DIRECT-READING RANGES OF BRIDGE.

a. Connect the ground terminal of the unknown
impedance to the bridge panel. Use as short a lead
as possible. See Figure 4 for suggested methods
of connecting various types of unknowns. (For an
inherently grounded impedance, such as a low-fre-

quency antenna, this greund connection can be o-

mitted, since the bridge isalready grounded through
a low-reactance conacction. Refer to paragraph
3.4} ‘The unkunown should be located se that it can
be reached withone of the two connecting leads sup-
plied, or with a short bus wire (about Ne. 20), or
connected by its ownleads acrossthe-unknown ter-
minals.

b. Clipthe connecting lead to the groundtermi-
nal of the unknown impedance (or short-circult the
tcrminals of the unknown with a low - inductance
strap)and establish an initial balance (refer to par-
agraph 4.1). If the component is to be connected
by means of its own leads bétween the ground bind -

1 post and the~unknown terminal, subsritute a
short bus wire or strapping for the component.

<. Remove the connecting lead from the ground-
ed termina!l of the unknown impedance, connect to
the ungrounded terminal{or remove the short-cir-
cuit from the unknoyn), and rebalance with the RE -
SISTANCE and REACTANCE controls, The location
of the connecting lead should be alteredas liitle as
possible when the clip is shifted from the grounded
to the ungrounded terminal, in order to minimize
‘the changes in the lead inductance. If the unknown
is to be connected by its own leads, substitute the
unknown for the bus wire or strapping used fordn-
itial balance (refer to step b).

d. Read the unknown resistance directly on the
RESISTANCE dial. The unknown reactance equals
the change in reading of the REACTANCE dial, for
any initial setting, divided by the frequency inmega-
eycles. « If the upknown reactance is inductive, the
maximum dial-reading accuracy and range is ob-
" tained when the initial setting is made at zero.l

Ywhen a short bus wire lead or no lead is dsed, it
" may not be possible tg obtain an initial balance at
.zero at frequencies above 50 Mc. If initial balance
is not obtainafle with the switch-at LOW, switch fo
HIGH and obtair an initial balance at the lowest pos-
sible REACTANCE dial setting. The measured in-

Juctive reactance is then the difference between

final and initial REACTANCE dial readingsdivided
by the fregtrency in Mec.

Under these conditions, the change in reading ofthe

REACTANCE dial equals the final dia! reading, If
the upknown reactance t8 capacitive and large
magnitade, the initial sctting shoul! be moele ot

5000 ohms.2 The change in reading of the REACT -
ANCE dial then equals 5000 ohms mitaes the finat
dial reading.

e. Duc to the compression of the RIEACTANCE
scale at the high ¢nd, the precision of measure-
ment with the REACTANCE dial initiaily set at 500
may not be the highest attainable when a capac ifive
reactance that produces a dial reading ffference of
less than 5000 ohms is measured. In such instances,
accuracy can be improved by a second measure-
ment of the circuit, with the -intiial REACTANCE
setting slightly higher tian the dfference in read-
ings obtained in the first measugement, I the de-
sired initial reactance setring lies in the range (scc
Figure 5)over whichinitial balance is pagsible with
the switch at LOW, sct the switch ot 1LOW for the
initial balance. If the desired initial REACTANCE
setting is in the range {sc€ I'igure 5) in which no
initial balance is p(a‘?‘-lble, set. the REACTAWCE
dial near the lowest point at which an initial bal-
ance is possible with the switch at HIGIH,

f. The following is another methnd of achleving
the same result for capacitive react”nces produc-
ing less than 1000 ohms differences in the REACT-
ANCE readings:

(1) Set the RESISTANCE dial tothe resistance
previously measured (as in d,.above} and the RE-
ACTANCE dial to zevo.

{2y Clip the connecting lead tothe ungrouaded
terminal of the unknown impedance.

(3) Obtain an initial balance with the switch
ar LOW.

(4) Clip the connecting lcad ro the grounded
terminal and rebalance with the RESISTANCE and
REACTANCE dials. The REACTANCE dial then
reads upscale for capacitive -reactance, and the
precision of reading is the same as lor inductive
reactance. This method has the disadvantage of
requiringtwo sets uf halances, oncto determine the
fesistive component au¢l the other to ds_termlnc the
reactive component, =

g. If it is not known whether the reactive com-
ponent of the impedance to be measured is induc-
tive or capacitive,the following procedure is help-
ful; For initial balance, set the switch to HIGH and
the REACTANCE dial to the lowest setting at which
initial balance is possible (normally nat above 3400
ohms). This setting permits a change in scaleread-
ing of 1600 ohms inductive or 3400 ohms capacitive.

2\When a short bus wire lead or no lead is used, it
may not be possible to obtain an initial balance at
5000 at frequencies above 10 Me. Under these con-
ditiens, set the REACTANCE dial at the highest set-
ting at which an initial halance is obtainable.

GR 1606-A RF Bridge.max



TYPE 1604-A R-F BRIDGE

If the receiver sensitivity isturned down, this avail-
able reactance range is sufficient to indicatc the
approximate magnitude and sigm of the unknownre-
actance, om if the rcactance is greater than the
above limits, the direction in which the dial must
be turned for a reactance balance is indicated, and
anew inittal balance canbe established accordingly.

4.3 MEASUREMENT OF UNKNCWN IMPEDANCE
OUTSIDE DIRECT-REABING RANGES OF BRIDGE.
If the resistive or reactive component of the un-
known impedance falls ourside of the direct-read-
ing range of the bridge, indirect measurements can
be made through the use of an auxiliary parallel
capacitor. When a pure reactance, jX,, is connected
in parallel with the unknown impedance, Zy = Ry +
JXy» and as X, approaches zero, the effective Ta-
put 1mpedancr., Zm = Rm + jXp, becomes

_ Xal
¥ Re2+ x(2

R

Ry

Xm ¥ X,
"Shunting down” a high impedance with a paralilel
capacitor will accordingly bring elther or hoth the
resistive and reactive components withinthe mecas-
urement range of the bridge. To measure a high
impedance by this method, proceed as follows:

a. Connectonelead of the auxiliary capacitorto
the ground terminal of the unknown impedance, and
place the other lead near the ungrounded terminal
of the unknown.

b, ‘Establish ai®initial balance and measure the
capacitive reactance (X3) of the auxiliary capacl-
tor as described in paragraph 4.2.

c. Connect the ungrounded lead of the auxiliary
capacitor to the ungrounded terminal of the un-
known, Keeping the capacitor-lead length as near
as possible to that used in the measurement with
the actual unknown connected.

d. Measure the effective impedance appearing
acrossthebridge terminals,Z,, = Rm + jXiy. Then
calculate the unknown impedance from the relations

R -
L
Ry A (1)
% - Rm?_ Xm?
X m xa xa
¢ S A (2)

Stuce the auxiliary reactance (X;) is capacitlive,
the number to be inscrted for X, on cquations {1
and (2) will be negative. The sign of the elfective
reactance (Xnywill be positive or negative deper.
ing on whether the measured value is inductive o
capacitive,

The value of the auxiliary capacitor to be

is easily determined by experiment. It should i
kept reasonably small, so that impedances to he
mecasured are not reduced so far that precision of
dialreading is lost. A valuebetween 35 and 200 pyf
is usually satisfactory. The resistance {R,) of the
auxiliary capacitor Is generally negligible, but can
be corrected for ag follows: Subtract from the ef-
fective resistance (R, ) of the parallel combination
{capacitor and unknown) a resistance

2 . 2
AR = Ra Mﬂ_
Xa?

The corrected value of Ry, can then be substituted
in cquations {1) and {2). For example, if, at a fre-
quency of 2 Mc, an auxiliary mica capacitor of ap-
proximately 100 ppf is usedwith the shortcliplead,
its reactance should be about 800 ohms, corre-
sponding to a difference of 1600 in initdal and final
REACTANCE: dial readings. ‘Since an initial bal-
ance cannot be obtained with the REACTANCE dial
set at 1600, the dial should initially be set at the
lowest practical serting above 1600 at which inidal
balance is possible. $Say this turns out to be 3400,
with the switch set at HIGH. The short clip lead is
connecfed to ground and the inftialbalance is made,
Then the clip is connected to the auxillary capact-
tor and the bridge is rebalanced with the RESIST-
ANCE and REACTANCE dials. The final readings
are 0.5 and 1840, respectively, Thercfore;

Ra = 0.5 chm

x, =840~ 3400) . 780 oms

<The circuit to be measuredis then connected tothe
clip lead with the auxiliary- capacitor, and to the
ground binding: post, and the bridge is rebalanced.
The final RESISTANCE reading is 115ohms and the
final REACTANCE reading is 2020. Thoerefore:

Ry = 115 ohms

and

Xm

= fgggq_}i‘}gﬂ = — #90 ohms

(At the higher frequencies, Ry, and Ry must be cor-
rected for the effects of inductance in the RESIST-
ANCE capacitor. Refer to paragraph 4.5.)
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The correction for the resistance of the auxiliary
‘pacitor is

2 2
AR = o.s(ﬁ‘l—l-ll—s—) = 0.5 ohm
2802

The corrected effective reelstance, R, is then

Ry’ = 115 — 0.5 = 114.5 ohms

The unknown resistance and reactance are calcu-
lated from equations (1) and (2) as follows:

Rm' = 114.5 Ohms

Xm = —690 ohms

Xa = - 780 ohms

_caa\2 <\2

A= (1 - —_-%—g-) + (i}‘%) - 0.0349
Rx . 1145 = 3981 chms

0.0349

— 690 —~ 114,52 _ (—690)2

- —780_ =780 _ _ 801 okins

x 0.0349

For this unknown, somewhat greater accuracy
would have been obtained if a 35-ppf auxiliary ca-
pacitor had been used.

4.4 LEAD CORRECTIONS. In common with other
types of impedance-measuring equipment, the bridge
can measure impedance only at its own terminals.
The residual impedances of the connecting leads
often cause this impedance to differ from the im-
pedance appearing at the terminals of the device
under test. Under some circumstances, the differ-
ence can be ignored and the measured impedance
taken as the impedance of the device under test,in-
cluding the leads. In most instances, however, the
device will not be used with the same leads used to
connect it tothe measyring equipment, anditis nec-
essary to compensate for the effect of the leads to
obtain the desired impedance. An exact correction
requires an analysis as atransniissionline, and the
procedure islaborious and cumbersome. Approxi-
mate corrections will normally yield satisfactory
accuracy.

Inparagraph 3.7 it is noted that the lengthand
location of connecting leads to the unknown imped-
ance should be altercd as little as possible when

he clip is shifted for initial and final balances.".

This precaution insures that the inductive react-

10

equal under the
it cancels out in

ance of the leads Is very nearl
two conditions, and thercfore ths
the geries-substitution P ocess,

It will be remembered that a short bus wire
connection is used for initial balance where the un-
knownis to be connected directly between the bridge
terminals. (See Figure 4) The inductive react-
ance of this bus wire connection docs effect the
measurement, since it is removedwhen the unknown
is measured. The reactance of the bus wire should
be added (+ reactance) to the measured reactance
of the unknown, For No, 20 bus wirc, the react-
ance at 1 Me is .08 obm, and is directly propor-
tional to frequency, This correctian is negligible,
except at higher frequencies, and can be, reduced
to a negligible value at all frequercles by the use
of a wide strap rather than a No. 20 bus wire.

The capacitanceto ground of a connecting lead
will cause errors in measurement that increase as
the frequency is raised. Since the capacitance of a
connecting lead to ground has the same effectas a
capacitance deliberately placed in pa rallel with rhe
unknown impedance, the corrvection for its cffect
can be determined directly from equations (1) and
(2), where Zm = Rm + X is the obscrved imped-
ance, and X, the reactance of the lead impedance.
If the connccting leads are kept at a reasonable
distance from metal objects, Say an inch or more
at the closest point, their capacitances to ground
are approximately as follows:

Terminals and 1/2-in, spacer 2.0 puf

Terminals, 1/2-in. spacer, and 2.5 ppuf
2-in. #20 bus wire

Short connecting lead 3.8 ppf

Long connecting lead 8.3 puf

The reactances corresponding to these capacitances
are plotted in Figure 6. For example, if a circuit
is measured at a frequency of 5 Mc with the short
connecting lead (X = 8500 ohms), and the effective
resistancg and reactance ‘are 522 ohms and -355.6
ohms, respectively, the true resistance and react-

_aftee of the unknown circuit, corrected for the ef-

fect of the lead capacitance, are {from equations |

and 2k
o, - =ss6\2, (22 \? _

- (1 . —8500) N (‘8500) = 0.991
.52

Ry = 5091 527 ohins

g5 — S22 (=856

. o —8500 7 —B500 _ _ 53 4 ghms

x 0.991 '
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Figure 6. Capacitive React-

ance to Ground of Comecting

Leads as a Function of Fre-
quency,
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When impedance componénts are measured
outside the direct-reading range of the bridge, no
lead correcrions are necessary. Precaulions in
keeping the length and position of the conmnecting
lead as nearly the same as possible insures con-
stant inductance, which cancels out in the series-
substitution method; the reactance of the connect-
ing-lead capacitance to ground is included in the
measured reactance (Xj) of the parallel capacttor.

1t should be noted that the foregoing treat-
ment of lead corrections is approximate. For in-
stance, if the inductive reactance of the connecting
lead is comparable to the unknown impedance, the
voltage to ground will-vary. along the lead, Also,
the effective capacitance will no! be the same as it
Is when the inductive reactance of the lead is small
compared with the unknownimpedance. In fact, when
the unknown impedance is zero, the effective gapa-
citance to ground of a connecting lead will be only
one third of the static value. In compensation, it
should be noted that the lower the unknown imped-
ance, the less the effect of lead capacitance, Ob-
viously, the shorter the connecting lead, the smal-
"ar will be the lead corrections. Use the shortest
-0s8sible connecting lead, therefore, especially at
frequencies above 5 Mc. 'To aid in estimating the

5

FREQUE NCY-IN Mc
inductive reactance of the leads relative to the un-
known impedance, approximate inductance values
are as follows:

Short lead 0.14 ph
Long lead 0.71 ph
2-in. #20 bus wire 0.025 ph
1-in. #20 bus wire 0.013 ph

4.5 CORRECTIONS FOR RESIDUAL PARAMETERS.
Frequency limits for accurate r-{ impedance meas-
urements are nearly always determined by resid-
ual parameters in the wiring and in the impedance
elements. While these are extremely small in the
Type 1606-AR-F Bridge, they are still large enough
to affect performance at the highest frequencies and
to set the limit of operation at about 60 Me.

The low - frequency limit is determined by
factors that cause the bridge sensitivityto decrease
at the lower frequencies and by compression of the
REACTANCE dial calibration. For most applica-
tions, satisfactory opcration is possible at fre-
quencies as low as 100 ke,

The high-frequency limit is determined by
the inductance inthe resistance capacitor, Cl. This
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tnductance causes the effective capacitance to in-
crease as the frequency is raised, and therefore
causes the dial reading for a given resistance val-
ue to decreasce. Correction curves are given in
Figures 7 and 8, The correction curve in Figre 8
is the actual correcrion for inductance in the re-
sistance capacitor, and is valid when the unknown
is connected directly across the bridge terminals

high frequencies, the absorption of the lead induci-
ance in the initial balance causes an error, wiich
is combincd with the resistance capaciter induct -
ance errur in Figure 8. (Refer to paragraph v.2¢.)
Far greatest accuracy at the cxtreme froquency
limits, use a short length of bus wice in place of
the 7-in. lead supplicd, or connect (i unknown di-
rectly across the bridge terminals. (Refer to par-

or by mneans of a connccting lead less than two in- agraph 4.2.)
ches in length. When the short clip lead is used at
Section 5

TYPICAL MEASUREMENT PROCEDURES

5.1 GENERAL. The followingprocedurcs aregiven
as a guide to the practical application of the bridge.

5.2 MEASUREMENT OF A 100- ppf CAPACITOR
AT 500 KC. The unknown impedance in this exam-
ple is a smallmica capacitor of good power factor.

a. Connect the generator and detector. Assume
that the short clip lead has been cliosen for this
measurement, Screw the lead into the unknown
terminal, and check for leakage as outlined in par-
agraph 3,5.

b. Fasteu one end of the capacitor to the bind-
ing post, and adjus] its location so that the clip of
the connecring lead can be transfered from the un-
grounded capacitor lead 1o the grounded capacitor
lead with a minimum change in the position of thc
connecting lead. (See Figure 4a.)

¢. Since a capacitive reactance is to he meas-
ured, the REACTANCE dial will read downscale;
hence it must initially be ser ar a point higher than
the expected change in dial reading. Since here the
approximate magnitude of the unknown resistance
can be estimated from its nominal capacitance, a
gatisfactory initial REACTANCE dial setting can
be easily determined. The unknown reactance in
this case isabout 3200 ohms, which corresponds to
a 1600-ohm change in dial readings. Therefore,

- from Figure 5, it can be seen that the switch must

be at HIGH and the dial at about the lowest setting
atwhich balance is possible, about 3400 ohmps. With
the clip lead connected to the ground binding post,
and the RESISTANCE dial at zero, set up the initial
balance using the INITIAL BALANCE controls. The
signal should completely disappear at the balance
point, If if does not, the reason may be that the
REACTANCE dial serting is too low [or a balance,
If this is the case, move to a slightly higher set-
ting.

13

d. Transfer the clip of the connecting lead to
the ungrounded lead of the capacitor and rebalance
with the RESISTANCE and REACTANCE dials. Sup-
pose the readings are 3.2 ohins’and 1870 ohms, re-
specrively. Before corrections, the indicated re-
sistance Ry, and reactance X, arc:

1]

Rm 3.2 ohms

1870 — 3400

pE T = -~3060 ohmq

m

e. Sincethefrequency is very low, the &orrec-
tion for inductance in the RESISTANCE capacitor
is negligible. ) :

f. To correct for the connecting-lead capaci-
tance to ground, determine from Figure 6the react-

ance X, of the short connecting lead at 500 ke. It
is -84,000 ohins. Applying equations (1) and (2):
. - (1 _~3060\2 o 3.2 \?
) 84,000, E ~84,000) - 097
3.2
R, = D927 = 3.45 ohms
_3060 — 322 _ (=3060)>
o o 3090 - 4000~ TEi000. . —2948
X 0.927 0.927
= —3180 ochms

GR 1606-A RF Bridge.max



GENERAL RADIO COMPANY

g. From these measurements the capacitance
and dissipation factor Dy can be [ound:

SRR S 102 - 100 put
7 wX, 2w-0.5-106.3180
Ry _ 345
.Dx "X = 3180 0.00109

5.3 MEASUREMENT OF ANTENNA IMPLEDANCE
AT 1170 KC.

a. Usually an antennaterminal is solocated that

the bricdge cannot be brought close cnough to the

antenna terminol to permituse of the shortconnect-
ing lead. Therefore, screw thelong comecting lead
into the ungrounded bridge terminal.

b. Using the shortestpracticable length of cop-
per strap, zround the bridge case to the metal rack
in which the anteana terminal is housed. If thecon-
nection to the ground clamp onthe case cannot con-
veniently be made, loasen the panel aad <lide a
piecc of copper foil into the crack between the panel
and the insirvment case. Do not ground to papel
screws, as they may not be making contact with the
panel bécause of paint. (If desired, an unpainted 10-
32 screw can be substituted for one of the panel

~rews for a ground connection.)

- €. Arrange the connecting lead so that it can be
clipped to the antenna terminal or the nearest ground
point on the rack with as little change in physical
location as possible. The lead should be kept away
from metal objects throughout its length..

d. Connectthe generator and detector, and check
for leakage as outlined in paragraph 3.5. For best
results,” generator and dctector should be fitted
with completely shielded coaxial connectors.

e. Since the sign and magnitude of the react-
ance component are unknown, ground the connect-
ing lead to the rack, set the switch to HIGH, the
REACTANCE dial to about 3400 ohms, and estab-
lish an Initial balance using theINITIAL BALANCE
controls, '

f. Transfer the connecting-lead clip to the an-
tenna terminal and rebalance. with the RESISTANCE
and REACTANCE dials. Suppose the readings are
193 ohms and 3250 ohms, respectively, - On the
first mmeasurement it is usually desirable to check
for leékage with the antenna connected, Discon-
nect rhe generator coaxial connector and observe
the signal magnitude with only the outer shells of
the connectors making contact, Any signalthat ap-
pears is a leakage signal. Repeat this procedure
with the detector connector. The effect of leakage
detected canbe estimated by observartion of theam-

Vitude of the leakapge sipnal. After reconnecting
a€ generator or detector, determine the shift irom
balance of either the RESISTANCE or REACTANCE

dial required to produce an unbalance signal equal
in amplitnde to the leakage signal. The shiftin dial
reading in ohms is approximaiely the maximum
magnitude of the errov, This method does not in-
dicare the dismmbution of the error belween the re-
sistance and reaciance measurements.

E. ln this measurement the resistance reading
is adequately precise, but the reactance reading is
not as precise as might be desired because of
crowding on the REACTANCE dial scale, For a
meore precise reactance measurement, iditially set
the REACTANCE dial nearer to zero, or set the
REACTANCYE dial to 2z¢ero and balance the bridge
with the antenna connected, using the INITIALBAL-
ANCE controls. [If the former method is used, set
the REACTANCE dial ata point slightly higher than
the difference in REACTANCE readings previously
obtained, Since the difference was 150 ohms, set
the switch to LOW, REACTANCE to 170, RESIST-
ANCE to zero, clip the connecling lead to ground,
and set up an init{al halance. Then shift the clip to
the antenna terminral and rebalance, using the RE -
SISTANCE and REACTANCE dials. Suppose the
readings obtained are 193 chms and 10 ohms, re-
spectively, Before corrections, “the indicated re-
sistance Ry and reactance Xy are:

R

if

193 ohms

m

Xm = ~= = —137 ohms

If the latter methodis used, leave the RESISTANCE
dial set at 193 ohms, and set the REACTANCE dial
to zero, with the swilch at LOW. Leavethe antenna
connected and sct up an initial balance using the
INITIAL BALANCE controls. Transfer the connect-
ing lead clip to ground amd rebalance the bridge
withihe RESISTANCE and REACTANCE dials. The
RESISTANCE dial should read zero atbalance. Sup-
pose the REACTANCE dial reads 160 ohms. Before
corrections, the indicated resistance Ry, and react-
ance X, are:

Ry = 193 ohms
0 = 160
Xm =—‘—1—'ﬁ—“= —~ 137 ohms

h. For mostaccurate results, corrections must

~ be made for effects of the connecting-lead capaci-

14

tanccto ground. From Figure 6, the corresponding

reactance {Xa)of the long connectingleadis -16,400
t 1.17 Mc. The corrected impedance can then be
stained from equaticns (1) and (2).

2 2
= N b A 193\
A= (1 —16,400) + (~1o.400) = 0.984
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R = E-ll—gé-j = 196 ohms
_1g7 - 193 37yt
X, = —10,310 - I6,400 —136 ohms
x 0.981

5.4 MEASUREMENT QF A 50-0OHM LINE TER-
MINATED IN ITS CHARACTERISTIC IMPEDANCE
AT 50 MC. At very hipgh frequencices,. lead correc-
tions are very important. It is also desirable, if
possible, te bring up the cuter conductor of 1the ¢cn-
axial line over the pancl and make contact cither
with the pancl dircectly or with a clamp placed un-
der one of the pancl serexrs. (Oac of e black pane:
screws supplied must be replaced withan unpainted
10-32 screw for this application.) (See Figure 9.)

a. Connect the generator and detector, and check
for leakage as outlined in pavagraph 3.5, At high
frequencies, reliahle moasurcmeat s cannot be made
untess hath the generator and detector are fitted
with coaxial connectors.

b. Asindicatedin paragraph 3.7, cither the short
clip lead or a short length of No. 20 bus wire can
he used for conncctionto the unknown. Assuine that
the short clip lead is used for this measurement.

‘ew the lead into the ungrounded hridge terminal
w..d clip it to ground directly at the end of the co-
axial line under test. (Sce Figure 4b.) The react-
ance of any ground connection used istherefore’in-
cludedin the initial balance and is not measured as
partt of the unknown. i

c. Since thelinc is terminatedin its character-
istic impedance, the measured reactance will be
low, Therefore, the REACTANCE diat should ini-
tially be set in the lower part of its range, say at
500 ohms, with the switch a1t LOW. Estallish ini-
tial halance using the INITIAL BALANCY controls,

d. Transferthe connecting-lead clip to the cen-
ter conductor of the coaxial line and rebalance with
the RESISTANCE and REACTANCE controls. Sup-
pose the readings are 40.5 ohims and 350 chms, re-
speetively, Before corrections, the indicated re-
sistance R, and reactance X, arc:

IH

Ry 40.5 ohms

..3_.3_{1;5_09_ = ~3.0ohins

Xm = =0

Fora slightly moere precise reactance reading, re-
peat the measurement, with the REACTANCE dial
Hally set closer to zero.

e. To correct for inductance in the resistance
capacitor, determine from Figuice 7 the correction

15

for a dlal reading of 40.5 ohms at50 Me. Itis 1.23.
The corrected vatue of resistance then becomes:

Rpy' = 40.5 - 1.23 = 49.8 ohms

f. To courrect for the capacitance to ground of

the connecting lead, determine from PFigure 6 the

correspoading reactance (X)) of the shortelip lead

at 5S¢ Mc. Tiis -838 olimis.  Applving equations (1)
and (2)10 determine the actual Fne inputimpedance,
LA
2 ]
. 3 49817
A= 6 —838) + (—838) = 0.99%
o498
Ry =559 = 0.0 ohms
—-30 - ﬂ% - L‘j)f
Xx = . —838 —838_ 0 ohins
G.996
g. This example is cited as.an extreme case,

in which failure to correct for the inductance of the
resistance capacitor leads 1o an error in resist-
ance measurement in the order.of 20 percent.

5.5 MEASUREMENT OF BALANCED CIRCUITS.
The Type 1606-A R-F Bridgewill not measurc bal-
anced circuits directly. However, the mcasuremcnt
can be made by an indirect meihod. In the balanced
circuit shown in Figure 8a, the following threc im-
pedance measurciments are required:

Z1 = impedance between A and ground, B
grounded,
= impedance between B and ground, A
grounded,
Z3 = impedance between A and B connected
together and ground,

Z,

The effective components of the balancednot-
work can be calculated from the following equations:

27y
z - e . »
AB l+..z_i_.2';1_ A ZaR y
Zy 23
222
Z = —_
BC 2y Zy
V + 5 ~5—
23 Zl C
27, =
ZaCc T 1 +E.\l_ Z3 Figute 8a.
7 7
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If thelineis exactlyhalanced, Z oo = Zpe and

Zs Zs

An auxiliary network o permit direct meas-
urements ¢an be constructed. Details are given n
the General Radio Experimenter of Scptembor, 1942,

Section o

CHECKS AND ADIJUSTMENTS

6.1 RESISTANCE CALIBRATION. If the RESIST-
ANCE dial calibration changes slightly with time
or rough usage, trimmer capacitors C5 and C6,
mounted under snap buttons on the panel, capn be
used 1o restore calibration, Capacitor C5, under
the lower snapbutton, adjusts the RESISTANCE dial
span with the switch at LOW. Capacitor C6, under
the upper smapbutton. adjusts the RESISTANCE dial
spanwith the switch at IINTGH. To check calihvation,
measure the resistance of a gnodr -freststor, pref-
crably the carbon-filw type, at 1 Mc.with the switch
first set at LOW and thea at HIGH., The mceasured
resistances at both switch sewtings should match
the d-c¢ value within onc percent. I they do not,
adjust C3 and C6. Turring these capacitors clock-
wise decreases the dial reading for a givea resist-
ar ~, and vice versa, Bc sure to readjust the ini-
. oatance after cach adjustment, as the capaci-
tors affcet the initial balance as well as the RE-
SISTANCE dial.

6.2 CORRECTION FCR INDUCTANCE IN RESIST-
ANCE CAPACITOR, The change in effective capa-
citance of the resistance capacitor (refer to par-
agraph 4,5) is subject to some variation betwecn
instruments. Therefore, direct use of the average
correction curves of Figures 7 and 8 may lead to
error in the resistance measurement. This error
is a constant fraction of the correction percentage,
and amounts to maximum of +0.2. That is, if the
average correction factor is, say 1.15 (correction
percentage = 15%)} as determined from Figure 7 ov
B, the correction for any individual instrument may
be from 1.12 to 1.18. For small corrections, such
departures from the average are usually negligible.
At the highest frequencies, however, they may be

large ennugh to warrant an individual check on the

correction curves,

2. To check the curves of Figure 8, measure a
good high-frequency resistor,; such as a carbon-
composition or carhon-film resistor, whose re-
sistance is known’to be 50 ohms. 2 Type 874-WM
50-ohm Termination, o a Tvpe §74-WI100 100-chm
Cenxial Standard, at a frequency of 50 Mc with the
§ hatLOW. Connecttheresistordirectly across
the bridze terminals or usc a very short No, 20

16

hus wire lead, Suppose the measured resistance
and reactance of a 50-ohm resistor .are;

Rm = 37.7 ohms
Xm = :59099" = ~12.0 ohms

b, The actual resistance “seen™ by the bridge
is the cffective series resistance of the parallel
combination of the standard resistor and the con-
necting -lead capacitance. The cffeltive resistance
Re is:

RX
—reems = e ——a = 49,8 ohmy

Re ¥ — X 3
14{3)

(This is an approximation because the effective
reactance of the vesistor is assumed tohave a neg-
ligible effect. For accurate vesults, the resist-
ance value should not excecd 2500 f ohms, where
is the frequency in megacycles.,)

The correction factor is equal to the rato:
Re

= — = 49‘& =
Rm

K 377 1.32 {3)

. The correction factor for this particular in-
strument canbe obtaine:| for any resisiance setting
froin this one measurement through the relation:

R!
Smo_

Rep = 1+ A(Ry, + 560)f2

where f is the frequency in megacycles, R, is the
effective resistance of the unknown across the bridge
terminals (that is, the vffective series resistance
of the parallel combination of the unknown imped-
ance and the capacitance of the bridge leads and
terminal, and Ry, is the resistance vead from the
RESISTANCE dial. Therefore:
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¥ -1

A s — T
Ry, + S60)

For the example given:

2.13 - 1077

"

A

1]

and K = 1+ 2.3 (R, + 560)£2 « 1077

A complete set of curves can now be drawn
for the particular instrument, either by computa-
tion of points from equation (3), or by finding the
frequency at which the average correction of Fig-
ure 8 agrees wilh the obscrvedeorrection and mul-
tiplyinz all frequencies by the ratio of this frequency
to the measurement frequency.,

Assume thar, for a 100-ohm resistor at 30
Mc, K is found to be 1.31. Figure 8 shows a cor-
rection factor of L.31 at about 48 Me, for a 77-chm
indicated resistance, If all frequencies are multi-
plied by the ratio 48/50 or 0.96, the curve of Fig-
ure 3 may be uscd directly, or a new set of curves
may be drawn with a correct frequency scale,

d. To check the curves of Figure 7, which arc
; “‘d when the short clip lead is used, the same
3 cedure can be used, cxcept that the clip lead
must be uscd for the connection to the unknown,

_E__m_ ' 2
R, = K = 1 +BRy + 390)f
and B:-——K_I

(R, + 390)12

This expression and the K factor differ from those
required for the bus wire connection in that rthey
include an effect of the lead inductance not consid-
ered in the lead corrections. With the terininals
alone or a very short lead, this effectis negligible.
butitis significantwhen the shoriclip leadis used,

6.3 REACTANCE CALIBRATION. The calibration
of the REACTANCE dial is difficult to check ac-
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curately, duc to the unavailability of capacitance
standards that are relisnble when mounted on the
bridge tevioinals, However, rough cheeks can be
madde as follows:

a, Set the switeh to LOW, the REACTANCE dind
to itslow end, and balance at 1 Me withthe cliplead
grounded,

b. Move the REACTANCE dialupscale andtryto
obtain another null, If the dialis properly oricnted
with the vaviable capacitor, no othcr null will be
found. -

¢. Set the swirchto 1HIGH, the REACTANCE dtal
toits maximum counterclockwise position (highend
of dial), and balance the bridge.

d, Again look for another null. -No null should
be found, since, if oricntation s correct, the vari-
able capacitor will travel slightlv less than from
its maximum to it minimum capacitance when the
.dial isg rotated from vne srop to the other. If two
nulls are found, the dial has probably slipped and
should be readjusted, To readjust the dial, remove
the dial cover, loosen Ihe twa sct screws locking
the dial hub to the shaft, rotate the dial with re-
spect to the shaft, and tighten the,set screws,

e. Repeat the search for two nulls and readjust
the unit until only onc null is found in cach case.

For a more accurate check, measure the re-
actance of several silver-mica_capacitors at 1Mo,
and comparc the capacitance calculated from the

1 3 with the nominal
2ufX
capacitance of the capucitor measured, Be sure to
take into account the bridge lead capacitor when

making the comparison,

measured reactance {C =

Another method is th measure a capacitor
(about 150 ppf) whose capacitance is not accurately
known, with the REACTANCE dial set at 3400, and
again w~ith the dial at 5000, If the catibration is
correct and the dial is properly oriented with re-
spect to the capacitor. the measured reactance will
bedhe same for all three measurements. The most
likely cuause of a change in the .REACTANCE dial
calibration is slippage of the hub onthe dial or one
of the gears caused by loose set screws. After lo-
cating and tizhtening the loose sct screws, check
and adjust the dial as described above.,
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Section

MAINTENANCE

SERVICE AL

7.1 GENERAL. The twa-year warranty given with
every General Radio instrument attests the quality
of materials and workmanship in our protucts.
When difficulties do occur, our service enginerrs
will assist in any way possible.

In case of difficulties that cacnothe eliminated
by the use of these scrvice instructions, pluai«
write or phane our Service Department, giviag full
information of the trouble and of steps takento rem-
edy it. Be sureto mention the seriatand type nun -
bers of the instrument.

Before returning an instrument to General Ra-
dio for service, please writeto our Service Depart-
ment or nearest district office {see back cover),
requesting a Returned Material Tag. Use of this
tag will insure proper handling and ideitification.
For instruments not covercd by the warranty, a
purchase order should be forwarded to avoid un-

2gsary delay,

7.2 SERVICE.

7.2.1 TROUBLE SHOOTING. The Type 1606-A is
a relatively simple instrument, and visual inspec-
tion will locate most troubles that may be encoun-
tered. The troubie-shooting chart (page 19) lists
some troubles that may oceur, and corrective meas-
ures.

7.2,2 DISASSEMBLY OFF RESISTANCE DIAL.
NOTE

Do not remove the RESISTANCE dial itself
unless absolutely necessary, for once it is
removed it is difficult to-replace it without
loss of calibration.r

a. Remove cover from panel by removing two
screws and lockwashers, below and to the righr and
left of the shaft opening. This may be donc with-
out danger to calibration, as may steps b and c.

b. Remove the knob and plate from the coverby
removing two screws and lockwashers from the
plate, :

c. To separate knob and plate, remove two set

rews from the knob.

d. To remove internal ring gear and dial, re-
move three screws from stop plate.

0
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e. 'The hub is connccted to the capacitor shaft
by means of set screws, through an intermediate
insulating hushing. The hub is electrically groupnd-
cud to the panel by three flat spriggs between he
back of the hub and the panel.

7.2.3 RECALIBRATION AND REASSEMBLY OF RE-
SISTANCE DIAL., If the dial has been moved or the
calibration lost, recalibrate by measuring the re-
sistance {at any frequency below one magacycle) of
various composition resistors whose d-¢ resist-
ances are accurately known. The measured re-
sistance of cach resistor equals itsd-¢ resistance,
whea replacing the diat, adjust the stops onthe gear
drive hefore recalibration, so that they operate
slightly before the capacitor reaches the built-in
stop atminimum capacitance or the zero endof the
dial. To make this adjustment, rcorient the gear
drive,or,if necessavy, loosen the set screwshold-
ing the hub to the shaft and rotate the shaft. The
sct screws are behind the panel at the base of the
hub,

Te reassemble, simply rever: . the disas-
sembly procedure (paragraph 7.2.2). The cover,
plate, and knob can he assembled and then mounted
as a unit on the dial.

7.2.4 REACTANCE DIAL.
NOTE

Do not remove the REACTANCE dial unless
itis ahsolutely uecessary, for once it is re-
moved itis difficult to replace it withoutloss
of calibration.

The REACTANCE dial has a gear drive similar to
that used on the RESISTANCE dial. However, the
dial irself cannot be removed without remaoval of
the hub, which is secured to the shaftby set screws.
No grounding spring is required.

1f the dial is damaged, copy the calibration
on a new dial and set the new dial on the shaft as
described in pavagraph 6.3,- The same procedure
can be followed if the dial has been removed ov if
e set serews have slipped.  If the calibration is
camnpletely lost, roughly calibrate the new dial by
measuring the reactance of several silver -inica
capacitors (30 to 3000 puf) at 1 Mc. Their approx-
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imate reactances canbe computed from: their nom-

1
inal capacitances: X = —— Install and adjust the

. 2nfC
dial as outlined in pavagraph 6.3, and arbitrarily
set the zero point near the left-hand end of the range.
To deteymine the point corresponding to the re-
actance of each capacitor measured, initially sct
the REACTANCE dialto zero, make the initial hal-
ance with the clip lead connected to the capacitor,
and make the final balance with the ¢lip lead con-
nected to ground. The final setting in cach cuse
equals the reactance of the capacitor and lead meas-
ured. Severalpoints can be determinedand marked
on the dial. The dial is approximately lincar in
measured capacitance, and a curve can he drawn
by means of the measured points and the inter-
mediate points determined.

7.2,5 REMOVAL OF SHIELDS FROM C3 AND C4.
There are three nesting shields around capacitors
" C3and C4. They are fastened 1o 1/4-inch alumi-
num base plates by 6-32 screws at the ends ncar-
est the panel. To removethe culer shicld, unsolder
the lead to R3 and disconnect the straps between
51 and the shield and between C!l and the shield.
Do not apply any more heat than_necessary to R3.

When replacing the shields, pass the lecad to R3
through the grommet hole in the shield by sotder-
ing a six-inch length of small-diameter bus wire
to the end of the Jead, threading the small wire
through the grommct, and drawing the lead through
as the shicld is slipped in place.

7.2.6 REMCOVAL OF THE TRANSFORMER. Th«
transformer and the panel connector are perman

ently fastcned together, and rthe panel connector
must be remaoved before the transformer. The outer
shictdaround the reactance capacitor must Be par -
tially removed in order to disconnect the trans-
former secondary lead. Unsolder the center con-
ductor of the secondary line nmdd remove the nut
securingthe coaxial fitting'to the 1/4-inch aluminum
base plate, The transformer itself is mounted ro
the pancl by four screws whose licads appear onthe
front of the panel,

7.2.7 SPLIT.GEARS, If the splitgears.are remov-
ed, they should be reassembled with the upper and
lower sections offset when gears are meshed, to
provide the spring pressure to eliminate backlash,
The springs should be extended two to three full
teeth on the large gears. and contpressed 1-1/2 to
two teeth on the small gears,

TROUBLE -SHOOTING CHART

Actiou or Probable Cause

Check generator and receiver connections,
Check generator and receiver gperation by laoosely coupling generator to detector

or by connecting a2 voltmeter 1o hridge end of cable from generator.

Check frequency band and sewing of generator and detector.

Trouble

No signal a.
b.
c.

Low sensltivity a. Check cables for short or open circuit,
b. Check gencrator: output.
c. Check receiver seosirivity and tuning,
d. Check bridge circuit for shorts.
e.

Check transformer by connecting a voltmeter across unknown terminals. Differ-

cnce between generator voliage and Indicated voltage will vary with frequency.
At T Mc, indicated voltage should be at least one thitd of generator voitage.

No balance ohtainable

Clp lcad not connected to ground.

. Reactance dial set at point where balance cannot be obtained. {See Figure 5.)
. HIGH-L.OW switch at wrong position.

. Resistance dial not at zero for initial balance.

Lead between R4 and ungrounded terminat on panel broken or disconnected.
. One of resisiors in bridie burned out,

Short circult in a capacitor.

Reslstance dial calibradoen
reads about 20%, tow

Balance erratic or noisy

Initial-bilance adjustment
range shifted

Backlash in dials br controls
Bridge balance changes as

bridge or vartocus parts
of clrcuit are touched.

a.

b

c

d. Unknnwn irspedance hbeyond direct-reading range of instrument,
e

f

£

h.

Capacitor-C7 open or disconnected.

Loose connection or faulty resistor in bridge.

Resistors shifted in value. Check d-c resistances,

Check all set screws on shafrs,

Leakape is present. Refer to paragraph 3.5.
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PARTS LIST

REF. . o LOCATING '
DESIG. NAME AND DESCRIPTION FUNCTION ¢
C1 CAPACITOR, VARIASLE, AIR [MELECTRIC. plate-meshing type, 30 ppf min, OlMS RESISTANCE |
220 ppf max, special capacity runlag characteriste, 1000 v a-c peak volt- contrel [
age, shaft adjustment, 270 deg cw rotation of plates. Furnished only as
complete assembly. General Radio Ce. Part No, 916-30. e
Cz CAPACITOR, VARIABLE, AIR DIELECTRIC, plate -meshing type, 55 pyuf max, INITIAL BALANCE
straight line capacity tuning characteristic, 1000 v a-c peak voltage, shaft control
adjustnient, 360 dey continucus rotation, Generai Radio Co. Part Nu. 1420- .
406. .
C3 CAPACITOR, VARIABLE, AIR DIELECTRIC, plate -meshing type, 25 ppf min, OHMS REACTANCE
220 ppf max, straight line capacity tuning characteristic, 100 v a-c peak tontrot
- voltage, extension ghaft aljustment, 180 deg cow rotation, General Radio !
Co. Part No. 142G-405, I‘
C4 CAPACITOR, VARTABLE, AIR DIELECTRIC, plate-meshing type, 25 ppf min, INITIAL DALANCE '
220 ppf max, straight line capuciry tuuing characteristic, 100 v a-c peak control
voltage, extension shalt adjustment, 360 de;z continuous rotdclon, General
Radis Ca, Part No. 1420-404, ' .
Cs CAPACITOR, V ARIABLE, AIR DIELECTRIC, concentric type, 3 pul min, 12 ppf Capacitance to
max, straight line capacity tuning characteristic. 35 v ac breakdown test ground equalizer
voltage, screw-driver adiustinent. General Ralio Co, Part Na. COA-11.
Ccé Same as C5, ' Capacitance to
’ ground equalizer
Cc? CAPACITOR, FIXED, MICA DIELECTRIC, 15 piif 107, tolerance, 500 dcwy,
General Radio Co. Pari No, COU-24,
nt CONNECTOR, RECEPTACLE, banana and binding-post tvpe, not polarized, Ground binding
: General Radio Cu. Part No. BP-10 {11716). . post
J2 CONNECTOR, COAXIAL, General Radio Co. Part No. 874-307, GEN, counector
13 Same as J2. DET. connector !
R1 RESISTOR, FIXED, FILM, 220 ohms +1% tolerance, not tapped, Ratio-arm resistor
1/2 watt power dissipation, JAN RN20X2200F, General Radio Co,
Part No. REF-065.
‘R2 RESISTOR, FIXED, FILM, 90 ohms *1% tolerance, not tapped, Ratio-arm resistor
1/2 watt power dissipation, JAN RN20X90ROF, General Radio
Co. Part No, REF-63. N
R3 RESISTOR, FIXED, WIRE WOUND, 330 ohms, $1% tolerance, 1 /4 watt power Fixed bridge resistor
dissipation, not tapped, General Radis Co. Part No, 1606-304, -
R4 RESISTOR. FIXED, COMPOSITION, 350 ohmas, £5F% tolerance, not tapped, Fixed bridge resistor
1/2 watt power dissipation, JAN RC20BF391], Allen-Bradley Co. Part No. in series with unknown
3915, . component
S1 SWITCH, KNIFE, General Radlo Part No, P1606-37 {cannot be Installed as HIGH - LOW switch
a unit, but is mace up of separate elements).
T1 | TRANSFORMER, RADIO-FREQUENCY, 2 windings single -layer wound; {nput wransformer

inductance, primary and secondary: 25 ph at 100 ko turas and wire
stze, primary and secondary: 2 rurns No. 28 AWG enamel copper wire;
d-¢ resistance: primary 0.108 oshm, secondary (0,033 ohm. not tapped,
no adjustable nuning, Generat Radio Ca, Part Nu. 1606-32.

e
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Figure 9. Interior View of Type 1606-A R-F Bridge.
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Figure 10, Schematic Diagram of Type 1606-A R-F Bridge.
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APPENDIX 1

GENERATOR VOLTAGE LIMITS

The maximum generator voltage that can be
safely applied to the bridge varies with frequency
and with the setting of the HIGH- LOW switch, Fig-
are 11" shows the limits under various conditions.
In antenna measurements, the nolge and spurious
gignalg picked up by the antenna under test can
cause a significant broadening of the null. In in-
stances where the noise pickup is objectionable, an
fraprovement can often be obtainedif the generator
and detector connections to the bridge are inter-

changed {(generator plugged into DETECTOR con-
nector andderector plugged into GENERATOR con-
nector). If the yesults are still unsatisfactory, a
more selective detectnr, such =s acommunications
receiver with a crystal filier, siiould be used orthe
generator voltage should be increased. As seen in
Figure 11, considerably higher veltages can be ap-
plied to the bridge when the generator and detector
connections are interchanged,

&
ot ™3 — 60
5 Vo 1 T T
(i3] \ \
[»]
£ \ \ /GENERATOR AND DETECTOR INTERCHANGED
Y50 \ X {GEN. CONNECTED TO BRIDGE CONNECTOR _{50
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" 40 A \:
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iy 3 \*
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Figure 11. Generator Voltage Limits with Normal and Interchanged Connections.

SODST

23

GR 1606-A RF Bridge.max



