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Exact Duplicate
Replacements

OTHING is as satisfactory as an AEROVOX Exact Dupli-
Nca'e Replacement Condenser when it comes to condenser
repairs. For these units are precisely matched, both electrically
and mechanically. They restore the chassis to original factory
appearance and performance. You save fime, trouble, and
even money, for AEROVOX Exact Duplicates usually cost less
than a p llection of standard d for the
same purpose. So why take chances with your trade?

* Look for this Cabinet gty local iobber.

It contains a repre-
sentative stock of AEROVOX Exact Duplicates to meet your immediate
requirements. And the big replacement chart on front, as well as the
handy replacement catalog, tells you just what unit to get for most
any set.

g th AEROVOX Exact Dup-
* ASk for th"s Da’ta I|ci0r;eéanlog (shown :'c ng:r)

I is the most complete listing of sets and their exact duplicate replace-
ments yet made available. Your jobber will give you a copy. Or write
us direct.
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Reactance and Resistance in Series

By the Engineering Department, Aerovox Corporation

As a companion to the chart of the
January 1936 issue of the Research
‘Worker we present in this issue a
chart and table for the finding of the
impedance of series circuits consisting
of resistance and reactance. Although
the vector addition of R and X is not
very difficult when the two are in
series it is often awkward and the
chart should help to solve such prob-
lems at a glance.

The i

a chart is rather hard to read and it
has the severe drawback that it uses
linear scales so that it becomes im-
possible to cover a large range. There-
fore it was felt best to resort again
to the logarithmic scales even if the
curves then become somewhat more
involved. The chart has also been pre-
pared in a way to facilitate its use

hen the reactan:e is not known but
elther fand C or f and L are given.

R w to the chart on the

ofa N
resistance, R, and a reactance, X, in
series is given by the equation

Z={ R + X
‘When Z is given and either X or R

is the unknown, this equation can be
re-written:

-- R={Z %
x={Z_F

In all these equations all three auane
tmes are expressed in ohm X

either capacitive reactance
21/623 fC) or inductive reactance

The equation suggests immediately
that the three quantities can be accu-
rately represented by the three sides
of a right triangle where R and
represent the rectangular sides and Z
the hypothenuse. So, it follows that
anyone could draw such a triangle to
scale, thus avoiding any struggle with
square roots. A chart could be made
up on ordinary cross-section paper,
drawing_circles on it for various val-
ues of Z while the ordinary coordi-
nates won|d represent X and R. Such

no
third page of this issue, resistance is
measured along the vertical axis (the
paper is supposed to be tumed with
the long side

The choke in a power pack has an
inductance of 15 henries and a resist-
ance of 500 ohms. What is the impe-
dance at 120 cycles? Here the product
fL is 120 x 15 or 1,800. Locate 1,800 on
the fL scale and follow the Jine down-
wards until it intersects the horizontal
line representing R— 500 ohms. This
point lies between the two lines Z=
10,000 & Z =20,000. By estimation we
find Z=11,500 ohms approximately.
Note that in this particular problem it
would make very little difference if R
was slightly more or less; the answer

would have been the same. This will
be found the case when one of the

is measured along the . absussa, the
horizontal axis. Due to mechanical re-
quirements the figures for these scales
had to be placed above and to the
left of the chart so as not to interfere
with the figures referring to the
curves. Taking any Vvalue of reactance
and resistance follow the horizontal
and vertical coordinates until they in-
tersect and find the impedance o{the
two in series. In general the point will
not fall exactly on one of the curves
representing a round value of Z but
the difference may be estimated.

Above the X scale are two others,
marked fL and fC. These give the
values of the products named, for each
value of X. The reactance of a 1 mfd.
condenser at 100 cycles (fL =100) is
1,600 ohms, so the point fL =100 is in
line with the 1,600 ohm division on the
X scale. This same point also refers to
a condenser of .1 mfd. at 1,000 cycles,
.01 mfd. at 10,000 cycles, etc. The same
reasoning holds for the fL scale.

The use of the chart is best illus-
trated by an example:

is very much larger
than _the other, Z will always be
found to be nearly equal to the Terger
one of the two.

Consider a tone control conslstmg
of a .05 mfd. condenser and a
ohm variable resistor. When the res|st-
ance is all in the circuit, what is the
impedance at 100 cycles, 1,000 cycles,
10,000 cycles? How are these relations
when the series resistance is only
1,000 ohms?

Flrst take a series r:dslstance of 50,-
d f

cyc|es Then fC equals 5. On the chart
find the intersection of the lines fC=5
50,000 This point is beyond
s of the chart so we find the
intersection between the lines fC—=
and R =5,000. The answer will be
found to be Z = 52900, it must be mul-
tiplied by 10 since we divided the re-
actance and resistance by 10 in order
to bring it Wlthm the borders of the
chart. e impedance of the tone
control at 100 cycles is 59,000 ohms.
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Considering a higher frequency,
note that Z decreases rather slowly
with the increase of frequency and
that Z never becomes lower than 50,-

THE TABLE -

For those who wish a greater accu-
racy, a table has been figured out.

from .1 to 10 since otherwise it would
have been sufficient to include values
from 1 upwards or downwards but not
both. Example: suppose X =1,600

400,000

This table gives the values of all three
00 ohms, tak ! ohms and R=1,000 ohms. Then X/R
O nen R equals 1000 o, and ¢ SLgtuics for the gase that cither X =76, the table shows /R —18sgs s
is 5, the chart shows that Z equals the ratio R/X or X/R refer to the .pcn Z cquals 1.8868 times R or 18868 g S00106+2
314000 ohms approx. But at 1000 table and find the corresponding ratio g e 000'09-2
cycles (f=50) is approximately Z/X or Z/R. The table can also be Both the chart and the table show 000'08-2
3,200 ohms while at 10,000 cycles Z is used when Z is given together with clearly that where X is much larger £ .
only slightly above 1,000 ohms. This one of the other quantities. It was for than R or vice versa, Z is equal to the " ooo'or=2
illustrates the tone control effect of this reason that the table had to be largest so further extension of the = 000°08:2
such a series combination. extended for values of R/X or X/R table is unnecessary.
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