Grade 11 S — Physics
Chapter 13: Capacitor







Exercise 1

A parallel plate capacitor of capacitance €; = 48nFconsists of two identical
parallel conducting plates of common area § = 1000cm?. The two plates
are separated by a distance d = 0.1 mm. An insulating material of relative
permittivity &, Is used to separate the two plates. The following table gives
the values of &, of some mediums: Given g, = 8.85 X 10~ 1%F/m

Medium | Vacuum | Pardffin Mica Porcelain
g, 1 4.5 5.4 6.5

1. Calculate the value of &,.. Deduce the nature of the insulating medium.
2. The capacitor is being charged under a voltage of U=24V.
a. Calculate the quantity of the electric charge g on the capacitor C.
b.Calculate the electric energy stored by the capacitor when it Is
completely charged.




Exercise 1

C,=48nF;S =1000cm?*;d = 0.1mm; g5 = 8.85 x 10" *F/m

Medium | Vacuum

Paraffin Mica Porcelain

&, 1

4.5 5.4 6.5

1. Calculate the value of &,..
S

C =&~ M) 48 x 107° = 8.85 x 10~ '2¢,

j> & =5.4

m) 48 x107° = 8.85 x 107 %,

Deduce the nature of the insulating medium.

1000 x 10~
0.1x103

Referring to the table insulating
medium is Mica




Exercise 1
C,=48nF;S =1000cm?*;d = 0.1mm; g5 = 8.85 x 10" *F/m

1. The capacitor is being charged under a voltage of U=24V.
a. Calculate the quantity of the electric charge g on the capacitor C.

q=CxU M) q=48x10""x24 m) q=1.152x107°C

b. Calculate the electric energy stored by the capacitor when it is
completely charged.

1
w=ECU2 ) w=05x48 x 1072 x 242

— w=1.3824 X 107>J



Exercise 1

3. The capacitor €4 being completely charged is
now connected across another uncharged one
of capacitance C, = 4C; as Indicated In the
adjacent figure. At electric equilibrium, the
electric charges on €; and C, are
respectively g4 and q,.

3.1) Write a relation between g4 , g, and g.
3.2) Deduce the voltage U’ across each
capacitor at electric equilibrium and .  the

charges g4 and q,.

C1

[




Exercise 1
C{ = 48nF; C, = 192nF(uncharged); equilibrium, €; have q; and C,
have q,.

3.1) Write a relation between q4 , g, and q.

Qtotal initial = Qtotalfinal » q+0=qq+qy » q=4q1+q;

3.2) Deduce the voltage U’ across each capacitor at electric equilibrium
and the charges g4 and q,.

q+0=gqq.+q, q=U'(Cy+ Cy)
q=C{xU +C,xU =) 1.152x 1076 = U’ (48 + 192) x 10~°

q=U'(Cy+ Cy) > U' = 4.8V










Exercise 2

Consider five capacitors of capacitance C4 1 T c
=Cy,=2uF , C3=2uF and C4=Cs - T7

= 1.5puF are connected to a dry cell ot _L ‘gcz
voltage Upy as shown In the adjacent Cy— —=C;
figure. Given that: Ugp = 5V. ~l Ip

1)Calculate the equivalent capacitance €., between A and D.
2)Calculate the charge @gp. Deduce the charge Q.4 of C,,.

3)Deduce the voltage Upy.
4)Calculate the charge and the voltage across each capacitor.



Exercise 2
61:CZZZMF, C3:2ﬂF and C4_:CS: P,

1)Calculate the equivalent capacitance Ce,

between A and D. T

Cy X C,

C.and C, areinseries: C{, = N

1 2 1,2 C1+Cz

#C _2><2_4_1F
12553774 "

Ci, and C3 are inparallel: €133 =Cq1, + C3

61,2’3 =142 = BMF



Exercise 2

C,=C,=2uF, C3=2uF and C4 =C5 = v, N
| -T- 3
C, and Cs are in parallel: C45 = C4 + Cs . _ECZ
h 1
Ci=m C
»C4’5=1-5+1.5» C4,5:3”F N 4 JD —I— 5

C123 and C4 5 are in series:

- Cy23%XCs5 3 %xX3 9

Ceq = = £~ C143 = 1.5uF
1 Cy3+Css 3+3 6 =) 12,3 H




Exercise 2
61:CZZZMF, CgZZﬂF and 64265: P,

2) Calculate the charge Qpp. Deduce the
charge Q. of C,. T Ue

C4,_

Qpp = C45 X Upp W) Qpp =3nF x5 ™

» Qpp = 15uC

Qpp = Q4 = Q¢q = 15uC  Law of uniqueness of charges in series



Exercise 2

61:CZZZMF, 63:2[117 and 64265:

3) Deduce the voltage Upy.

Qeq — Ceq X Upy # Upy =

Qeq
Ceq




Exercise 2

C]_:CZ:ZﬂF, 63:2ﬂF and 64265: Pg oA
1. SHF, UBD = 5V. T4 C;
—C,
4)Calculate the charge and the voltage —4 . iz
i Come ——¢
across each capacitor. . T__T%

C, and Cs are in parallel then: U, = Uz = Ugp = 5V

Q,=C, xU, Qs =C5; X Us =1.5uF X5V =7.5uC

m) Q,=1.5uF x5V |m»Qs =1.5uF x5V

) Q, =7.5uC =) Q5 =7.5uC




Exercise 2

61:CZZZMF, 63:2[117 and 64265: P 1A

1. SﬂF, UBD = 5V. 7 €1 Cs
——C

C., and C- are in parallel then: L [

1,2 3 P == Uen e, L 2

Ui, =U3z =Uyp =5V . . ol —T

’ C{ and C, are In series then:
Q3 — C3 X U3 Ql’z - Cl,Z X U1’2 — 1HF X 5V = Sﬂc

) Q3 =2pF x5V |m) Q; =Q; = Q12 = 5uC

5uc
m) Q; =7.5uC #Ul_—l—z‘;‘—F=2.5V.

Cq
Qz _ SKC _
W)U, == =25V







