By McMURDO SILVER g

A PRECISION INSTRUMENT

Laboratory Aceuracy in a Serviceman’s C/R Bridge

N the early days of one- to five-tube

battery receivers with usually but a

single function per tube and cireuit,

location and correction of troubles
was simple indeed. The exact reverse is
true today, for even the simplest type of
five-tube broadcast receiver has several
multiple-function tubes, each function
having its own separate circuit and set
of component parts. Most important is
that each one of these circuits—and
there ¢an be many indeed in a complex
modern receiver—employs a large num-
ber of individual capacitors and resist-
ors. Even partial failure or alteration
in value of but one of the many unim-
portant-appearing little capacitors or
resistors can—and usually does—cause
the poor performance which the tech-
nician is employed to correct.

Drawing upon his thirty-five-odd
years of experience in the design of
high-quality radio receivers as a guide
to the precise types and forms of meas-
uring equipment which can most ef-
fectively serve the serious maintenance
technician, the writer has recently com-
pleted a piece of measuring equipment
going far beyond the rough approxi-
mations heretofore available at low cost.
It has been his goal to bring to the
maintenance profession those orders of
accuracy heretofore available only in
laboratery instruments costing several
hundred dollars or more, and hence

beyond reach of most service organiza-
tions.

+1249 Main Street, Hartford, Connecticut

The careful wiring essential to a capacitor bridge is illustrated in this back-panel .view.
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If, in the design laboratory, it has
been necessary to measure resistors and
capacitors to an accuracy of a few per-
cent, then it is obviously desirable that
the maintenance technician be able to do
likewise. Excellent appreximations of
resistance values may be made by a well
designed and built ohmmeter. Capacity
may not be so measured accurately, for
two values enter into capacitance meas-
urements—actual capacitance in micro-
farads or micromicrofarads, plus power
factor. Considering only . resistance
measurements for a start, the good ohm-
meter cannot be particularly accurate
over much of its range because of the
characteristic slope of its meter scale.
The usual ohmmeter scale is “open” over
its lower half and its accuracy can be ex-
cellent over this portion of its scale.
Over the upper half, however, the scale
graduations become increasingly crowd-
ed, since they must reach practically
infinity at full-scale. Allowing for the
normal and usual =2 percent accuracy
of even the best meters, a glance at the
upper half of the ohmmeter scale in
terms of graduation crowding versus
such meter variation shows why high
accuracy cannot be anticipated. It is
true that this condition ean largely be
set at nought by provision of such a
multiplicity of resistance ranges that it
is seldom necessary to use the crowded
high end of the scale in practice. Never-
theless, the really accurate method of
measuring resistance is by means of
the Wheatstone Bridge—the ohmmeter

serves an essential function but for
truly accurate measurement the bridge
is a “nust”.

SUPERIORITY OF THE BRIDGE

It is true that an ordinary a.c. volt-
meter or ammneter can be used to meas-
ure capacitance in the usual ohmmeter
manner, but what actually happens is
that the technician measures capacita-
tive reactance which is then translated
into capacity in terms of that capaci-
tance which exhibits a given capacita-
tive reactance at the particular a.c. fre-
quency of measurement. Such attempts
at measurement of capacitance cannot
be more than approximately useful,
since they ignore power factor. It is
possible to find a capacitor apparently
quite satisfactory so far as capacitance
goes, yet have this capacitor exhibit
such a high power factor as to be opera-
tively useless. The fundamental Wheat-
stone Bridge method permits measure-
ment of both capacitance and power fac-
tor, and so is a prime essential to the
serious technician. Such a bridge may be
so designed that it can provide resist-
ance measurements with accuracy far
exceeding the ohmimeter method, hence
is most desirable.

One of the disadvantages of bridges
so far available to the service technician
is not alone that their accuracy left
much to be desired because of low-cost
components and the cursory test and
calibration necessary to yield a low final
selling price, but their lack of range as
well. The equipment designer and the
maintenance technician alike must be
able to measure down to a fraction of
an ohm, a fraction of a micromicrofarad
—as well as up toward 1000 megohms
and 1000 microfarads. Small compres-
sion mieca trimmer capacitors—even air
trimmers—of extremely low capacity
can be causes of trouble and so must be
capable of measurement in any well-
equipped shop. Low values of resistance
measurement are also necessary when
“shooting trouble” in auto radio pri-
mary circuits, a.c. receiver heater cir-
cuits and the like. High ranges of
resistance must be accurately deter-
mined in grid leaks and performance-
impairing cireuit leakage, while high
values of capacitance appear in the
filter capacitors of battery eliminators
for portable battery sets as well as in
“a.¢., b.c. and d.c.” sets themselves,

PRACTICAL PRECISION BRIDGE

The capacitance-resistance bridge il-
lustrated and diagrammed covers the
direct range of 10 ohms through 1000
megohms and 10 puf through 1000
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uf. This is not its real range, for in
operation it reaches down to % ohm
and %4 mieromicrofarad—low enough to
cover compression miea trimmers and
high-resistance or faulty connections in
auto radio heater and vibrator input
circuits, where high current require-
ments necessitate low circuit resistance.
Values of unknown eapacitances and re-
sistances below 10 upuf and 10 ochms are
measured and indicated directly, as the
increment such low values add on the
bridge dial when they are shunted
across some convenient small value of
capacitance or resistance first connected
to the bridge terminals and measured.
With a 10 puf capacitance (conveniently
provided by a pair of wires twisted to-
gether just sufficiently to give a 10 unf
indication on the bridge) it becomes
possible to measure accurately capaci-
tances as low as Y% puf. The same is
true for resistance, substituting a 10
ohm resistor for the 10 puuf test ca-
pacitor.

Power factor of ecapacitors in the
ranges usually made up of paper, oil
and electrolytic struetures should be
measurable up to 50 percent. Since
paper capacitors seldom are made be-
low .001 uf, and as mieca, ceramic and
air capacitors seldom exhibit poor power
factor without complete failure, we may
establish power factor measurement as
essential in the range of .001 pf up
through 1000 pf.

For electrolytic capacitor measure-
ment and reforming after idle periods
the ideal bridge must incorporate a
source of continuously variable d.c. po-
tential which may be applied to any
capacitor under test. Provision must be
made for determination of leakage cur-
rents through electrolytie capacitors as
well.

If we can provide means for measur-
ing condenser capacitance under condi-
tions where actual d.c. operating volt-
ages are applied at the same time that
capacity is being measured, we may
locate those intermittent condensers
which are the bane of the service tech-
nician; condensers which test correctly
out of circuit but whieh fail to function
when restored to the equipment from
which they were disconnected because
a d.c. potential not present in outside
measurement is reapplied to them.

Fig. 1 and the photos illustrate and
diagram a capacitance-resistance bridge
satisfying all of the requirements set
forth above, a precision measuring in-
strument yielding an accuracy in
measurement of capacitors and resis-
tors of *=3 percent nominally over the
range of % uuf or qhm up through
160 pf or megohms; with such labora-
tory order of accuracy falling off slight-
ly only between 100 and 1000 puf or
megohms. Using it, power factor may
be accurately determined, polarizing
voltages may be applied to any and all
types of capacitors during actual ca-
pacitance measurement, leakage cur-
rents in two ranges of 0-10 and 0-100
ma may be measured—even insulation
resistance up to 1000 megohms with 0
to 500 volts d.c. applied may be ac-
curately determined.
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Operation is simple as it is accurate.
The power cord plug inserted into any
105/125 volt, 50/60 cycle a.c. mains out-
let, the bridge is turned on by nioving
the lower right knob from OFF to ON,
and tubes allowed
to warm up. Mid-
dleright lever
switeh set to
BRIDGE, it is only
necessary to con-
nect an unknown
resistor or capaci-
tor to the two left
panel jacks by
means of the clip
leads supplied and
set RANGE knob
to that position
which allows the
electron-ray tube
to open to a maxi-
mum for some set-
ting of the 5-inch
dial, when the val-
ue of the unknown
is read directly
from the dial set-
ting multiplied by ' the indicated
RANGE knob figure. The upper
left knob allows adjustment to the
degree of *“eye” opening which yields
most accurate readability. The lower
left knob reads power factor directly
in percent at that setting which, after
the bridge is balanced, vields greatest
farther opening of the “eye.” D.c. polar-
izing voltage is applied in accordance
with the rating of the capacitor under
test by appropriate setting of the lower
right knob and depressing of the but-
ton-switch immediately above it. Ca-
pacitor leakage current is read on the
“eye’ as the percentage of closure it ex-
hibits when the lever switch is thrown
to the 10 or 100 ma leakage positions
with polarizing voltage applied. No
eye closure indicates no leakage cur-
rent; full eve closure indicates 10 or
100 ma leakage current, depending
upon lever switch position.

Fig. 1 illustrates circuit-wise how all
of these functions are incorporated in
an instrument measuring only 123%
inches long, 7% inches high and 6 inches
deep over knobs, in a weight of but 10
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pounds, and all with large and costly
laboratory instrument accuracy. The
actual bridge measuring circuit itself
consists of a 4-arm Wheatstone Bridge
circuit in Carey-Foster form. The main
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Front view of the Silver Model 904 Capacitance-Resistance Bridge.

dial controls the =*2 percent precision
potentiometer P1 which constitutes two
simultaneously variable arms of the
bridge. A third bridge ‘“arm” is al-
ways the unknown, or X, connected to
the INPUT terminals, The fourth, or
“standard” arm consists of C1, C2 or
C3 for three capacitance ranges, or of
R1 R2 or R3 for three resistance
ranges. To obtain the two special high
ranges of 10 to 1000 uf or megohms,
special “expanding” resistors R4, Rda
are cut into circuit at one or the other
end of P1 by the range switch S1, Sla,
S1b. Standard resistors are held to =1
percent accuracy,; capacitor standards,
of mica and special mineral oil construe-
tion, to =2 percent.

This type of bridge cireuit wherein
two arms are varied simultaneously
and oppositely in value yields the
advantage of a 100 to 1 range for each
rotation of P1, plus the desirable
logarithmic scale calibration wherein
accuracy is substantially constant per-
centage-wise at low, medium or high set-
tings of the dial scale. It also lends it-

(Continued on page 51)
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Fig. I—Complete schematic of the bridge. Measurements are made with three main controls.

1946

1%



A PRECISION INSTRUMENT
(Continued from page 19)

self admirably to extension of its range
through the “vernier” effect upon P1 of
adding R4, Rda into circuit to cover
from 10 to 1000 .f or megohms.

Voltage for operation of the bridge
itself is supplied through special trans-
former T1 connected to the horizontal
bridge arm junctures. Balance is indi-
cated by the absence of voltage across
the wvertical bridge arm junctures
(ground and arm of S1) indicated by
the 6E5 electron-ray tube, with the null
voltage amplified by the 6SN7GT triode
to its left in Fig. 1. Indicator sensitivity
is controlled by potentiometer P2.

The power transformer provides heat-
er voltage to the three tubes, and has its
high voltage secondary connected as a
whole to the 5Y3GT rectifier tube used
as a half-wave rectifier. Filtration is a
simple problem in this type of instru-
ment, while such use of an essentially
standard power transformer and recti-
fier tube permits obtaining something
over 600 volts d.c. output simply and
easily. For operation of the amplifier
and indicator tubes this is cut down to
200 volts by the voltage divider R10,
R10a. The full 500 volt d.c. output of
the power supply appears across extra-
heavy potentiometer P3, with any panel-
calibrated portion of this veoltage from I
0 to 500 volts obtainable from its arm
for application to the capacitor—or re-
sistor—under test through filter resist-
or R9, PUSH TO POLARIZE button
switch S4, and isolating-current limit-
ing resistor R5. Cb through C5f are all
8 uf, 350 working volt electrolytic capac-
itors. C5d, C5e and C5f in series are the
filter input capacitor of 1060 volts rat-
ing for the 500 volt circuit voltage—am-
ple safety indeed against line surges.
Voltage distrilution across them, as
well as across C5a, C5b and C5e is held
constant and capacitor life is prolonged
by shunt resistors R7a, R7b and R10b,
R10¢ and R10d.

Switches S2, S2a shift the funetion of
the 6E5 indicator tube from that of a | |
bridge balance (null) indicator over into
a two-range milliammeter with resistor !
shunts R11 and R12 yielding 0-10 and
0-100 ma ranges. The 6E5 connected
across one or both of these resistors in
series with the internal d.c. polarizing
voltage source and the specimen under
test provides a milliammeter which
may not be burned out like the ordinary
meter movement if a short-circuited
condenser is inadvertently tested. t

“Where extremely precise measure-
ment of the leakage current through ca-
pacitors under test may be required, a
more accurate indicator than the 6E5 is
preferred. The milliammeter in any con-
ventional volt-ohm-milliammeter may
be employed for such precise measure-
ment. It is merely necessary to connect
such milliammeter between the capaci-
tor under test and the black jack of the
bridge. The meter should be short cir-
cuited for all except leakage current
measurenents, for its resistance can
upset power measurements.”
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are fully represented in the great new Concord
Catalog. Complete lines including new and hard-to-
get paris and equipment at latest O.P.A. prices or
lower. Thousands of items—and complete stocks
ready for immediate shipment from CHICAGO or
ATLANTA. Your copy of the new Concord Catalog
is ready now—FREE! Mail the Coupon below.
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Complete showing of ham gear, equipment,
supplies and accessories for amateurs, engi-
neers, servicemen, soundmen, retailers.

SEE...

the first peacetime Concord line of modern
Radio Sets and Radio Phonograph Combi-
nations—featuring a host of new, approved
post-war developments...richer tone qual-
ity...super-selective tuning and reception...
high fidelity...new modern designcabinets.

SEE ..
the thrilling new MULTIAMP Add-A.
Unit Amplifiers, an entirely new revolu-
tionary development in amplifier engi-
neering with sensational new flexibility,
power, fidelity and economy—EXCLUS-
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