1955

Klbm = 0
Byo?

Byt

at a?=1. The ordinate at point p is then
By?

— =2,

B?
which determines By and also gives K¢, through the re-
lationship
By?
2B,

KIQM =

Then K, is determined by the known (small) value of ¢,
shown by the narrow strip in Fig. 6. By use of (76) this
value of K yields, in turn, the period L.

In order now to obtain the final Mathieu parameter a,
we look for the solid curve in Fig. 7 having (Bgo/Bs)?=0
and passing through point . In the above example,
such a solid curve would be that for Kia., =4. This speci-
fies the value of a. Fig. 6 then shows whether or not this
value of @ corresponds to a stable region.

Periodic Electrostatic Field

In (1) let
B,=Byp=0 77)
V="V+ AV sinzi—rz; Vo> AV (78)
and
r =WVl (79)
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We have then as the final differential equation:

W" + (¢, + 2q, cos 2Z)W = — W1[2q, cos 2Z + b,]. (80)

Where

W=W+W Wi>W (81)

W, ey (82)

0, = i<£>2+ i(ﬂ)g 83)
2 \n,/) T2\,

2. = i(ﬂf (84)
32\ 7,

b= L <£>2_ 3 (ﬁ‘f)g_ (85)
2\, 2\7,

Eq. (80) is of the same form as (58). Again, the self-con-
sistent solution of (80) is obtained under the conditions

b =0 (86)
0<g.<K1. (87)
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The Charging and Discharging of Nonlinear Capacitors”

J. R. MACDONALDY, SENIOR MEMBER, IRE, AND M. K. BRACHMANY, MEMBER, IRE

Summary—The charging and discharging of two types of non-
linear capacitances through a linear resistance are discussed in detail.
The response of a capacitor whose capacitance is an increasing ex-
ponential function of the potential across it is compared to that of
the ‘‘space-charge” capacitor whose voltage dependence is of the
form C,=(C, sinh &« V./(aV.)), where V, is the potential across the
capacitor. The variation of the differential capacitance of the space-
charge capacitor with time, during charging and discharging, is
considered for various applied potentials and is compared with the
somewhat similar behavior to be expected from a linear capacitor
exhibiting a distribution of relaxation times.

INTRODUCTION

HE RAPIDLY growing importance of semicon-
ductor circuit elements with their inherent volt-
age nonlinearities makes it worthwhile to investi-
gate some of the results of such nonlinearity. Nonlinear-

oA .

* Original manuscript received by the IRE, June 16, 1954, revised
manuscript received, November 4, 1954.
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T Independents Geophysical Surveys Corp., Houston, Texas.

ity may or may not be of importance in semiconductors
depending upon whether diffusion and /or recombination
effects dominate the convection current. Although the
full accurate equations describing charge-carrier concen-
tration in semiconductors are nonlinear and so have not
been solved accurately for all cases of physical interest,
there arise many situations where the nonlinearity may
be neglected and only the normal linear “metallic” con-
duction current need be considered.

In the present work, we shall be concerned with the
charging of voltage-dependent capacitances through a
linear resistance. One of the authors has shown! that if
an applied direct potential V, causes free charge carriers
to build up a space charge at a blocking or rectifying
electrode, the resulting static capacitance, C,, defined as
¢n/ Vs, is of the form sinh aV/aVy, and the differential

1 J. R. Macdonald, “Static space-charge effects in the diffuse
doglble layer,” Jour. Chem. Phys., vol. 22, pp. 1317-1322; August,
1954.
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