
The frteaVe capacitor
for the #reeide application,1

 The electrolytic capacitor has its
own special field of application in elem
Ironic, radio and electrical equipment.
This type provides the equipment de-
signer with an unusually lightweight
unit of high capacitance in a compact
container. Also, it effects considerable
savings. BOY

Electrolytic capacitors must be prop-
erly applied for long life and stable

characteristics. There are essential dif-
ferences between electrolytics and
other types that restrict their use, such
as over -voltage, allowable ripple cur-
rent, capacitance, tolerance, tempera-
ture. WHICH MEANS...

The proper type and rating must be
used for the given application. along
with meeting mechanical considera-
tions. if the basic advantages of elect..
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lyrics are to be gained. THAT 15 WHY...

Aerovox, pioneer of the dry elect. -
lyric, continues to offer the outstanding
selection of electrolytic capacitors.
There is the PRECISE capacitor for the
PRECISE application, which guarantees
satisfactory service and long life. Don't
improvise!

*Write for literature...

INDIVIDUALLY TESTED
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Determining
Capacitor Inductance

By the Engineering Department, A erovox Corporation

THE INHERENT INDUCT-
ANCE of a capacitor structure

acts in series with the capacitance to
form a resonant circuit. This induc-
tive component is of low magnitude,
usually less than 1 in the small -
dimensioned capacitors employed M
radio receiver and test equipment cir-
cuits, but its effect upon circuit oper-
ation becomes more pronounced as
the operating frequency is increased.
(A 2 -inch length of No. 20 wire, for
example, has a reactance value of 30.6
ohms at 100 Mc.) Circuit design must
take into consideration either- or both
the residual inductance of a capacitor
and the resonant frequency.

SECTION AND LEAD
INDUCTANCE

The exact nature of capacitor in-
ductance is not simple. However the
effective inductance is the combined
inductance of leads, plates, clamps,
tabs, and clips. In the case of the
siplest rolled capacitor (See Figure
1),m the total inductance would include
Lead inductance and the inductance of
the rolled foil plates.

The rolled -plate inductance might
be minimized considerably by a non -
inductive type of construction, an ex-
ample of which is shown in Figure 2.
Here, instead of connecting a lead to
the end of each plate, each turn of
one plate is connected to one lead and
each turn of the other plate to a sec-
ond lead. This might be accomplished,

as shown in Figure 2, by securing
metal caps, as by soldering, to the
tops of the foil -plate windings. There
are numerous other schemes. By em-
ploying a non -inductive capacitor, in-
ternal inductance of the unit is re-
dcced to a low order of magnitude
and lead inductance becomes a deter-
miing factor.

Section inductance in the stacked -
type capacitor (See Figure 3) is by
nature lower than that encountered in

the rolled type, because of the flat,
rectangular shape of the plates_ Sec-
tion inductance is reduced still fur-
ther by a type of construction sug-
gested by Minnium,. Each element
of the stack is built, as shown in Fig-
ure 4, by silvering circular electrodes
on the dielectric. Figure 4-A shows
a top view of such an element; Fig-
ttre 4-B a cross section with exagger-
ated thickness. Current flow into the
capacitor element from edge to edge

TOTAL INDUCTANCE AND REACTANCE OF 1A -INCH

,...__,_
LEADS

r,_
CAPACITOR

WIRE ERE DIAMET ER INDUCTANCE (L) (Xs)
(Mils) (Ph) (REACTANCEOhms at 100 IR.)

16 50.62 0 0164 0.0115
17 45.26 0E189 0.0119
16 40.30 0.0195 0.0122
19 35 89 0.0201 0.0126

20 31.96 0.0207 0.0130
28.46 0.0213 0.0134
25.35 0.0219 0.0137
22.57 0.0225 0.0141

20.10 0.0231 0.0145
17.90 0.0237 0.0140

26 15.99 0.0203 0.0152

To find reactance at any Cretonnes If 1 lauher To find reactance al any frequency (f lower
Chan 100 Cc., multiply value In 5 column by

0.01 f, f is in kilocycles.
00an 10011a.. E1010 ua/ue ,n Xr re,umn by

le110. 4 's in kilocycles.
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FIG .1

of each plate is over a shorter path
than can be achieved in a conen-
tional rectangular stack, and effective
series inductance is lowered.

As capacitors are normally wired
into high -frequency circuits, the leads
are straight and as short as practic-
able. Lead inductance accordingly
may be calculated by the common
method for straight, round wires.
The inductance of short capacitor
leads, while low, is effective in estab-
lishing resonance at normal operat-
ing frequencies. An 0.01-mfd. capa-
citor mounted with 31 -inch leads of
No. 20 wire will resonate as will be
shown later, at 11 Mc. Clipping each
lead to ffs-inch, which D the practical
length minimum for most installa-
tions, will raise the resonant fre-
quency to 40 Mc.

Not all of the inductance in a

stacked capacitor is due to leads, al-
though a large percentage of the total
inductance is traceable to that source.
Thee ctual capacitance at the reson-
ant frequency is difficult to deter -

For these reasons, some en-
gineers prefer to measure capacitor
resonant frequency and to disregard
inductance.

Sinclair has shown that L is con-
stant with frequency; but since it in-
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are in centimeters. If I and d are ex-
pressed in inches, the equation be -

( 3)

In these equations, I is the total
length of the capacitor leads. If this
total length is less than 2000 times
the lead diameter, the term 2 //d
must be added inside the parentheses
in Equations (1) and (2), or 2.54 //d
inside the parentheses in Equation
(3).

These Equations will permit the
calculation of lead inductance with

FIG. 2

troduces a
es
positive reactive compo-

nent in seri with the negative capa-
ity reactance, causes a deviation in

effective terminal capacitance at high
frequencies., A slight rise is noted
likewite at low f requencies, but a
constant -capacitance range is encoun-
tered at the medium frequencies.

CALCULATION OF LEAD
INDUCTANCE

The inductance of capacitor leads
may be calculated closely by means
of the Bureau of Standards formula
for straight, round wire.,

When the common logarithm is em
cloyed, the equation becomes;

(2)la coos (2.303 log. 2,÷ - 0.79 All

In Equations (I) and (2), I and d
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a
sufficient accuracy for most practical
purposes. The Lo value obtained may
then be used in the resonant fre-
quency formula to determine ft, in
all cases in which it is permissible to
assume that capacitance at the re-
sonant frequency is identical with the
value measured at some lower fre-
quency (such as 1000 c.p.s.) and tha
lead inductance is the predominan
part of total capacitor inductance.

METHODS OF MEASURING
CAPACITOR RESONANT

FREQUENCY
Multiple Coil Method. In deter

mining capacitor resonant frequency
by means of a variable frequency os
cillator, energy from the oscillator is
coupled into a tuned circuit contain-
ing the capacitor (See Figure 5). An
a.c. vacuum -tube voltmeter is con-
nected across the capacitor as a re-
sonance indicator, or a grid -circuit
milliamrneter may be included in the
oscillator for the same purpose.

When this method is employed, the
resonant frequency will be in tenns
of the capacitance, in the circuit, the
capacitor inductance, and the induct-

FIG.7

cure of coil L. When m -

curacy is not demanded,
aximum ac
the coil in-

ductance may be asstmed to be the
only L component in the circuit and
the capacitance of the capacitor, as
measured at a frequency lower than
fr the only effective capacitance. The
resonant frequency then will be:

(4)
6.26

For greater accuracy the method
is somewhat different. The test cir-
cuit is set up successively with a
number of coils of various sizes The
resonant frequency of each combina-

-
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FIG.6
tion is de ermined by osci lator, and
the inductance of each coil (with dis-
tributed capacitance considered) is
measured (by means of a Q -Meter or
inductance test oscillator) at the
same frequency at which it resonated
in the capacitor test circuit. A curve
is then plotted with fu values in the
test circuit as the ordinates and coil
inductance values as the abscissae.
Inasmuch as the measurements cannot
be carried beyond the point at which
L is about half a turn, the curve must
be extrapolated to show frequency at
zero inductance (condition of reson-
ance). Such a curve is shown in Fig-
ure 6, indicating the resonant fre-
quency of a certain 0.02-mfd. capa-
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cites as 6 Megacycles.
The method of Sinclair' consists

of plotting the reciprocal of the ter-
minal capacitance (ordinates) as a
function of Co' (abscissae) in the
frequency range in which C remains
constant.

The slope of the c is equal to
L. and the intercept of thethe straight-
line plot with the ordinate axis is
equal to the reciprocal of the true
capacitance.

Q -Meter Method. This method
consists of resonating the standard
series measurement circuit of a Q -
Meter (See Figure 7) successively
with a low -inductance short-eircuit-
ing bar (A) and the test capacitor
(B) in place of the circuit.

It will be found that the settings
of tuning capacitor C will differ with
A and B successively in place. The
oscillator frequency is then varied
and the test circuit re -tuned, first
with the bar and then with the teat
capacitor in place. The operation is
repeated at a number of frequencies
until interchanging the bar and capa-
citor no longer necessitates retuning
the circuit. At this point, the oscilla-
tor frequency is the resonant fre-
quency of the capacitor.

In the absence of a Q -Meter, this
same method of inductance measure-
ment may be employed with a varia-
ble -frequency oscillator, tuning capa-
citor, and v.t. voltmeter connected as
shown in Figure 8.

FIG. 8


