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PACENT Parts and
Accessories Meet Every
Radio Requirement

IN SPECIFYING or using radio parts and acces-
sories made by Pacent, you have the
|| satisfaction and confidence in knowing that they
represent the most advanced engineering design
and are of unquestioned quality.

| Among the leading Pacent products that are
the outstanding popular choice of engineers, ex-
perimenters or radio listeners are the Pacent
Transformers used by several of the leading set
manufacturers and designed in a full and com-
pleteline including push pull, filament, and power
and the famous audio transformers for present
day and amplifying requirements; the Pacent
Balanced Cone which has established new stand-
ards in radio reproduction and the Pacent Phono-
vox which utilizes the radio set to electrify a
phonograph—the biggest sensation of the year.

Pacent Rheostats
65¢ in all Capacities

Pacent products may be obtained at all good dealérs.
Write for descriptive literature on the items you are
inierested in.

PACENT ELECTRIC COMPANY, INC.
91 Seventh Avenue, New York .

Manufacturing Licensee for Great Britain
and Ireland ‘

Igranic Electric Co., Lid., Bedford, England - ‘Pacm Auto Plug
: 6o¢

Pactht Push - Pull Transformers
$16.00 per pair
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| N/ CONTINENTAL

THE .SYMBOL OF SERVICE

OUR SERVICES ARE AT
'YOUR COMMAND
5 *

The pioneer house of Continental is glad to
place its extensive merchandising facilities at the
command of the buyers, engineers, and other

- members of the Radio Club of America. Through
this dependable service, built up during years of
steady growth, Continental is able to recommend
members to reliable dealers in their districts or
to arrange for their securing such radio materials
and merchandise as they need.

The names of dealers in your vicinity and any
other information you may desire will be cheer-
fully supplied on request.

Continental Radio & Electric Corp.
160 Varick Street "~ New York City ﬂ
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Life Test Data on Paper Condensers
| By A. A. Leonard G

A Paper Delivered before the Radio Club of America, January 18th, 1928

HE problem of testing paper condensers,
with a view toward determining - life
and behavior under operating condi-
tions, has been an elusive one. One condenser
may apparently be as good as another under
numerous tests, but may fail in a surprisingly
short time when subjected to operating con-
ditions such as are found in radio equipment.
Pursuing the policy of rigid test and inspec-
tion of all parts, the Fada laboratories realized
the necessity of establishing some standard
method of test which would determine the ap-
proximate performance and life of bypass and
filter condensers. This is an attempt to outline
the results of ‘almost a year’s study of the con-
denser problem and to point out shortcomings
in some of the existing methods of rating con-
densers. :
The first method which presents itself is the

high-potential breakdown test. This has the

disadvantage of ruining the sample tested, so
completely, that analysis of the cause of break-
down, other than flash-over, is in almost all
cases impossible. It is reasonable to expect
flash-over and breakdown potentials will be
several times the rated operating potential of
the unit; this is standard practice not only with
condensers, but with all electrical machinery.
Tests have proven that condensers having
relatively low breakdown potential have out-
performed and out-lasted units which exceeded
them by as much as 50 per cent. One manu-
facturer, through special processing, is able to
obtain breakdown potentials in excess of 1500
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volts on a condenser, the rating of which is 200
volts normal. This is anordinary two-paper unit.
It has also been found that there exists a wide
variation in breakdown between condensers of
the same make, although no appreciable differ-
ence in construction could be noted. This is
especially true in Halowax impregnated units,
possibly due to incomplete impregnation of the
particular sample tested. Paraffin and Ceresin
impregnations appear more uniform in general,
but with lower breakdown value. High-
potental testing, then, may be said to de-
termine only the instantaneous breakdown po-
tential of the particular unit under test, and as
the unit is worthless after test, it can be used
only at a minimum limit. Therefore, such a
test is of no value as it is not definite. )

Another test used by some, which is interest-
ing, but irrelevant, may.be mentioned. The
unit is charged, either at normal or at a po-
tential higher than normal, and placed aside
for a definite period, after which it is dis-
charged. Actually this determines only the leak-
age resistance of the unit, and as it is almost
impossible to determine the current at discharge
it tells nothing.

Various rituals have been developed in apply-
ing high-potential tests, and almost all other
forms of testing fall under this group. Some
manufacturers subject their condensers to both

‘a.c. and d.c., while others test them for short

periods at several times their rated potential.
In no instance have these tests proven con-
clusive, and in almost all cases high-potential
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testing is detrimental to the operating life of
the units.

Power-factor or, more correctly, “phase
angle,” is important, if the unit is to operate at
fairly high a.c. potentials. The losses in such a
unit may be traced to several sources. Briefly
they are as follows: First, 2R losses from direct
conduction through the dielectric; second, di-
electric absorption, etc.; lastly, series resistance
of the condenser plates.

A condenser having losses may be thought
of as a perfect capacity, having in parallel a
resistance representing its losses. The current
I, through this resistance is in phase with the
potential across the condenser “E,” and leads
the current through the capacity by go°. The
resultant [ leads E by some angle less than 9o°.
This angle is termed the “phase angle” and
its complement is the “‘phase difference ¢”’. Tan.
¢ is given by the value of % .. (See Fig. 1).

v
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FIG. L

From this it is seen that losses due to actual
conduction increase inversely with the fre-
quency, but at all, except very low, frequencies,
they form only a small portion of the total
losses of the unit. A 1-mfd. unit having a re-
sistance of only 10 megohms has a power-factor
due to resistance of 0.003 at 50 cycles, which
corresponds to a phase difference of 1’ 5"
This is about one third the measured power-
factor, other losses contributing the difference.

The current due to dielectric absorption may
or may not be in phase with E, depending upon
the frequency. Without attempting a mathe-
matical explanation of the condition the follow-
ing effect occurs. After the electrostatic charge
is impressed on the condenser, current will con-
tinue to flow. This is in excess of the current
due to conduction. It is of large amplitude first,

but diminishes, ultimately becoming zero. .

At discharge, exactly the reverse condition oc-
curs, current flowing after the electrostatic
charge has been removed. If the potential is
reversed in polarity at this time, the apparent
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resistance of the unit will be low, due to the
large value of absorption current. If an alternat-
ing source of potential is applied to the conden-
ser, it can be seen that the total energy absorbed
per alternation will depend upon the applied
potential and the time period. With constant
potential at low frequencies, therefore, a rel-
atively large amount of energy is absorbed a
few times per second, whereas at higher fre-
quencies, owing to the diminished time period,
less energy will be absorbed per alternation,
but the total energy per second will be ap-
proximately independent of frequency. This
statement 1s not exactly true, as the dielectric
current varies with respect to time, but, as the
time period per alternation is an extremely
small percentage of the total time required for
absorption, the current may be considered con-
stant for all but extremely low frequencies,
and the statement will hold for frequencies
such as are found in radio equipment, where
they are rarely below 25 cycles.

At high frequencies, where the reactance may .
be a very low value, I2R losses in the plates of
the condenser may become noticeable, but for
all commercial frequencies they are negligible.
The so-called non-inductive type of winding
still further reduces the possibility of these
losses contributing to power-factor. .

[t should be noted that all the foregoing losses
increase with the second power of the potential.
It is also important to note that both con-
ductance and dielectric = absorption, hence
power-factor, increase rapidly with tempera-
ture, and, to a lesser degree, with age. These
facts must be taken into consideration when
measurements are made. For example, a con-
denser which had a measured resistance of 136
megohms per mfd. at 0.8° centigrade decreased
to only 18 megohms per mfd. at 16° centigrade.

The actual measurement of losses in con-
densers of large capacity at low potentials is
difficult, owing to the necessity of high-ratio
bridge measurements, the absence of reliable
standards having known losses, and the me-
chanical and electrical problems encountered in
the design of such standards. Air condensers at
low potentials are probably more nearly perfect
than any other form of standard available, but *
as their capacity is necessarily small, large
errors may be introduced by inaccuracies in
the bridge arms, stray capacities in the stand-
ard arm, etc. It is the only method available
to the average laboratory, however, and if care
is used, fairly dependable results will be ob-
tained. The Tresults are certainly sufficiently
accurate to enable an intelligent selection
of condensers. It seems necessary, especially
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where filter condensers are to be tested, to
check the condenser for power-factor, for if the
dielectric absorption is excessive it - may- cause
serious heating, materially curtailing the life
of the unit.

Probably the most consistent and dependable
way of checking condensers consists of selecting
a number of condensers at random from the
manufacturer’s current production, The samples
are divided into two groups, one of which is
subjected to rated potential, and the other
double rated potential. The condensers should
be so arranged that a simple jack and plug

condenser showed very erratic behavior on
normal potential, the resistance varying from -
50 megohms per mfd. to infinity in less than
500 hours, and while no breakdown occurred in
a period of 2000 hours the resistance was less
than 20 megohms per mfd. in 40 per cent. of the
samples. These samples were Halowax im-
pregnated two-paper units; and had an instan-
taneous breakdown of about 1100 volts r. m. s.
Paraffin impregnated condensers were much
more regular ‘in behavior than those impreg-
nated with Halowax, although the breakdown
potential was lower, and the initial resistance

FIG.

system permits the insertion of a suitable
microammeter in series with each unit under
test, without disrupting the circuit. Readings of
- the leakage current, taken daily, together with
notes on the temperature and humidity at the
time, will give an excellent check on life and
performance. Some interesting results have
been observed.

In one group on double potential, failures
occurred as early as 24 houts, 60 per cent. failed
under 250 hours, and the resistance of the re-
maining samples was less than 50 megohms per
‘mfd. at the end of 650 hours, This same make of

II.

was much lower. Breakdown in this case oc-
curred at about 850 volts r. m. s., 20 per cent.
failed at 60 hours, and 40 per cent. at 500 hours
on high voltage. On normal voltage these con-
densers were exceptionally regular in behavior,
the resistance decreasing steadily with life. The
average resistance was very low, being about
20 megohms per mfd. at 1000 hours. Temper-
ature coefficient increased steadily, being —o0.05
at 8oo hours and —0.08 at 19oo hours. These
condensers are still on test, and at the end of
2300 hours have an average re51stance of about
18 megohms per mfd.

19
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Condensers with impregnation other than
wax have shown up exceptionally well on life
test. Operated at double voltage, only one
breakdown occurred in each group on test. This
was probably due to flash-over rather than
actual puncture of the dielectric. Of 19 samples
on test the lowest resistance at 2000 hours was
6000 megohms per mfd. and 14 of the samples
still had infinite resistance. The breakdown po-
tential of these condensers was approximately
1200 volts r. m. s. Owing to the excellent show-
ing of these samples at high potential, no test
was run at normal.

the dielectric absorption current of sample
“].” The polarization is very marked, possibly
due te electrolysis in the dielectric. These
curves are obtained by placing the unit in series
with a ogo-volt constant-potential source. A
microammeter with a short-circuiting switch
was also in the circuit. The switch was opened
immediately after the condenser received its
electrostatic charge and the current was noted
at intervals of 15 seconds. The condenser was
then discharged through a high resistance, and
after the electrostatic charge was removed, the
unit was short-circuited for 30 minutes to allow

nhpm :%ﬂ_
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EIG. 11,
Showing the apparent resistance due to dielectric absorption current.

Fig. 2. shows the variation of condenser re- a complete dissipation of the absorption

sistance with temperature. The relative humid-
ity is also plotted daily, but'it has no bearing on
condenser resistance, other than possible sur-
face leakage, if the units are well sealed by the
impregnating compound. Sample “F” was a
1-mfd. two-paper unit, rated at 200 volts nor-
mal and was Halowax impregnated with a
paraffin seal. Sample “ ]’ was also a two-paper
unit of the same rating but had a composition
wax impregnation of Ceresin plus other waxes,
and showed high power-factor as well as low
resistance.

Fig. 3 shows the apparent resistance due to
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current. The potential was then applied in the
reverse direction and the current again noted
at intervals of 15 seconds. This process was re-
peated to give the second series of curves. As 15
seconds was the shortest time which could be
accurately observed, it was impossible to obtain
the actual value of the absorption current for
short periods but the general trend of the curve
will give a good idea of its amplitude. If the
test be prolonged, it will be found that the re-
sistance with either polarity will ultimately be-
come identical—in this case, approximately 30
minutes. ' '
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SUMMARY

FROM the foregoing it is evident that there

is no known method by which the life of a
condenser may be checked, other than operat-
ing the unit over a considerable period of time
at greater than normal potential. A good idea of
condenser behavior will be had from operation
at double potential for about 500 hours. This is
about 25 days, and is a sufficiently short period
to allow its general use. Mr. Houck of the
Dubilier Condenser and Radio Corporation has
determined that the life of a condenser varies
approximately as the sth power of the applied
potential. Tests indicate that this ratio will be
attained, and possibly exceeded, and no failures
of samples have been had on normal potential
over a period of 2400 hours, although power
factor and resistance have large negative
temperature coefficients, and breakdown seems
likely on some of the poorer grade units. In
every instance, a good check is had between re-

sults obtained at double and those obtained at
normal potential, erratic resistance variations
with increasingly large negative temperature
coefficients occurring much earlier at high po-
tentials.

Increase in power-factor may be expected
with age, but this does not hold in all instances.
Power-factor measurements are necessary,
however, as they are the only possible check
of dielectric absorption.

In conclusion the writer wishes to thank the
Aerovox Wireless Corporation, the Condenser

Corporation of America, the Dubilier Con-

denser and Radio Corporation, and the Polymet

-Manufacturing Company, for their codperation

and generosity in supplying samples for these
tests; also Mr. L. M. Clement, Mr. F. X. Ret-

‘tenmeyer, and members of the engineering

department of F..A. D. Andrea, Incorporated,
for valuable suggestions and assistance in
compiling this paper. :
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"ISOLANTITE
A Tried, Tested and Approved Insulator for
Greater R. F. Efficiency

ISOLANTITE is a highly refined, scientifically processed ceramic of excep-

tional merit for high-frequency insulation applications. It is non-porous,
low in electrical losses even at extreme frequencies, strong mechanically, and
is produced in a wide range of sizes and designs to your specification.

{I Let us quote on your Insulaiing Parts I}

ISOLANTITE COMPANY of AMERICA

New York Sales Offices

551 FIFTH AVENUE NEW YORK, N. Y.

For years the organization of R. H. McMann, Inc., has been
engaged in supplying the requirements of radio amateurs and
radio broadcast listeners. From spark gaps and glass condensers,
to shielded grid tubes and cone speakers, this organization,

through its many dealers, has supplied the needs of those inter-
ested in radio in all its branches.

Today, more than ever, this organization is prepared to give you
the benefit of years of conscientious effort and experience in
meeting radio demands. We are at your service. Let us put you
in touch with a reliable radio dealer in your territory.

R. H. McMANN, INC.

12 Warren Street ~New York City
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Nine Reasons Why
- Radiotrons UX-280 and UX-281
Are Most Economical Rectifiers

1 Fewer Condensers required in rectifying
and filtering circuits (Buffer Condensers
across transformer secondary not required).

2 Lower Capacity Condensers can be used
(Wave form of UX-280 and UX-281 does

" not have jagged peaks, thus simplifying
filter requirements).

8 Lower Voltage Condensers can be employed
effecting further manufacturing economy.

4 High initial surge voltage from transformer
not required as UX-280 and UX-281 start
at any voltage. Thus design is simplified
and possible failure of condensers due to
erratic surge peak is eliminated.

5 Possibility of 'failure to operate due to in-
sufficient breakdown voltage is eliminated.

6 Erratic and noisy operation is not experi-
enced with highly evacuated tubes such as
Radiotrons UX-280 and UX-281.

7 New Ribbon Filament makes tubes un-
usually rugged.

8 Long life.

9 The UX-280 will furnish adequate B and C
voltage for a receiver using Radiolron
UX-171A at maximum plate voltage.

RADIO CORPORATION OF AMERICA
New York Chicago San Francisco

RCA Radiotron

MADE BY THE MAKERS. OF THE RADIOLA-
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