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IIISTRUCTICES FCR

1.CDEL 904 CAPACITALCE-RESISIA:CI BRIDCE

GELERAL: liodel 904 is a wide-range precision measuring instrument. Deriving all operating
power from any 105/125 volts, 50/60 cycle a.c. nains outlet, it permits the accu-

rate determination of capacitence end power factor of condensers and values of resistors
over wide ranges. The measuring circuit is basically a Cerey-Foster type of Vheatstone
Bridgze in which both ratio arms (Pl) ere simulteneously end oppositely varied to give a
logarithmic scale celibration covering two decades (100:1 renge) for each of eight ranges.
The condenser being measured iz corparcd against built-in standard capacitors upon eny one
of four ranges. An un!mown rcsistor is similarly compercd against built-in standard resis=-
tors. Four capacitance ranges (1IFD.-RANGE) ere:

+001 =~ 10 through 1000 mmfd. (multiply outer diel reading by .0001)

Wl ee OO0 Uimewel 3 w4, [ T » A i n iy
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1 K -~ 10 through 1000 mfd. (read inner dial directly)

Four resistance ranges (J4GE-R) are:

1 X -- 10 through 1000 ohms (multiply outer dial reading by 100)

1 1 == 1000 through 100,000 ohms (" L " b ' 10,000)
= 10 I -~ .1 through 10 megohns (read outer dial directly in meoghms)

1 Xi -- 10 through 1000 megohms (read imner dial directly in megohns)

Accuracy is nominally .il‘i;?é,‘ diminishing somewhat in renge of 100 to 1000 mfd./megolnns

PO:ER FACTOR knob is grecvated O throurh 50%, snd is oporative for power factor measure-
ment of capacitors on all except: the lowest capacitance renge. Built in D.C. PCLARIZIKG
VOLTAGE !mob is calibrated O through 500 volts (open circuit voltsge). Pressing the PUSH
TC PCLARIZE button applies a selected d.c. voltage to the condenser or resistor under test.
Sveh voltage may be applied durine capacitance or resistance measurements.

BRIDGE SEHSITIVIIY knob controls the 6Si7GT emplifier located between the bridge circuid
end the 6E5 electron~-ray indicator tube. With it the degree of 6E5 shadow closure msy be

- adjusted for optimwm readehility on different bridge raujes. When leover switch is in

BRIDGE poszition the 6E5 indicetes bridge balance when its shadow shows widest ™",

wien levar switeh ig in 10 A, LZATAGT position the 635 ‘tube is transformed into a
0-10 ‘A, milliammeter and is placed in series with the D.C. PCLARIZI!'G VOLTAGE source *o
indicate leakage current and for simultaneous breakdovm test of the condenser being tested,
with d.c. voltage eppliecd by depressing the PU3H TC POLARIZE button. With lsver svitch to
rizht (in LBAXAGE 100 IA4. position, the 6B5 is converted into & 0-100 nma. milliazicter to
indicate hich leakage currents, as for large electrolytic coadensers.

Iinimum celibrated range is 10 mafd. and 10 ohms. This may be brought down to 7 mafd.
by comnecting e small fizzed condenser oi' about 10 mnfd. across the red and black panel jacis
noting its dial reading, then adding the unknowvmn specimen ecross this fixed condenser and
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1CDEL 904 CAPACITANCE-RESISYA:CS BRIDC

GEERAL: liodel 904 is a wide-range precision measuring instrument. Deriving all operating
power from any 105/125 volts, 50/60 cycle a.c. nains outlet, it pernits the accu-

rate determination of capacitance and power factor of condensers and values of resistors
over wide ranges. The measuring circuit is basically a Carey-Foster type of ilheatstone
Bridze in which both ratio arms (Pl) ere simulteneously end oppositely varied to give a
logarithmic scale celibration covering two decades (100:1 renge) for each of eight ranges.
The condenser being measurced is comparcd apainst built-in standard capacitors upon any one
of four ranges. An unimovm rcgistor is similarly compercd ageinst built-in standard resis-
tors. Four capacitance ranges (ITFD.-RANGE) are:

.001 -~ 10 through 1000 mmfd. (multiply outer diel reading by .0CO1)

.1 -- .001 through .1 mfd, ( " " " " " .01)

10 =-- .1 throuch 10 mf{d. (¢ " " " " "1)

1 X -- 10 through 1000 mfd. (read inner dial directly)
Four resistance ranges (LAUGE-R, are:

1 K -~ 10 throusli 1000 ohms (multiply outer dial reading b}r 100)

.1 11 == 1000 through 100,000 ohms (" " " " ' 10,000)
10 1i -- .1 through 10 megohns (read outer dial directly in meoghms)
1 K -- 10 through 1000 megohms (read imner dial directly in megohas)

Accuracy is nominally 3%, diminishing somewhat in renge of 100 to 1000 mfd./megohns

PO./2% FACTOR knob is rrec. ated O throurh 505, and is oprrucive for power factor nseasure-
ment of capacitors on all except: the lowest capacitance renge. Built in D.C. PCLARIZIKG
VOLTAGE lmob is calibrated O through 500 volts (open circuit volts:-.ge). Pressing the PUSH
TC PCLARIZE button applies a selected d.c. voltage to the condenser or resistor under test.
Sveh voltese may be applied durine capacitance or resistance measurements.

BRIDGE SEVSITIVITY knob controls the 68ii7GT emplifier located between the bridgse circuid
and the 6L5 electron~-ray indicator tube. With it the degreec of 6E5 shadow closure may be
adjusted for optirwm rcadehility on different bridge ranjes. 'When lcver switch is in

BRIDGI pozition the 6ES indicetes bridpe balance when its shadow shows widest "/,

wien lever switeh is in 10 A, LEZATACE position the 635 tube is transformed into =
0-10 A, milliarmeter and is placed in series with the D.C. PCLARIZI!G VOLTAGE sourcs %o
indicate leakage current aad for simultaneous breakdovm test of the condenser being tested,
with d.c. voltage epnlicd by depressing the PUSI TC POLAKIZL button. With lzver switch to
rizit (in LEAXALZE 100 Ili. position, the 6E5 is converted into a 0-100 ma. millian:cter to
incdicate hish leakage currents, as for large electrolytic coadensers.

linimun calibreted ranse is 10 mafd. and 10 ohms. This may be breught dowm to 4 wmafd.
by comnecting a small [iized coudenser oi' about 10 mmid. across the red and black nanecl jucis
noting its dial reading, then adding the unknown specimen ecross this fixed condenser aand
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observing the increase in dial reading. The capacitance of the unknown is then the differ-
ence between the two readings (the capacitance it adds to the small condenser connected
across the bridge jacks). A resistor of about 10 ohms shunted across the bridge jacks will
similerly allow measurement of an unknown resistor down to % ohmm in terms of the increment
in resistance the unknown adds to the value indicated for the shunt unit alone.

PRECAUTICHS: In measuring low capacitances and low resistences, connect the unknown speci-
mens directly by their leads to the 904 panel jacks to avoid errors due to
long connecting leads.

In measuring electrolytic or other polarized condensers, be sure to observe polarity
narkings of panel jacks.

When measuring a condeaser mounted in an equipment without removal of the specimen
therefrom, always disconnect the positive (+) terminal of the condenser to be measured and
comnect it to the + jack of the S04 Bridge. The black (-) jack of the bridge may be connec-
ted to a grounded (or already circuit-comnected) negative lead of the test specimen. The
red jack must always connect only to a lead of the test specimen not connected to eny other
circuit.

OPERATION: Examine 904 Bridge to make sure tubes are in proper sockets, that no damage has

: been suffered in shipment. Insert plug into 105/125 volt, 50/60 cycle a.c.
mains outlet only. Turn D.C. POLARIZING VOLTAGE knob just far enough to right for its
switch "click" to be heard. Allow time for tubes to warm up and visible end of 6E5 to ex-
hibit characteristic green glow.

Connect test specimen to be measured to penel jacks by means of red and black test
leads (directly to panel jacks by specimen's own leads if value is below 100 mmfd. or 10
ohms). Set range switch to appropriate position, lever switch to BRIDGE. Set BRIDGE
SENSITIVITY to about mid-scale. Adjust main dial for maximum opening of 6E5 tube shadow.
Adjust BRIDGE SENSITIVITY to prevent 6E5 shadow angle from opening or closing excessively
as main dial is balanced -- so that balance or null adjustment is clearly defined. Read
capacitance or resistence from main dial in accordance with range and multiplying figures
listed on page one. RANGE knob figures indicate maximum capacity (dial turned counter=-
clockwise) of each of the cight ranges. ‘

After balancing bridge for maximum 6E5 shadow opening for a test capacitor, adjust

- PCWER FACTOR knob only to increase 6E5 shadow opening. That setting of POWER FACTOR knob
which yields maximum 6E5 shadow opening then indicates the power factor of the capacitor
being measured. This knob is inoperative upon resistance ranges.

To test electrolytic condensers for leakage and other condensers or resistors for de-
perture from rated values when d.c. voltage is applied to them, meke measurement for value
as above. Then press PUSH TO POLARIZE button and progressively advence D.C. POLARIZING
VOLTAGE knob up to voltage rating of the test specimen. If the specimen is good, no adjust-

.

ment of the main dial should be necessary to keep the bridge balanced for minimum 6E5 closure.

Now throw the lever switch to 10 MA. LEAKAGE position, press PUSH TO POLARIZE button,
advence D.C. POLARIZING VOLTAGE knob progressively up to voltage rating of the test speci-
men, and estimate d.c. leakage current. If 6E5 shadow over-closes, shift lever to LEAKAGE
100 MA. position. Estimate leakage current by the degree of EL5 shadow closure. Zsro
leakage current is evidenced by no closure of its shadow. Progressive closure is a linear
measure of leekage current up to full closure, which indicates either 10 ma. or 100 ma.
current depending upon setting of lever switch.

POLARIZING CURRENT AVAILABLE: The D. C. POLARIZING VOLTAGE knob scale is calibrated in open
circuit voltage -- the voltage available for application to
a test specimen drawing no current. This is because 5000 ohm resistor RS and 36,000 ohm
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resistor R9 are wired in seriss with the arm of P3 and the test specimen to prevent burn-
out of the costly 100,000 oha 'wire-wound potentiometer P3 in evert of excess current being
drewn through it. Simple ohms law will show that were a milliammeter to be comnected
directly to panel jacks and D.C. PCLARIZING VCLTAGE lmob advanced to 5C0, only 1225 ma.
could flow through the combination of R5, R9, and then at practically zero voltage. It is
thus seen that R5, R9 comstitute a current-limiting combination protecting P3 from denege,
but et the expense of volte;e applicable to a leaky cepacitor being tested. The user nay
short-circuit 36,000 ohm RY if desired, and so have available a voltage under load closely
approximating the penel calibration of the D.C. PCLARIZING VOLTAGE knob scale for epplica-
tion to capacitor specimens drawing significent current. If this is done it is ESSENTIAL
THAT LEAKAGE CURRENT DRAWI! IROM 904 BRIDGE NEVER BE ALLCWED TO EXCEZD 10 lA. The drawing
of higher currents through P3 will result in its burn-out.

LEAYAGE CURRENT INDICATCi: Two lever switch positions, as previously stated, turn the 6Z0

tube into a two-range milliamrmeter requiring 10 and 100 ma.,
respectively, for full shadow ‘closure. No more than 10 na. shoulc be drawn from the bridge,
except for intervals of 2 seconds or less, to avoid demage to costly P3. This cen be done
In prectice only if RO has boen short-circuited as suggested above, when currents so high
as to demage P3 if allowed to flow through it for more than 2 seconds are available. For
epproximate estimation of leskage currents drewn by leaky capacitors the 6E5 shadow closure
is quite adequate. For accurate current measurement a suiteble milliammeter may be connect-
ed between test capacitor end black penel jack. Such a meter should be a multi-renge in-
strument such as "VOLAX" in order that the operator may start with a high current range to
protect the meter in event of an excessively leaky or gshort-circuited capacitor, then pro-
gressively cut meter current range down to a final easily read range. Such a meter may be
left connected in series with the capacitor being tested while its cepacitance is being
measured only if it mey be set to a range of 100 ma. or higher. (lieter resistence could be
high enough at lower-current range to impair accuracy of capacitence measurement. )

50 CYCLE CPFRATION: When operating upon 50 cycles instead of 60 cycles mains frequency for

which the POWER FACTOR diel is calibrated it is necessary to apply a
multiplying factor to the POWER FACTCR reading to obtain correct result. POWER FACTOR
readings must be multiplied by .865 to obtain actual power factor percentage when Model 904
Bridge is used on 50 cycle mains.

INSULATION RESISTANCE: Resistence of unknown specimens of insulating material may be
directly measured by Model 904 Bridge if they lie below 1000 megohms.

Place the test specimen between suitable electrodes comnected to the panel jacks and measure

exactly as in the case of a resistor. Apply eny selected voltage up to 500 volts d.c. to

test specimen during measurenent by pressing PUSH TC POLARIZE button and adjustment of

D.C. POLARIZING VOLTAGE lmob to apply desired test voltage.

TUBE ALTZRUATE: Should type 6E5 tube be unprocursble for replacement needs, type 6US may
be substituted. No chanre in Bridge operation will occur using 6US5 elec-
tron ray tube, except that 10 IA.-LEAKAGE - 100 MA. ranges will require approximetely
double these currents to produce complete eye shadow closure; LEAKAGE LiA. ranges thus
doubling to 20 and 200 IA., respectively, when G6US is used in place of type 6E5 tube.

IEASURING SMALL CAPACITANCES: As in any capacitance bridge, liodel 904 has within itself
e smell initiel minimum cepacitance which varies slightly
from bridge to bridge. If RAIGE knob is set to .00l - LiFD. the lowest scale praduation of
the mein dial is .05, which equals 5 mafd. With nothing connccted to penel jecks it will
be possible to balence the bridge on this range (maximum 6E5 shiadow opcnin;_;) at some dial
stting between .05 and .15, or in the range of 5 to 15 rmfd. Whatever the main dial set-
ting for such balance is indicates directly the inescapably small minimum cepacitence of
the bridge itself. When accureately meesurine capacitences below 100 to 200 mafd. this
residual minimum capacity should be allowed for by subtracting it from the indicated value
of the specimen being measured. On all except this lowest capacitance range the residual
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bridze capacitance is so low as to introduce negligable error, end for capacitors of over
a few hundred micromicrofarads mey b3 neglected as inconsequential in most cases.

LOOSENED DIAL: Do not loosen the dial knob set-screw from its shaft. The position of the
diael upon tho shaft of Pl determines the accuracy of calibration of llodel

904 Bridge. Should it over become loose the bridge must be recalibrated. This may be done

by connecting a 1% precision resistor known to be accurate to the panel jacks and resetting *

the dial upon its shaft. The resistor mey be of 100, 10,000 or 1 megohm exact resistance.

With RANGE knob set to 1K for a 100 ohm resistor, to .1M for a 10,000 ohm resistor or to

10M for a 1 megohm resistor, the bridge should he accurately balenced and the dial refastened

to its shaft so that it reads exactly 1.0 (midscale). :

PARTS LIST

Pl 5,000 ohm potentiometer 2%

P2 5C0,000 ohm potentiometer

P3 100,000 ohm potentiomecter with switch S3

P4 1600 ohm potentiometer % 5%

R4, 4a 3,000 ohm potentiometer and 47,000 ohm + 1% series resistor pair
R1 100 ohm + 1% series resistor pair

R2 10,000 # 1% series resistor pair

R3 1 megohm 4 1% series resistor pair

R5 5,100 ohm 1/2 watt resistor

R6 1,500 ohm 1/2 watt resistor

R7, 7a, 7b 270,000 ohm 1/2 watt resistor

R8 2,000 ohm 2 watt resistor

R9 36,000 ohm 2 watt resistor

R10, 10a, 10b, 10c, 104 100,000 ohm 1/2 watt resistor
R11l 560 ohm Xx 1% series resistor pair

R12 65 ohm * 1% series resistor pair

R13, 13 b 2 megohm 1/2 watt resistor

Cl .0001 mfd. * 2% mica capacitor

c2 .01 mfd, £ 2% parallel 600 volt capacitor pair

C3 1 mfd. ¥ 2% parallel 600 volt capacitor pair

C4, 4a .1 mfd. 400 volt capacitor

Cc5, 5a, 5b, 5c, 5d, S5e, 5f 8 mfd. 350 w.v. electrolytic capacitors
Tl #13254 bridge trensformer

T2  #E1812 power transformer




