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Capacitors

Capacitors are devices that store electric

charge.
A capacitor consists of two conductors.

These conductors are called plates.

When the conductor is charged, the Top side of

Bottom side of

bottom
plates carry charges of equal t(})lp platf has plate has
magnitude and opposite signs. charge +q charge —¢

A potential difference exists between the (a)
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plates due to the charge.
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Definition of Capacitance

The capacitance, C, of a capacitor is defined as the ratio of the magnitude of the
charge on either conductor to the potential difference between the conductors.

Q

C=H

‘ e The SI unit of capacitance is the Farad (F = C/V).
e Capacitance is a scalar quantity.
e Capacitance will always be a positive quantity
e The capacitance of a given capacitor is constant.

o The total charge on a capacitor is ZERO.
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Definition of Capacitance
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Circuit Symbols

A circuit diagram is a simplified

Capacitor
representation of an actual circuit. —I I—
symbol

Circuit symbols are used to represent

the various elements.

Lines are used to represent wires. Battery ﬂ_
symbol _T

—o/o—

Switch Open
symbol

The battery’s positive terminal is

indicated by the longer line.

—o0—0—
Closed

Cumeteai M
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Calculating Capacitance
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PARALLEL PLATE CAPACITOR
THE CYLINDRICAL CAPACITOR
THE SPHERICAL CAPACITOR

ISOLATED SPHERE

10/5/2025

Mustafa Al-Zyout - Philadelphia University

Two parallel, metallic plates of equal area A are
separated by a distance d. Each plate is connected to a
terminal of the battery. The battery is a source of
potential difference. If the capacitor is initially
uncharged, the battery establishes an electric field in the
connecting wires.

Answer: The capacitance is:

The capacitance is proportional
to the area of its plates and
inversely proportional to the

distance between the plates.
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A solid cylindrical conductor of
radius a and charge +Q is
coaxial with a cylindrical shell
of negligible thickness, radius b
> a , and charge - Q . Find the

capacitance of this cylindrical

capacitor if its length is 4.

i Answer: The capacitance is

c=2__ L
T AV 2k,in(b/a)

e The capacitance depends on the radii (a) and (b) and
is proportional to the length of the cylinders
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A spherical capacitor consists of a
spherical conducting shell of

radius b and charge —Q concentric |
with a smaller conducting sphere
of radius a and charge +Q. Find

the capacitance of this device.

Answer: The capacitance is
| ab
c=9__®
AV k.(b—a)

e The capacitance depends on the radii (a) and (b)
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Assume a spherical charged conductor with radius (a)
and charge (Q). The sphere will have the same
capacitance as it would if there were a conducting sphere
of infinite radius, concentric with the original sphere.

Assume V = 0 for the infinitely large shell:

.

oo o o) [ oA
SRk

Note, this is independent of the charge on the sphere and
its potential. The capacitance of an isolated sphere is

proportional to its radius (a).
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Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.

SIZG Of a ]._F Ca,pa,CItOI' [T] R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
[T ] J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
Tuesday, 6 April, 2021 21:19 [Tl H.D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.

[T ] H.A.Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

The parallel plates of a 1.0-F capacitor are 1.0 mm apart. What is their area?

This problem uses the relationship among the capacitance C, plate separation d, and plate area A for

a parallel-plate capacitor.

Ae, cd

C = - A =—
Eo
_1><1><10‘3

A=——" 113 x10°m?
8.85 x 10-12 m

L=vA=106x103m = 10.6km

This corresponds to a square about 10 km on a side! The volume of such a capacitor would be at
least Ad = 1.1 X 10° m3, equivalent to that of a cube about 50 m on a side. In fact, it’s possible to
make 1 — F capacitors a few centimeters on a side. The trick is to have an appropriate substance

between the plates rather than a vacuum.
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prOpertleS Of a; parallel_plate C apaCItOI' [T | R.A.Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
[T | J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
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The plates of a parallel-plate capacitor in vacuum are 5 mm apart and 2 m? in area. A 10kV potential difference is applied
across the capacitor. Compute

o the capacitance;

o the charge on each plate; and

o the magnitude of the electric field between the plates.

o the capacitance C is:

coAe _2x8-85XI0TE o 079 = 3.54nC
= —_—= = 5. X = O.
d 5 x 10-3 "

o The charge on the capacitor is:

C= ZQT/ - Q =CAV =354% 1072 x 10 X 103 = 3.54 X 107°C = 35.4 uC

o The electric-field magnitude is:

AV =Ed > E AV, _ 10107 2x10°V/
= = - = X
- d 5x10-3 mn
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Two concentric spherical conducting shells are separated by vacuum. The inner shell has total charge +Q and outer radius
1, = 9.5 cm, and the outer shell has charge —Q and inner radius 1, = 10.5 cm. Find the capacitance of this spherical

capacitor.

The spherical capacitance is:

- ab
“Tkb-a

9.5x 1072 x 10.5 x 1072
9 x 10° x (10.5—9.5) x 1072

111 x 1072F = 111pF
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