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CONDENSER & RESISTOR REPLACEMENT

CONDENSERS

The varied applications and types of cordensers used in radio sets
and other electroric equipment present s difficult problem to the
service engineer., He seldom has sufficient date pertaining to
their normal characteristics, and heretofore he has not been able
to determine the extent of the changes in these characteristics
which make replacement necessary. The Sprague Nodel TO=-3 alcng
with this Operating Manual supplies this need.

It is seldom sufficient to know only the capacity value of a cen-
denser sirce the proper operation of the equipment in which it is
used depends ss much on other fzctors, such as leskage current and
power factor, as it does on the capacity. In order to know whether
or not a condenser is satisfactory it is necessary to measure all
of its characteristics under operating conditions as outlined below.

The exact toleresnces which are permiscitle are gcverned by the par-
ticular zpplication. Eroad variations may be found beiween con=
densers of various mskes, and between condensers in the same circuit
positions in radic equipment made by different manufacturers. The
informetion giver on the following pages is of necessity general in
character, and gives tclerances which are in accordance with geod
practice. The service notes covering tke equipment being tested
should be consulted for specific data.



RESISTORS

The fixed resistcrs used in radio sets and allied equipment fall into
two general classes - the carbon or composition type generally rated
at three watts or less, and the wire wound type generally rated at
five watts or more.

The usual tolerance for the carbon type is+20%, while that for the
wire wound type is £10%. See the color code on Page 10 for the toler=
ance code of carben resistors.

Volume controls and other variable resistors may also be divided into
the same two classes - carbon and wire wound. In general wvariable
resistors of 50,000 ohms and above are of the carbon type, however
those belew this value are not necessarily wire wound. The tolerances
are generally the same as for the fixed resistors of the same type.

OPERATING INSTRUCTIONS
I. GENER4L

A« = Insert the line plug into a 115 V-80 Cycle receptacle and slide
the OFF-ON switch to the ON position.

B. - IMPORTANT. In order to prevent damage to your TEL-OHMIKE ALWAYS
test electrolytic condensers for leakage BEFORE measuring the
capacity., Condensers whose leakage current exceeds the values
listed on Page § should be replaced without making further tests.

II, RESISTORS

A. - Set the SELECTOR to the R3, Ro, or Rz position depending upen
the value of the resistance to be measured.

B. - Insert the resistor to be measured in the binding posts.

C. - Rotate the calibrated control slowly until the position 1s
reached at which the maximum "eye" opening is obtained. Read
the resistance directly in ohms or megohms.

D, = If the "eye" “flickers" or "winks" the resister being tested
has intermittent internal connections and should be replaced.

E. - If the color code of the resistor being measured indicates a
high value such as 1 megohm while the measured value is small
such as 10 ohms, the resistor is shorted and should be replaced.
If 2 1 megohm resistor tests above 25 megohms, it is open and
should be replaced. See Page 10 for the color code.

III., PAPER, MICA AND OIL CCNDENSERS

A. - INSULATION RESISTANCE: The insulation resistance of these
condensgers is ordinarily independent of their DC voltage
rating, consequently the TO=-Z can be satisfactorily used to
test the high voltege condensers used in transmitters, tele-
vision receivers, etc,

2



1.

2

3.

Set the VOLTAGE control to the COFF position,

Set both the SELECTCR and METER RANGE switches tc the INS,
RES. position.

Insert the condenser to be tested in the binding posts, Ad-
vance the VOLTAGE control in small steps allowing the eye to
come to rest gt each step. Advance the control until the
wings of the eye are 1/64" apart (1° shadow angle). Note
that as the control is advanced, the eye cpens then closes.
This is due to the charging current which results from the
increase in voltage as the control is advanced, Sufficient
time must be 2llowed at each step to permit the condenser
te fully charge (no change in eye opening) or false results
will be obtained. Resd the insulation resistance directly
on the meter., If the eye remsins open for all positions of
the controlythe insulation resistance is greater than 2,500
megohms. If the eye flutters with the VOLTAGE control at
any given position (after sufficient time has been allowed),
the condenser is defective and should be replaced,

LEAKAGE RESISTAIICE | NCRMAL REPLACE

500 Megohms per 10C Megohms per

Filter and MFD above .1 MFD, MFD. above .1 MFD.
By-Pass Condensers |2,500 Megohms 1,000 Megohms tctal

total resistance resistance per con=
per condenser for denser for urnits less
condensers less than .1 MFD,

than 1 MFD .

Divide total leaksge resistance in Megohms by capacity in MFD, If
the value is less than 100 Megohms/MFD the

condenser should be re=

placed.
500 Negohms per When lezkage re-
VMFD above .1 MFD, sistance falls
2,500 Megohms to 20 times the
Coupling Condensers | total resistance value of the grid
per condenser for resistance.
condensers less
than .1 MFD,

B, - CAPACITY AND POWER FACTOR:

1.

2.

3.

Place the PAPER-MICA ELECTROLYTIC switch in the PAPER-MICA
position and set the PONER FACTOR control at O.

If the condenser to be measured is below 001 MFD attach
the 1leads directly to the binding posts without using
test leads. The use of long test leads, which have some
capacity, may give incorrect readings when very low capaci-
ties are measured.

Place the SELECTCR in the Cy, Cg, or Cz position depending
upon the capacity to be measured. No polarizing voltage
is needed for this test.




4o

Rotate the center control for maximum "eye" operning and
read the capacity directly from the scale used. If the
C3 range is being used, power factor may also be measured.
In this case, adjust the POWER FACTOR centrol for maximum
opening of the "eye"., While the permissible power factor
deperds upon the application, in general if a reading is
obtained above 2% the condenser should be replaced.

5« If the reading for a paper corndenser is obtained at a low
capacity part of the scsle, the condenser is open. If the
reading is obhteined at the high capacity part of the scale,
a short 1s indicated. For example: if a cordenser is mark-
ed o1 FD arnd the TEL-OHMIKE shows a reading of less than
.001 MFD the condenser 1s open, while a reading of over .5
MFD would indicate that the condenser is shorted.

Up to Cver
CAPACITY TOLERALCE 002 MNFD .002 MFD
NCRMAL |REPLACE NCRIMAL | REPLACE
Filter and By-Psss -25% -33% -10%| -20%
Condensers +50% | +100% + 40% | +100%
Coupling Condensers —20% —30% -20% -30%
+20% +30% +20% +30%

IV, DRY ELECTROLYTIC CONDENSERS

A. = LEAKAGE CURRENT:

1.

Re

S

4.

911
e

6.

All measurements should be made at room tempersture (75° )
Leckage current should be read after rated working voltage
has beer maintained on the condenser for a five minute peri=~
ode The time required for the leakage current to fall to
its normal value is as important as the wvalue of the leakage
current itself. Condensers which require more than five minutes
to reach normal leakage should be replaced.

Set the SELECTOR to the LEAKAGE position, and the VCLTAGE knob
to the OFF position.

Set the METER RANGE switch to a voltmeter range near that of
the DC voltage rating of the condenser to be tested. (For a
450 volt condenser use the 750 volt range).

Insert the condenser tc be tested in the binding posts ob-
serving polarity.

Adjust the polarizing voltage by rotating the VOLTAGE knob
until the voltmeter reading equals the DC voltage rating of
the condenser.

Turn the METER RANGE switch to the first current position
(75 MA) and observe the meter reading. If the reading is
less than 15 MA, turn the METER RANGE switch to the next
position., See the tables for the permissible walues of
leakage current. Condensers which have a leakage current
greater than normal should be replaced and no further tests

4



should be made., Electrolytic condensers which show no leak-
age current at normal polarizing voltage are cpen and should
be replaced. If the leakage current is normal the condenser
should be tested for Czpacity and Power Factor.

NORMAL REPLACE
Filter
Condensers o5 MoAo+.05 M.A, /MFD. 1 MoAe+ .06 M. As/MFD
By=Pass
Condensers o1 MoAe+401 Mod./MFD, 2 M,Ae+.015 M.A./AFD,

B. - CAPACITY AND PCWER FACTOR

l. Turn the METER RANGE switch to the OFF position. Always
have this switch in the OFF position except when measuring
current, voltage or insulation resistance.

2+ OSet the SELECTOR to the Cz or C position depending upon the
capacity to be measured. (g fo" capacities up to 50 MFD, and
C4 for capacities between 50 and 2,000 MFD),

3. S5lide the PAPER-MICA-ELECTROLYTIC switch to the ELECTRCLYTIC
position. Place the METER RANGE switch on the correct range
and advance the VOLTAGE control until the meter reads the DC
voltage rating of the condenser under test,

4. Rotate the center control until maximum opening of the "eye"
is observed. Adjust the POWER FACTOR control for maximum
"eye! opening, readjusting the center control slightly, if
necessary. Read the capacity and power factor directly.

If the capacity reading is obtained near the high end of
the scale, the best reading accuracy will be obtained if the
next higher range is used. If the "“eye" winks or flutters
after the reading is obtained, there is an intermittent "open"
or 'short" either in the condenser being tested or in the con-
nections to the ccndenser. See the table for the tolerances
on Dry Electrolytic Condensers. Condensers which are out of
tolerance on any characteristic should be replaced.

CAPACITY TOLERANCE NORMAL REPLACE
— 10% — 20%
+ 60% +120%
POWER FACTOR
NORMAL REPLACE
Filter Condensers 15% 25%
By-Pass Condensers 25% 40%

V., WET ELECTROLYTIC CONDENSERS

There are two types of wet electrolytic condensers in use in radio re-
ceivers; the "standard" wet and the "regulating" wet condensers. The
"standard" type is the conventional wet condenser, while the "regulating!
type is a special condenser designed to regulate the voltage output from
the rectifier system while the tubes in the set warm up.
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Regulating wet condensers are sometimes marked with an "R", but many
are in service without this marking. Practically all 300 and 350
rated working wvoltaze wets in service are of the regulating type.
Wets of these voltage ratings should be replaced with special dry

electrolytics such as Sprague type RW.

Before replacing a regulating wet condenser the DC voltage across it
should be measured, after the receiver has thoroughly warmed up, to
be certain that the voltege rating of the condenser is not exceeded.
Practically all failures of regulating wets are cesused by excessive
DC voltage urder high line voltage conditions. If the DC voltage
exceeds the rating of the "regulating" condernser it is best to re=-
place it with a Spregue type RW, and to replace the other filter and
by-pass condensers in the set with units of proper voltage rating.

In some radic receivers wet condernsers of 300 and 350 volts rating
will be fcound connected in series with a high resistence of the
order of 10,000 to 30,000 chmss These sre not "regulating" wets,
and should be replaced with Sprague type RW of proper capacity rating.

The time required for the leaksge current to fall te the normal value
is as important as the value cf the current itself. When the rated
working voltage is applied to a wet condenser the leskage current
should fall to normal value in a period not exceeding 5 minutes for
the standard wets and 10 minutes for the regulating type of wet con-
denser., Condensers which draw more than the above values or current
et the end of the times given should be replaced. Any wet condenser
which makes a "hissing" or "sparkling" sound at any voltage up to
rated voltage plus 10 volts is defective and should be replaced.

NORMAL REPLACE
LEAKAGE CURRENT 1 M. Aet+ o1 M.A, per Leakage current
MFD, Meximum value over 2.5 M.A.
Res M.A,
NORMAL REFLACE
CAPACITY TOLERANCE — 10% — 20%
+ 50% + 100%

These tolerances apply to both "standard" ard "regulating" types of
wet condensers.

POWER FACTOR:

The permissible power factcr of wet electrolytic condensers varies
with the rated capacity and working voltage. The following table
gives the normel and replacement values fcr "standard" wet electro-
lytic condensers. The permissitle values for "regulating" wets are
twice the velues given in the table. The operating procedure in
checking wet electrolytic condensers is exactly the same as that
used in checking dry electrolytics.
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VI, MWMOTCR STARTING CONDENSERS

The procedure used in checking motcr starting condensers is the same
as thet used or other electreclytic condensers EXCEPT that no polariz-
ing voltage shculd be used.

LORMAL REPLACE
CAPACITY TOLERANCE - 5% — 10%
+ 10% -+ 25%

NORMAL REPLACE
POWER FACTOR 10% 15%

VI, DC VOLT-MILLIAMMETER
(Voltmeter Resistance 1,000 ohms per volt)

A, = Set the SELECTCR switeh to DC METER.

B, = Set the METER RANGE switch to the range near that of the volt-
age or current to be measured. (If B supply of 400 volts is to
be measured use the 750 V. range).

C. = Insert test leads in the binding posts observing polarity.
VIII. SPEEDY CHECK

The Sprague Tel-Chmike may be used to Speedy Check electrolytic,
paper, and mica cordensers for "shorts", "opens", or intermittent
defects without removing them from the circuit in which they are
used, The radio set or other equipment under test MUST be removed
from the power line however.

Typical filter circuits are shown below., Connect test leads from
the Tel-Chmike to the condenser to be tested (begin with condenser
A) observing polarity if electrolytics are being tested.

RECT. B + RECT. B+
= rn— ANA—

A B A B

T T

Turn the Selector to the Cj, Co, Cz, or Gy position depending upon
the capacity to be measured. Hotate the center control until the
maximum opening of the eye is obtained. Adjust the Power Factor
cortrol for maximum eye opening (if Cz or C4 ranges are in use).
It is not necessary to use polarizing voltage during the Speedy
Check.,



If maximum opening of the eye is obtained at the high end of C4
(assume that a 12 MFD condenser is being tested), either the con-
denser or rectifier (tube or dry disc) is shorted. In this case,
remove the lead of condenser A from the circuit and test it in

the regular way. If condenser A is marked 12 MFD and measures .1

it is open and should be replaced without further testing. If the
eye "winks", condenser A or some other component in the circuit is
intermittent. Condenser A should then be discomnected from the
circuit and tested in the normal way. Thus the defect can be quick-

ly isolated.

If the Speedy Check shows condenser A to be satisfactory (neither
open, shorted or intermittent), condenser B should be Speedy Check=-

ad.

When making the Speedy Check do not reject a condenser because the
capacity or power factor readings are out of tolerance (according
to the tables).

While the ebove detziled instructions have covered filter circuits,
sny other paper, mica or zlectrolytic condensers can be Speedy Check-
2d provided that the resistance shunted scross it is high compared
with the reactance of the condenser at 60 cycles.

Screen by-pass condensers, coupling condensers and isolating con=
densers are among those which may be Speedy Checksd to good advantage.

GUARANTEE

The Sprague Tel-Ohmike is fully guaranteed against defects in
materisl and workmanship for a period of ninety (20) days from
the date of receipt by the owmer. Our guarantee is limited to
the repair or replacement of defective material or workmanship,
provided the instrument is returned to us in accordance with
the terms noted below,

1. THIS GUARANTEE IS NOT VALID UNLESS THE ATTACHED
REGISTRATION CARD IS PROPERLY FILLED IN AND
RETURNED TO SPRAGUE PRODUCTS COMPANY, NORTH ADAMS,
M4SS., WITHIN FIVE (5) DAYS AFTER RECEIPT BY THE
OWNER.

2. THIS GUARANTEE IS VOID IF THE SEAL ON THE REAR OF
THE INSTRUMENT HAS BEEN REMOVED OR TAMPERED WITH.

5. DALAGE DUE TC ABUSE OR MISUSE IS NOT COVERED BY
THIS GUARANTEE,

If the return of this instrument is deemed necessary, advise
SPRAGUE PRODUCTS COMPANY, NORTH ADAMS, MaSS,, giving full
details. Our reply and instructions will reach you within
five (5) days after receipt of your letter., NO ADJUSTMENTS
WILL BE MADE UNLESS CUR CONSENT FOR THE RETURN OF THE INSTRU-
HENT IS OBTAINED BEFORE MAKING SHIPMENT.

NOTE: RETURNED INSTRUMENTS MUST BE PACKED CAREFULLY, MARKED
FRAGILE, AND SHIPPED BY PREPAID EXPRESS.
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RMA COLOR CODES FOR RESISTORS (OHMS)

D A C A B

—YU__U O—

]
BAND OR DOT
OLD COLOR ARRANGEMENT

A BCD

—\WAV

BODY COLOR
NEW COLOR ARRANGEMENT

Body color (new color arrangement only) in-
dicates type of resistor, as follows:

Black—Composition, non-insulated.

Tan, Olive or White— Composition, insu-
lated.

Dark Brown—Wire-wound, insulated.

A B C
COLOR 1st Digit 2nd Digit Multiplier
Silver 0.01
Gold 0.1
Black 0 1.0
Brown 1 1 10
Red 2 2 100
Orange 3 3 1,000
Yellow 4 4 10,000
Green 5 5 100,000
Blue 6 6 1,000,000
Purple 7 7 10,000,000
Gray 8 8 100,000,000
White 9 9
D—Tolerance Code:
Gold—59%, Silver—109, No Color—209%,

RMA COLOR CODES FOR CAPACITORS (MMF)

. First Second
Significant Significant Decimal
Figure Figure Multiplier
2o
500 V. D.C. 20 Percent
Working Tolerance
. First Second Third
Slg'r_liﬁcant Significant Significant
Figure Figure Figure
~ { "
D.C. Working Tolerance Decimal
Voltage Multiplier

10

Color Numeral Volts Multiplier  Total
Black 0 1

Brown 1 100 10 19,
Red 2 200 100 29,
Orange 3 300 1,000 39,
Yellow 4 400 10,000 497
Green 5 500 100,000 5%,
Blue 6 600 1,000,000 6%
Violet 7 700 10,000,000 79
Grey 8 800 100,000,000 8%
White 9 900 1,000,000,000 99
Gold 1,000 0.1 5%
Silver 2,000 0.01 109,
No Color 500 209,

Printed in U. 8, A.



SELECTOR SWITCH
SHOWN IN LEAKAGE
POSITION

PAPER
MICA

®

TEST

[

0.51 MEG

[
/MM”“H/.\/\L

000-2W

22'

1000 —

3F

7500-S

— D\
G
1MA 50 MV
RANGE SWITCH

SHOWN IN
INS. RES. POSITION

5Y3 nu‘\m

f
A

20MEG

2R

50,000-15W

50,000-4W

OFF
ON
115 VOLTS o.om\H,
50-60" o.om:H
6E5
HEATER

0.1 MEG

10 MEG

-S

10 MEG

ES

3000

-

0.15 MEG

5w

220-

-S

e e o g 1Y

7-49

0.5 MEG =S

AN/

15,000-S

0.15 MEG-S

0.75 MEG-S

@
L
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