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THIS IS WHY

VIBRATORS ARE
RELIABLE, QUIET
AND LAST LONGER

CHECK THESE SAFETY FEATURES: /
ELECTRON!C POINT SETTING! 1‘;’: more guesswork. Every point set

th uniform, micresccpic accuracy.

EXTRA FLEXIBLE LzADS! Eliminates danger of lead breakage.
INDESTRUCTIBLE, PURE INDIA  pru, 715neior, using piaxe ruby mica.

Results in a stack that is superior to
RUBY MICA STACK! all other types. 1
Only vibrator available teday equipped

NEW, EXCLUS|VE FLOAT'NG with this super-soft, pure spouge’

rubber sock. Designed to eliminate
SOCK DESIGN! iy o

I Coil wound on C-D developed equip-

PRECISION WOUND COIL! ment for greater efficiency and less heat.
For the best in vibrctors insist. on C-D’s. Now at your local C-D distrib-
utor. Or write for ful details to Comell-Dubilier Electric Corp., Dept. HO79,
South Plainfield, N. ]. Other planis in New Bedford, Worcestaer, and Brook-
line. Mass.; Providerce, R. I.; Indianapolis, Ind.; and Cleveland, Ohijo.
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A SERVICEMAN’S R-C-L BRIDGE

A combination bridge for cesistance,
capacitance, and inductance measure-
ments is as useful to the radio service-
man as to the laboratory technician.
This handy instrument, commonly called
un Impedance bridge, permits the quick
identification and testing of all capac-
itors, resistors, coils, and chokes em-
ployed in radio and television circuits.
L-C-R bridges are not owned by more
servicemen because of the high cost
of these instruments as manufactured
commercially.

This article gives constructional de-
tuils of an efficient impedance bridge
which can be built and calibrated by
any serviceman. It is inexpensive, em-
ploys simple easily-obtained compo-
nents, and requires no expensive equip-

X

ment for its calibration. This instru-
ment will measure resistance values
from 1 ohm to 1 megohm, capacitance
from 10 micromicrofarads to 100 mi-
crofarads, and inductance rom 10 mi-
crohenries to 100 henries. Three re-
sistance ranges, four capacitance ranges,
and four inductance ranges are pro-
vided. The total capacitance range is
sufficient to permit measurement of
units extending from the lowest-capac-
itance silver mica types to the very-
high-capacitance electrolytizcs. The in-
ductance range covers all values from
small r. f. coils to large iron-core
chokes.

Most servicemen already have on
hand sufficient spare parts for con-
struction of the bridge. However, if

Fig. 1. Overall view of the Serviceman’s impedance bridge.

The instrument is built into a standard metal chassis. Resistance, inductance, and
capacitance measurements are alforded over a wide range.
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Fig. 2. Complete bridge circuit.
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Key to Fig. 2

C,—0.0001 ufd. silver mica Cornell-

Dubilier 2R 5T1

Cs-—0.01 ufd. silver mica — Cornell-
Dubilier 1R 3D35

Cy—=1 ufd. oil-illed — Correll- Dubi-
lier DYR 6100

Ci—10 ufd. 25 d. c. w. v. tubular elec-
trolytic — Cornell-Dubilier BR
102A

Ci—0.1 ufd. 400-v. tubular — Cornell-

Dubilier DT 4P1
Cs—38 ufd. 450 d. c. w. v. tubular elec-

trolytic — Cornell-Dubilier BR
845

Ci, Co—Dual 8 ufd. 450 d. ¢c. w. v.
tubular electrolytic — Cornells

Dubilier BRL 8845

Cs, Cio—0.1 ufd. 400-v. tubular —
Cornell-Dubilier DT 4P1

R—10,000 ohms 1 watt 1% tolerance
R.—100 ohms 1 watt 1% tolerance
Rs—1,000 ohms 1 watt 19 tolerance
R—100 ohms 1 watt 1% tolerance
R;— 10,000 ohms 1 watt 1% tolerance
Ri—10 ohms 1 watt 1% tolerance
R:—1,000 ohms 1 watt 1% tolerance
Rs—10,000-0hm linear-taper wirewound
potentiometer I.R.C. W-10,000
250,000-0hm potentiometer —

I.R.C. Type CS

R—25,000-0hm wirewound potenti-
ometer — Mallory M-23-MP

Ry

Ri—10,000-0hm linear-taper wire-
wound potentiometer — L.R.C.
W-10,000

Ry>—1,000 ohms ! watt carbon -—
I.R.C. BT-1

Ry—-250,000 ohms 1 watt carbon —
I.R.C. BT-1

Ri—1 megohm 1 watt carbon —-

I.R.C. BT-1

Ri—1 megohm Vs watt carbon —

I.R.C. BT-\4

R1—500,000 ohms 4 watt carbon —
I.R.C. BT-14

Ri+—1 megohm 1 watt carbon —

I.R.C. BT-1
R1:—2,500 ohms 10 watts wirewound,
insulated — Sprague 10KT
Rie—240-0hm line
. E. D

RECT—100-ma. selenium rectifier —
Sylvania NC535

$1-82-Ss-S—4-pole, 11-pasition, non-
shorting, rotary selector switch —
Centralab 1429

card resistor —

Ss-Se-Si—3-pole, 3-position, non-short-
ing, rotary selector switch — Cen-
tralab 1407

Se—S.P.S.T. switch attached to po-
tentiometer Rs

T-—3:1 ratio interstage audio trans-

former — Thaordarson T57A38

all new, top-quality parts are pur-
chased, the {ull price should not ex-
ceed 25 dollars.

The completed bridge 1s shown in
the photograph, Figure 1.

Description of Circuit

The complete circuit schematic is
given in Figure 2. A careful examina-
tion of this drawing will show that a
4.arm bridge arrangement is employed.
The 4-pole, 1l-position range switch
(S:-8:-85-Ss) changes the components
in three of the bridge arms in such a
manner as to set up automaticaily three
different bridge circuits — the Wheat-

stone circuit for resistance, a simple
4.arm circuit for capacitance, and the
Maxwell circuit for inductance. The
Mazxwell bridge has the distinct advan-
tage that it allows an unknown induct-
ance to be checked against a known
standard capacitor. This is desirable
because standard inductars (required
in other types of inductance bridges)
are much more expensive and harder
for the serviceman to obtain than are
capacitors with close ratings.

The bridge is balanced by means of
a 10,000-ohm potentiometer, Rs, to
which the main dial is atiached. The
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dial is marked off in a single set of
figures which indicate directly micro-
microfarads, microfarads, ohms, micro-
henries, millihenries, and henries. This
makes it unnecessary for the operator
to perform calculations.

A separate potentiometer, Rup, 3s
provided for balancing out the resistive
component of the capacitor or coil
under test. This is commonly called
a power factor adjustment. The 3-pole,
3-position switch, Ss-Ss-S7, connects this
potentiometer in series with the stand-
ard capacitor when capacitor measure-
ments are being made, and in parallel
with the standard when inductance
measurements are being made. When
this switch is in its R position, the
bridge is set for resistance measure-
ments, and potentiometer Ry auto-
matically is cut out of the circuit. Ad-
justment of Ry sharpens the null in-
dication, after a balance first is ob-
tained by adjustment of the main con-
trol, Rs. In the bridge shown in Fig-
ure 1, potentiometer' Ry; has not been
provided with a direct-reading dial,
since this dial normally would read
per cent power factor and its indica-
tions would be misleading in induct
ance measurements. However, if an
individual builder desires, he may at-
tach a dial to this potentiometer and
graduate it directly in ohms. The
power factor of a capacitor, or the Q
of a coil under test then may be cal-

culated from the resistance setting
of R

The bridge signal is a 60-cycle volt-
age supplied by transformer T. The
value of signal voltage applied to the
bridge may be adjusted by means of
potentiometer Rio.

The null indicater of the bridge is
a 6U5 magic eye tube, ahead of which
is a high-gain 6S]7 amplifier. The sen-
sitivity of the amplifier is regulated by
means of potentiometer Ra.

D. C. voltages for the two tubes are
supplied by a half-wave power unit
comprised by the selenium rectifier
{RECT), filter resistor R, and the
dual electrolytic filter capacitor (Cs-
Cs). The heaters of the two tubes
are connected in series and are oper-
ated from the a. c. power line through

dropping resistor Ry which is a part
of the line cord. The ON-OFF power
switch, Ss, is attached to potentiometer
Rs and is switched off when this po-
tentiometer is turned to its extreme
left-hand position shaft position.

The standard resistors are Ry to R
These resistors must he chosen to have
the exact values indicated in Figure 2.
Under no circumstances should the
values vary more than I per cent from
those given. Carben resistors may be
used if they are picked for exact
values; however, best results will be
obtained if precision wirewound instru-
ment-type resistors are employed.

The standard carpacitors are C,, C.,
and C;. Like the standard resistors,
these capacitors must be chosen to have
the exact values indicated for them
in Figure 2. The builder should order
capacitors with not more than 1 per
cent tolerance.

Constructional Features

Mechanical arrangement of the
bridge may be ohserved from Figures
1, 3, and 4.

Our version of the instrument has
been built into a standard radio chassis,
12" long, 7" wide, and 3” high. The
chassis made a flat, compact case. Any
other suitable type of metal case of
the reader’s choice may be employed.
Figure 1 shows arrangement of the
various controls, test terminals, and
magic eye hood on the “front panel.”
These controls arc identified in Fig-
ure 3.

The main control is a standard 4-
inch-diameter radio dial provided with
a thin cardboard disc which has been
fastened to the dial plate with Duco
cement. The dial is graduated in R,
C, and L units according to instructions
given under Calibration later in this
article.

The “‘unknown’ test terminals, seen
in the upper left-hand corner in Figure
1, are small-sized ceramic-insulated
feed-through terminals. These ter-
minals, which are mounted through
14" diameter clearance holes, permit
wide clearance between the terminal
screws and the chassis through which
they pass. This reduces terminal-to-
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/LOW COST

vV EASY INSTALLATION

vLONG LIFE

Here is an assortment of converte
that are outstanding for their
dependable operation, their low =
initial cost and their simple,
economical installation. A comple(e
line for every purpose.

oo Plus these
C-D highlights

STARYTS UNDER LOAD — no warm-up pe od
needed.
WIDE APPLICATION ~
make for greater odoptability. =
NO BUXZ, NO NOISE — modified wave form
reduces shorp peaks

A COMPLETE LINE TO MEET EVERY

improved C.D circuils

POWER NEED
I I I I e B I
6RS é 110 ¥ 60 cycle 50 Mobile 0% x7Y% x 5% 12 $ 41.95 $25.17
S6RIO L] 110 ¥ 60 cycle 100 7x12% x7% 19 59.50 35.70
12R8 12 110 V 80 cycle 80 Marine and 6% x7% x5% 12 41.95 2517
12RU1S 12 110 ¥ 60 cycle 150 Mobile 7x12% x12Y; 22 78.95 47.37
32R8 32 110 ¥ 60 cycle 80 Farm and 8 x7% x5% 13% 48.50 29.10
32RUIS 32 110V 60 cycle 150 Marine 8% x12% x 7Y, 22V, 73.50 44.10
110PAS 110 110 ¥ 60 cycle 50VA Record 3% x 6V, x 2%, 2 14.95 8.97
110p85 110 130V 60 cycle S0VA Ployers 3% x 6% x 2% 2 16.95 1037
110RATS 110 110 ¥V 60 cycle 150 Radio & TV 6% xT7Y% x 5% 13% 48.75 29.25
110R10 i10 110V 60 cycle 100 For AC 6% x 7Y x 5% 10% 39.95 23.97
110R1S 110 110V 60 cycle 150 Power from U x 12V x7 15 66.95 4017
110RT15" 110 110V 60 cycle 150 DC Lines 6% x 12Va x7Y; 16% 65.00 39.00
110RT25"* 110 110 V 60 cycle 250 in City 6% x 12% x 8Yy 22 49.95 41.97
110RT35* 110 110 ¥ 60 cycle 350 Areas 7y x 14 x 8% 40 119.50 7¥70

“Spuciolly Designed to Operate Television Sets

BATTERY CHARGERS

SMOOTH DC POWER — 6 or 12 volts — from 110 volt AC line.
For Testing and Demonstrating Automobile Radias, etc,

Dy,

CONSISTEnrgy, |

llﬂl/[l

1F your jubber
cannot supply you
with these C-D
Powercuns, write

f ¥ o 3 i B

MODEL | outeur wuvs] size e | PR * " CAPACITORs Lirenoans con:z’ﬁig{u:ﬁ 158

1908A6 | 6VDC @ 10A 60 |75 x12% x8% | 16 | $54.95| $32.97 * VIBRATORS o ”-ECT"'C(C}‘_"'B’;’;AST“’;‘H
e : Dep! , Sou

11DBA12 lg;/ 3§ @20a] 120 | 7% x13x8Y, | 24%| 8550 51.30 * ANTENNLs Plainfield, New Jersey.

@ 104 Flmby o .

* Cony, We witl ship your

KRTERs order through your

1910 . ) nearest C-D disteibutor.

A GREAT NAME IN CAPACITORS A GREAT NAME IN CONVERTERS a
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chassis capacitance which appears in
parallel with a capacitor under test.

The socket of the magic eye tube
is “slung™ beneath the chassis and the
tube extends through a clearance hole
into the protecting and light-shielding
chimney seen in the upper right-hand
corner in Figure 1. This chimney is
a 1Vh-inch-diameter radio shield, 11,
inches high. It ‘s secured to the
chassis by means of spade bolts.

Figure 4 shows arrangement of the
principal components inside the chassis.
The standard capacitors (Ci, Cs, and
Cs) and the standard resistars (R; to
R:) are grouped around the range
switch (S:1-S2-8:-S4) and are omitted
from this drawing for the sake of
clarity. The various other capacitors
and resistors are mounted on insulated
terminal strips. For convenience and
to minimize the amount of drilling and
bolting, these terminal strips are sol-
dered directly to chassis.

While a compact, line-operated half-
wave power supply has been shown in
the circuit diagram, a transformer-type
power supply may be used if this type
is preferred and the sizc of the instru-
ment case can accommodate it. The
supply should deliver from 100 to 250
volts of filtered d. c.

The only special precautions neces-
sary in wiring the bridge are (1) to
keep all tube heater wiring close to
the chassis, and (2) to employ solid
No. 12 or No. 14 bus wire in all
wiring except that in the power supply,
amplifier, and eye-tube circuits. The
lead running from the center contact
of potentiometer Rs to the 6S]7 grid
must be covered with shield braid and
each end of the braid must be grounded
to the B-minus terminal of the power
supply.

Calibration

If the bridge dial is calibrated on
the resistance range, it will serve with-
out additional calibration also on the
capacitance and inductance ranges.
The following simple calibration pro-
cedure may be followed.

(1) Disconnect the center and right-
hand contacts of potentiometer Rs
temporarily from the bridge circuit.

(2) Connect the center and left-
hand contacts (viewed from the dial)
of the potentiometer to a good ohm-
meter or resistance bridge.

(3) By means of the ohmmeter, set
potentiometer Rs to 100 ohms. Mark
this setting 1 on the dial.

(4) Advance the potentiometer to
1,000 ohms and mark this point 10 on
the dial.

(5) Repeat the operation at each
1,000 5hms, marking the correspond-
ing points 20, 30, 40, 50, 60, 70, 80,
90, and 100 on the dial. {NOTE: At
the time the photograph, Figure 1,
was made, the dial shown on this
instrument had been calibrated in
other units for a special purpose.)

(6) Repeat the operation at as many
intermediate points as practicable to
obtain fine divisions for the dial.

(7) Ink-n the figures 2nd lines on
the dial and reconnect potentiometer
into the bridge circuit.

The accuracy with which the bridge
may be calibrated by the method just
described depends upon the accuracy
of the ohmmeter used and also upon
the care with which poteuntiometer Rs
is set to the various resistance values.

A second calibration method of high
accuracy requires a decade resistance
box of the laboratory type having
units, tens, hundreds, and thousands
decade units. The decade box is con-
nected to the X-X terminals of the
bridge. and the bridge is set up for
resistance measurement hy switching
Ss-SsS: to position R, and setting the
range switch (S:-S2-8:-Sy) Arst to 1-100
ohms.

(1) Set the decade box to 1 ohm,
advance potentiometer Rj a small
amount, and set potentiometer Rs to
maximum. Adjust the mzain dial (po-
tentiometer Rs) for null, as indicated
by maximum opening of the 6US evye
tube. Mark this point 1 on the dial.

(2) Set the decade box successively
to equal resistance steps up to 100
ohms. Balance the bridge for each
of these settings of the decade box, and
mark the corresponding resistance on
the dial. In using this method, follow
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the instructions given under Using the
Instrument for making the resistance
balances.

Using the Instrument
Preliminary

(1) Insert the power plug into an
a. ¢. outlet (Caution: the bridge will
not operate on a d. c. line voltage,
and in fact will be damaged by d. c.).

(2) Switch-on the power by advanc-
ing potentiometer Rs sufficiently to
click-on the ON-OFF switch, Ss.

(3) Wait for about 3 minutes for
the tube heaters to reach normal oper-
ating temperature. Obhserve that the
6U3 eve tube will glow green.

(4) Set potentiometer Ro at about
half-scale, and potentiometer Ry to
minimum.

Resistance

(1) Set the FUNCTION
(RsReR7) to position R.

(2) Set the RANGE switch (S;-S»-
S:Ss) to its 1-100-ohm position.

(3) Connect the unknown resistance
to terminals X-X by means of short
leads.

(4) Advance
. about V4 inch.

(5) Adjust the main dial throughout
its range, watching for a sharp open-
ing of the magic eye. If the opening
is too fast, or “‘hair-trigger,” for close
adjustment of the dial to the null point,
reduce the setting of the sensitivity
control (Ro). If no eye opening is
obtained, change the range switch set-
ting to the next higher range and re-
tune the main dial. Repeat this pro-
cedure on each resistance range until a
null indication is obtained. At the
point of exact null (widest opening of
the eye), read the unknown resistance
value by means of the main dial and
the range switch setting.

(6) Always use the lowest possible
setting of potentiometer Ry which will
afford a clean, sharp eye opening, espe-
cially on the 1-100-ohm range. It
may be necessary to jockey back and
forth between settings of Ry and Ry in
order to obtain best bridge action.

switch

potentiometer Rio

Capacitance
(1) Set
position C.
(2) Set the range switch to the 10-
1,000-uufd. range.
(3) Set potenticmeter Ry at about

half-scale, and advance potentiometer
R about V5 inch.

(4) Connect the unknown capacitor
to terminals X-X by means of the
shortest possible heavy leads.

(5) Adjust the main dial for a
sharp opening of the magic eye. If a
null is not obtained even when poten-
tiometer Rs is advanced to maximum,
advance the range switch to each
higher capacitance range and retune
the main dial. Readjust Re and Ry
for maximum bridge sensitivity.

(6) At null, adjust potentiometer
Ru for a sharpening of the null re-
sponse, and recheck the main dial set-
ting for exact null.

(7) Read the unknown capacitance
value from the main dial and the range
switch settings.

the function switch to

Inductance

(1) Set the function switch to posi-
tion L.

(2) Set the range switch to its 10-
1,000 microhenry range.

(3) Set potentiometer Rs to about
half-scale, and advance potentiometer

Ris about Y4 inch.

(4) Connect the unknown coil to
terminals X-X by means of the shortest
practicable heavy leads.

(5) Adjust the main dial'for a sharp
opening of the magic eye. If a null
is not obtained, even when potenti-
ometer Ry is set to maximum, try each
next higher capacitance setting of the
range switch, repeating tuning of the
main dial. Readjust Rs and Ry for
best bridge action.

(6) At null, adjust potentiometer
Ru for a sharpening of the null re-
sponse, and retune the main dial for
exact null.

(7) Read the unknown inductance
value from the main dial and the range
switch settings at null.
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