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Chapter 25
CAPACITANCE
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A All of these devices are capacitors, which store electric charge and energy. A capacitor is
one type of circuit element that we can combine with others to make electric circuits.
(Paul Silverman/Fundamental Photographs)
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Introduction

® Capacitor: a device in which electrical energy can be stored. e.g., the batteries in a
camera store energy in the photoflash unit by charging a capacitor

® The physics of capacitors can be generalized to other devices and to any situation
involving electric fields.

® c.g., Earth’s atmospheric electric field is modeled as being produced by a huge
spherical capacitor that partially discharges via lightning

® Qur discussion of capacitors

® To determine how much charge can be stored

® This “how much” is called capacitance




Introduction

Capacitor: consists of two isolated conductors, called plates, of any shape

A parallel-plate capacitor, consisting of two parallel conducting plates of area A Bottom side of Top il
separated by a distance d top plaic has plate has
charge +q charge —q

The symbol of a capacitor in electric circuit —”—

Flectric field lines

When a capacitor is charged, its plates have charges of equal magnitudes but opposite T vfm [
signs +q & -q ~q
® We refer to the charge of a capacitor as g }

® The net charge on the capacitor is zero

Because the plates are conductors
= they are equipotential surfaces
points on a plate are at the same V




® ¢ & Vfor a capacitor are proportional to each other qg=CV.

Where C is called the capacitance of the capacitor
® ( depends on the geometry of the plates and not on g or V

® The greater the capacitance, the more charge is required to produce a certain potential
difference between them

® The SI unit of C is farad (F): 1 farad = 1coulomb/volt (pF =10->F, uF =10-°F)

® Charging a Capacitor: by connecting the plates with a battery, a potential difference
between capacitor ferminals is maintained

® The terminal of higher potential is + (positive terminal)
The terminal of lower potential is — (negative terminal)

® When switch S is closed
—> charges (electrons) flow through the wire

Terminal =\ +| I-
® [ from battery drives electrons from plate 4 to +ve terminal of the battery AR F
—> plate A loses electrons = becomes positively charged
+
® [E drives electrons from —ve terminal of the battery to plate / B= V
—> plate [ gains electrons = becomes negatively charged




® When plates are uncharged = V between them = zero

® During charging, potential difference V increases until becomes equals to potential
difference V of the battery

® - plate & & +ve terminal of the battery have same potential

Terminal
C
- no electric field in the wire between them —~ }':'I I-l
® Similarly, plate [ & -ve terminal reach the same potential B t—__— v
- no electric field in the wire between them
'S
® When E = zero between battery and plates Terminal

- no further drive of electrons
—> capacitor is fully charged

' CHECKPOINT 1

Does the capacitance C of a capacitor increase, decrease, or remain the same (a) when
the charge g on it is doubled and (b) when the potential difference V across it is
tripled?




Parallel Isolated
plate sphere




Calculating the Capacitance

I. Assume a charge = ¢g on the plates

= qenc

2. Calculate E between the plates using Gauss’ law —> % Rl &

3. Calculate V between the plates = |y, = _ J ! E.J5

4. Calculate C> |q = CV.

Electric field lines

Calculating the Electric Field:

A |19

® E and dA is parallel> |4 = &£A
2> E =q/g,A -

¢ Calculating the Potential Difference:

th follows electric field line from —ve to +ve plate+




A Parallel-Plate Capacitor

A: plate area, d distance between plates

QZSOEA
+
V=f E ds
=E[ ds=Ed
C_Q_EOEA_%A
V Ed d
80A

C =

d (parallel-plate capacitor).

Area=A
\

Gaussian
surface

Path of
integration



Problems:

1. A parallel-plate capacitor with plate's area of 25cm? and separation of 17.7mm is charged by
applying a voltage of 12V across its ends. Calculate the total charge of the capacitor.

Agy  25x107*x8.85x10712

€= 17.7x10-3

= 1.25pF

q = CV = 1.25x10714x12 = 15pC




Problems:

2. A parallel plate capacitor has a capacitance of 8uF. Calculate the capacitance if the

i. Plate separation is doubled
ASO

C=T=8ﬂF

Whend’ =2d > €' =220 =8 = 44F
2d 2

ii. Plate area is doubled

When A’ = 24 > (' = 24%

= 2(8) = 16uF




W CHECKPOINT 2

For capacitors charged by the same battery, does the charge stored by the capacitor
increase, decrease, or remain the same in each of the following situations? (a) The

plate separation of a parallel-plate capacitor is increased. (b) The area of the plate of a
parallel-plate capacitor is increased.

C: SoA

(parallel-plate capacitor).

(a) decreases; d
(b) increases;




Capacitors in Parallel and in Series
® To simplify circuit, we replace a combination of capacitors in a circuit, with an equivalent capacitor

® Egquivalent capacitor: a single capacitor that has the same capacitance as the actual combination of capacitors

Capacitors Combinations

A
' )

Parallel Series
o}

]

+[




¢ Capacitors in Parallel
o

“in parallel” means that the capacitors are directly wired together at one plate and directly wired together at the other plate
® Each capacitor has same V, which produces a charge on each capacitor

When a potential difference V is applied across several capacitors connected in
parallel, that potential difference V is applied across each capacitor. The total charge

L Terminal
q stored on the capacitors is the sum of the charges stored on all the capacitors. s o o
+ il il B =l
B=v v v v
. . . . . —q31C. —q21C —q1|C
Capacitors connected in parallel can be replaced with an equivalent capacitor that o[ #|™2 HH
has th.e same fotal charge g and the same potential difference V as the actual \—Terminal
capacitors.
qi — C1V, qd, = sz, and qds = C3V
5
— +
qgq=q,+q, +qg;=(C, + C, + Cy)V. sil | q

~4|Ceq




® Capacitors in Series
® “in series” means that the capacitors are wired serially, one after the other

® The potential differences that then exist across the capacitors in the series produce identical charges g on them

u When a potential difference V' is applied across several capacitors connected in Terminal
series, the capacitors have identical charge g. The sum of the potential differences »
across all the capacitors is equal to the applied potential difference V. A
}—‘] (of }
! !
ot Capacitors that are connected in series can be replaced with an equivalent capacitor that e ‘ié:, |
has the same charge g and the same total potential difference V as the actual series capacitors. RE
tq
ek
q q q ~9[Cs
Vi=— Vo=— and V;=—.
Cl ? C2 C3 \— Terminal O
1 1 1 tq
V:V1—|—V2-|—V3=q< + + ) BV
C1 C2 C3 - —q Ceq
q 1 5

Com—— = ,
B /G + 1/C, + 1/G,

(n capacitors in series)




Capacitors Combinations

4 N

Parallel Series
Terminal Y ®
+ || + _! | + |
+ REN 2], T — r= Y = _
BV v v —Zlv g = = g
—q3 Cg _QQ C2 —q1 Cl é é
(i_ ﬁ —~ ﬁ
Terminal \L +=:| /
. M
J 1s constant .
g or [ 1s constant
g=q t+q,+q;=(C; + G, + G)V. VeV v <1+1 1)
1 2 3— 4 C, G, C.
Ceqz C1+ C2+ C3, 1 1 1 1
— + 4+ —
) C, C G G
Ceq = 2 C] (n capacitors in parallel). 1 noq
‘ — 2?
]




B cHECKPOINT 3 4 Terminal
A battery of potential V stores charge g +qo +q
on a combination of two identical ca- B %_— v ::$V ::$V
pacitors. What are the potential differ- —921C N1 |G
ence across and the charge on either ca-
pacitor if the capacitors are (a) in (‘—Terminal
parallel and (b) in series?
Terminal
(@ V, q/2; -
(b) V/2; q +q
Vif-==-
1 Cl:
! |
; al
BV Vel =~
~4[c,

K Terminal




Sample Problem

Capacitors in parallel and in series

A
A ®, ®
(a) Find the equivalent capacitance for the combination of S (
capacitances shown in Fig. 25-10a, across which potential o Cy= == Crog=___
difference V is applied. Assume 12.0 yF_ 5.30 ;uF__ 17.3 pF
B
C, =120 uF, C,=530uF, and C,= 450 uF. v 15 v |
Cs = Cy=__
Cp,=C;+C, =120 uF + 530 uF = 17.3 uF. 4.50 pF X 4.50 pF
O
b
] ] , (a) (0)
= -
Cos  Cn G R
= ! + ! = 0.280 uF~!
173 uF = 450 uF O F |
, v o Cias=___
from which 3.57 uF
1
Cipz = 0280 uF ! = 3.57 uF. (Answer) !

(¢)




(b) The potential difference applied to the input terminals
in Fig. 25-10a 1s V = 12.5 V. What is the charge on C,?

The series capacitors 12 and 3 in Fig. 25-10b each have the
same charge as their equivalent capacitor 123 (Fig. 25-10f).
Thus, capacitor 12 has charge g, = g3 = 44.6 uC.

qlz 44.6 ,LLC
Vi, = = = 2.58 V.
12 C12 173 ,(.LF

The parallel capacitors 1 and 2 each have the same potential
difference as their equivalent capacitor 12 (Fig. 25-10/). Thus,
capacitor 1 has potential difference V;, =V, =258V,

=,V = (12.0 uF)(2.58 V)
= 31.0 uC. (Answer)

O

Clog =
3.57 uF




Problems:
6. In this figure, C; = 6uF and C, = C; = C, = 2uF. Calculate the equivalent capacitance.

CzII
|

C,,C3 & Cyare in parallel 2 Cy34=2+2+2=6 uF CIIF

Cl>(6234 6 X

. 6 G |_
C, & Cygare in series 2 Ceq= == 3uF

C }__

/. Calculate the equivalent capacitance this figure,

1uF

1uF + 3uF = 4uF 1
4uF Il
6uF + 2uF = 8uF "
4x4 24 6UF "_
4+ 4 s " 3uF °
8x8

= 4uF
AT J'

4uF

4uF

8uF




Problems:

8. In this figure, C; = 6uF, C, = 2uF and V = 12V. Calculate:
i. Their equivalent capacitance.
Ceq=C1+C,=6+2=8uF

ii. The charge on capacitor C,.
4, =CV=2x1076 x 12 =24 x 106C == |v-12v = —_




Energy Stored in an Electric Field

® To charge a capacitor, work must be done by an external agent (battery)

®  We visualize the work required to charge a capacitor as being stored in the form of electric potential
energy U in the electric field between the capacitor plates

® To calculate the energy stored in capacitor:
® Suppose that, at a given instant, a charge g’ has been transferred from one plate of a capacitor to the other
® The potential difference V’between the plates at that instant will be g’ /C
® If an extra increment of charge dqg’1is then transferred, the increment of work required will be

dW =V'dq' = cé dq'.

Jd ! Jq d q
W= |aw=—| ¢ dg =-1L_
c ) 1%~ ¢

® This work is stored as potential energy U given by:

2
_ 4 : _ 1 2 . _ 1 ,
U T (potential energy).| U=;5;CV (potential energy). - U=54V (potential energy).

The potential energy of a charged capacitor may be viewed as being stored in the

electric field between its plates.




Problems:

9. An isolated sphere is completely charged to 60pC when a voltage of 12V is applied. Calculate
i. The radius of the sphere

—-12
g=CV=C=2="20 "_5x10"12F
%4 12

c 5x10712
4me,  4(3.14)(8.85%10712)

C=47T€0R$R=

= 4.5cm

ii. The energy stored within the sphere

U =2qV =>x12x60x10712 = 360x10712)




1 Figure 25-18 shows plots of
charge versus potential difference
for three parallel-plate capacitors b
that have the plate areas and separa-
tions given in the table. Which plot
goes with which capacitor?

Fig. 25-18 Question 1.

Capacitor Area Separation
1 A d
24 a a.2b,15c3
3 A 2d

7 For each circuit in Fig. 25-21, are the capacitors connected in
series, in parallel, or in neither mode?

—ylt+ |
1| 1 1
L L 1L L I+
— — I| —— T_
(a) (b) 1
Fig. 25-21 Question 7.

11 You are to connect capacitances C, and C,, with C; > C,, to a
battery, first individually, then in series, and then in parallel. Rank
those arrangements according to the amount of charge stored, greatest

first.




*2 The capacitor in Fig. 25-25 has a
capacitance of 25 uF and is initially
uncharged. The battery provides a
potential difference of 120 V. After
switch S is closed, how much charge
will pass through it?

|+

Fig. 25-25 Problem 2.

°3 ssm A parallel-plate capacitor has circular plates of 8.20 cm
radius and 1.30 mm separation. (a) Calculate the capacitance. (b)
Find the charge for a potential difference of 120 V.

*9 Each of the uncharged capaci- ndl ._®
tors in Fig. 25-27 has a capacitance
of 25.0 uF. A potential difference y,

of V =4200V is established when
the switch 1s closed. How many
of charge then pass

o o

*25 In Fig. 25-40, two parallel-plate ca-
pacitors (with air between the plates) are
connected to a battery. Capacitor 1 has a
plate area of 1.5 cm? and an electric field
(between its plates) of magnitude 2000 V/m.
Capacitor 2 has a plate area of 0.70 cm? and

7

Cy— Co__

Fig. 25-40
Problem 25.

an electric field of magnitude 1500 V/m. What is the total charge on

the two capacitors?

*29 What capacitance is required to store an energy of 10 kW -h

at a potential difference of 1000 V?

°31 ssm A 2.0 uF capacitor and a 4.0 uF capacitor are con-
nected in parallel across a 300 V potential difference. Calculate the

total energy stored in the capacitors.
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