TYPE

1606-A D.F BRIDGE

Section 1
INTRODUCTION

1.1 PURPOSE. The Type i1605-A R-F Btidge (Fig-
vre 1)is a nuilinstrument especially useful for ac-
curate measurement of antennas, r-f compoenents,
anlother circuits having relanvely low impedances.
The frequency range of the bridge is from 400 ke
to 60Mc. Measurcements canbe made; with reduced
accuracy, at frequencies seniewhat above and be -
low the nominal limits. The low-Irequency lmit
is determined niainly by sensttivity cansiderations,
and satisfactory measurements can usually be made
al frequencics as low a5 100 kc.

1.2 DESCRIPTICN.

1.2.1 GENERAL. The bridge I8 mounted in an a-
luminum cabinet, Since capacitance between the
bridge companerts and the inside walls of the cab-
inet comprises one arm of the hridge, the instru-
ment cannot be used outside of the cabinct, Tor
rough usage in field applications, a separvate lug-
gage type carryving case is available as an acces-
sory. The bridge can be 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 Function
REACTANCE Vernier knob and four-inch dial Indicates reactance.
RESISTANCE Vernier knob and six-inch dial Indicates reslstance,

INITIAL BALANCE
ing mechanisms

LOW, HIGH

Capacitors (2)
buttons

Two rotary controls, with lock-

Twa-position toggle switch

Adjustments covered by snap

IIsed 1o obtadn inltial reactance
.and resistance balance

Used to establish initial balance
getting of the REACTANCE dial
in the vicinity of 0 or 5000 ochms.

Reslstance calibration adjustment.

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

Connection Description
GEN. Coaxial conncctor
DET. Coaxial connector

Binding post

Fapped (6-32) terminal
in circular window

Function

Connects generator to bridge.
Connects detector to bridge,

Ground connecrion to unknown
impedance.

Connection for unknown tmpedance,
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Generator connection
Ground binding post
gonnection for unfnown
Initial-balance range switch
Reststgnce calibration ad-
justmeant (HIGH range)

Reactance coy

.

ol ol N ]

. Panel Contro

1.2.4 ACCESSORIES SUPPLIED. The followlng 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 abait seven inches long,
the other about27 inches, Eachlead has athreaded
stud on one end and a clip on the other. Leads are
stored in the accessory pouch when notin use.

b. A 3/4-in., 6-32 screw and a spacer 1/4 inch
tn diameter and 1/2 inch long. These arc mounted
o the unknowtw terminal to clevate the connection -
to the same levél as the binding-postmounting biole,
so that, if desired, a component can be connected

Resistance calibration ad-
justment (LOW range)
Detector connection

Resistance control

10. Reactance initial-balance
controk ‘
1t. Locking mechanism
wrol I2, Resistance initial ~-balance
control
13. Locking mechanism

ls and Connections.

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

®c. Two Type 874-R22A Double-Shielded, three-
foot Patch Cords for connections to generator and
detector. These cords arefitted with Type 874 Co-
axial Connectors,

d.” Ome Type 874-TB58A Coaxial Pancl Connector
fer mounting ou the deiector, if necessary, since
for best results the detector should be fitted with a
coaxial r-{ fnput connector to-complete the contin-
uity of shielding. At higher {requencies the react-
ance of a binding post or of an inch of wire may
cause naticeable error.
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Section

PRINCIPLES OF

2.1 GENERAL CIRCUIT DESCRIPTION AND BAL-
ANCE CONDITIONS. Tiwe basic circuit of the Type
166)6-A R-F Bridue 15 shown inFigure 3. An imnal
balance is made with thie unknown rerminals short-
circuited. The short-circuit is then removed, and
the bridge rebalanced with the unkuown igpedance
connected to the terminals.

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

Rp = Rp « &

d
an 1 R, 1

jwCpi Ry jwCn

where Cgz; and Cy) arethe capacitances of the var-
iable capacitors in the shorr-circult balance posi-
tion. When the short-circuit is replaced by the un”
“known impedance Zyx = Ry + jXx, the new balance
equations are:

Ca2
Rp + R, = Ry c,
and
1 R [
jx =_J1.

+~_.—__
x 7 juCyy TR, aC,

where C 5 and C,) are the capacitances of the var-
lable capacltors with the unknown impedsnce inthe
circuit.

The unknown resistance Ry 2nd the reactance
Xy aretherefore related to the bridge constants hy
the expresslons:

Rp
Ry =Er;—' (Caz = Cap)

and

X =1(J__n—

The resistance R, is proportioral to the change in
capacitance Ca, and the reactance X, depends vpon
a change in cdpacitance C,. The constant thar re-
lates resistance Ry to chfng

determined hy the fixedresistance Ry and fixed ca-
pacitance C,. The reactance Xy is actually meas-
ured by the reactance substitution method, and is

2
OPERATION

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

e in capacitance C; is’

CET

UNKNOWN

ne

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

2.2 DETAILED CIRCUIT DESCRIPTION.

2.2.1 GENERAL. Simple relationships between the
unkuown resistance, reactance, and increments of
capacitance are ohtained by the series-substinition
method of measurement. For simplicity of opera-
tion, auxiliary controls net shown in the basic dia-
gram are added. Their functions are most easlly
described by separatediscussions of the resistance
and reactance balances,

2.2,2 RESISTANCE MEASUREMENT. The RESIS-
TANCE dial, which centrols vartable capacitor CI
{see schematlc diagram, Figure t0), can be call-
brated in registive ochms, with any capacitive set-
ting as zero. ‘For the maximun resistance range,
this setting is chosen at minimum capacitance. A
small variable trimmer capacitor,C2,ig then con-
nectedin paralle] with CI, so that the initizl resis-
tance balance, with the unknown terminats short-
circuited, can be msde at zero dial setting, irre-
spective of stight changes In the bridge parameters
wlth tlme or frequency.

2.2.3 REACTANCE MEASUREMENT, The REACT-
ANCE dial, which controls variable capacitor C3,
can be calibrated in reactive ohms at any ene 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 cliosen
.maximum capacitance. A variaole rrimmer ca-
pacitaor, C4, is then connecied in sevieswi'h €3, 8o
that the inizial reactance halance, with the unknown
terminals short-circuited, can be madce at zero dial
setting or at other points on the dial, irrvespective
of changes in the hridge parameters with ume or
frequency,

Another auxiliary control permits the meas-
urement of both capacitive andirnductive reactances
equally well. Withthe 2zero position onthe REACT -
ANCE dial established at maximum capacitance,
the dial scale reads inductive reactance directly;
for measurements of capacitive reactance, the in-
itial balance must be made at an uprcale reading
so that the negative change in dial reading will re-

main on scale. Since the range of adjustmentof the

INITIAL BALANCE control does aot permit initial
balances to be cstablished over the entire scale, a
two-positon {(LOW, MIGH) switch i3 provided to
shift the initial-balance adjustment range 1o either

the top or bortom end of the dial by changing the
value of “he vatio-arm resistor {(R1-R2), With this

switch i:. © + LOW position, inltial balance can be
ebtaine! - the REACTANCE <ial ser from zero
ta ahont for the measurement of inductive re-
actanc: clatively umall capacitive veactances.
Wity 1l sich at 1LIGH, an initial balance can be
obtaing,! the vicinity of the maximum setting of
the R AL ANCE dial, for the measurement of large
capacitr reactances. The unknown reactance e-

quals the lifference in the REACTANCE dial read-
ing hotweeen the two balances divided by the fre-
quency fnomegacycles, no maitter where the dial is
sel for the ininal balance,

2.2,4 CIRCLAT DIAGRAM. Figure 101s a complete
schematic diagram, showing the ratio-arm switch
S1 and the two trimmer capacitors C2 and C4, In
the instrument, the fixed capacitance C7 is com-
posed chicfly of the capacitance to ground of the
shielding system, The small adjusting capacltors,
C3 and CO, are uscd o cqualize the capacitance
from point A to ground in the twe positions of Sl.

Section 3

INSTALLATION

3.1 GENERAL. The complete measurement sctup
usually consists of the Type L606-A R-F Bridge, a
well - shielded radio - frequency osciliator, and a
well -shielded radio receiver,which serves as ade-
tector. -

3.2 OSCILLATOR. The r-foscillator mustbe cap-
able of covering the frequency band of 400 ke to 60
Mc {or any desired portlon thereof) with a maxi-
mum output voltage of between 0.1 and 10 volts,
(For measuremerts on brgadcast antennas, the
maxlmum possible oscillator valtage should be used
to override interferenc.:».)I The osciflator should
have a coaxlal ourput connector. (The Type L12L1-C
Unit Oscillator, with a range of 0.5 to 50 Mc, 1s
especially recommended.) Atso, the following Ln-
struments may be used as slgnalgenerators for the
frequencies indicared:

Instrument Range

“pe }210-C Unit R-C Oscillator 20 cps - 6.5 Mc
.ype 1215-B Unit Oscillator 50 - 250 Mc
Type 1330- A-Bridge Oscillator 5 kc - 50 Mc

I see Appendix t

Instrument Range

Type B05-D Standard-Signal 16 kc - 50 Mc
Generator

Type 1001 -A Standard-Signal - 5kc - 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 bard of 400 kc to 60 Mc, or any desired por-
tiok thereof. Conventional communication-type re-
ceivers are usually satisfactory. For bestresults,
the recetver should be equipped with a coaxial in-
put connector. The Type 874-PBS8A Coaxial Panel
Cennector is supplied as an accessery for instal-
lation on receivers not so equipped.

3.4 GROUNDING. When the Instrument ls used
for antenna impedance measurements, it should be
grounded at a single petur, through a connection of
as low reactance as possible. Whenthe instrument
is used to measure impedance of components,
grounding is usually not required. To facilitate



f TYPE 1605.A R-F BRIDGE
INITIAL 45 ANCE

making the ground conrection, a ground clamp is
provided on the instruinent case, The ground lead
should be a short length of copper strip, about an
inch wide. Ina maintenance shop =2tup, 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
area is large enough, it will usuaily be found that
a connectonfrom it 1o ground(e.g. througha steam
radiator system) will make no appreciable differ-
ence in results, The foil area should he at teast
great enough so that the generator, bridge, and de-
tector can all be placedupon it, Large metal struc-
tures, such as retay racks, are also found to he
adequate grounds. If the grounding is inadequate,
it wiil usually be found that the instrument panel is
at a differeut potential from the hand of the opera-
tor, and that the balance canbe changedif the panel
is touched, .

3.5 STRAY PICKUP. If thebridge panclis 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 conductours
of the coaxial leads to the generator and dctector
panela. Use of the double-shiclded, single-conduc~
tor coaxial cables supplied, with coaxial connect-
ors on both generator and detector panels, will
generally eliminate these diffev.- ces in potential.

Asa check for atray plckup, balance the bridge
with the unknown terminals short-circuited and re-
move the detector’ cable from the panel jack of the
bridge. The detector plckup should be- negligible
If the generator [s 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 exlsts, If tlie deteclor, when disconnected
from the bridge, shows comsiderable pickup, it is
usually an indication of poor shielding in the gen-
erator and detector or of erergy transfer from the

generator to the detector through the power line,

The leakage can also be produced by zfaulty cable.
It is sometimes found, where grounding conditions
cannotbe carefully centrelled, thatindividual ground
connectlons from the genérator, bridge, and detec-

tor panelsto 2 common ground point give less pick~

up aod better results than a single common ground

to the brildge alone. The use of coaxial cables and

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

A - Short clip lead

B - Unkaown ¢omponent

€ - Ground bindirg post

D - Unknown terminal

E - Bridge panel

F - Coaxtal line

G - Clamp

H - 10-32 screw substituted
for panel screw

T - Bus wire

} - Strap (recommended at
high frequencies)

K - Netwark under test

L - Ground terminat

M - Spacer

N - Banana ptn or Type 874-61-4
Imner Conrductor ’

FINAL DALANCE

[ TS =31

a. Muthod can be used ov>r entire Tange. Above 20 Mc use 2-
in, or shorter bus wire or (orminals atone for greater accucacy.
If unknown impedance 1s Tow, ovient unFnown-paralilel to panct

to keep chp-lead posttion westical i both balances. . ™ »

b, Short clip Iead usced 1o measure input impedance to coaxial
finc, Abuve 0 Me use short bus wire foc greater accuracy,

¢, Physically targe unkmown. For iniual balance, connect clip
Iead to groumd tecminal or short input ternurals io aetwork by
COPRET SrAp. Abowe SMce use giound strapuirccily to panel ine
sread of hus wire to binding post.

d: Short No. 20 bus wire used to measure input impedanee to
coaxial line. For Lnitiat balance, short inner and ouwter cosnat
comductors by a strap,or connect bus wire tu grounde:l shell ot
coaxial line, Most accurate method, especially at hagher fre-
quencies )

' B
] M c M
C b ) \Fﬂﬂ éj‘ﬂé
MD[E LY E!}L S S 2y = Ty ' D

e. Component conrected directly to bridge terminals. Recom«
mended for accurate measurements on small components, es-
pecially aliove 20 Mc.

Figure 4. Mcthods of Connection.
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ticularly recommended to avoid as much as pos-
ible the necessity for such multiple ground con-
.ections. In some cases, the effects of sirav pick-
up ar¢ reduced if the genevator and detecter con-
nections are reverscd.

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

3.6 PRELIMINARY ADJUSTMENTS. The following
adjustiments must be made toprepare the instrumen:
for use: - .

a, Connect the generator and detector to the
hridge, using the cables and connectoers provided.

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

c. Set the generator and detector to the proper
frequencies, The input signai should be cw (un-
modulated) to prevent possible dlfficulties arlsing
from side bands. .

d., Connect leads according to paragraph 3.7.

3.7 LEAD APPLICATIONS. The following types of
leads shotld be used for the applications indicated
{sce Figure 4);

a. Long clip lead (supplled) - Use only when
shortlead cannor be used, and then only atfroquen-
cies below § Me.

b. Short clip lead (supplied) - Useful over the
frequency range of the bridge, For greatest accu-
racy, especially at frequencies above 20 Mc, use a
two-inch or shorter bus wireor the terminals them-
sclves.

¢. Bus wire leads - A two-inch or shorrer lead
is recommended, particularly at frequencies above
20 Mc. 1If longer leads are used 4t lower frequen-
cies, their capacitances to ground must be meas-
ured or estimated (refer to paragraph 4.4).

d. Bridgc rerminals - Most accurate measure-
ments result when the unknown impedance can be
mounted directly across the bridge terininals.

Use of theterminals alone and terminals with
a short bus wire lcad also have the advamage of
confining the impeortant electrostatic fleldsto a rel-
atively amall area and thus minimizing hand capa-
cigance effects, whichmay be noticeable when sinall
capacitors are measured.

Section 4

OPERATING PROCEDURE

4.1 INITIAL BALANCE.
4.1.1 PROCEDURE.

a, -»et controls for initial balance as follows:
" (i) If unit'to be measured has an inductive
reactance, ser gwitch t¢ LOW, and REACTANCE
amd RESISTANCE dials to zero and short circuit
the‘unknown terminals. X
(2) If circuit is known to have a capacitive
feactance, set switch to HIGH, REACTANCE dial
to 5000, and RESISTANCE dial 1o zero,
(3)-If the sign of the reactance is unknown,
set switeh to HIGH, REACTANCE dial 1o about 3400,
and RESISTANCE dial t0 zero The mid-dial set-
ting makes it possible te obtain abalance or atleast
anindication ofthe signof the reactive halance with
efther inductive or capacitive unknowns, |
b, Balance the bridge to a null by varying the
"NITYAL BALANCE controls.

1.2 LIMITS. Atlower frequencies, withthe swirch
at LOW, initial balance can be obtained at REACT-

- of the connecting lead,

ANCE settings from zero to ahout 1200; with the
switch at HIGH, from about 3160 to 5000. As the
frequency is raised, these reactance limits tend to
move up thedial because of the inductive reactance
Depending upon the length
of the connecling lead, a frequency will be found
athve which initial balance cannaot be obrained with
the REACTANCE dial at zero and the switch at
LOW. A high frequency will be found at which the
initial balznce can no longer be abtained with the
REACTANCE dial at 5000 and the switch at HIGH.
The shift in balance causes ne 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 rhe reactance range of the bridge, since the
full coverage of the REACTANCE dial cannot be oh-
tained. The effect can be corrected, when neces-
sary, by the insertion of 2 small fixed capacitor
(about 200 ppf) in series with the connecting lead
to n2utralize the indifctive reactance,
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Figure 5. Range of Initial Reactance Dial Senting as a Funetion of Frequency.

Typical curves of tHe shifts in initial baldnce
are shown in Figure 5, With the short cllp lead, as
shown, the shift is relatively small over the entire
frequency range of the instrument, and itis usually
Abt necessary to USe a serics capacitor at any fre-
quency, Withthe long lead, the shiftis appreciahle,
and at frequencies above 15 or 20 Mc a2 series ca-
pacitor may be necessary. However, the use of the
long lead at these frequencies is not recommented
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 «i-
rectly across the hridge terminals, the initial-bal-

ance range shifts with frequency in the opposite |

direction from the shift when a clip lead is used
(see Figure 5).
compensating reactances, included in the bridge to
minimize the initial-balance shift when clip leads
are used. At the highest frequencies, thc bridge
cannot be'balanced inthe vicinity of 5000 or atzero,
but it can be’balanced over most of the intermedi-
ate range.

4,1.3 NULL DETERMINATION. To balanceta.a
null, adjust the bridge contrels until the. signal in-

This reverse shift is caused by~

dicated by the detector disappears. Eifther anaural
or a visual indication of signal amplitmde may be
used. If an aural indication is used, the receiver
beat-frequencyoscillator shouldbe switchedon and
tuned to produce an audible beat in the headset, The
r-f gain control an the receiver should be set at a
level at which the receiver is not saturated. Then,
with the receiver AVC off,  a rough null should be
found. The r-f gain should then be increased, and

‘a2 more accurate null found., This process should

be repeated uptil the null is located with adequate
accuracy. If a visual indication is desired, the S
meter on the recciver can be used. (For this pur-
pose, the AVC shouid be on.) The null can then be
determined from a minimum meter reading. The
r-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 is made
with the headset, with the AVC on. The precise
balance should be made with the genecrator signal
unmoadulated. The AVC tends to broaden the null,
and sometimes makes locaring the aull tnore dif*-
ficult, Therefore, operation of the AVC should be
left to thediscretionof the operator. If the receiv-
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~r does nothave an adequate r-f sensitlvity control,

:duckng the generator output or detunlng the re-
ceiver may produce the same general results. For
precise balance, the generator output should he set
at maximum, so that the ratio of usecful ourput to
leakage is as great as possible.

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

a. Conncct the ground terminat of the unknown
impedance to the bridge panel. Use as short a lead
as possible. See Fiyure 4 for suggested methods
of connecting various types of unknowus. (For an

inherently grounded impedance, such as a low-fre- .

guency antenna, this ground connection can he o-
mitted, since the hridge isalready grounded through
a low-reactance conncction. Refer te paragraph
3.4.) The unknown shoutd be located so that it can
be reached withone of the two connecting leads sup-~
plied, or with a short bus wire (about No. 20), or
connected by lts own leads acrossthe unknown ter-
minals.

b. Clipthe connecting lead to the ground termi~
nal of the unknown impedance (or short-circuit the
terminals of the unknown with a low - fnductance
strap) and establish an initial balance (refer to par-
agraph 4.1). If the component is to be connected
by means of its own leadg bétween the ground bind -

1g post and the~unknown terminal, substitue a
short bus wire or strapping for the cemponent.

<. Remove the connecting lead from the ground-
ed rerminal of the unkrown impedance, connect to
the ungrounded terminal (or remove the short-cir-
cuit from the unkno n), and rebalance with the RE -
SISTANCE and REACTANCE controls. The location
of the connecting lead should be alteredas little 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 ieads, substitute the
unknown for the bus wire or strapping used for én-
itial balance (refer ro step b).

d. Read the unknown resistance directly orn the
RESISTANCE dial. The unknown reactance equals
the change in reading of the REACTANCE dial, for
aqy initlal setting, divided by the frequency inmega-
cycles. « If the unknown reactance is inductive, the
maximum dial-reading daccuracy and range is oh-
" tained when the initial setting is made at zero.

Yhen a short bus wire lead or no lead is dsed, tt
" may not be possible tg obtain an Inleial balance at
.zero at frequencies above 50 Mc. If initiai balance
i5 not obrainafile with the switch at LOW, switch fo
HIGH and obtain an initial balance at the lowest pos-
sibie RE ACTANCE dial setting. The measured in-
luctive reactance Is then the difference between
final and initial REACTANCE dial readingsdivided
by the fregtrency in Me.

Under these conditions, the change in resding af the
REACTANCE dial cquals the final din? reading, 1f
the unknown reactance is capacitive and larpe n

nagnitnde, the fnitial sctting shool't be mule
5000 chms.2 The ch: Hye in roeading of '\)QR[TA(,T-
ANCE diul then equals 5000 obhing miaes the flaal

dial reading,

e. Duc to the compression of the RIACTANCE
scale at the high cnd, the precision of measure-
ment with the REACTANCE dial initiaily st ap 500
may not be the highestattainable when a cupacifive
reactancethat produces a dial veadinge difference of
less than 5000 ohimis is measurced. In such instances,
accuracy c¢an be impioved by a sécond measure-
ment of the circuit, with the “inttial REACTANCE
setting slightly Righer e the defference in read-
ings obtained in the first measugement, 1f the de-
sired initial reactance setting lics in the range (sce
Figure Syover whichinitial batanceis pogsible wieh
the switch at LOW, sct the switch ot LOW for the
initial balance. 1f the desired initial REACTANCE
setting is in the range {seé Figure 5) in which no
initial balance is possible, set the REACTANCE
dial near the lowest point at which axn initial bal-
ance is possible with the switch at HIGEH,

f. The follawing is atother methnd of achleving
the same result for capacitive reactrnees 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 to the ungrounded
terminal of the unknown impedance.

{3) Ohtain an initial balance with the switch
at LOW.

(4) Clip the connecting lead to the groutnded
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 samc as for inductive
reactance. This method has the disadvantage of
requiringtwo sets uf balances, ancto determine the
fesistive component adl the other to df_termmc the
reactive component, -

g. If it is not known whether the reactive com-
ponent of the impedance to be measured 18 induc-
tive or capacitive, the following procedure s 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 not above 3400
ohins), This setting permits a change inscale read-
ing of 1600 ohms inductlive or__34000hms capacitive.

Z\When a short bus wire lead or no lead is used, it
may not he possible to obtain an initial balance at
3000 at frequencies above 10 Mc, Under these con-
ditions, set the REACTANCE dial at the highest set-
ting at which an initial balance is obtainable,



If the receiver sensitivity isturned down, this avail-
able reactance range is sufficient to [ndicate the
wpproximate magnitude and sign of the unknown re -
actance, Ox if the raclance is greater than the
above limits, the direction in which the dial must
be turned for a reactance balance Is indicated, and
anew initial balance canbe established accordingly.

4.3 MEASUREMENT OF UNKNCWN DMPEDANCE
OUTSIDE DIRECT-READING RANGES OF BRIDGE.
If the resistive or reactive compunent of tiie un-
known impedance falls outside of the direct-read-
Ing range of the bridge,indirectmeasurements 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 +
iXx. and as X, approaches zero, the effective fa-

put 1mpedance. Zm = Ry + iXpy,, becomes
. X4
Bm £ R 5
m * Ry + xg2
Xm ¥ X,

Shunting down” a high impedance with a parallel
capacitor will accordingly bring elther or hoth the
resistive andreactive components within the meas-
urement range of the bridge. To measure a high
impedance by this method, proceed as follows:

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

b. ‘Establish a;*initial balance and measure the
capacitive reactance (X) of the auxiliary capaci-
tor as described in paragraph 4.2.

c. Coannect 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
acrossthe bridge terminals, 2,5y = Rm + jXm. Then
calculate the unknown impedance from the relations

R -
Ry =—3™ m
. - Rm? Xm?
X = m= X, Xa
X = A (2)
where
Xa Xa

TYPE 1804-A R-F BRIDGE

Since the auxiliary reactance (X;) is capaciilve,
the numberr to be inscrted for )\’..l on cquations (1)
and (2) will be ncgative. The sipgn of the effect:c
reactance (X ywill be positive or negative deper.
ing on whether the measured value is inductive o
capacilive.

The valueof the auxiliary capacitor to ben

is easily determined by experiment. [t should i
kept reasonably small, so that impedances to be
measured are not reduced so far that precision of
diai reading is lost. A valuebetween 35 and 200 ppf
iy usually satisfactory. The resistance (R,) of the
auxiliary capacitor is generally peglipible, but can
be corrected for ag follows: Subtract from the ef-
fective resistance (Rpy,) of the parallel combination
{eapacitor and unknown) a resistance

2 . 2
AR = R,m” _+ Rin”
Xa?

The corrected value of Ry, can then be substituted
in cquattons (1) and (2). For example, if, ar a fre-
quency of 2 Me, an auxiliary mjca capacltor of ap-
proximately 100 ppf is used with the shortcliplead,
its reactance should he about 800 ohms, cerre-
sponding to a difference of {600 in initial and final
REACTANCE dial readings. "Since an initial bal-
ance cannot be cbtained with the REACT ANCE dial
sct at 1600, the dial should initially be set at the
lowest practical serting above 1600 at which initial
balance is possibie. Say this turns out to be 3400,
with the switch set at HIGH. The short clip lead is
connecfed to ground and the inftial batance is made.
Then the clip is connected to the auxillary capaci-
tor and the bridge is rebalanced wlth the RESIST-
ANCE and REACTANCE dlats. The final readings
are 0.5 and 1840, respectively. Therefore;

Ra = 0.5 ohm

Xg =840 3400) - 380 ohms

«The circuit to be measuredis then connected tothe
clip lead with the auxiliary capacitor, and to the
ground binding post, and the bridge 18 rebalanced,
The final RESISTANCE reading is 11Sohms and the
final REACTANCE reading is 2020. Tharefore:

Rm = 115 ohms

and

Xm = jg@gﬂﬁ_&-_ﬁ_‘&gg)ﬁ = — &850 ohms

{At thehlgher frequencies, Ry, and Ry must be cor-
rected for the effects of inductance In the RESIST-
ANCE capacltor. Refer to paragraph 4.5.)
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The correction for the resistance of the alxiliary
‘pacitar is

2 2
AR =05(gm*¢,u1; - 0.5 ofm
180°

The corrected effective reslstance, Ry,'s is then

R’ 115 — 0.5 = 14,5 ohms
The unknown resistance and reactance are calcu-
lated from equations (1) and (2} as {ollows:

Rmr = 114‘5 Ohms
Xm = —690 ohms
xa = ‘-780 ohms
_ —690\2 114.5\2 =
A= (l - —-7“80) " (:_73“0_\ " ome
~ 1145
R, = 145 - 398} ohms
X 0.0349 °
7 2
. 0 - 5w ~ =70 _ — 1801 okins
0.0349

For this unknown, somewhat greater accuracy
would have been obtalned if a 35 -ppf auxiltary ca-
pacltor had been used.

4.4 LEAD CORRECTIONS. In common with other
types of impedance.measuring equipment, the brldge
can measure itmpedance only at its own termlnals.
The resldual 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 to the measuring equipment, anditis nec-
essary to compensate for the effect of the leads to
obtain the desired impedance. An exact correction
requires an analysis as atransmiission line, and the
procedure islaborious and cumbersome. Approxi-
mate corrections will normally yield satisfactory
2ccuracy.

Inparagraph 3.71t is noted that the length and
toeation of connecting leads to the unknown imped-
ance should be aliered as little as possible when

he clip is shifted for initial and final bhalancés..

This precaution insures that the inductive react-

10

eqGual under the
it cancels out in

ance of the lcads ls very nearl
two conditions, and thercfore the
the series-sulistitution |11 ocess,

It will be remembered that a short bugs wire
connection is uscd for initial balancc where the un-
knownisto be connected directly between the bridge
terminals. (Sce Figure 4) The inductive react-
ance of this hus wire connectjon does effect the
measurement, since it is removedwhen the unknown
is measured. The reactance of the bus wire should
be added (+ reactance} to the measurced reactance
of the unknown. Tfor No, 20 bus wire, the react-
ance at | Mc is 0.08 ohm, and is directly propor-
tional to frequency. This correctian is negligible,
except at higher frrequencles, and can be reduced
to a negligible value at all frequenrcles by the use
of a wide strap rather than a No. 30 bus wire,

Thecapacitance to ground of a connceting tead
will cause errors in measurement that increase as
the frequency is raised. Since the capacliance of a
connecting lead to ground has the same effect as a
capacitance deliberately placed in parallel with the
unknown impedance, the corvecdon for its effece
can be determined directly from equations (1) and
(2), where Zm = Rm + [X[y is the observed imped-
dnce, and X, thp reactance of the lead impedance.
If the connecting leads are kept at a reasonable
distance from metal objects, say aninch or more
at the closest polnt, their capacitances to ground
are approximately as follows:

Terminals and 1/2-in. spacer 2.0 puf

Termlnals, 1/2-in. spacer, and 2.5 ppf
2-in. #20 bus wire

Short connecting lead 3.8 pyr

Long connecting lead 8.3 puf

The reactances corresponding to thesecapacitances
are plotted in.Figure 0. For example, if a circuit
is measured at a frequency of 5 Mc with the short
connecting lead (X, = 8500 ohms), and the effective
resistance and reactance are 522 ohms and -55.6
ohmsg, respectively, the tzue resistance and react-
aflee of the unknown circuit, corrected for the ef-
fect of the lead capacitance, are {from equations |

and 2x
) . —55.6\2 s22 \2 _
A = (1 = "-'3500) ¥ (—850“5) -
Rg ?.'()5_12_['= 527 ohmsg
s — SVE (=556
o o —B500 —8500 _ —23.4 ohms
x 0.991 C
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Figure 6. Capacitive React-

ance te Ground of Connecting

Leads as a Function of Fre-
quency. ‘

When impedance components are measured
outside the direct-reading range of the bridge, no
lecad corrections are necessary. Precautions in
keeping the length and position of the connecting
lead as nearly the same as possible lnsures con-
stant inductance, which cancels qut in the series-
substitution method; the reactance of the connect-
ing-lead capacitance to ground is included in the
measured reactance {Xg) of the parallel capactior.

1t should be noted that the foregoing rreat-
ment of lead corrections is approximate., For in-
stance, if the inductive reactance of the copnecting
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
1s when the inductive reactance of thelead is small
compared with the unknownimpedance. Infact, when
the unknown impedance is zevo, the effective gapa-
citance to ground of a connecting lead will be only
one third of the staric 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 shartest
.-08sible connrecting lead, thercfore, especially at
frequencies above 3Me. To aid in estimating the

FREQUENCY-IN Mc

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

Short lead 0.14 yh
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-f impedance meas-
urements are nearly always determined by resid-
ual paramelers in the wiring and in the impedance
elements. While these are extvemely small in the
Type 1606-AR-F Bridge, they are s1ill large enough
to affect performance at the highestfrequencies and
to set the limit of operation at about 60 Mc.

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

The high-frequency limit 1s determined by
the inductance inthe resistance capacitor, C1. This
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Inductance causes the effective capacitance to in-
crease as the frequency is raiscd, and therefore
causes the dial reading for a given resistance val-
ue to decrcasc. Correction curves are given in
Figures 7 amd 8. Th¢ correction curve in Figure 8
is the actual correction fur inductance in the re-
sistance capacitor, and is valid when the unknown
is connected directly across the bridge terminals
or by means of a connccting lead less than two in-
ches in length, When the short clip lead is used at

high frequencies, the absorption of the lead induct-
ance in the initial balance causes 2o error, wiich
is combincd with the resistance capacltor induct -
ance error in Figure 8. (Refer to paravaph 0.2¢.)
For grettest accuracy at the extretse froqueacy
limits, usc a short tength of bus wire in place of
the 7-in. lead supplicd, or connect the unknown di-
rectly across the bridge terminats. (Refer to par-
agraph 4.2.)

Section 5

TYPICAL MEASUREMENT PROCEDURES

5.1 GENERAL. The following procedurcs are given
as a guide to the praectical application of the bridge.

5.2 MEASUREMENT OF A i00-ppf CAPACITOR
AT 500 KC. The unknown impedance in this exam-
ple is a small mica capacitor of good power factor.

a. Connect the generator and detector. Assume
that the short clip lead has been chiosen for this
measurement, Screw the lead into the unknown
terminal, and check for leakage as outlived in par-
agraph 3.5.

b. Fasten 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 capacltor lead to the grounded capacitor
lead with a minlmum change in the position of thc
connecting lead. (See Figure 4a.)

¢. Since a capacirive reactance is to he meas-
ured, the REACTANCE dial will read downscale;
hence it must initially be set at a point higher than
the expected change in dial reading, Since here the
approximate magnitudc of the unknown resistnnce
can be estimated from its nomlnal capacitance, a
satisfactory initial REACTANCE dial sctting can
be easily determined. The unknown reactance in
this case isabout 3200 ohms, which corrcsponds to
a 1600-ohm change in dial readings, Therefore,
from Flgure 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 ohms. 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 balanec
point. 1If if does not, the rcason may be that the
REACTANCE dial setting is too iow for a balapce.
I this is the case, move to a stightly higher set-
ting.

d. Transfer the clip of the connecting leadt ro
the ungrounded lead of the capacitor and rehatiance
with the RESISTANCE and REACTANCE dials. Sup-
posethe readings are 3.2 ohmg and 1870 ohms, re-
spectively, Before corvections, the indicated re-
sistance Ry and reactance X are:

it

Rm 3.2 ohms

1870 — 3400-

0.5 = ~3060 ochms

nl

e. Sincethefrequency s very low, the ¢orrec-
tion for inductance in the RESIS'I'ANCE capacltor
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
s -84,000 ohms. Applying equations {1) and (2):
.- (1 =360\ o 32 \?
84,000 . -84,000) - 9927
3,2
R, = G037 = 3.45 ohms
-=3060 - 3:_22_ - (—3060}2
X = -84,000 - -84,000° _ —2948
X 0.927 0,927
= —3180 ohms
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g- From these measurements the capacitance
and dissipation factor Dy can be lound:

Cy = —1 = 10? = 100 ppt
T WXy 2r-05- 1063180
Ry 3.45
.Dx =X, = 3080 - 0.00109

5.3 MEASUREMENT OF ANTENNA IMPEDANCE
AT 1170 KC.

a, Usually an antenna terminalis solocated that
the bridge cannot be brought close cnough to the
antenna terminol to permit use ol the shortconnect-
ing lead. Therefore, screw thelong connecting tead
into the ungrounded bridge terminal.

b. Using the shortestpraciicable iength of cop-
per strap, rround the bridge case (o the melal rack
in which the antenna rerminal is housed, if the con-
nection to the ground ¢lamnp onthe case cannot con-
veniently be made, loosen the panel and slide a
picce of copper foil into the crack between the panel
and the lnstrvment case. Do not ground to papel
screws, as they may nof be making contact with the
panel bécause of paint. (If desired, an unpainted 10-
32 screw can be substituted for onc of the panel

~rews for a ground connection.)

c. Arrange the connecling lead so that it can be
clipped to the antenna terminal ot 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 tength..

d, Connectthegenerator and detector, and check
for leakage as outlined in paragraph 3.5. For best
resuits, generator and detector should be fitted
with completely shielded coaxial connecrors.

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-iead clip 1o the an-
tenna terminal and rehalance. with the RESISTANCE
and REACTANCE dials. Suppose the readings are
193 chms and 3150 chms, respectively.  On the
first measurement it is usually desirable to check
for leakage with the antenna connected, Discon-
nect the generator coaxial connector and obgerve
the signal magnitude with only the outer sheils of
the connectors making contact. Any signal that ap-
pears is a leakage signal. Repeat this procedure
with the detector connector. The effect of leakage
detected canbe estimated byobservation of the am-

litnde of the leakage signal. After recomnecting
.1e generator or detector, dctermine the shift from
balance of either the RESISTANCE or REACTANCE

i4

dial required to produce an unbalance signal equal
fo ampiitude ta the leakage signal. The shiftin dial
reading 1n ohms is appyroximately the maxinmum
magnitude of the errov. This method does nat in-
dicate 1the dismbution of the error between the re-
sistance and reaciance measurements,

g. luthis mcasurement 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
more precise reacrance measurement, initially set
the REACTANCE dial nearer to zero, or set the
REACTANCY dial 10 zcro and balance the bridge
with the anrenna connected, using the INITIAL BAIL. -
ANCE controls. 1f the former method is used, set
the REACTANCE dial ata point- siightly higher than
the difference in REACTANCE readings previously
obtained, Since the Jdifference was 150 ohms, set
the switch (o LOW, REACTANCE to 170, RESIST-
ANCE (o zevo, clip the connecting lead to ground,
and set up aa imitial balance, Then shift the clip to
the antenna terminal and rebaiance, using the RE-
SISTANCE aud RE:ACTANCE diais, Suppose the
readings obtained are Y3 ohms and 10 ohvms, re-
spoectively, DBefore corrections, “the indicated re-
sistance Ry and reactance Xy are:

if

Ry, = 193 ohms

Xm = 10 = 170 + _ 137 ohms

If the latter methodis used, ieave the RESISTANCE
dial set at 193 ohms, and set the REACTANCE dial
to zero, with the switch at LOW. Leavethe antenna
connected and set up an initial balance using the
INITiAL BALANCE controls. Transfcr the connect-
ing lead clip to ground aml rebalance the bridge
withthe RESISTANCE and REACTANCE dtals, The
RESISTANCE diai should read zero atbalance. Sup-
posethe RE ACTANCE dialreads 160 ohms, Belore
corrections, the indicated resisiance Ry, and react-
ance X;, are!

Ry, = i93 chms
Xm =-Q;160 = — 137 ohms

.17

h. For mostaccurate results, corrections must
be made for effects of the connecting-lead capaci-
tanccto ground. From Figure 6, the corresponding
reactance {Xg)of the long conpecting lead is -16,400

t 1.17 Mc. The corrected impedance can then be
btained from equations {1) andt (2).

2 2
= R ¥ 193 }\" _
A= (‘ —}6,400) * (—-16,400) = 0.984
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91
R, = .ﬁ‘_‘.)'é: = 196 ohms

T N L LR O ) o
X, = e TYosuo_ IR0 o 136 ghms

0.984

5.4 MEASUREMENT OF A 50-0OliM LINE TER-
MINATED IN ITS CHAR ACTERISTIC IMPERANCE
AT 50 MC. At verv hiph frequancies, tead correc-
tions are very impnrtant, I ts also desivable, if
possibl, to bring up the guicr conductor of the co-
axial line over the panct and make contact cither
with the panel directly or with o clamp placed un-
der gne of the pancl scre»s. {Once of the black pane:
serews supplied must e replacedwithan unpainted
10-321 screw for this application.) (Sce Figure 9,)

a. Connectthepenerator and detector, and check
for leakage as outlined in paragraph 3.5, At high
frequencies, reliable measuraneats cannot he made
untess hoth the gercrator and detector are firted
with coaxlal connectors,

b. Asindicatedin paragcaph 3.7, ¢ither the short
clip lead or a short length of No. 20 bus wire can
be used for conncclion to the unknown. Asswine that
the short c¢lip lead is used [or this nicasurement,

‘ew rhe lead inte the ungrounded hiridge terminal
.l clip it to ground dircctly at the emd of the co-
axial line under test. {Sce Figure 4b.) The react-
ance of any groundconnection used is therefore’in-
cludedin the inidal batance and is not measured as
part of the unknown, :

¢. Since thelinc is terminatedin its character-
istic impedance, the measured rcactance will be
low. Therefore, the REACTANCE dial should ini-
tiaily be ser in the lower pare of its range, say at
500 obims, with the switeh at LOW, Estabiish ini-
tial baiance using the INITIAL BALANCI controts.

d. Transferthe conrecting-lead clip to the een-
ter conductor of the coaxial linc and rebaiance with
the RESISTANCE and REACTANCL controls. Sup-
posethe readings arc 40,5 ohmsg and 350 ohms, re-
speetively, Before corrections, the indicated re-
sistance Ry, and reactance X, are:

Rm 40.5 ohms

Xy = QQS.%SQQ— = ~1.0 ochins

Fora slightiy more precise reactance reading. re-
prear the measuremcent, with the REACTANCI: diai
aily ser closer o zero,
e. To correct for inductance in the resistance
capacitor, determine froam Figuice 7 the carceerion

for a dlal reading of 40.5 ohms at50 Mec. Tris 1,13,
The corrected vatue of resistunce then becomes-

Ry’ = 40.5 - 1.23 = 49.8 olims

f. To correct for the capacitance to ground of
the connecting lead, determine from Vigure 6 the
corresponding reactance {X,) of the shorcelip leadt
at U Me. 1t is -838 ohimis.  Applving equations (1)
and (210 determine the actual line tnput impedance,

Z,
2 ]
. =3 49817
A= (’ - —838) + (—-838) = 0.996

Ly

Ry = Oi%f)% = 50.0 ohms
30 - 098 (-3’
Xy = —838 838 . §ohms

0.996

g. This example is cited as.an extreme case,
in which failure to corvect for the inductance of the
resistance capacitor leads to an ¢rror 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-
anccdcireuits directly. However, the measurement
¢an be made by an indirect method. In the balanced
circuit shown in Figure 8a, the following three im-
pedance measurcments are required:

Z) = tmpedance between A and ground, B
grounded,

Z, = impedance between B and ground, A
grounded,

Z3 = impedance between A and B connected
together and ground.

The effective components of the balancednet-
work canbe caiculated frem the following equations:

27
T A
2Zy
ZBC = Zy Zy
1+ 5——5—
23 7
2'?23
ZsC = l+_§_~1_ Z3 Figure 8a.
2y 7
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If the line is exactly balanced, 7 4o = “pg¢ and

pAS Zz-

An auxiliary network to permit direct meas-
urements can be constructed, Details are given a
the General Radie Expenimenter of September, 19472,

Section o

CHECKS AND ADJUSTMENTS

6.1 RESISTANCE CALIBRATION. If the RESIST-
ANCE dial calibration changes slightly with time
or rough usage, wimmer capacitors CS and Cé,
mounted under snap buttons on the pancl, can be
used to restore catibradion, Capacitor C5, under
the lower snap button, adjusts the RESISTANCE dial
span with the switch at LOW. Capacitor C6, under
the upper snapbutton. adjusts the RESISTANCE tial
spanwith the swireh at HIGH. Te checlicolibeation,
measure the resistance of a goodr -fresistor, prefl-
crably the carbon-film type, at | Me.with the swtich
first sct at LOW and then at HIGH., The measured
rcslstances at both switch settings should match
the d-¢ value within one percent. 1f they do not,
adjust CS and C6. Turning these capacitors clock-
wise decreases the dial reading for a given resist-
ar ~, and vice versa, Bc sure to readjust the ini-
v oalance afrer cach adjustment, as the capaci-
tors affcct the initial halance as weli as the RE-
SISTANCE dial.

6.2 CORRECTION FOR INDUCT ANCE IN RESIST-
ANCE CAPACITOR. The change in effcctive capa-
citance of the resistance capacitor (refer to par-
ayraph 4,3) is subject to some variation betwecn
instruments. Therefere, direct use of the average
correction curves of Figures 7 and 8 may lead to
error in the resistance measurement. This ervor
is a constant fraction of the correction percentage,
and amounts to maximum of 2(.,2. That is, if the
average correction factor is, say 1.15 {correction
percentage = 15%) as determined from Figure 7 ov
8,the correction for any individual instrument may
be from 1.14 to 1.18. For smali corrections, such
departures from the average are usually negligibte.
At the highest frequencics, however, they may be

large ennugh to warrant an individual check on the

correction curves,

a. To check the curves of Figure B, measure a
good high-frequency resisior, such ag a carbon-
composition or carhon-film resistor, whose re-
sistance is known’to be 50 ehms. a Type 874-wWM
50-ohm Termination, o a Tvpe 874-W100 100-ohm
Cenxial Standard, at a frequency of 50 Mc with the
§ :hatLOW. Connecttheresistordirectly across
the bridge terminals or use a very shoirt No, 20

16

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

Rip = 37.7 ohms
Xm = e = ~12.0 ohms

b, The actual resistance “seen” hyv the bridge
is the effective series resistance of the parallel
combination of the standard resistor and the con-
necting ~lead capacitance. The offellive resistance
R, is:

Ry 50

: (’f& o (E!j;)z
Xy MAWET

(This is an approximation because the effective
reactanceof the resistor is assumed tohave a neg-
ligible e¢ffect. For accurare resuits, the resist-
ance value should nor excecd 2500 f ohms, where f
is the frequendy in megacycles.)

Re ¥ = 49.8 ohms

The correcrion factor is equal ro the ratio!

)]

G. The correction factor for this particular in-
strument canbe obtaine:l for any resistance sciting
from this one measurement through the reiation:

Ry’

Ry - K =1 ARyt 560) £2

where f is the frequency in megacycies, R, ' is the
effectiveresistanceofl 1he unknown across the by idgc
terminals (that is, the cffective serics resistance
of the parallet emnhination of the unknown imped-
ance and the capacitance of the bridge leads and
termtnal, and Ry, is the resistance read from the
RESISTANCE dial. Thereforc:
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¥ -1

2
(R + 560)¢

For the example given:

2.13 - 1077

A

H

and K = 1+ 2.3 Ry + 560062 + 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 with the obscrvedceorrection and mut-
tiptvinz all frequencies by the ratio of this frequency
to the measurement frequency,

Assume that, for a 100-ohm resistor ar 50
Me, K is found to he 1.31. Figure 8§ shows a cor-
rection {actor of 1.31 ar 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 dircctly, or a ncw set of curves
may be drawn with a correct frequency scale.

d. To check the curves of Figure 7, which are
; “‘d when the short clip lcad is used, the same
1 scedure can be used, except that the clip fead
must be used for the connection to the unknown,

Rm
Ry =K = U+BRy+ 390) 2
amt B = K =1

TRy, + 390)2

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

6.3 REACTANCE CALIBRATION. The calibration
of the REACTANCE dial is difficult to check ac-

curately, duc to the unavailability of capacitance
standards 1hat are relishlie whon mounted on the
bridge weminils, towever, rough chocks canabe
made as follows:

a, Set the switch to LOW, the REACTANCE din
to itslow end, and balauce at TMe with e cliplead
grounded.

b, Move theRDACTANCE dialupscale andtryto
obtain another nult, If the dialis properly ovicnted
with the vaviable capacitor, ne othcr null will be
found. -

¢. Ser the switchto HGH, the REACTANCE dial
to its maximun counlerclockwise position {highend
of dial), and balance the bridge.

d. Again look for another null. - No null shoutd
be {ound, since. (f aricntation s correct, the vari-
able capacitor will travel slightly less than from
its maximum to ity minimwn capacitance when the
Jial is retated from one stop to the other. If twa
nulls are found, the dial has probably slipped and
should be veadjusted, To readjust the dial, remove
the dial cover, loosen the two sl screws locking
the dial b to the shafr, rotate the diat with re-
speet to the shaft, and tighten the.set screws.

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

For a morc accurate check, measure the re-
actance of several silver-mica capacitors at 1Mc,
and compare the capacitance calculared from the

! 3} with the nominal
nrX

capacitance of the capucitor measured, Be sure to
take into accennt the bridoe fead ¢apacitor when
making the cnmparison,

measurcd veactance (C =

Another method is th measure a capacitor
{about 150 ppf) whose capacitance is not accurately
known, with the REACTANCE dial ser at 3400, and
again vith the diat at 5000, If the calibration is
correcy andd the dial is properly oriented with re-
spect to the capacitor. the measurcd reactance witl
bedhe samefor all threc measurements. The most
likely cause of a change in the .REACTANCL dial
calibration is slippage of the hub onthe dial or one
of the gears causcd by loose set screws. After lo-
cating and tinhtenirg the loose sct screws, check
and adjust the dial as describer above.



SERVICE

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

In case ofdifficuiries that carnot heeliminated
by the use of these scrvice Instructions, plea:s
write or phone our Service Department, giviag full
Information of the trouble and of stepstakento rem-
edy it. Be sureto meaflon the serial and type num-
bers of the instrument.

Before returning an instrument to General Ra-
diofor service, please writeto our Service Depare-
ment or nearest district office (seec back cover),
requesting a Returned Material Tag. Use of this
tag will insure proper handting aund identification,
For instruments not covered by the warranty, a
purchase order should be forwarded to avoid un-

2ssary delay,

7.2 SERVICE.

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

7.2,2 DISASSEMBLY OF RESISTANCE DIAL.
NOTE

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

a. Remove cover fromn panel by removing two
screws and lockwashers, below and to the right and
left of the shaft opening. This may be donc with-
out dangrer to calibration, as may steps b and ¢,

b, Remove theknob and plate from the cover by
retnoving two screws and lockwashers froin the
plate, :

¢. 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.

£ D)
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e. The hub is connected to the capacitor shaft
by means of set serews, through an intcrmedlate
insulating bushing, The tub is electrically groond-
ed tu the panel by three flat springs between the
back of the hub and the panel.

7.2,3 RIECALIBRATION AND REASSEMBLY OF RE-
SISTANCE DIAL, If the dial has been méved or the
calibration lost, reculibrate by measuring the re-
sistance (at any frequency below one megacyele) of
various composition resistors whose d-¢ resist-
ances are accurately known. The measured re-
sistance of each reslstor equals itsd-¢ resistance.
Whoenreplacing thedial, adjust the stops onthe pear
drive hefore recalibration, so that they operate
siightly before the capacitor reaches the huilt-in
atop atminium capucitance or the zero endof the
dial. To make this adjustment, reorient the gear
drive, or, if necessarvy, 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,

To 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 remave the RE ACTANCE dial unless
it ts ahsolutely necessary, for once it is re-
moveditis difficult to replace itwithoutloss
of calibration.

The REACTANCE dial has a gear drive slmilar to
that used on the RESISTANCE dial. However, the
dial itself cannot be removed without removal of
tlie hub, which is secured tothe shaftby set screws.
No grounding spring 1s required,

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

i
inal capacitances: X = ——. tnstall and adjust the

. 2rfC
dial as outlined in pavagraph 6.3. and arbitrarily
set the zero poing near the left-hand end of the range.
Ta determine the point corresponding to the re-
actance of each capacitor mcasyred, initially sct
the REACTANCE dialro zero, make the initial bal-
ance with the clip lead counccted to the capacitey,
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 mcas-
ured. Several points can be deternmiinedand marked
on the dial. The dial is approximately tircar in
measured capacitance, and a curve can be drawu
by means of the meastired points and the inter-
mediate points determined.

7.2.5 REMOVAL OF SHIELDS FROM C3 AND C4.,
There are three nesting shiclds avound capacitors
" 3 and C4. Thev are fastened to i/4-inch alumi-
num base plates by 6-32 screws ar the ends near-
est the panel. To removethe outer shickd, unsolder
the lead to R3 and disconnect the straps hetween
§1 and the shield and between Ct and the shield.
Do not apply any more heat than_nccessary to RJ.

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

7.2.6 REMOVAL OF THE TRANSFORMER. The
trausformer aund the panel connectur are perman

ently fastened together, and the panel connector
must be removed before the transformer. Theouter
shicldaround the reactance capacitor must Be par -
tially remaved in order to disconnect the trans-
foriner sccondary lead. Unsolder the center con-
ductor of the secondary line auxl remove the nut
securing the coaxijal fitting'to the 1/4-inch aluminum
base plate. The wransformer irself is mounted to
the panel by four screws whoscheads appear onthe
front of the panel,

7.2.7 SPLIT GEARS. If the splitgears.are remov-
cd, they should be reassemhled with the upper and
lower sections offset when gears are meshed, 1o
pravide the spring pressure to eiiminare backlash.
The springs should be extended two to thirec full
tceth on the large geavs, and compressed 1-1/2 to
two tecth on the small gears.

TROUBLE-SHOOTING CHART

Trouble Action or Probable Cauae
No signal a. Check generator and receiver connections,
b. Check generator and recciver gperation by loosely coupling generator to detector
or hy connecting a voltineter to heidge end of cable frum generator.
c. Check frequency band and serting of generator and detector.
Low senstiivity a. Check cables for short or open clrcull.

b. Check gencrator- output.

c. Check receiver seositivity and tuning,

tl. Cheek bridge circuit tor shorts,

e. Check transformer by connecting a voltmeter across unknown terminals. Differ-
ence between generater voliage and ndicated voltage will vary with frequency.
At 1 Mc, indicated voltage should be at teasy one third of generalor voitage.

No balance obtainable

Feroanoe

Resistance dlal caltbradoen
reads about 20% iow

Balance erratic or noisy

Tnitlal-blance adjustment
range shifted

Backlash (n dials br controts
Bridge balance changes as

bridge or vartous parts
of clrcuit are touche:.

Clip lead not connected (0 ground,

Reacrance djat set at point where balance cannot be obtalned. (See Figure S.)
HIGH-1.OW switch at wrong position.

Unknown iwepedance heyond direct-reading range of instrument,

Resistapce dial nor at zero {or tnitiol balance.

Leait hetween R4 and ungrounded terminat on panel hroken or disconnected,
One of reslstors in bridge hurned out.

Short circult in a capacitor.

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 shafts,

Leakage is present. Refer to paragraph 3.5,
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PARTS LIST

REF. . . LOCATING
DESIG, NAME AND DESCRIFTION FUNCTION

Cl CAPACITOR, VARIABLE, AIR DIFLECTHIC, plate-meshing type, 30 ppf min, OIMS RESISTANCE
2290 ppf max, special capacm runing chatacteristic, 1000 v a-c peak volt- control
age, shaft adjustment, 270 deg cw rotation of ptates. TFurnished only as
complete assembly. General Radio Co. Part No, 916-30. e

c2 CAPACITOR, VARIABLE, AIR DIELECTRIC, plate -meshing type, 55 upf max, INITIAL BALANCE
straight line capacity tuning characteristic, 1000 v a-c peak voltage, shaft controi
adjustment, 360 deg continuous rotation, General Radio Co. Part Nu. 1420- .

406, .

C3 CAPACITOR, VARIABLE, AIR DIELECTRIC, plate-meshing type, 25 ppf min, OHMS REACTANCE
220 puf max, straight line capacity taunyg chacacteristic, 1000 v a-¢ peak tontroi
voltage, extension shaft xljustment, 180 deg ¢cw rotation, General Radio
Co. Part No. 142G-408,

C4 CAPACTTOR, VARIABLE, AIR IMELECTRIC, plate-meshing type, 25 ppf min, INITIAL BALANCE
220 ppf max, stra:ght Line capacity tuaing characteristic, 100 v a-¢ peak control
voltage, extension shaft adjustment, 360 dey continuous retatlan, General
Radio Co, Part r\u H’O 404.

CS CAPACITOR, VARIABLE, AIR DIELECTRIC, concentrlc type, 3 puf min, 12 pmf Capacitance to
max, stralght line capacity tsning characteristic. 350 v ac breakdown test ground equalizer
voltage, screw-driver adjustment. General Raio Co. Part Na. COA-11.

cé Same as CS5, Capacilance to

g'ron.nd equalizer

c? CAPACITOR, FIXED, MICA DIELECTRIC, 15 ppf 107 tolerance, 500 dewy,

General Radio Co. Part No, COU-24,
n COMNECTOR, RECEPTACLE, banana and binding-post type, not polartzed, Ground binding
’ General Radio Co. Pavt No. BP-10 (i1716). . post

2 CONNECTOR, COAXIAL, General Radio Co. Part No. 874-307. GEN. connector

3 Same as J2. DET. connector

Rl RESISTOR, FIXED, FILM, 220 chms £1% tolerance, not tapped, Ratio-arm resistor

i/2 watt power dissipation, JAN RN20X2200F, Generzl Radio Co,
Part No. REF-65,
"R2 RESISTOR, FIXED, FILM, 90 chms *+1%, tolerance, not tapped, Ratio-arm reststor
1/2 watt power dissipation, JAN RN20X90ROF, General Radin
Co. Part No. REF-65.

R3 RESISTOR, FIXED, WIRE WOUND, 330 ohms, t1% tolerance 1/4 watt power Fixed bridge resistor
dissipation, not tapped, Gencral Radio Co. Part No, 1606-304, -

R4 RESISTOR, FIXED, COMPOSITION, 350 ohms, +5% tolerance, not tapped, Flixed bridge resistor
1/2 watt power dissipation, JAN RC20DF391], Alten-Bradley Co. Part No. in series with unknown
3918, component

g1 SWITCH, KMIFE, General Radle PLLrt No. P1606-17 (cannot be Installed as HIGI{-LOW switch
a unit, but is made up of scparate elements),

T! 7 TRANSFORMER, RADIO-FREQUENCY, 2 windings singte-fayer wound; Input traasformer

Inductance, primary and secondary: 25 uh at 100 &u; turas and wire
size, primary and secondary: 2 tuvrns No. 28 AWG caamel copper wire;
d-c resistance: primary 0.108 ohm, sccondiry G,033 ohm. not tapped,
no adfustable wning, General Radio’ Cg. Part Nu. 1606-32,

S
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APPENDIX 1

GENERATOR VOLTAGE LIMITS

The maximum generator voltage that can be
safely applied to the bridge varies with frequency
andwirh the setting of the HIGH- LLOW switch, Fig-
ure 11" shows the limits under various conditions.
In antenna measurements, the noise and spurious
signalg picked up by the antennz uuder test can
cause a significant broadening of the null. In in-
gtances where the noise pickup is objecrionabie, an
iraprovemient can often be obtainedif the generator
and detector connections to the bridge are inter-

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

®
: A e
i3] ) \
£ \ \ /GENERATOR AND DETECTOR (INTERCHANGED
Do \ X (GEN. CONNECTED TO BRIDGE CONNEGTOR —l50
g \ MARKED “DETECTOR”)
2 \ -
£ \ \<
" \ A L
5 \3. G e
a . \1
z \¢ @
\ 2 \=
o X 3
g30 a4 Ko 30
Q & |\
4 & B
§2 --NORMAL CONNECTION 4 0, )
e —- 1y 20
; / 717771 RN
2 H-1, SWITCH SET To LOW SN
e e S
§ /H~L SWITCH SET TO HiGH D S N it = L BT SO O
i L,\'v--.,,_'_ =~ o 0
é - Bl o
G
5o
VY I i0 09
3 FREQUENTY — MC
Figure 11. Generator Voltage Limits with Normal and Interchanged Connections.
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