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* Capacitors come in a wide range of sizes and shapes, only a

few of which are shown here.
* A capacitoris

basically two
conductors that
do not touch, and
which therefore
can store charge
of opposite sign
on its two
conductors.

» Capacitors are
used in a wide

rvariety of circuits o

* A capacitor is basically two parallel
conducting plates with insulating
material in between. The capacitor
doesn’t have to look like metal
plates.
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negative
charge
connection
positive
charge
connection

dielectric

metal plate

aluminum

plastic
insulation

* When a capacitor is connected to an external potential,
charges flow onto the plates and create a potential
difference between the plates.

3. Capacitors in circuits

— symbols |} — —(—
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* The capacitance, C, of a capacitor is defined as a ratio of the
magnitude of a charge on either conductor to the magnitude
of the potential difference between the conductors

. _ Q
C_AV

(a) (b)
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* The unit of Cis the farad (F), but
most capacitors have values of C
ranging from picofarads to
microfarads (pF to pF).

« 1F=1%
1%
» Recall, micro =10, nano =107,
pico =102
* If the external potential is
disconnected, charges remain on the

plates, so capacitors are good for
storing charge (and energy).
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MCQ

MCQ

 Capacitor C, is connected across a battery of 5 V. An identical
capacitor G, is connected across a battery of 10 V. Which one
has more charge?

- 1) C
) C,

« 3) both have the same charge
. 4)

.
N

it depends on other factors
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* Capacitor C, is connected across a battery of 5 V. An identical
capacitor G, is connected across a battery of 10 V. Which one
has more charge?

1) C,
20 G
3) both have the same charge
4) it depends on other factors

Since Q = CV and the two capacitors are
identical, the one that is connected to the
greater voltage has more charge, which is

A Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il C2 in this case.




* The capacitance of a device depends on the geometric
arrangement of the conductors
A
C = &o E
* where A is the area of one of the plates, d is the separation, g,
is a constant called the permittivity of free space,

* &,= 8.85x10°12C2/N-m?

+Q
d

Q
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MCQ

What must be done to a capacitor in order to increase the

amount of charge it can hold (for a constant voltage)?

1) increase the area of the plates

2) decrease separation between the plates
A

i; Zliifraile)?re(g)rea of the plates oo

5) either (2) or (3)

12v
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MCQ

What must be done to a capacitor in order to increase the
amount of charge it can hold (for a constant voltage)?

1) increase the area of the plates

2) decrease separation between the plates
3) decrease the area of the plates =
4) either (1) or (2) T+
5) either (2) or (3)

Za BN

— A —_

Since Q = CV, in order to increase the
charge that a capacitor can hold at

constant voltage, one has to increase its B L5 |

capacitance. Since the capacitance is e

given byC = ¢, 2 12v

L e

, that can be done by either increasing /ﬂ\_
Aor decreasingd.g|shafge, ACU : Spring 2015, Physics I

Example 01

A parallel plate capacitor has plates 2.00 m? in area, separated
by a distance of 5.00 mm. A potential difference of 10,000 VV
is applied across the capacitor. Determine

— the capacitance
— the charge on each plate
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Example 02

+ (=g 2=885x 1072 x ——

C =3.54 x 107° = 3.54nF

. (=2
C_AV

Q=Cx AV =3.54 x 107°
X 10000 = 3.54 x 107> C
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* (a) Calculate the capacitance of a parallel-plate capacitor
whose plates are 20 cm X 3.0 cm and are separated by a 1.0-
mm air gap.

* (b) What is the charge on each plate if a 12-V battery is
connected across the two plates?

* (c) What is the electric field between the plates?

* (d) Estimate the area of the plates needed to achieve a
capacitance of 1F given the same air gap d.
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Example 03

a)
A=0.2 x0.03 =0.006m?2
C = A—885 x 10712 x 0.006 =53
- P = Tx 103 3P

b)
Q=CV=53x10"" x12=6.64 x1071°C

c)

E=l=2 12 x 10V
“dT 103 /m
d)

C=1F

_Cd_1x10 x1073

= = 108 m?2
e, 885 x 10-12 m

* Two circular plates or radius 5.0 cm are separated by a 0.10-
mm air gap. What is the magnitude or the charge on each
plate when connected to a 12-V battery?
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A=mnr?=314 x 0.052 =7.85 x 1073 m?
7.85 x 1073

01 x 103 - 095 X 107Y

_ é_ -12
C =g =885 x 107" x

= 0.695 nf
Q=CV=695x 10"1° x12 =834 x 107°C
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Example 04

* A cylindrical capacitor consists or a

cylinder (or wire) of radius Rb surrounded »
by a coaxial cylindrical shell of inner radius
Ra

* Both cylinders have length | which we

assume is much greater than the :
separation of the cylinders, Rb - Ra, so we L.
can neglect end effects. e ..

* The capacitor is charged (by connecting it

to a battery) so that one cylinder has a
charge +Q (say, the inner one) and the
other one a charge -Q.

s. Determine a formula for the capacitance.

From lecture 3, calculating E form a
wire

* E, = 0due to summetry
* E, =Ecos@
dq
. dEx=kr—2cose
c dg=Ady& 1?= x?+ y? J p

AcosOdy i
« dE, =k 222"%
x x2+ y2

. 0= x 1 cos6?
COSUYU = (x2+y2)1/2 x2+ y2 - x2
kA cos@3d
. dEx — x—zy
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‘ -
* tanf = §9y=xtan9 tnd=7Fy=xtnf
5 X v dy=xdf secr;?:%!da
* dy=xdf secf” = > do s
cos 6 vipudl _khcostPdy x
kA cos@3dy «x TR s
L] E -
as d X x2 cos 62 de \ dEI:k,‘tcosMG
X
kAcos @ do
*» dE, = —— .
x x ‘ Exz%ﬁcosﬁdﬁ
kA oy !
2 kA, . - kA
- E, = TJ'éCOSH do ' EI=7(sm§—sm?n]=2—;
2 — 0
kA 13 -7 kA Yy e T ]
e E,=—(sin- —sin—) =2— SR
x x ( 2 2) x

A Q

x 2T EgX 2megxl
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E, = A Q : - * A spherical capacitor consists of two thin concentric spherical
Zmeer  2meeTl e , conducting shells, of radius r, and r,
b —Q rp1 . . . . I .
c V=—J, Edr = Py — fr ;dr ", * Theinner shell carries a uniformly distributed charge Q on its
0 a
surface.
Q0 T Q@ Ta P e
2meqrl  rq 2mMEeTl T b & ' * and the outer shell an equal but opposite charge - Q.
c=Q_ 2m&rl ! Y Determine the capacitance of the two shells.
= — T ¥ + R+
|4 In( a/Tb) - ¢ 5 : B _
0+ +* 5 - -
- - \ ry #
| — +Q .
iy, e +“*‘.f<g./k
¥ — ' .r.‘-—-t r
++++\
/\
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b r 1 . . .
Vg = — fa E dl = _% T b_z dr * Estimate the capacitance per unit length of two very long
T& "la T straight parallel wires, each of radius R, carrying uniform
— =0 . . .
© Vyy = Q (i — i) = _Q Ta"Tp g charges +Q and - Q, and separated by a distance d which is
imE My Ta W& ToTa /£ \W "R large compared to R (d >> R),
+++t'i-‘./h
Q TaTh man & M m
C=—-=4me T a b
%4 0 Ya—Thp /‘,* ++\\\\ - d -
N \ . Py, X -
E
s \ - . 4—‘. _
= -Q E +Q
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From lecture 3, calculating E form a
wire

Cp M __20 p__ 0 Q R
X7 2megx  2megxl y 2megxl  2meg(d—x)1 d
e Ve (PEal= 9 (RL, L
V= faEdl—ZneolfR [+ -—ldx X
. _Q _ WA —R
N B V—Zneol(ln(x) In (d — x)) R
: _ Q@
t . V—ZESOl(ln(d—R)—ln(R)—ln(R)
+1In (d — R))
v=—2"(0n(d-R) —In(R @
=L (In(@d-R) ~In(R)
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Capacitors in Series and Parallel
Q R . . . .
« V=——(n(d—-R)—In(R)) g * |tis very often that more than one capacitor is used in an
ol electric circuit
" Ifd>>R X * We would have to learn how to compute the equivalent
. |V = %ol (In (d) —In (R)) =%ol (In (%) ) capacitance of certain combinations of capacitors
. C= Q _ megyl
TV Ind/r o2 (o .G,
C, gz é: H _J:
-Q +Q ] G C, H C,
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* Connecting a battery to the s Q=0 Vy
parallel combination of - Q,=C,V,
Fapacitors is equivalent to . . _Q_0+0,_ 0o 4 Q,
introducing the same potential eq vy % v v
difference for both capacitors, * Cp=0C+C,
C, QG +Q,
* V = Vl = V2 |
V=V, — 9 9 V=Vay —
* Atotal charge transferred to the - ! ’ —_
system from the battery is the
sum of charges of the two . .
capacitors, ‘
* Q=0,+0,
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Example

* Analogous formula is true for any number of capacitors,

* Cp=C+C+ 05+ ...
* It follows that the equivalent capacitance of a parallel

combination of capacitors is greater than any of the individual

capacitors
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* A3 uF capacitor and a 6 uF capacitor are connected in parallel
across an 18 V battery.

* Determine the equivalent capacitance and total charge
deposited.

V=18V JE—
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A\RS

Copy =3+6=9uF
Qi =CV =9 x 107® x 18 = 0.162 nC

V=18V
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Connecting a battery to the
serial combination of
capacitors is equivalent to
introducing the same charge
for both capacitors, V=G —

Qeq = Ql = QZ

A voltage induced in the
system from the battery is
the sum of potential
differences across the
individual capacitors,

V=V,+V,
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Analogous formula is true for any number of capacitors,
1 1,01 1

e e e

Ceq cl c2 c3

It follows that the equivalent capacitance of a series

combination of capacitors is always less than any of the

individual capacitance in the combination
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Example

* A3 uF capacitor and a 6 uF capacitor are connected in series
across an 18 V battery. Determine the equivalent
capacitance.

* and total charge deposited.

o 1,1 _
Ceq Cc1 C2 3 X6
* Ceq =2uf

36 10-6 = 0.5 x 106

Quar =CV =2 x 107° x 18 = 36 uC

c, N 3u c, N 3u
V=18V J— c V=18V J— ¢
e q _— [ ]
c, 1 6u JE— c, 1 6u
b ¢ b
v Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il YA Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il
* Determine the capacitance of a single capacitor that will have e (23=C2+C3=2C
the same effect as the combination shown. L1
® Cl = CZ =C C123 C23 C1
2
. C =(c1xc23)=c><2c=2c=36
&) 123 C,+C,, c+2C 3¢ 3
I i
, €y I
a b 1) C
—t i
|
C I
¥ R ]
I v G
va Dr. Ahlmed ElShafee, ACU : Spring 2015, Physics Il
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Example

* Determine the charge on each capacitor and the voltage
across each, assuming C = 3.0 yF and the battery voltage is V
=4.0V.

C2 3uF
|1
1
C, b

— i
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Quq = C1p3Vba, ==C Vbat == x 3 C o

X4 =8uC i

Qeq = Q1 = Q23 = 8uC a L G b
—

V23 =V2="V3

Q23 _ Q2 _ Q1 [l

23 2z o1 é'

8 4 _Q2_ Q1 Vav *3

2c_ ¢ ¢ C I

Q1=0Q2=4uC I
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8x1076 4y
6x1076 3 (, auF
|
Il

¢ V2=V3=V23=Q4a=
C23

4 8

—H
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MCQ

1) C.,
2) C,
3) C,q
4) C,,
5) Ceq

below?
3/2C
2/3C
3C

1/3C
1/2C

* What is the equivalent capacitance, C__ , of the combination

eq’

T

Ceq Cc C
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MCQ

* What is the equivalent capacitance, C_. , of the combination

eq’
below?

The 2 equal capacitors in series add up as

1) Cﬁ: 3{2(: inverses, giving 1/2C. These are parallel
to the first one, which add up directly.
2) Ceq = 2/3C Thus, the total equivalent capacitance is
3/2C. |
3) C,q= 3C o ‘
4) C,, = 1/3C c |C N
e c C
5) Cq = 1/2C d _ _
Q
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MCQ

* How does the voltage V, across the first capacitor (C,)
compare to the voltage V, across the second capacitor (C,)?

1) v, =V,

2) vV, >V,

3) vV, <V,

4) all voltages are zero
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MCQ

* How does the voltage V; across the first capacitor (C,)
compare to the voltage V, across the second capacitor (C,)?

1) Vv, =V,

2 v, >V,

3) V, <V,

4) all voltages are zero

The voltage across C;is 10 V. The
combined capacitors C, + C; are parallel
to C,. The voltage across C,+ C; is
also 10 V. Since C, and C; are in
series, their voltages add. Thus the |

voltage across C, and C; each has to
be 5V, which is less than V.
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=

L‘

Electric Energy Storage

'
-
=

T

* A charged capacitor stores electric energy; the

energy stored is equal to the work done to
charge the capacitor.

-

* Consider two sheets of charge, one positive and

one negative on the surface of conductor b.

A
- W= [!Vdg
« but: =12
v

. -~ (Q9da_1¢
"W_fo c  2c¢

T+ttt
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Example
~d—~ . . .
* Energy stored: - — * A camera flash unit stores energy in a 150uF capacitor at 200
10?2 =+ = V.
e Ustored = 1¢ + -
2 ¢ i - * (a) How much electric energy can be stored?
i E Z * (b) What is the power output if nearly all this energy is
e but:V = % A BB A released in 1 ms?
s =
1 H =
° Ustored = EC V2 | + =
N B
+ -
- but:c=2 + i
v ¥ =
1 s =
L UStored = EQ V b a
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Dielectrics
e U= %C V2 = % X 150 x 107® x 2002 = 3 * Adielectricis an insulator, and is characterized by a dielectric
constant K.
U 3 * Capacitance of a parallel-plate capacitor filled with dielectric:
c P=—-=——=300W
t 10
A
C=K &o E
* Using the dielectric constant, we define the permittivity:
e e=Kg
Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il oY Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il




TABLE 24-1
Dielectric Constants (at 20°C)

] ) ) Dielectric Dielectric
* Dielectric strength is the constant  strength

. ) . . Material K V,
maximum field a dielectric i V=
can experience without Vernim oY f
b ki d Air (1 atm) 1.0006 3 x 10°

reaking aown. Paraffin 22 10 % 10°

Polystyrene 2.6 24 x 106
Vinyl (plastic) 2-4 50 x 10°

* Here are two experiments where we insert and remove a
dielectric from a capacitor. In the first, the capacitor is
connected to a battery, so the voltage remains constant. The
capacitance increases, and therefore the charge on the plates
increases as well.

Paper 37 15 x 10
= (3]
Quartz 4.3 8 x 10 +0, 0 +0=+KQ, 0
oil 4 12 x 10° VooF 2=l G '1,7{1 Voor == C= = =KC
Glass,Pyrex 5 14 x 10° % 0 —Q=-KQ 0
Porcelain 6-8 5 % 10° no dielectric with dielectric
Mica 5 150 x 10° a) Voltage constant
Water (liquid) 80
Strontium
titanate 300 8 x 10°
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* In this second experiment, we charge a capacitor, disconnect * A parallel-plate capacitor, filled with a
it, and then insert the dielectric. In this case, the charge dielectric with K = 3.4, is connected to a
. . . .. 100-V battery. After the capacitor is fully A
remains constant. Since the dielectric increases the o L\
. . ) charged, the battery is disconnected. The : v 100V
capacitance, the potential across the capacitor drops. plates have area A = 4.0 m? and are K=34 ,40mm -
separated by d = 4.0 mm. | (a)
* (a) Find the capacitance, the charge on the
0 capacitor, the electric field strength, and the
+ +QJ_ +QJ_ e : itor.
Vome 1 (o) Gy= % 0 Vo, Co= Q ol V=7 energy st.ored |r.1 t.he capacitor. A
—Qy 0 —QUT Vo =Q| c=kc, * (b) The dielectric is carefully removed, I \
no dielectric battery disconnected dielectric inserted without changing the plate sepa.ratlon. nor d=4.0 mm
(b) Charge constant does any charge leave the capacitor. Find |
the new values of capacitance, electric field (b)

o
o
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strength, voltage between the plates, and
the energy stored in the capacitor.
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Given:K=3.4 » After removing dielectric, cap will be decreased by 3.4

= -8
Ybat = 100V oA c 6=S=3x =88 x10F
A=4m b 100V :
deam K=34 [40mm « Vo=KV =34 x100 =340V
- I Vo 340
. C= ke Ao 34x885x10712x42 4 (@) * Ey=— =, =8KV/m
0q 4x1073 1 2 1 9 2 —a
% 108 F ) * Uy=3CVp> =3(88 x 107°)(340%) = 5.1 x 107*J
« 0=CV=3x108x100=3 -
>Q< 10—6 C : d=4.0mm
1% 100 (b)
e E === oS 25 kV/m

. U=§CV2 =§(3 x 1078) 1002

ov — 1 5 X 10—4- ] Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il oA Dr. Ahmed ElShafee, ACU : Spring 2015, Physics Il

MR Ahmed ElShafee, ACU : Spring 2015, Physics Il




