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Current electricity and capacitor revision questions

1.

(a)

(i)

(ii)

(b)(i)

(iii)

Define the following

Temperature coefficient of resistance. (01mark)

Temperaturecoefficint of resistance is fractional change in resistance at 0°C per Kelvin
rise in temperature.

Electrical resitivity (O1mark)

Resistivty is the resistance of a material of length 1m and cross sectional area of 1m?.
Or

Resistivty is the resistance across opposite faces of a cube of material of length 1m.

Describe an experiment to measure an unknown resistance using a meter bridge
(05marks)

Unknown reistance X is connected inleft handa gap of th bridge and standard resistance
R is connected in right hand gap of the bridge as shown above. A balancing point is
determined where the galvanometer G shown no deflection. The experiment is

. . . L
repeated with several values of R. The results are tabulated including values of L—Z A
1

graph of R against 2—2 is plotted. The resistance of unkown resistorX = slope of the graph
1

S.

Explain why the balance point of a meter bridge shuld be close to the middle of the slide
wire. (03marks)

When the balance point is near the middle, the ratio of the resistances in the two arms
of the bridge remains closer to 1, leading to more consistent and proportional results. In



2.

(d)

(a)
(i)

(ii)

such a situation, the errors that occur in the measured value of the resistance would
comparatively be smaller.

A piece of wire of length 200cm and cross-sectional area 0.001cm? has a resistivity of 4.4
x 107Qm. The ends of the wire are joined together to form a loop. Terminals T, and T
are fixed across the diameter of the loop and connected to two cells in parallel, each of
e.m.f 1.5V and internal resistance 1Q as shown in figure 4

1 1.5V,10

Ly \7%
u Loop of wire

Fig. 4

Find the total current that flows in the circuit. (06 marks)

I  44x1077x200x 1072
rR=%- X 10~ -8.80
A 0.001x 10~%
R 88
R1 :Rz :5:7:4.49

4.4 x 4.4 1x1

+12=22+4050=270
4.4+4.4 1+1

Total resistance in the circuit, RT =
15

I=e';n—f=;=0.556A
T .

Show that a given source of e.m.f delivers maximum power for a load when the
resistance of the load is equal to internal resistance of the source. (04 marks)
P=1IR

But] = ——
R47
E \?2 E2?R
P= (R_-I-r) R = (R+7)2
daP _ E*[(R+r)*-2R(R+1) _ E*(r-R)
drR (R+1)3 T (R+1)?

For maximum power, 2—2 =0orr—-R=0
Thusr=R

Define the following:
Dielectric constant (01mark)

Dielectric constant is the ratio of the capactance of a capacitor with a dielectric material
to capactance of the same capactor without dielectric material

Or
Dielectric constant is the ratio of permittivity of dielectric to permittivity of free space

Dielectric strength (01 mark)



(b)

(c)

(ii)

(d)(i)

Dielectric strength is the maximum electric field intensity or potential gradient that a
material can withstand without breaking down and losing its insulating properties.

Explain using molecular theory, the effect of a dielectric material on the capacitance of a

capacitor. (05 marks)

- when a dielctric is placed between the plates of a charged capacitor, its molecules
get polarised.

- The charges inside the electric cancel each others and surfance of dielctric acquires
charges opposite to charge of the plate near the surface.

- since those are bound charges then cannot be neutralized

- an electric field intensity is developed between the surfaces of a dielectric in the
direction opposite to that of applied field.

P . . 1%
- The resultant electric field intensity reduces i.e. from E = = p.d, V reduces.

Also from C = %; capacitance of capacitor increases.

A capacitor of 50uF is charged fully to a p.d of 45V. The capacitor is the disconnected
and a dielectric material of dielectric constant 2 is inserted between its plates. If it is
then connected across an uncharged capacitor of 60uF, determine the;

p.d across the combination (04marks)

Charge stored , Q =CV =50 x 10° x 45 = 2.25 x 10°C

After inserting the dielectric, capacitance C' =2 x 50 uF =100 uF

Total capacitance, C; = (100 + 60) uF = 160 uF
Q _ 225x107%

V=== — . = 14.1V
Cr 160x1076
Or
-6
_ CoVo _ 50x107%x45 _ 141V
C1+C; 100+60
Or
Q =CiV; =(C+C)Y,
-6
v = CiVi _ 50x107°x45 _ 141V
C1+C; 100+60

change in energy initially stored and in both capacitors. (04marks)

E, = %CVZ = §x50x10-6x452 = 0.0506]
Energy stored in combination

E, = %x160x10‘6x14.12 = 0.0159]
Change in energy = 0.0506 — 0.0159 = 0.0347)

Describe how a ballistic golvanometer canbe used to compare capacitance of two
capacitors. (04marks)



1.

|’ i
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| |
| |
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- The circuit is connected as shown with a capacitor of known capacitance C;.

- Switch K; is closed and K; is opened. The capacitor of capacitance C; is charged by
the battery of em.f V.

- K;is opened and K, is closed to discharge the capacitor through the ballistic
galvanometer, B.G. the first deflectionof the B.G 6 is noted

- The capacitor is then is then replaced with the capacitor of unknown capacitance
C,.the experiement is repeated and deflection 6, is noted

c o 6
- Hence2= Z%c,= ¢, 2
G 01 01

(ii)  State any two functions of a dielectric material in a capacitor. (01 mark)

Increases Capacitance: By introducing a dielectric material, the capacitor's ability to

store charge increases. This is due to the dielectric constant (relative permittivity) of

the material, which reduces the effective electric field and allows more charge to
accumulate for a given voltage.

- Prevents Short Circuiting: The dielectric acts as an insulating layer between the
capacitor's plates, preventing direct contact and ensuring that charge is stored
safely without current flowing directly across the plates.

- Enhances Energy Storage: A dielectric material allows a capacitor to store more

energy by enabling a higher charge storage for the same physical size. This makes
capacitors more compact and efficient.

- Reduces Electric Field Strength: Through dielectric polarization, the internal electric
field opposes the applied field, effectively reducing the net electric field. This helps
maintain the capacitor's functionality under high voltage.

- Enables High Voltage Operation: Certain dielectric materials have high dielectric
strength, allowing capacitors to operate at higher voltages without breakdown.

(a) State Coulomb’s law of electrostatics (01marks)

Coulomb’s law states that the force between two point charges is directly proportional to the
product of the magnitude of the charges and inversely proportional to the square of the
distance between the charges.

(b) (i) Describe how a conductor may be positively charge but remains at zero
potential(03marks)



A negatively charged rod is brought near a neutral sphere. Distribution of charges occurs. The
sphere is then earthed in the presence of the rod. Electrons flow to the earth. The sphere is
positively charged and at zero potential. When the rod is remove the sphere remain positively
charged.

Sphere

/

Rod

(ii) Explain how the presence of a neutral conductor near a charged conducting sphere may
reduce the potential of the sphere.

A B
® [= +
When a positively charged insulated sphere A is placed close to a neutral insulted sphere B,
negative charges are attracted to side close to A while positive charges are repelled to the far

end. Potential at ab; V=V, + V,, + V.. Since V, and V. are of opposite sign and c is further from A,
the negative charges at b effectively reduce the potential at a.

(c) In the figure below, points P and Q are at a distances 30.0cm and 20.0cm from a point charge
of 4.0uC respectively.

Pe

30.0cm

]
40T 00em 0



2.

Calculate
(i) Electric potential difference between P and Q (05marks)

Electric potential at P
KQp _ (9x10%)(4x107%) _

v, = & 120,000V
™ 30 x 10
9 -6
y, = Ko _ 0x10)@x107 _ g0 oqy
TQ 20x 10

Potential difference between P and Q
Vpq = 180000 — 120000 = 60000V

(ii) Energy required to bring a charge of +1.0uC from infinity to Q. (03marks)
Energy, E=QV
=1x10° x 180000 = 0.18)

(d) Describe with the aid of a diagram an experiment to show that excess charge resides only on
outside of hollow conductor.

Experiment to show that excess charge resides only on the outside of a hollow conductor.

_ metal ball
silk thread

N\__lIce pail '
\/Ice pail

+ + + +

+ + + +
ZI77777770 Lt i +
/ [ ]

Insulator Ly Insulator L
+
+¥-Go|d leaf +\+—-Go|d leaf

- lIce pail is placed on an insulator and connected to a gold leaf electroscope

- A positively charged metal ball held on a long silk thread is lowered into the pail without
touching the sided nor the bottom.

- Positive charges are induced on the outside of the pail and golf leaf diverges. The divergence
does not change when the ball is moved about as long as it does not touch the pail.

- When the metal ball is allowed to touch the bottom, the divergence remains unchanged
although it loses the charge.

- This shows that the charge induced inside the ice pail (hollow conductor) is of equal
magnitude and opposite to the charge on the metal ball. Thus the total charge inside the
hollow conductor is zero.

- Hence excess charge resides only on the outside of a hollow conductor.

(a)(i) Define e.m.f of a battery. (0O1marks)



E.m.f of a battery is energy supplied by the battery
Or
It is the p.d across the terminals of the battery on an open circuit.

(ii) Explain why e.m.f of a battery left standing in a room for long decreases. (02marks)

Moisture in the room contains ions which allow electric conductions between the terminals
of the battery and therefore the e.m.f of the battery reduces.

(b) The figure below shows a network resistors connected to show identical cells of e.m.f 1.5V
and internal resistance 0.8Q.

1.5V, 0.80)

1.5V, 0.8Q
|

30
—

30
I 1

L1

Calculate the current supplied by the cells (04marks)
From E = I(R+r)

The effective e.m.f of cells in parallel = e.m.f of one cell = 1.5V

. . 0.8
Effective internal resistance, r = - = 0.4

1.5= |((33L+§ + 0.4)

| =0.789A
The current flowing is 0.789A

(c) Describe an experiment which can be carried out to determine the resistance of a wire using
a potentiometer. (0O6marks)

An experiment to determine resistance of a wire using a potentiometer



Driver cell

(on)

CO C]

R1 = known resistor

R, = wire of unknown resistance
AB — Uniform resistance slide wire
Es — standard cell

The balance length L; from A is recorded

A'is disconnected from Cy and galvanometer is disconnected from C,
Ais connected to C; and galvanometer to C,

The balance length L, from A is recorded.

. L
The resistance R, = L—Zx R,
1

(d) The figure below shows a uniform resistance wire AB, 100cm long and resistance 4.0Q
connected with a 2.0Q resistor through switch K,. When K is closed and K, open, the balance
length is 53cm.

Find the

(i) Balance length when K; and K, are both open (04marks)
Lag = 100cm, Rpg = 40, E4 = 3.4V, r = 0Q, Ly, = 53cm



Considering upper circuit

Ed = Id (R + r)

34=144+2+0)
3.4

lg==A

e.m.f of cell X =p.d across the balance length

Ex = kL where k is p.d per centimeter of AB

=32 ¥ 53 =1.802V
100

At balance
e.m.f of cell X = p.d across 2Q + p.d across balance length

1.802 =lyx 2+ lgx = x L

1.802=22x24+ 2 x 2L

6 6 ~ 100
L=29.4cm
(ii) Internal resistance of cell X if the balance length is 44.1cm when both K; and K; are
closed (01marks)
Ly =44.1cm
Using upper circuit
Eq = l4(R+r)
3.4=144+0)
lg=0.85

lg=0.85A 34V
l I

B T

A B

K>

50

—<

X

At balance point
p.d across 5Q = p.d across balance length Al

x5 = lgkLa

51=0.85 X — x 44.1
I =0.3A
Using lower circuit
Ex=I1(R+T)
1.802 = 0.3(5+ )
r=1.0Q

the internal resistance of a cell = 1.0Q
or

r=Rs(2-1)=5(2-1) =100



3.

(a)(i) Define farad. (01mark)
A faraday is the capacitance of a capacitor when a charge stored is 1C and potential difference is
1v.
(ii) Describe briefly the energy transformations that take place when charging a capacitor
using a dry cell. (02marks)

Chemical energy in the cell - electrical energy - electrostatic potential energy when the
charge is being stored on the capacitor plates + heat

(b)(i) What is meant by dielectric constant? (02marks)

Dielectric constant is the ratio of capacitance of a capacitor with a medium between its plates to
the capacitance of the same capacitor with a vacuum between its plates.

Or
Dielectric constant is the ratio of permittivity of a medium to permittivity of space.

(i) A parallel plane capacitor is connected to 100V and then isolated. When a sheet of a
dielectric is inserted between the plates, the p.d. decreased to 30V. Calculate the dielectric
constant of the dielectric. (03marks)

Let the capacitance of a capacitor be C
Charge stored, Q = CV
=Cx 100 = 100C
When a material is inserted between the plates of the capacitor
Q=cv
=ECx 30
By conservation of charge

100C=ECx 30

E, = 5= =333

(c) A 60 pF is charged from a 120V supply. It is then connected across the terminals of a 20uF
capacitor. Calculate the

(i) final p.d. across the combination (03marks)

Total charge = total charge after combination;



When the capacitor are joined, the p.d, V, across is the same
CiVi=CV + GV = (Cy + GV

60 x 10°x 120 = (20 x 10° +20 x 10°)V = 80 x 10°V

V =90V

The final p.d =90V

(ii) Difference in the initial and final energies stored in the capacitor and comment on the
difference. (05marks)

Energy =%CV2
Initial energy =%C1V12 =% x 60 x 1076 x 120% = 0.432)
Final energy =§ (€, + c,)V? =%(60 x 1076 + 20 x 1075) x 902 = 0.324)

Energy difference = 0.432 - 0.324 =0.108)J

Comment: Energy after is less because some energy is lost as heat in the connecting wires

(d) Explain the principles of operation of a lightning conductor. (05marks)



Negatively charged cloud

+ + + +
Space
charge L« A
J ﬁ—_%"‘ékSpikes
Copper strip —
Electron

—

|~ Copper plate

Action

(i) When a negatively charged cloud passes over lightning conductor, it induces positive charges on the
spikes by repelling electrons to the grounds through copper conductor.

(ii) A high electric field concentration of positive ions on the spikes ionizes air around it causing
positively charged ions and negatively ions.

(iii) The negatively charged ions are attracted and discharged at the spikes while the positively charged
ions are repelled to form a space charges which neutralizes the negative charge on the cloud. In
this way the harmful effect of the cloud is reduced.

4. (a) Define the following as applied to a battery:
(i) Electromotive force
It is the energy supplied by the battery to transfer 1C of charge a round a complete
circuit which includes the battery.
Or
It is the ratio of the power the source generated to the current it delivers

(ii) Internal resistance
This is the opposition to the flow of current with the battery due to its chemical
composition.



(b) A battery of e.m.f E and internal resistance, r, is connected across a load of resistance, R.
Derive an expression for maximum power delivered to the load. (04marks)

Power delivered to the load, P = IR

E
Butl=——
R+7
E%R
=>P= (R+71)2

. dp
For maximum power, e 0

dP _ E?(R+1)?— E?R2(R+1) _ 0
drR (R +1)* B

R=r
_ E?R _ E*r _ E?
MmXT(2R)2 T 4rz T ar

(c) Determined how resistance of a resistor may be determined using a slide wire
potentiometer (05marks)

| |
L

Resistor

—1___

|\
II

- Abalance point Al = Ly is determined is determined with a standard resistor, Rs.
- Abalance point Al = L is determined is determined with unknown resistor, R

. L
- The unknown resistor, R = X R,
S

(d) Explain why the potentiometer is more suitable for measuring small resistance than
Wheatstone bridge (02marks)

At balance point the current in a potentiometer wires is zero thus the resistance of the
connecting wires does not affect the reading



(e) In the figure below, AB is a uniform resistance wire of resistance 2.0Q, and length 100cm, E is
a cell of eem.f 1.5V and D is a driver cell of negligible internal resistance. When switch K is
closed the balance length ACis 82.5cm.

D

—

—C®

E=1.5V
(i) Find e.m.f of D (03marks)
ED = |(RAB + R)
=1(2+2.4)
|- b

T 44
Ep

_ _Ep — Ep
p.d. across AB = IRpp = 2a X 2= s

-, 1 _ Ep
p.d/cm, k = 22 % 100 220
At balance p.d across AC = 1.5V

kLAB =1.5

b 4 825=15
220

ED = 4V

(i) If E and the galvanometer are replaced by a voltmeter of resistance 20.0Q, find the
reading of the voltmeter when contact C is placed at the mid-point of AB and the value
of Ris 1.0Q.

10

200

20x1 _ 1952380

2041

Combined resistance in parallel, R¢c =

Effective resistance, Rg =0.95238 + 1 + 1= 2.952380

4
2.95238

= 1.3554

7
Total current, | = 7=



p.d across the parallel combination, V = IR = 1.355 x 0.95238 = 1.29V
-~ voltmeter reading = 1.29V

Or

Combined resistance in parallel, R¢ = 220x 1= 0.952381

0+1

Effective resistance, Rg = 0.95238 + 1 + 1=2.952380

Rc

. . 0.95238
p.d across the parallel combination, V¢ = o X V=-——
E

= x4=129V
2.95238

(a) (i) Define electric field intensity and potential difference. (02marks)

Electric field intensity at a point is the force exerted on positive charge of 1C placed a pointin an
electric field.

The potential difference between two points is the work done to move 1C of positive charge
from one point to another in electric field.

(ii) Derive an expression for electric potential difference between two points a and b in the
field of a single point charge +Q (04marks)
ra

Z N

~ 7

Z N N\

< >

+1C

L L 4 & L 4
+Q a R 5r S b

¢ : X

The force exerted on +1C charge at R

__Q

41‘[801,2

The work done to move +1C of charge from S to R through a small distance, 6ér is

sw=—2 ¢

4-7'[£0rz

Over a small distance, 6r, F is assumed to remain constant.

Total work done to move +1C from b to a is

w=fr1i8r— —Q [l]il

2 4"£0r2 4meg Lr >




_Q [1 1]
4meg Ly T2

~ p.d betweenaandb

(b) Describe an experiment to show that when two dissimilar dielectrics are rubbed together,
they acquire equal but opposite charge.

- Wool is wrapped round on end of a polythene rod and several turns of thread wound
over wool. The loose end of the thread is pulled so that the wool rubs the polythene
making sure that the hands do not touch the wool.

- The end of the rod with wool is inserted in the metal can place on neutral electroscope.
No divergence is observed.

- When the polythene is carefully pulled out to leave the wool, a divergence of the leaf of
electroscope is observed.

- The wool is then withdrawn and the electroscope discharged, when the rod is placed
inside the can, the electroscope is observed to diverge to the same extent as before.

- Therefore two dissimilar dielectric have acquired equal but opposite charges.

(c) Two point charges of +5uF and -3uF are placed at points A and B as shown in the figure
below.

Ae +5u A
90cm
"o % %
k J
N A
1200 90cm
Be-3u ¥
Calculate the
(i) Electric potential at P (03marks)

AP =BP =,/(120% + 902) = 150cm
Potential at P = RTQ



_ . [ea, @8] _ o[ 5x107®  3x107% 7 _
Vp =k [r1 + rz] =9x10 [150x 1072 150 x 10—2] =12,000v
(ii) Work done in moving a charge -3uC from P to Q. (04marks)

. _.[ea , @8]_ 9[5x107¢ 3x107°] _
PotentialatQ =k [ra + ) ]— 9x10 [90x 02 50% 10_2] = 20,000V
Potential difference between P and Q
Vgp = 20000 — 12000 = 8000V

Work done, w = QVqp = -3 x 10°° x 8000 = 0.024)

(d) State any two characteristics of an equipotential (02marks)

- The work done to move a charge along the surface is zero
- Thefield line are perpendicular to the surface.

(a) Define the following
(i) Capacitance (01mark)
It is the ratio of the magnitude of a charge on either plates of a capacitor to the
potential difference between the plates.
Or
It is the magnitudes of charge on a conductor to potential of the conductor.
(i) Relative permittivity (01mark)
It is the ration of the permittivity of a material to permittivity of free space.

(b) Two capacitors of capacitances C; and C, are connected in series with a battery of e.m.fV as
shown below.

If the p.d across the capacitor of capacitance C; is V; show that
1_ (L, L\a

v, (c1 + cz) v

Proof

Let the charge on each capacitor plates be Q and V, = p.d across C,.

Total p.dV=V,+V,

Q Q
V1 = C—landVZ = C_z



V o 2+ 2 =Q[i+ i:l
C1 Cz C1 Cz

Charge onC; = Q; = C,V4

1 1
V=V, [6_1 + C—z]
Dividing through by VV; gives

Y SR
%% V LCq Cy

(c) Describe an experiment to determine the capacitance of a capacitor using a vibrating reed

: Reed switch

Capacitor, c
©

Battery

©

circuit.

- The test capacitor of capacitance, C, to be determined is connected to the circuit as shown
above

- The capacitor is alternatively charged and discharged through a sensitive light beam
galvanometer, G by the reed switch.

- The frequency, f, of the reed switch, the voltmeter reading, V and ammeter reading | are
recorded

- The capacitance of the capacitor is given by C =fic

(d) A battery of e.m.f120V is connected to a network of capacitors as shown in the figure below



G 2uF
C C
—{
6WF Cs Sl
TuF
[
120V
Calculate the
(i) Charge on C; (04marks)

Combined capacitor C’ of Czand C, in parallel
C=C3+C4=2+4=6uF
Equivalent capacitance C” of C’ and C; in series

CrC 3x6
= Z=""—=2F
c'+C, 3+6

Combine capacitance, C'”” of C"" and C5 in parallel
C”=2+1=3pF
Equivalent capacitance C”” of C""" and Cg in series

C = CrincCe 3x6_2 F
c'""+Cg 3+6 H

Total charge Q =CV =120x2 x 10°= 2.4 x 10™C
Charge on C1=2.4x10™C

(ii) Energy stored in Cs (03marks)

Q _24x107* _

p.d across parallel network, V' = = — =80V
crir 3x10

Energy stored in Cs = E =%CV2

=%x1x10_6 x 802

=3.2x10%

(e) Describe how the effect of a dielectric medium on the capacitance of a capacitor may be
determined. (03marks)

P, \<Connecting wire
I )




Two metal plates P1 and P2 are set close to each other but not touching.

P, is earthed while P, is given charge Q and connected to the cap of electroscope.

The divergence of the leaf is noted

A dielectric (e.g. sheets of glass) is placed between the plates keeping the separation of P; and
P, and area constant.

The divergence of the leaf is seen to decrease implying a reduction of p.d across the plates.

From C :g, the capacitance increases in presence of dielectric.

(a)(i) State the law of conservation of current at a junction in an electric circuit. (01marks)

Law of conservation of current at a point/junction states that the total current flowing through a
junction is equal to the total current flowing out of a junction.

(ii) Explain why current from a battery is greater when bulbs are connected in parallel than
when they are in series across a battery. (03marks)

The effective resistance across the bulbs is smaller when the bulbs are in parallel than
when they are in series. Since the current is a ratio of p.d to resistance the current is
higher when the bulbs are connected in parallel than when connected in series.

(b) A conductor of length L and cross sectional area A has n free electrons per unit volume. The
average drift velocity of the electrons is v and each electron carries charge e.

Derive an expression for the current which flows (03marks)

-
-
Y

010
L

-
*
’

Number of free electrons in section of the wire = nAL

Total charge Q in the section is given by Q = nAlLe

L
v

Time taken for all electrons to flow through X, t =

AL
But current | =< = F =nAve
t /v



(c) A battery with an e.m.f of 12V and internal resistance 2Q is connected to a wire of
resistance 10Q.

(i) Calculate the p.d across the wire. (02marks)

12V, 20
i

33—

10Q2

Total resistance in series = 10 +2 = 12Q

But Current | =Y 12_ 1A
R 12

p.d across 10Q resistor =IR=1x10=12V

(ii) What is the p.d across the wire become if a 15Q resistor is connected parallel to it?
(03marks)

12V, 20
i

—+—

10Q
15Q
. . . 15 x 10
Combined resistance for 10Q and 15Q in parallel = Tor10 - 6Q

Total resistance in the circuit =6 +2 = 8Q

Currentl=% = 2-15A
R 8

p.d across the parallel resistors =IR=1.5x 6 = 9V
Hence, the p.d across 10Qresistor = 9V

(d)(i) Define electrical resistivity and state its units (02marks)



Electrical resistivity of a material is the resistance is the resistance across 1m cube of the
material

Units is Ohm-meter (Qm)

(ii) Describe an experiment to determine the resistivity of the material of a wire using an
ammeter, meter rule and voltmeter

ceIII, E Sv/vitch, K

Ammeter(®)
W)
Voltmeter
o «— uniform resistance wire
Ay \
< A

The setup is shown above
Various values of x, V and V are obtained and tabulated including values of R= %

A graph of R against x is plotted and slope s is obtained
Given that the diameter of the wire is d; the resistivity of the wire, p is given by

oes ()

(a) (i) Define temperature coefficient of resistance and state its units. (02marks)

The temperature coefficient of resistance is the fractional change in resistance at 00C for very
degree Celsius rise in temperature.
Units is K™

(ii))Explain why temperature coefficient of resistance is positive for metals. (03marks)

The resistance of a metal increases with increase in temperature because when the
temperature increases, the atoms of the metal vibrate with higher amplitude reducing the mean
free path for conduction of electrons.

The charge flow per second (or current) is reduced. This implies that resistance has increased.
Hence fractional change in temperature is positive.

(b) (i) Derive the conditions for balance of meter bridge. (05marks)



Resistor, R, Resistor, R,

galvanometer slide wire
2 /

N

L'l %( Lz

A

L
|
Cell of e.rln.f, E Switch, K
The setup is as shown above, J is the balancing point.
At balance the current through R, = current through R, and current through AJ = current
through JB
~ p.d across R; = p.d across AJ
I1R1 =15Rp
If r is the resistance per meter of wire AB,
Then, I1R; = lrrL ........ (i)
P.d across R, = p.d across JB

I1R2 = 1;Rsg

Then, 1Ry = Ihrl, ..., (II)
Dividing (i) by (ii)

Ry _ Ly

Ry Ly

(i) Explain why the meter bridge is unsuitable for comparison of low resistances. (02marks)

When the resistances are very low, the resistance of the connecting wire or the resistance of
end error become significant.

(c) A standard resistor is connected across the right hand gap of a meter bridge and a coil X
across the left hand gap of meter bridge. When the coil is heated to a temperature of 40°C, the
balance length is 525mm from left-hand end of the bridge.

When the temperature of X is raised to 100°C, the balance point is 546mm from the left end.

Calculate the temperature coefficient of resistance of the coil X (06marks)

At 40°, 20 =325 _ 1105 ... (i)
R 47.5
At100°, Xaee = 3%6_ 1503 ... (ii)
R 45.4
Hence 220 — 1293 _ 1 ggg

Xa0 1.105



Using Rg = Ry(1 + ab)
X100 = Xo(1+ 100a)
Also,
X400 = Xo(1+ 40a)
Xy00 _ (1+100a) _

=-—==1.089
X40 (1+40a)

a=157x103K1

(ii) Why are standard resistors made of alloys such as constantan and magnesium? (02marks)
The temperature coefficient of constantan and magnesium are small, thus, there
negligible change in resistance with moderate change temperature

9. (a) Derive an expression for energy stored in a capacitor of capacitance, C, charged to voltage, V.
(0O4marks)

A——

When a small amount of charge 8q is transferred from B to A
Total charge = g + 6¢

Total p.d =V + 8V

Work done, éw = (V + &V)dq

~ 0w =Vbq, butq=CV

=1
ow = C(Sq
Work done,W=f0Q%6q
:lx Q_z
27 ¢
=-CV?
2

Alternatively
6q =6(CV) =CdV
ow = CV&V
Work done = fOV CcVesV =% cv?
(b) A parallel plate capacitor with plate area of 2 x 10°m? and plate separation of 5.0x 10°m is
connected to a 500V supply.
(i) Calculate the energy stored in the capacitor (04marks)
Charge Q=CV butC= E"?A
_ SoAV
T od
_885x10712x2x1072 x 500
- 5x1073




=1.77x10°C
Energy stored = % (0)74

=~ x1.77 x 107® x 500
=4.4x10°
(i) If the space between the plates is completely filled with oil and the total charge in the
capacitor becomes 4.42 x 10°®C. Find the dielectric constant of the oil (03marks)
Capacitance, C' = €,C, where g, = electric field

FromQ=CV
E0A
=>Q:erV‘jT
d 442x108x5x1073
g = 2L - 2 L =2.5
goAv  8.85x 10712 x2x 1072 x 500
Or
Q=Ccv

=4.42 x10% =€erx3.54 x 10™ x 500

4.42x1078
=2.5

&, = — =
r 3.54 x 10~ 11x 500

(c) Explain how a lightning conductor may protect a building from damage by lightning.
(05marks)



Negatively charged cloud

+ + + +
Space

charge - A
J ﬁ_"%i-é\ Spikes

Copper strip —

Electron

=

/Copper plate

Action

(i) When a negatively charged cloud passes over lightning conductor, it induces positive charges on the
spikes by repelling electrons to the grounds through copper conductor.

(i) A high electric field concentration of positive ions on the spikes ionizes air around it causing
positively charged ions and negatively ions.

(iii) The negatively charged ions are attracted and discharged at the spikes while the positively charged

ions are repelled to form a space charges which neutralizes the negative charge on the cloud. In
this way the harmful effect of the cloud is reduced.

(d) Describe an experiment to show that charge on a hollow conductor resides on the outer
surface. (04marks)

Experiment to show that excess charge resides only on the outside of a hollow conductor.



10.

metal ball

silk thread

\__lIce pail i
\/Ice pail

+ + + +

+ + + +
777777710 L i +
/ [ ]

Insulator Ly Insulator L
+
+¥-Go|d leaf +\+—-Go|d leaf

- lIce pail is placed on an insulator and connected to a gold leaf electroscope

- A positively charged metal ball held on a long silk thread is lowered into the pail without
touching the sided nor the bottom.

- Positive charges are induced on the outside of the pail and golf leaf diverges. The divergence
does not change when the ball is moved about as long as it does not touch the pail.

- When the metal ball is allowed to touch the bottom, the divergence remains unchanged
although it loses the charge.

- This shows that the charge induced inside the ice pail (hollow conductor) is of equal
magnitude and opposite to the charge on the metal ball. Thus the total charge inside the
hollow conductor is zero.

- Hence excess charge resides only on the outside of a hollow conductor.

(a)(i) Define electrical resistivity. (01mark)
Electric resistivity is the resistance across opposite faces of 1m cube of material.

(i) Explain how length and temperature of a conductor affect its resistance. (04marks)

Length: Increase in length leads to longer path of electrons. This means more collision will
occur with the metal ions. This leads to a reduction in current and hence increase in
resistance.

Temperature- increase in temperature increases the amplitude of vibrations of ions. This
increases the rate of collision between the electrons and the ions. This will reduce the
amount of current flowing and hence increase in resistance.

(iii) The figure below shows a circuit-voltage graphs for a metallic wire at two different
temperatures T; and T,.



(b) (i) Derive the balance condition when using a meter bridge to measure resistance. (03marks)

0
\
State in which of the two temperatures resistance is greater and explain your answer
(03marks)
T,>T,

At T, the gradient is higher than at T, (or at each voltage the current flowing at

temperature T, is higher than at temperature T,). This implies that the resistance at T1 is

lower than the resistance at T,.

Resistor, R, Resistor, R,

galvanometer slide wire
2 /

AL

; ¥ "

| pd

Cell of em.f, E Switch, K

The setup is as shown above, J is the balancing point.

At balance the current through R; = current through R, and current through AJ = current

through JB

~ p.d across Ry = p.d across Al

[1R1 = 1,Ra

If r is the resistance per meter of wire AB,
Then, I1R; = rrL; ........ (i)

P.d across R, = p.d across JB

I1R> =15Rg

Then, I1R; = IrrL, ......... (ii)

Dividing (i) by (ii)




Ry _ Lq
Ry Ly

(ii) State two precautions taken to achieve an accurate measurement. (02marks)

- The slide wire should have uniform resistance

- Theresistors should be chosen such the balance point is approximately in the middle
of slide wire.

- Theresistors should be interchanged to use average values.

(c) The figure below shows two resistors P and Q of resistance 5Q and 2Q respectively connected
in the two gaps of the meter bridge.

50 20

~

> |
o

A resistor X of cross-sectional area Imm? is connected across P so that the balance point is
66.7cm from A. if the resistivity of wire X is 1.0 x 10°Qm and the resistance wire AB of the meter
bridge is 100cm long, calculate the length of X. (04marks)

Let the combined resistance of P and X be R

R _ Ly

Q Ly

R_66.7

2 333

R=4Q

Since P and X are in parallel

T 54x

X=20Q
XA 20x1.0x107°

From Ly=—=——"""—-7—=2.0m
p 1x10

(d) Explain how electrons attain a steady drift velocity when current flows through a conductor.
(02marks).

When a p.d is supplied across a conductor, the free electrons are accelerated in the direction of the
field. As they move, they collide with the metal ions until they attain a steady drift velocity.



11. (a) (i) Explain equipotential surface. (04marks)
Equipotential surface is one on which the electric potential is the same (or constant) at all
points. The work done to move a charge from one point to another along the surface is zero.
This implies that the electric field is perpendicular to the surface.

(ii) Give an example of an equipotential surface (01mark)
- the surface of the earth

- the surface of charged conductor.
- Animaginary surface containing points equidistant from a point charge

(b) (i) State coulomb’s law. (01 marks)

Coulomb’s law states that the force between two point charges is directly proportional to

the product of the magnitude of charges and inversely proportional to the square of the
distance between them.

(ii) With the aid of a diagram, explain the variation of electric potential with distance from the
center of charged metal sphere (03marks)

Potential, V

Within the sphere, electric potential is constant. There is no charge inside.

Outside the sphere, the potential is inversely proportional to the distance r from the center of
the sphere.

(iii) Two metal plates A and B, 30cm apart are connected to a 5kVdic supply as shown in the
figure below.

5kV

=




When a small charged sphere, s, of mass 9.0 x 10°°kg is placed the plates, it remains
stationary. Indicate the forces acting on the sphere and determine the magnitude of the

charge on the sphere. (04marks)
F =EQ

mg
Since the sphere is stationary, F = mg
EQ = mg where Q is the charge on the sphere
E= K;
d
~Q =

mgd _9x1073x9.81x30x1072

=5.3x10°C or 5.3uF
|4 500

(c) (i) Define electric field intensity. (01marks)

Electric field intensity at a point is the force exerted on positive charge of 1C placed a pointin an
electric field.

(ii) With the aid of a diagram, explain electrostatic shielding. (04marks)

- The test material is suspended in an almost enclosed conducting can.

- Itincludes an equal and opposite charge inside the can and similar charge to it on the
outer wall such that the net charge inside the can is zero.

- An external field only affects charge distribution on the outer surface of the can.

- Hence the material is shielded from the external field.
NB. Electrostatic shielding is the act of protecting material from the influence of an
electric field or creating an electrically neutral space in an electric field.

(d) Explain briefly why a neutral metal body is attracted to a charged body when brought near it.
(02marks)



- When a neutral metal is brought near a charged material, opposite charge is induced the
side of the metal and the charge similar to that of the charged body on the far side.

- Since opposite charges are now closer to each other, the attraction force between the
material is greater that the repulsion force. Hence the metal body is attracted.

12. (a) (i) What is meant by capacitance of a capacitor? (0O1mark)

Capacitance of a capacitor is the ratio of the magnitude of charge on either plates of a capacitor
to the capacitor to the potential difference between the plates

(ii) A parallel plate capacitor is connected across a battery and charged fully. When a dielectric
material is now inserted between its plates, the amount of charge stored in the capacitor
changes. Explain the change. (04marks)

- When a dielectric is inserted between the plates of a charged capacitor, its molecules get
polarized. The surfaces of the dielectric thus develops charges opposite to those on
adjacent capacitor plates.

- Electric field intensity develops between the faces of the dielectric in the opposition of the
applied field and this reduces the electric field between the plates.

- Since the p.d is now less than the terminal p.d of the battery, more charges are conducted
to the capacitor until the p.d is again equal to that of the battery. Hence charge on the
capacitor increase.

(iii)  Describe an experiment to determine the relative permittivity of a dielectric. (04marks)

Battery
|
| L
Ca palotor 1K
! N
|
©

=/
Galvanometer
- Thecircuit is set up as shown above,
- Switch Ky is close for some time and opened, then switch K; is closed and the
deflection 81 of the ballistic galvanometer is noted.
- The procedure is repeated when the capacitor contains a dielectric and 6, is noted
62

- The relative permittivity, &, = »
1

Alternatively
The circuit is as shown below



i Reed switch

Battery : @) —— Capacitor,

T O,

The capacitor is alternatively charged and discharged trough a sensitive light beam
galvanometer, G by the reed switch at reasonable frequency, f and steady current I, is noted.
The procedure is repeated when the capacitor contains a dielectric and steady current |, is

noted

. . i
Relative permittivity, &, = si = 1—1
0 2

Thus &, is the ratio of respective currents in G with and without the dielectric between plates.

(b) A network of capacitors of capacitances 40uF, 50uF and 70uF is connected to a battery of 9V
as shown in the figure below



9V 40uF

50uF

70uF

Calculate

(i) Charge stored in the 50uF capacitor. (05marks)

Effective capacitance in parallel =50 + 70 = 120uF

Net capacitance in the network = 120x40 _ 30uF
120+40
Total charge in the network = CV =30 x10° x 9 =270 x 10°°C
Q _ 270x107°

=2.25V

p.d across the parallel combination = = —
Cerr 120x 10

charge on 50uF capacitor = CV = 50 x 10°x2.25=1.125x 10™C

(ii) Energy stored in the 40uF (03marks)
2 —6\2
=& @OX10) g 995107
2C 2x40x10°¢

(c) Explain corona discharge

Corona Discharge

-ve ions

attracted \?
+ ©

+O @>+veions
oo @ repelled

space charge~|:
® o @

- Ona pointed charged conductor, there is high charge density and thus high electric field at the
sharp point.

This causes air molecules around the sharp point to ionize and form positive and negative ions.
The similar charges to those on the conductor are repelled while those opposite are attracted to
neutralize some of the charges on the conductor.

The apparent loss of charge from the conductor in this way is called Corona discharge.




13. (a)(i) Define temperature coefficient of resistance (01mark)

Temperature coefficient of resistance is the fractional change in resistance at 0°C for every
degree Celsius rise in temperature.

(ii) Explain the origin of the heating effect of electric current in metal conductor. (03marks)
During the flow of current, electrons moving through the metal conductor may collide with
the positive ions in the metallic lattice. On collision, the kinetic energy possesses by electron
is transferred into heat.

(iii) Describe with the aid of an |-V sketch the variation of current with p.d across a

semiconductor diode. (02marks)

I A A
|

> )

4 v Y

When the diode is forward biased, the current increases rapidly as the p.d is increased.
When the reversed biased little or no current flows

(b) A cell, a bulb, a switch and a thermistor with negative temperature coefficient of resistance
are connected as shown in the figures (i) and (ii) below

| |
R |
~ ~
K K
—L 7+ Iz
bulb thermistor thermistor
(i) (ii)
(i) Explain what would happen when in figure (i) switch K is closed (04marks)

At room temperature, the resistance of thermistor is high, current flowing is thus small
and bulb lights dimly. As current flows, the thermistor heats up (temperature increases)
and the resistance decreases leading to increase in current and brightness of the bulb.

(ii) If the bulb in figure (i) is removed and the circuit connected as shown in figure (ii),
explain what would happen when switch K is closed (03marks)



On closing K, the thermistor heats up and its resistance reduces. The reduction in
resistance causes high current through the cell. High current in the cell and due to
internal resistance, overheating occurs destroying the cell

(c) State the law of conservation of current at the junction (01mark)

The law of conservation of current at a junction states that the algebraic sum of current at the
junction is zero

(d) Two cells A of e.m.f 6V and internal resistance 2Q and B of e.m.f3V and internal resistance 1Q
respectively are connected across a uniform resistance wire Cd of resistance 8Q as shown in the figure
below

If X is exactly in the middle of the wire CD, Calculate the

(i) Power dissipated in CX.(04marks)

6V, 200
|
[
~ 40 240
C 7~ /N /
|3 |1
' CD
1|
3V, 10
I3= 1 F 1o e (l)
Consider loop 1
I P N (ii)
Consider loop 2
6=2l, + 45 + 4l
6 =611+ 4l (iii)
Egn. (ii) and eqn. (i)
3 =1+ 4(l1+l3)
S5l Al i, (iv)

Eqgn. (iii) and eqn. (i)
6= 6|1 + 4('1 + Iz)



=10l, + 4l,
£ P ] (v)
Egn. (v) x 5—eqn. (iv) x 2
9=171,
~ |, = 0.55A
Substituting I, in equation (iii)
6= 6 x % +4l5

1

Iy = % —0.71A

2
Power = R= (22)" x 4 = 1.993W
17
(ii) P.d across the terminals of cell A.(02marks)
Terminal p.d = 6-2I;
=6-2x—
17
= 4.94V
14. (a)(i) Define capacitance of a capacitor (01mark)
Capacitance of a capacitor is the ratio of the magnitude of charge on either plate of the
capacitor to the potential difference across the plates.

(ii) Describe briefly an experiment to show the effect of placing a sheet of glass or mica between
the plates of a capacitor on capacitance. (05marks)

X

V// /=

- Two plates X and Y are placed close to each other but not touching as shown above.

- Plate Y is given a charge, Q, by means of an electrophorus and divergence of the leaf of the
electroscope noted.

- Asheet of glass or mica is placed between the plates; the divergence of the leaf is observed
to decrease, implying than the new p.d between the plates has decreased and the

capacitance has increased since C = % and Q is constant.

(b) Describe how the unknown capacitance of a capacitor can be determined using a ballistic
galvanometer. (04marks)



|’ i
C1 |K1
| |
| |

| Ka
€9

The circuit is connected as shown with a capacitor of known capacitance C;.

Switch K1 is closed and K, is opened. The capacitor of capacitance C; is charged by the
battery of eem.f V.

K, is opened and K, is closed to discharge the capacitor through the ballistic galvanometer,
B.G. the first deflectionof the B.G 6, is noted

The capacitor is then is then replaced with the capacitor of unknown capacitance C,.the

experiement is repeated and deflection 6, is noted
C2 0 0

Hence == —=¢, = ¢4 ==
C1 6, 2 Lo,

(c) Explain briefly how a charged capacitor can be fully discharged. (02marks)

The wire is connected from the positive plate to the negative plate. Electrons flow from the
negative plate to the positive plate neutralizing the positive charges. The follow of electrons
continues until all the capacitor is fully neutralized.

(d) A 3uF capacitor is connected in series with a 6uF capacitor. The combination is then connected

in parallel with 1uF capacitor to 12V battery as shown in the figure below



—3pF

12V _— —__1uF
—____6uF
Calculate
(i) Charge stored on each capacitor (05marks)

Charge stored on 1uF
Q=CV=1x10°x12=10x10"°C

Total capacitance in series

6x3
C—m—ZﬂF

~ The charge stored in combination
Q=CV=2x10"°x12=24x10"°C
The charge on either 6uF or 3uF capacitor is 2.4uC

(ii) Energy stored in the 6uF capacitor when fully charged (03marks)
2 -6)2
f=2L = BAX100) 8y 10%)
2C 2x6x10
15. (a) (i) Define the following; electric field intensity and electric potential at a point (02marks)
- Electric field intensity at a point is the force exerted on positive charge of 1C placed a
point in an electric field.

- Electric potential is the work done in bringing 1C of positive charge from infinity to
appoint against an electric field.

(ii) Show that the electric field intensity at a point is equal to the negative potential gradient
at that point. (04marks)

dx
I 1
>

X

AN®

N
rd

The force experienced by the charge of +1C placed at R, F = KQ le
X
The work done to move the charge a distance dx towards a fixed charge,

Aw = f.dx
=%dx
X
The total work done to bring the charge to a point a distance r from a fixed charge
L. C N E .
W=Jo x2 dx_KQ[x]oo_ r

(b) (i) Explain with the aid of a diagram, how an insulated metal sphere can be charged by
induction using a negatively charged rod. (03marks)



- Two insulated metal spheres A and B, arranged such that they touch one another.
- Anegatively charged rod C is brought near A.

A

|
— L L—— Insulator

When the spheres are separated while C in position, A will be positively charged while B
will be negatively charged.

(ii) Describe how a gold leaf electroscope can be used to detect the presence of a charge on
the body
- Agold leaf electroscope is first charged positively or negatively by bring either a
negatively or positively charged rod close to the cap and the then earthed by touching.
- When a body with similar charge as that on the gold leaf electroscope is brought close
to the cap the leaf diverges more.

(c) (i) Write down the equation for the electrostatic force between two isolated point charges in
a vacuum. (O1mark)

1 QQo 1 9 :
e X where yr 9.0 x 10° and Q and Qo are charges of the point
charges

(ii) Sketch the electric field lines between two negatively charged spheres carrying unequal
charges and use the sketches to explain a neutral point. (02marks)

RAv

X- neutral point

high charge  low negative charge

A neutral point in an electric field is a point where the resultant electric field
intensity is zero.



(d) A charged polystyrene sphere of mass 2g is suspended by affine nylon thread between two

plates 5cm apart as shown in the figure below
YOOI IV

2,000V

Plate Plate

5cm
When a p.d of 2000V is supplied across the plates, the thread attached to a sphere deflects

through an angle of 30°. Calculate the charge on the sphere.
LS LSS

2000V

Resolving the force vertically Tcos6 = mg
_2x1073x9.81

cos 309
=2.27x10°N

Resolving horizontally
F = Tsin30°

=2.27x 10%sin 30

=1.13x 10°N
Electric field intensity, E = g
But F = EQ, where Q = charge
ng _ ? _ Lli13x 102—;03(:5x 1072 - 2.825x107C

16. (a) Describe an experiment to verify Ohm’s law, (04marks)

—

Uniform
conductor il
— {7
Rﬁeostat
O,

- The circuit is shown above



- The switch, s is closed

- The Rheostat is adjusted to read suitable values of | and V of ammeter and voltmeter
respectively

- The several values of | with corresponding values V are recorded.

- Agraph of | against V is plotted.

- Astraight line graph through the origin is obtained, hence Ohm'’s law is verified.

(b) Derive an expression for combined resistance of three resistors in parallel. (0O4marks)

n

A l2 || r2 || B
" rs |
|1
11
Vae

The p.d. across each resistor is the same = V3
By conservation of current, | =1, + 1, + I3

1 . . . .
From Ohm’s law, | = L where R is combined resistance of the resistors

74 14 14
o =VaB  Vas  Vap

T1 2 3

101 1
=Vig|r+—+ =
AB 51 2 T2

I [1 11

1
R Vap

1 T2 2

(c)(i) Explain the principle of operation of a slide wire potentiometer. (04marks)
Potentiometer

It consist of a uniform slide wire which can be of any length (but usually 1m) connected in
series with an accumulator or driver cell which maintains a steady current through the wire.

Driver cell switch, K

N

A B

The driver cell supplies a uniform p.d across the wire and hence the p.d across any length of
the wire is directly proportional to the length of the section.

Consequently, the p.d per unit length of the slide wire is constant.

By knowing the knowing the p.d per unit length of the slide wire, any p.d can be determined by
balancing it against a known length of a wire.



If the p.d per unit length is k and the balance length is L, then the required p.d = kL

(ii) Two cells A and B connected in series give a balance length of 80.0cm along a
potentiometer wire. When Cell B is reversed, the balance length falls to 15.0cm. If the e.m.f
of cell Ais 1.5V, calculate the e.m.f of cell B. (04marks)

Ea+ Eg= kL
=> 1.5+ Eg = 80K voovvevveeeereree (i)
Als01.5 = Eg = 15K vrrevevvvrvrrree. (ii)

From Eqgn. (i) and Eqn. (ii)

95k =3
k==
95

Substituting k in Eqn. (i)

EB =80 x %— 1.5=1.0263V

(d) A battery of e.m.f 20.0V and internal resistance 4.0Q is connected to a resistor of resistance
10.0Q. Calculate
(i) Power generated (02marks)

Power generated = IE, but | = £
R+1
2 2
Thus, power = GRS M- 28.75W
(R+7)  10.0+4.0

(ii) Efficiency of the circuit (02marks)
2
Efficiency, n = % 100%

= % x 100% =
_ R
T (R+7)

10
=Tomz X 100%

=71.4%
17. (a)(i) Define capacitance and dielectric constant. (02marks)
The capacitance of a capacitor is the ratio of the magnitude of charge on either plates of the
capacitor to the potential difference between the plates

ER
E(R+T1)

x 100%

x 100%

Dielectric constant of a material is the ratio of capacitance of a capacitor when the space
between the plates is filled with a dielectric material to the capacitance of the same capacitor
when the space between it plate is a vacuum.

(i) State the factors which affect the capacitance of a capacitor. (02marks)
- Separation of the plates
- Area of overlap of the plates
- Permittivity of the medium between the plates



(b) A capacitor of capacitance C; is charged by a battery of e.m.f, V. The charging battery is then
removed and the capacitor is connected to uncharged capacitor of capacitance, C,. Show that
the loss of energy after connection is given by

_1] GG ]y,2
E= 5 [C1+ Cz] Vs (05marks)

Energy stored in the capacitor, Eq =%CV2

Total charge before connection, Qy = C,V,

Total charge after connection, Q = (C; + C;) V

Total charge before connection = total charge after connection
Hence Q = Q0

=> C1V0 = (C1 + Cz)V

_ i
(C1+C2)

. 1
Total energy before connection, Eq = 3 CIVO2

2
. _1 1V )
Total energy after connection, E = (c;+ C) (—(C1+ )

Energy loss = Eq—E

_lopy2_ 1 GV \?
=20V =3 e+ &) ((c1+ cz))

Solving

_1[ GG 2
Energy loss, E = 5 [c1+ Cz] Vs

(c) Describe an experiment to measure the capacitance of a capacitor using a ballistic
galvanometer. (05marks)



|’ i
C1 |K1
| |
| |

| Ka
€9

- Thecircuit is connected as shown with a capacitor of known capacitance C;.

- Switch K1 is closed and K, is opened. The capacitor of capacitance C; is charged by the
battery of eem.f V.

- K;is opened and K; is closed to discharge the capacitor through the ballistic galvanometer,
B.G. the first deflectionof the B.G 6, is noted

- The capacitor is then is then replaced with the capacitor of unknown capacitance C,.the
experiement is repeated and deflection 6, is noted

c 6 6
- Hence2= Z%c,=¢ 2
Cy 01 01

(d) A capacitor, X of 5.0uF and another, Y of 8.0uF are connected in series with a 20V supply.
Calculate the;

(i) Charge on X (04marks)

2|OV
1
|| | |
| | |
X=5uF Y = 8uF
For capacitors in series, overall capacitance, C = Gl
C1+C,

_5x107°x8x107°
T 5x1076+8x 1076
Since Q =CV
Then Q =3.08 x 10°x 20 = 6.16 x 10™°C

(ii) Potential drop across X (02marks)
-5
v=2= 2020 )3y
c 5x 1076

18. (a)The voltage versus current graphs for two wires A and B of the same material, same radii and
at the same temperature are shown in the figure below

=3.08 x10°F



Voltage
>

Y

e
current

Account for the difference between the graphs

Current flowing through a homogenous conductor is proportional to the p.d. across.
The slope of the graph is equal to the resistance of the conductor.
This implies that the resistance of B is greater than that of A since B has a bigger slope than A

Since resistance is proportional to length, B is longer than A
(b) Three identical cells are connected in series with resistors of 3Q and 5Q. A current of 1.2A

flows in the circuit. When the two resistors are connected in parallel across the three cells in
series, the current in the circuit is 2.2A. Calculate the

(i) internal resistance of each cell(03marks)
For the resistors n series, Res =3 + 5 = 8Q

S“3E=1.2(3r+8) e (i)
When in parallel, Res = % = %5
~3E=2.2(3r +§) ............................. (ii)

From Eqn. (i) and Eqgn. (ii)
1.2(3r +8) = 2.2(3r +%5)
r=1.825Q
(ii) e.m.f of each cell (1Imark)
BE=1.2 (3 x1.825 + 8) =5.39V
(iii) power dissipated in the 3Q resistor for parallel connection (04marks)
p.d across 3Q resistor = 3E — 3IR
=3x5.39-3x2.2x1.8

=4.12V
2 2
Power = % = 4'1325 =5.72V
(c) Two students X and Y performed separate experiments using a potentiometer arranged as
shown below and both obtained a balance point.
Xincreased the value of R

Y decreased the value of S




Explain what happened to the position of balance point when
(i) X increases the value of R (02marks)

Increasing R reduces the current in driver circuit. Therefore the p.d per cm reduces and

therefore the balancing length also increases.
(ii) Y decreases slightly the value of S from an initially large value (02marks)

Decreasing the value of S slightly does not change the current in the circuit appreciably

and hence the p.d across S remains nearly constant. The position of null deflection is
almost unaffected.
(d) Describe an experiment to determine the e.m.f of a thermocouple (0O6marks)

Driver cell

AB = uniform resistance wire
E=Thermocouple

- With switch S in position 1, J is moved along AB until the galvanometer G shows no
deflection. The balancing length L; is noted

- With switch S in position 2, J is moved along AB until the galvanometer G shows no
deflection. The balancing length L, is noted

- The e.m.f of the thermocouple is E = IkL,
While Es = I(kL; + R)

EgkL
-'-E=¥

ot AL where k is the resistance per cm of the uniform resistance wire
1

19. (a) Define the following
(i) Capacitance (01mark)
The capacitance of a capacitor is the ratio of the magnitude of charge on either plates
of the capacitor to the potential difference between the plates

(ii) Dielectric (01mark)



Dielectric constant of a material is the ratio of capacitance of a capacitor when the
space between the plates is filled with a dielectric material to the capacitance of the
same capacitor when the space between it plate is a vacuum.

(b) Describe an experiment that can be used to show how capacitance of a capacitor depends on
permittivity of dielectric. (04marks)

N

- The apparatus is set up as above, X and Y are capacitor plates
- Yis charged and the divergence of the leaf of electroscope is noted.
- Adielectric material in placed between the plates and divergence of the leaf is seen to

reduce. This implies that the p.d, V, between the plates has reduced and capacitance
increased.

- Thus Cx € since permittivity of the material is greater than that of air.

(c) A capacitor of capacitance C, is fully charged from a 200V battery. It is then discharged
through a small coil of wire embedded in thermally insulated block of heat capacity 250KJ™.
If the temperature rose by 0.4K, Calculate C. (0O4marks)

Energy stored = % CV? = heat dissipated in the coil = CO

~C x 2002 = 250 x 0.4
C =50x1073F
(d)(i) State three properties of an equipotential surface. (03marks)

- All the parts at the surface are at the same potential
- Work done to transfer charge from point to another on the surface is zero
- Electric field is perpendicular to the surface

(ii) What is meant by charge quantization? (Omarks)
Charge quantization is the product ne where e is the electronic charge and n is an integer.

(e) With the aid of a labelled diagram, describe the structure and action of a Van de Graaff
generator. (06marks)



Van der Graff generator

Collecting
metal sphere

—Silk belt

e
k —
IOV &

[ (OMotor

Main features

a. It consists of a large hollow metal sphere (collecting sphere) supported on insulating stand.

b. Asilk belt inside the tube driven by an electric motor possesses the sharply pointed
electrode metal E;, held at electric potential of about 10kV relative to the earth.

c. Asthe belt moves up, it passes another sharply pointed metal electrode E, connected inside
the hollow sphere.

Mode of operation

(i) The metal rod E,, is kept at a high positive potential of about 10kV with respect to the earth.

(ii) The high positive charge at the sharp ends ionizes the air around.

(iii) The positive ions are repelled to the silk belt carries then towards the collecting sphere.

(iv) At E,, the silk belt induces negative charges on the sharp ends of E; and the positive charges
on the outer of the sphere. The electric field at point ends E, ionizes the air around it.

(v) The negatively charged ions are repelled to the silk belt which is carrying positively charged
ions

(vi) The positive ions are neutralized before passing over the upper pulley P,.

(vii) The process of silk belt charging up and dis charging is repeated many times per second and
each time the belt passes, the sphere charges up positively until it has electric it has electric
potential of about 10°V relative to the earth.

20. (a) (i) State Coulomb’s law of electrostatics (01marks)
- The force between two point charges is directly proportional to the product of the
magnitude of the charges and inversely proportional to the square of their separation
(i) Sketch the electric field pattern for positively charged metallic sphere and for negative
point charge. (02marks)



(b) (i) Define electric field intensity and electric potential at a point. (02marks)

- Electric field is the force acting on 1C of positive charge in an electric field.
- Electric potential at a point is the work done to bring 1C of positive charger from infinity
to that point in the electric field.

(ii) What is the relationship between them? (01mark)
Electric field intensity is equal to the negative gradient of the electric potential.

(c) Two charges of 1.0 x 10°C are placed 10cm apart as shown in the figure below

P
)
l‘ ‘\
, .
a' “
l" “

, LY
10cm %, 10cm
l" “

- *

U A
L -3

+1.0x103C 10cm +1.0x 103C
Calculate the

(i) Electric field intensity at P (06marks)

E

Y

10cm
_ko
EX - r_z
9x10°x 1075 R
= ———  =9x10°NC"
0.1
9x10%x 1075 i
Ey=—————=9x10°NC"
0.1

The horizontal component, E, = Excos 60° — E,cos 60°=0 (since Ex = Ey)
Vertical component Ey = 2 x 9.0 x 106sin 60° = 1.5 x 10°NC™
Electric potential at P, Eg = 1.5 x 10°NC™ (vertically upwards)

(ii) Electric potential at P (03marks)



FromV=k—Q
R

9 -5
v, =210 X107 100’1“ 0 _9x10%
9 -5
Vy=9x10 x 10 =9X105V
0.1
V=V, +V,
=(9x10°+ 9 x 105)V
=1.8 x 10°V

(d) Two conducting spheres A and B supported on insulating stand are placed in contact. A
negatively charged rod is then held near sphere A. the spheres are then separated after which
the rod is removed. With the aid of suitable diagrams, explain the processes which occur.
(0O5marks)

- When the spheres are placed in contact and the negatively charged rod brought near A, it
repels negative charge to extreme end of B

- When the spheres are separated B moves with excess negative charges while A remains
with excess positive charges

- When the charged body is removed, the charges on each sphere distributes uniformly

A B
> >
z

21. (a) What is meant by electromotive force of a cell? (01mark)

VA
VA

A
A\

e.m.f is work done in moving a positive 1C charge around a circuit in which a cell is connected.



(b) Describe an experiment to determine e.m.f and internal resistance of a cell using ammeter, a

resistance box and voltmeter. (05marks)
[ _

I K

B oy B

- The circuit is connected as above

- Switch K is closed, R is adjusted to suitable value of I. Ammeter reading | and
voltmeter reading V are noted and recorded.

- The rheostat is varied for other four sets of value of | and V

- Thevalues of l and V are tabulated

- Agraph of V against | is plotted.

- Theslope Sis the internal resistance of the cell while intercept V, on the V axis is
the e.m.f of the cell

Or

- The circuit is connected as above.
- With K open, the voltmeter reading V, is recorded.
- Kis closed and a rheostat is adjusted to a suitable value

- The ammeter reading | and voltmeter reading V are recorded.
Vo-V

- Internal resistance, r =

(c) (i) Define temperature coefficient of resistance (01mark)
Temperature coefficient of resistance is the fractional change in resistance at 0° per degree
Celsius rise in temperature

(ii) Explain why the resistance of a thermistor reduces when current is passed through it.

(02marks)
The current is passed through a thermistor heat is generated. As the temperature rises the
loosely bound electrons are released for conduction which reduces resistance.

(d) (i) Derive the balance conditions for Wheatstone bridge. (04marks)



- Theresistance P, Q, R, and S are adjusted until Ig=0
- This implies that the potential at B = potential at D,
hence p.d across P =p.d across R
(YT O (i)
- Current through Q is therefore |; and through Sis I,
- P.dacross Q= p.dacross S
Q= 15S s (ii)

From equation (i) and (ii)
P _ R
e s
(ii) Explain one reason other than faulty apparatus and poor electrical contact, why it may not
be possible to obtain balance in a Wheatstone bridge in an experiment to compare two

resistances. (02marks)

When the resistance of one resistor is too high or too low compared to others, more
current flows through other resistors than that particular resistor and I fails to be zero.
Thus the balance state cannot be achieved.

(e) In an experiment to investigate the variation of resistance with temperature, a nickel wire
and a 10Q standard resistor were connected in the left-hand gap and right-hand gap
respectively of Meter Bridge. When the nickel wire was at 0°C, a balance point is 40cm from
the end of the bridge adjacent to the nickel wire. When the nickel wire is at 100°C, the
balance point is 50cm from the same end of the bridge.

Calculate the temperature of the nickel wire if the balance length is 42cm. (05marks)
Ro Rg
From—= —
L1 L2
20

Ry=2lx10= 2
50
RlOO = gx 10 = 100
42 420

R9=§X10= g

0 = (M) x 100

R100— Ro



42020
=== x 100
<1O-?>

=18.2°

22. (a) (i) What is meant by electric field intensity at a point? (01mark)
Electric field intensity is the force acting on 1C of positive charge placed at a point in electric
field.
(ii) Describe how distribution of charge on a charged conductor of the shape shown below
can be investigated.
Charged conductor

~—Insulator

- Aninsulated metal can is connected to the cap of a gold leaf electroscope.

- Then proof planes that fit different parts of the charge conductor are pressed on
the corresponding parts of the conductor and then lowered into the can one at a
time.

- The deflection of the gold leaf for each case is noted.

It is observed that the deflection is greatest for the proof plane pressed at the
sharpest point of the charged conductor.
Hence the charge concentration is greatest at the sharpest points.

(iii) Explain how a lightning conductor protects a house from lightening. (04marks)



Negatively charged cloud

+ + + +
Space

charge - A
J ﬁ—_fré\ Spikes

Copper strip —

Electron

=

/Copper plate

Action

(i) When a negatively charged cloud passes over lightning conductor, it induces positive charges
on the spikes by repelling electrons to the grounds through copper conductor.

(ii) A high electric field concentration of positive ions on the spikes ionizes air around it causing
positively charged ions and negatively ions.

(iii) The negatively charged ions are attracted and discharged at the spikes while the positively

charged ions are repelled to form a space charges which neutralizes the negative charge on
the cloud. In this way the harmful effect of the cloud is reduced.

(b) (i) what is electric field line?
It is the path (or direction) taken by a small positive charge placed in a field.

(ii) Derive an expression for electric potential at a point a distance, a, from an isolated charge
of magnitude Q in air.

The force on 1C of a charge, F = >
4mTEX

Work done to move the charge through Ax against the field Aw = -FAx

Total work done to bring the charge from infinity to a point a distance a from charge Q



w=[?—Fdx

—Q
= [0

4mEx?
- =31,
Ame Ll x 1o

__Q

4TTEQ

(c) The figure below shows charges q,, g, and gs; of +46.3uF, -34.7uF and +23.4uF respectively,
placed in straight line in air.

ol d2 as
[ ] [ ] [ ]
le Sl N
N P S

20cm ! 10cm7

Find the force on qs.

From F k010 where k=9.0 x 10°F*m

r2 '’

9.0 x 10° x (46.3 x 107%)x(23.4 x 107°)
F1 =
(30 x 1072)2

= 108.34N i.e.to the right

_9.0x10% x (—34.7x 10™®)x(23.4x107%) _

0% 1092 -730.78N i.e. to the left

2

Resultant force F=F; + F,
=108.34 -730.78 =-622.44N
So the resultant force on q3 is 622.44N towards the left

23. (a) Define the following terms

(i) The farad (01mark)
A farad id the capacitance of a capacitor when 1C of charge changes its potential
difference by 1V

(ii) Relative permittivity (01mark)
Relative permittivity is the ratio of the capacitance of a capacitor with a dielectric
material between its plates to the capacitance of the same capacitor with vacuum
between the plates.

(b) You are provided with the following apparatus, a battery, two switches, a capacitor of known
capacitance, a ballistic galvanometer and connecting wires.

Describe an experiment that can be carried out using the above apparatus to determine the
unknown capacitance of a capacitor (05marks)



|’ i
C1 |K1
| |
| |

| Ka
€9

The circuit is connected as shown with a capacitor of known capacitance C;.

Switch K; is closed and K; is opened. The capacitor of capacitance C; is charged by the battery
of em.f V.

K, is opened and K, is closed to discharge the capacitor through the ballistic galvanometer,
B.G. the first deflectionof the B.G 6, is noted

The capacitor is then is then replaced with the capacitor of unknown capacitance C,.the
experiement is repeated and deflection 6, is noted

c 0
Hence 2 = 2

e, = ¢ 22
Cy 6, 27 "lg,

(c) The diagram below shows arrangement of three capacitors C,, C,, and C; of capacitance 8uF,
2uF and 6lF respectively.

G
— 12V — —
C, G

Calculate the total energy stored;

(i) In all capacitors when fully charged. (04marks)

CiC; _ 8x2 _ 1.6uF
Ci1+C, 8+2 )

Effective capacitance C, and C; in parallel = C;, + C3 = 1. 6uF + 6uF =7.6uF
Total energy stored in the network = % cv? =% x7.6x1070x 122 =5.472 x 10™J
(ii) When the space between the plates of C, is filled with a dielectric of constant 1.25.

(04marks)

New capacitance C,’ = erC, = 1.25x 2 x 10°F = 2.5uF

CiCpr _ 8x25 _ 1.905uF
C1+C,  8+25

Effective capacitance Cs and Cs in parallel = C4 + C3 = 1. 905uF + 6uF =7.905uF

Total energy stored in the network =%CV2 =% x 7.905 x 107°x 122 =5.69 x 10™)

Effective capacitance, C4, of C; and C, in series =

Effective capacitance, Cs, of C; and C,’ in series =



(d) A capacitor of capacitance, C, is charged by a battery and then later isolated. When the
plates of the capacitor are taken apart, deduce what happens to the potential difference
between the plates. (03marks)

A e 1 1

FromC=and V = 9; it implies that C = and Ve —.
d c d c

Since €, A and Q are constant, it implies that d« V, therefore separation increases with

increase in p.d between the plates

(e) Explain what happens if a conductor instead of dielectric is placed between the plates of
charged capacitor. (02marks)

Charge or p.d or capacitance reduces to zero on the plates. Electrons move from the negative
to the positive plate in order to neutralize the charge.

24. (a)(i) Define electromotive force of a battery. (01mark)
Electromotive force of a battery is the energy supplied by the battery to transfer1C of charge
across a complete circuit in which the battery is connected.

(ii) A cell of e.m.f, E and internal resistance r, drives current through a resistor of resistance, R
connected in series with it. Derive an expression for efficiency of the circuit. (04marks)

E
— ]
Load
R
/ N
< v 7

Power delivered to the load, Py, = IV

Power supplied by battery, P;, = IE

Pout_+ 100%

Pinput

Efficiency, n =
=2 x 100%
IE
ButV=IRand E=I(R+r)
R
. - 0,
aNE x 100%

(b) Describe with the aid of a diagram how you would standardize a slide wire potentiometer.
(03marks)



Driver cell
[

L I

E. Slide wire

The slide contact is moved along the uniform wire AB until a point where the galvanometer
shows no deflection. Distance L is noted

At the balance length, p.d across AJ = e.m.f of E
Es = kL
~k :%, where k = calibration constant.

(c) In the figure below, AB is a uniform resistance wire of length 1m and resistance 4Q. X is a
driver cell of e.m.f 3V and internal resistance 1Q and Es is a standard cell, R is a standard
resistor of resistance 10Q which is connected in series with cell Y of e.m.f 1.22 V and
internal resistance 0.5Q

3V, 10
|
A C B
E
K
|I
W)
~ \
_Rs K,
| S|
T00

|
1'1.2V,0.50

With switch K; closed and K, open, the balance length, AC is 60cm while the voltmeter
reading is 1.14V.with K; open and K; closed, the balance length is 80cm. Calculate the

(i) E.m.f Es, of standard cell. (03marks)

) E 3 3
Driver current, Ilyj=—== — = == 0.64
R 1+4 5

Resistance per cm of the wire = 1‘:70 = 0.040

Es =k x60 where k=p.d percm
=0.04 x 0.6 x 60
=1.44V



(ii)

Percentage error in the voltmeter reading (03marks)
When K; is open and K; is closed,
(lsxRs) =k x80=0.04x0.6 x80=1.92V
VR=1.14
Error=1.92-1.14=0.78V

% error = % x 100 = 40.6%

(d) Describe with the aid of a circuit diagram how you would measure the temperature
coefficient of resistance of a material in form of a wire. (0O6marks)

Rs
thermometer
[ / ]
h (@)_J,
- /J T~ /- B

Water — . L L2
T T T |, S
1’ K

Heat

The apparatus are set up as above

The specimen wire is made into a coil and immersed in water bath.

The ends of the coil are connected to the left gap of the Meter Bridge and standard
resistor, Rs in the right hand gap.

The water bath is heated to a suitable temperature, 6, and after through stirring and K is
closed. The jokey is tapped to a point on the slide wire AB where the galvanometer shows
no deflection

The balance lengths L1 and 12 are noted and recorded.

The procedure is repeated for different values of 8 and the results are tabulated including

L
values of Rg = R, x L—1
2

A graph of Rg against 0 is plotted and its slope S and intercept RO on the Rq axis are
obtained.

- S
Mean temperature coefficient, a = ™
0

25. (a) State coulomb’s law of electrostatics. (01marks)

The force between two point charges is directly proportional to the product of the magnitude of

charges and inversely proportional to the square of the distance of the separation of charges.

(b) Derive the relation between electric field intensity, E, and electric potential, V, due to a
charge at a point. (04marks)



+Q

L
AY

»E

> u._>
<<

B,V + AV
\

X Ax
If the potential at Ais V and that at Bis V + AV, then the potential difference between A and B,
Vag=Va—Vs
=V—(V+AV)
=-AV
The work done in moving 1C of charge from B to A = E(Ax) = VAB
EAX = -AV
AV
T T
In limits, as Ax =0, E becomes the electric field strength at a point
av

dx

(c) Two pith ball P and Q each of mass 0.1gare separately suspended from the same point by
threads 30cm long. When the balls are given equal charges, they repel each other and come
to rest 18cm apart. Calculate the magnitude of charge on each ball. (06marks)

y2 - 302 _ 92

y = 28.62

Horizontal component, F = TsinB ................... (i)
Vertical component, mg = TcosO ................... (ii)
From (i) and (ii)

mig = tan6

F = mgtan6 = 0.1 x 10.3 x 9.81x % =0.309 x 10°

_kQ% _ 9x10°xQ? _ -3
ButF="73 = exio? = 0.309 x 10

Q=3.33x10%C

(d) Describe how you would investigate the distribution of charge on pear shaped conductor.
(0O4marks)

- Aproof plane is placed on a part of a charged conductor transferred into a hollow
metallic can placed of the cap of neutral electroscope and the deflection of the
electroscope noted.

- The procedure is repeated for the different parts of the charged conductor.



- Itis observed that the greatest deflection is got for a proof plane placed at the sharpest
point of the charged conductor. This implies that charges are most concentrated where
the curvature is greatest.

(e) Explain how a charged body attracts uncharged conductor. (03marks)

- When a charged body is brought near uncharged conductor, the electrons in the
conductor are displaced.

- The end nearest the charges body acquire a charge opposite to that of charged body
while the end remote acquires a charge similar to that of charged body.

- Consequently, the end nearest to the charge body is attracted.

(f) Describe how an electroscope can be used to distinguish a conductor from an insulator.
(01mark)
- An electroscope is given a charge and the divergence is noted.
- The material is brought into contact with the cap of electroscope.
- When there is no change in divergence, the material is an insulator
- When the divergence reduces, the material is a conductor.

26. (a) Define dielectric strength. (01mark)
Dielectric strength is the maximum electric field intensity an insulator can withstand without
conducting.
Or
The maximum potential gradient an insulator can withstand without conducting

(b) (i)Explain briefly how a capacitor in which the potential difference, V, across the plates, can
be fully discharged. (02marks)

+
||
|

The wire is connected from the positive plate to the negative plate. Electrons flow from the
negative plate to the positive plate neutralizing the positive charges. The follow of electrons
continues until all the capacitor is fully neutralized.

(ii) Sketch a graph showing a variation of potential difference with time for the process in
(b)(i) above

Vo

time



(c) (i) Two capacitors of capacitance C; and C, are connected in series. Show that the effective
capacitance, C, is given by
C1C,
Ci+Cy
C‘It Vl C2r V2

|
In series, the charge on each capacitor, Q, is the same, let C be the effective charge

v
|

V=V1+V2
Also,v=2=24 2
c o G
1 1 1
OrE_Z-I_ C_z
_ GG,
TCi+ Gy

(i) A 10.0pF capacitor charged to 200V is connected across uncharged 50uF capacitor.
Calculate the total energy stored in both capacitors before and after connection

(04marks)
G, =10uF
V, =200V
C2 = SOHF
Total energy stored before = %CVZ = % x 10 x 107 x 2002 = 0.2J
Effective capacitance in series after connection = 11%;5:: 8.33uF

Total energy stored after connection= % x8.33x107%x200%2=0.17)
(iii) Account for the difference in the energies calculated in (c)(ii) above. (01mark)
The stored energy after connection is less due to energy loss in the connecting wire.

(d) Inthe figure below, Q; and Q; are point charges of magnitude +5.0uCand -5.0uC respectively
)

4cm 4cm

Q p— Q,

Calculate the
(i) Electric field intensity at P



B 3cm 3cm B/
Q, ’ Q,
From electric field intensity, E = 9 >
477.'807‘
@ _ (9x10%)x5x10° _ 701
Epai = amegr? @x10-2)2 =2.8x 10°NC
=@ _ —(9x10%)x5x10° _ 701
Epqz = pr 4 x10-7)2 =-2.8 x 10°'NC
Using cosine rule, 6° = 4> + 4° — 2 x 4 x 4cos0
6=cos1(*2)=97.2°

a=180-97.20=82.8°
Triangle of intensities

E” = Epqi” + Epqa” — 2 X Epqu X Epg2€0597.2°

E=4.2x10'NC"

Since Epq; and Epq; have equal magnitude, then the result bisects the angle between them. So
it acts horizontally to right

(ii) Potential energy of appoint charge Qs of 0.8uF placed at P
_ Q
FromV=) pr—
__ & + Q2
ATTEGT 4TTEYT,
-6 -6
-9y 109[53510_ . 5x10_ ]
4x1072 4x1072
But potential energy=QV =0

=0

27. (a) (i) Define electrical resistivity and state its units (02marks)
Electrical resistivity is the resistance across opposite faces of a 1m cube of material. Unit of
electrical resistivity is ohmmeter ( Qm)
(i) What is meant by e.m.f and internal resistance of a battery (02marks)

E.m.f of a battery is the energy required to convey 1C of charge round a complete circuit
including the cell



Internal resistance of a battery is the resistance in series with external circuit which
accounts for energy losses inside a battery when the battery is supplying current.

Or
The opposition to the flow of current inside the battery due to its chemical composition.

(b)Explain why resistance of a metal increases when temperature of the metal is increased.
(02marks)

When the temperature of a metal increases, the amplitude of vibration of its atoms increases.
This reduces the mean free path for conduction of electrons. Thus fewer electrons flow per
second through the metal; the current flowing reduces and thus resistance increases.

(c) Describe with the aid of labelled diagram, how a slide wire potentiometer may be used to
determine the e.m.f of a battery. (06marks)

Driver
K
clIIL /1 Pf
L >)
A B

ES

o

_“42
E

- Thecircuit is connected as above.

- Switch K1 ia closed

- Switch K; is connected to 1 and contact J is moved along AB to appoint where the
galvanometer shows no deflection and the balance length Ly s measured.

- Switch K; is connected to 2 and contact J is moved along AB to appoint where the
galvanometer shows no deflection and the balance length L s measured.

- Ifthe e.m.f of the test cell is E, then E = E Li
0

(d)



L
—/
Ky
1A J
| I
50
E,r
N
II
Kz
10Q

The circuit in the figure above shows a uniform slide wire AB of length 100cm and resistance
10Q. The wire is connected in series with a resistor of resistance 5Q across 3.0V battery of
negligible internal resistance. A cell of resistance, E and internal resistance, r, is connected as
shown. With switches K; and K, open, the galvanometer, G shows no deflection when Al is
75.0cm. With K; and K; closed, the galvanometer shows no deflection when AJ is 65.0cm. Find
the

(i) Value of e.m.f, E.
At balance with Ky, K, open, e.m.f.,
E = p.d across AD
-=1xR

15y 5169V
(15+5) ~ 100

=3x

(ii) Internal resistance, r
When ;s open and K, closed

P.d across 10Q resistor, V=3 x 15 X & 1.46V
20 100

E _ R+r
But- = —
14 R

(iii) Balance length when K; is closed, and K; is open
K1 closed and K2 open

__3 -1
p.d per cm of AB = 00 Vem

If the balance length is L’, then %L’ = 1.69

L’ =56.3cm
28. (a) (i) Define electric potential (01mark)
Electric potential at a point is the work done in moving a positive charge of one
coulomb from infinity to that point in an electric field against electrostatic force.
(i) Derive an expression for electric potential at a point which is a distance, r, from a point
charge Q (04marks)



Q
4mex?
Work done to move the charge through distance Ax against the field

Aw = -FAx
Total work done to bring the charge from infinity to a point, a distance r from a charge Q'

w=[ —Fdx= [ = <

4-1[8362

Q

4TEr

Force on 1C of a charge, F =

(b) Two charges of magnitude 6uF and -10uF are placed at the corners of a rectangle ABCD as
shown in the figure below

.
A G B

5 -10pF ;

AB = 6cm and BC = 4cm. Point E is the mid-point of AB. Find the work done in taking a point
charge of 1.6 x 10™°C from D to E. (05marks)

Electric potential, V =
4mET

-6 -6
Vp=9 x109[6x o Lox 10 ] - -1.5x10°V
4x10 6x10

CE=ED

CE=V32+ 42=5

6x107°% 10x107°
VE=9x109[ _ 2 ]:ov
3x1072 5x 1072

VED=0-(-1.5x10°) = 1.5 x 10°V
w=QV=16x10""x1.5x10°=2.4x 10"}

(c) A negatively charged ebonite rod is brought up to an uncharged pith ball suspended by a silk
thread. The pith-ball first moves to the rod, touches it and then moves away. Explain these
observations (04marks)



C

The charged ebonite rod induces positive charge on the side of the ball near it and thus attract
it.

After contact, the ball acquires a negative charge and thus the two bodies repel each other.

29. (a) (i) State Ohm’s law. (0O1mark)
Ohm’s law states that the current flowing through a given conductor is directly proportional to
the potential different difference between its ends provided the physical conditions remain
constant.
(ii) Give two examples of non-Ohmic conductors and sketch their current-voltage
characteristic. (03marks)

Non-Ohmic conductor include thermistor, filament lamp, junction diode, thermionic diode,
gas discharge tube, dilute sulphuric acid electrolyte with platinum electrodes.

/
| D I P | N
> > S
v . V v
Thermistor Filament lamp Junction diode
/ /
[ \ | P |
< =
N/ \J/ V
N N
Vo v .
thermionic valve Gas discharge tube Gas discharge tube

(b) (i) Derive an expression for electrical energy dissipated in a resistor of resistance, R ohms
carrying current | ampere for t seconds. (03marks)



V
When current | flows through the resistor for a time T,
Total charge conveyed is Q = IT

With a p.d V across R, the work done to transfer charge Q through R is

W =QV
ButV =IR
W = It x IR= I°’R

(ii) A network of resistors of 2Q, 6Q, 1.5Q and 3Q are connected to a 12V d.c. supply of
negligible internal resistance as shown below

- 20 60
12V '

o

1.50

Calculate the power dissipated in the 6Q resistor. (04marks)
2Q and 6Q in parallel, effective resistance, R1 = %= 1.5Q

p.d across the parallel network = 6V
Hence p.d across 6Q is 6V
2 2
PowerP=2= & = g
R 6

(c) (i) Define temperature coefficient of resistance (01mark)

Temperature coefficient of resistance is defined as fractional change in resistance at 00 for
every degree Celsius rise in temperature.



(ii) Explain why semiconductors have negative temperature coefficient of resistance.
(02marks)

Semi- conductor have few electrons available for conduction at room temperature.
When current is passed through it, the material heats up and more electrons are set
free. Thus the current increases and resistance decreases as temperature increases.
Hence temperature coefficient of resistance is negative.

*(d) An electric heater consists of 5.0m of nichrome wire of diameter 0.58mm. When connected to
a 240V supply, the heater dissipated 2.5kW and the temperature of the heater is found to be
1020°C. If the resistivity of nichrome at 10°Cis 10.2x 107Qm, calculate

(i) The resistance of nichrome at 10°C (03marks)
pL _102x1077 x5x4

RIO = — = — =19.3Q
A (5.8 x 10~4)2
(i) The mean temperature coefficient of resistance of nichrome between 10°C and 100°C.
(03marks)
2
At 1020°, -2 = 2.5 x 10°
R1020
2402

= Ryp20 = Tsx10s = 23.040Q

Riozo _ 1+1020@ _ 2304 _ 4 1,

R1o 1+10a 19.3

1+ 1020a = 1.194 + 11.94«
a=1.92x10"K*
30. (a) Define electric potential difference (01mark)
Electric potential difference between two points is the work done to transfer 1C of charge from
one point to the other against electrostatic field.

(b) Explain briefly what happens to the potential energy as two point charges of the same sign
are brought closer. (02marks)
Like charges repel. work has to be done against the repulsive forces between them to bring
them closer.

(c) Three point charges of +5uC, -3uC and +2uC are placed respectively at three corners of a

square of side 6.3cm in a vacuum.
(i) Sketch the electric field lines due to the charges. (02marks)

(i) Calculate the electric filed potential at the fourth corner of the square (04marks)



. . K
Electric potential V = TQ

Total potential V=V; +V, + V3
k(24 2 4 &)

st T2 T3
-9 x10° 5x10°° 3 x10°° 2x107°
- 63x1072  J(63x 10-2)2+ (63x 10-2)-2 = 63x 1072

=6.97 x 10°V

(iii) Find the electric potential energy, if a charge of -4uC is placed at the fourth corner.
(02marks)
Electric potential energy, W =VQ
=6.97 x 10° x -4 x 10-6
=-2.79)

(d) Describe, with the aid of a diagram, how a high voltage can be generated using a Van de
Graff generator. (O6marks)

Van der Graff generator

Collecting
metal sphere

—Silk belt

+1OkV_—‘:-L+ * é

Main features

[ (OMotor

a. It consists of a large hollow metal sphere (collecting sphere) supported on insulating stand.

b. Asilk belt inside the tube driven by an electric motor possesses the sharply pointed
electrode metal Ey, held at electric potential of about 10kV relative to the earth.

c. Asthe belt moves up, it passes another sharply pointed metal electrode E, connected inside

the hollow sphere.

Mode of operation

(i) The metal rod E, is kept at a high positive potential of about 10kV with respect to the
earth.

(ii) The high positive charge at the sharp ends ionizes the air around.

(iii) The positive ions are repelled to the silk belt carries then towards the collecting sphere.

(iv) AtE,, the silk belt induces negative charges on the sharp ends of E; and the positive charges

on the outer of the sphere. The electric field at point ends E, ionizes the air around it.



(v) The negatively charged ions are repelled to the silk belt which is carrying positively charged
ions

(vi) The positive ions are neutralized before passing over the upper pulley P,.

(vii) The process of silk belt charging up and discharging is repeated many times per second and
each time the belt passes, the sphere charges up positively until it has electric it has electric
potential of about 10°V relative to the earth.

(e) Explain how two insulating bodies rubbed together acquire charge.

When two dissimilar insulators are rubbed together, heat is generated due to friction. Heat
cause a material of lower function to lose electron to the other. The material that loses
electrons becomes positively charged while the one that accepts electron becomes
negatively charge.

31. (a) (i) Define capacitance of a capacitor. (01mark)
Capacitance of a capacitor is the ratio of the magnitude of charge on one of the plates of
of a capacitor to the potential difference between the plates.

(i) Drive an expression for energy stored in a capacitor of capacitance C charged to a p.d, V.
(04marks)
Suppose the p.d between the plates at some instant is V. When a small charge of 6q is
transferred from the negative plate to the positive plat, the p.d increases by éV.
Work done to transfer the charge; 6w = (V + 6V)6q
= Voq

Butv=2
C

.4
kA C8q
2
Total work done=f0q%6q = %Q? = %CVZ
Or

From g = CV, V is proportional to q, this gives the graph of V against q below
p.d

94 q+96q
Shaded area = % V+V+ 6V)xdv

= work done to increase charge on the capacitor by 6q
-~ to charge a capacitor fromg=0toq=Q

Work done, w = average voltage x charge
1

=E(O+V)XQ

1
= Qv

scharge

ButQ==C_CV



SW= lCVZ
2

(b)(i) Explain the effect of placing an insulator between the plates of a charged capacitor.
(05marks)

When a dielectric is placed between the plates of a charged capacitor, the nucleus of the
molecules of the dielectric are urged in the direction of the field and the electrons in
opposite direction.

The molecules get polarized and the surface of the dielectric near the capacitor develops
charges opposite to those on adjacent plates while the charges inside the dielectric cancel
out.

Since the charge on the dielectric are not conductible, electric field intensity develops
between the surfaces of the dielectric in the direction opposite to the supplied field. The
resultant electric field intensity is thus reduced.

ButE = g hence the p.d between the plates V is reduced.

From C= %; a reduction in A leads to increase in C

(i) State two physical properties desirable in a material to be used as a dielectric in a capacitor.
(02marks)

- Llarge dielectric constant
- High dielectric strength

(c)

3uF ——
“ﬁ_

12V

-4

2uF 4uF




A battery of e.m.f12V is connected across a system of capacitors as shown in the figure
above. Find the

(i) Charge on the 3pF capacitor (03marks)
Effective capacitance in parallel, C=C; + C, = (2 + 4)uF = 6puF
-6 -6
6X1070 x3x107° _ )6

Effective capacitance in series= —
(6+3) x 10 6

Q=CV=2x10°x12=2.4%x10°C
Hence the charge on 3pF capacitor = 2.4 x 10°C

(ii) Energy stored in the 4uFcapacitor (03marks)

-5
p.d across the 6uF, V = Q_ 24x10 7 _ 4.0V

c 6x10~6
p.d across 4uF = 4.0V

energy store by 4pF capacitor = % CV? = % x4 x 1070 x 42 =3.2x10")

(d) Describe a simple experiment to show that capacitance of a capacitor increases with surface
area of the plates. (02marks)

Capacitor plates |

Insulated
\ electroscope

A p.d is set across the capacitor plates P and Q, by connecting a cell across it. One plate Q is
connected to the cap of electroscope. With the p.d constant and the plates in the above position
with air in between them, the divergence of the leaf of electroscope is noted.

Place P is then slid relative to Q keeping the separation constant, hence reducing the effective
area of the plate. The divergence is seen to decrease.

Since divergence is proportional to charge on the plates, which in turn is proportional to the
capacitance, C, then, Cis reduced.

This shows that C < A

32. (a) (i) Derive the formula for combined resistance of three resistors in series. (04marks)



[l 2 3

l_—[\/ 1-||-£\/E-”_—|:V3 ]:I

1 2
| /N
v

|1
L
V

For series arrangement, the same current | flows through the resistors but each resistor has its
own P.d. across

Forry, Vi=ril e, (i)
Forry, Vo=ril i, (ii)
Forrs, Vi=r3l s (iii)
V=V +V,+ V3

=rid+rl+r3l

=l(ry+ry+r3)

. v
Resultant resistance, R = 7= (ri+ry+r3)

(i) Explain why a metal wire becomes hot when an electric current flows through it.
(0O4marks)
Electrons are accelerated by the electric field in the conductor. As they drive, the collide
with ions in the conductor losing some of their kinetic energy to the ions, this energy
increases vibrational energy of the ions, hence temperature increases
(iii) What advantage does the potentiometer have over Wheatstone bridge when used to
compare two low resistances? (02marks)
The potentiometer gives accurate balance lengths for low resistance because
resistances of conducting wires do not affect the results. For the Wheatstone bridge, the
resistance of its end connection become significant when used to compare low
resistances, which makes it less accurate.

(b)



X 20
| ]
3.0V
A B
R, R
df - f

It
L

In the figure above, AB is a slide wire of length 1.0m and resistance 10Q. X is a driver cell of
e.m.f 3.0V and negligible internal resistance. When the center —zero galvanometer is connected
in turns to points e and f, the balance lengths obtained are 45.0cm and 80.0cm respectively.

Calculate the

(i) The current flowing through R;. (04marks)
If the current through the driver circuit and Ry is Iy and |; respectively, it follows that
IRy = I4R
45
Ate,R=— x 10 = 4.5
100
ly = —— = 0.25A
10+2
I1R; =0.25x4.5=1.125
[ = L1125
1= TR
(ii) Resistances of R; and R,. (02marks)
When at f
80

h(Rs +Ro) = lo( - % 10) = 0.25x8 =2
o~ |1(R1 + Rz) =2 (|)
Also 1;R; = 1.125 oo, (ii)
From Eqn. (i) and (ii)

Ry _ 1125 _ 9
Ri+R, 2 16

(c) Describe with aid of a diagram, how a calibrated slide wire potentiometer may be used to
measure thermoelectric e.m.f. (04marks)



Driver cell

I
A

AB = uniform resistance wire
E=Thermocouple

- With switch S in position 1, J is moved along AB until the galvanometer G shows no
deflection. The balancing length L; is noted

- With switch S in position 2, J is moved along AB until the galvanometer G shows no
deflection. The balancing length L, is noted

- The e.m.f of the thermocouple is E = IkL,
While Es = I(kL; + R)

EskL . . . . .
~E= Ri—k; where k is the resistance per cm of the uniform resistance wire
1

33. (a) Explain why a redistribution of charge occurs on uncharged metal rod when a positively
charged metal sphere is brought near one end (03marks)

When a positively charged metal sphere is brought close to an uncharged rod, say AB as
shown below; delocalized electrons in metallic lattice of the rod are electrostatically attracted
by the sphere and move towards A

A B
® [= +
(b) Sketch a graph showing the variation of potential

(i) Relative to the earth along the axis of metal rod in (a) from the center of the charged
sphere to the furthest end of the rod. (02marks)

(5E 7]

Potential, V

0 R distance,r
(ii) along the axis of the rod in (a) from the center of the sphere if the rod is earthed.
(02marks)
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distance,r

When the rod is earthed, t gets zero potential (potential of the earth)
(c) Explain why the electric field intensity close to the surface of a charged conductor is always
at right angles to the surface of the conductor. (03marks)

The surface of a charged body is an equipotential surface. Therefore when the charge moves
on the surface of the conductor, no energy change occurs hence no work is done. This
implies that the component of the force due to the electric field along the surface of the
conductor is zero. Hence the electric field lines are perpendicular to the surface of the
conductor.

(d) Describe with the aid of a diagram the mode of operation of Van de Graff generator.
(006marks)
Van der Graff generator

Collecting
metal sphere

—Silk belt

oo
+10kV_—|:_L C&: OMotor

Main features

a. It consists of a large hollow metal sphere (collecting sphere) supported on insulating
stand.

b. Asilk belt inside the tube driven by an electric motor possesses the sharply pointed
electrode metal E4, held at electric potential of about 10kV relative to the earth.

c. Asthe belt moves up, it passes another sharply pointed metal electrode E, connected
inside the hollow sphere.

Mode of operation

(i) The metal rod E4, is kept at a high positive potential of about 10kV with respect to the
earth.



(i) The high positive charge at the sharp ends ionizes the air around.

(iii) The positive ions are repelled to the silk belt carries then towards the collecting sphere.

(iv) At E,, the silk belt induces negative charges on the sharp ends of E; and the positive
charges on the outer of the sphere. The electric field at point ends E, ionizes the air
around it.

(v) The negatively charged ions are repelled to the silk belt which is carrying positively
charged ions

(vi) The positive ions are neutralized before passing over the upper pulley P;.

(vii) The process of silk belt charging up and discharging is repeated many times per second
and each time the belt passes, the sphere charges up positively until it has electric it has
electric potential of about 10°V relative to the earth.

(e) Explain how two insulating bodies rubbed together acquire charge.
When two dissimilar insulators are rubbed together, heat is generated due to friction. Heat
cause a material of lower function to lose electron to the other. The material that loses
electrons becomes positively charged while the one that accepts electron becomes

negatively charge.

(e) A proton is fired from infinity with a speed of 3.7 x 10°ms™ towards a stationary charge of
+50e. Calculate the speed of the proton at a point 10*’m from stationary charge. (Assume
mass of proton = 1.6 x 10"’kg) (04marks)

Initial kinetic energy = Electric potential energy gained + Final K.E

1 2 _ ex50e 1
2 MpUp =

2
myv
4meyr 2 PP
2
9x10% x (1.6 x 10719)"x 50
10-12

~x1.67x107%7 x (3.7 x 10°)? = +2x1.67x107% x (v,)°
V2 = —1.064 x 10
vy, has no real roots.

34. (a)(i) What is meant by a dielectric material? (0O1marks)
A dielectric material is an electrical insulator that can be polarized by an applied electric field

(ii) Explain the effect of a dielectric on the capacitance of a capacitor. (05marks)




When a dielectric is placed between the plates of a charged capacitor, the nucleus of the
molecules of the dielectric are urged in the direction of the field and the electrons in
opposite direction.

The molecules get polarized and the surface of the dielectric near the capacitor develops
charges opposite to those on adjacent plates while the charges inside the dielectric cancel
out.

Since the charge on the dielectric are not conductible, electric field intensity develops
between the surfaces of the dielectric in the direction opposite to the supplied field. The

resultant electric field intensity is thus reduced.

ButE = g hence the p.d between the plates V is reduced.

From C= %; a reduction in A leads to increase in C

(b) Two capacitors of capacitances, C; and C,, are connected in series with a battery of e.m.f, V.
Show that the p.d, V, across the capacitor of capacitance, C; is given by

— G
Vi = (C1+ CZ)V (04marks)

If the charge on each capacitor is Q, then the total p.d across the network,
V=Vi+V,

_e,e
G G

S0+ 2)

C1 C2

_ CZ + Cl
T ac

_ GG

Also, Q= (V)



C1Cp
C1+Cy

Vi= (clcjcz) v

ThenC1V1 =

(c) The figure below shows a network of capacitors connected to a 10V battery. Calculate the
total energy stored in the network. (06marks)

SuF 4yF
| |
N

(o))
=
=
I
|
[e))
=
=
OOi )
=
M

. . . . . . 8x8
The two 8UF capacitor are in series, therefore their effective capacitance, C, =ﬁ = 4uF

The two 6UF capacitors are in parallel and their effective capacitance, C, =6 + 6 = 12uF

12x3 — 2-4'HF

C, and 3uF capacitors are in series and their effective capacitance C3 = 713

C1 and 2uF capacitors are in parallel, their effective capacitance C4 =2 +6 =6uF

The diagram can be summarized as follows

5pF 4uF 6uF

i

The effective capacitance of 2uF, 4uF and 6uF = (% + 2.4) uF = 4.8uF

Effective capacitance between 5uF and 4.8F = 5;:'88 = 2.45uF

Energy stored in the network, E = % cv? =% x 2.45 x 107°x 10? = 1.225 x 10™)



(d) Describe how the unknown capacitance of a capacitor can be determined using a ballistic
galvanometer

v
I’ i
C] |K'|
| |
||

| K
€S

- The circuit is connected as shown with a capacitor of known capacitance C;.

- Switch Ky is closed and K, is opened. The capacitor of capacitance C; is charged by the
battery of em.f V.

- K;is opened and K, is closed to discharge the capacitor through the ballistic
galvanometer, B.G. the first deflectionof the B.G 6, is noted

- The capacitor is then is then replaced with the capacitor of unknown capacitance
C,.the experiement is repeated and deflection 0, is noted

c 7]
- Hence 2= =%
Cq 01

35. (a)(i) State Coulomb’s law of electrostatics (01mark)
The force between two point charges is directly proportional to the product of the magnitude of
charges and inversely proportional to the square of their distance apart
(ii) Define the terms electric field intensity and electric potential at a point. (02marks)

)
Cy = C16_1

Electric field intensity at a point is the force experienced by 1C of positive charge placed at that
point in electric field.

Electric potential at a point is the work done to move 1C of positive charge from infinity to that
point against electrostatic repulsion.

(b) Sketch graphs of variation of electric potential and electric field intensity with distance from
the center of a charged conducting sphere. (02marks)

O O,

N 4\

v

>

T
Distance, r Distance, r

(c) Charges q; and g, of -5.0uF and +2.0uF respectively are placed at two opposite corners of a
rectangle of sides5cm and 10 cm as shown below.



o}l

5cm

A

10cm d.

Calculate the

(i)

(ii)

Electric potential at A (04marks)

k 9x10°x-5x107°
V; = M ZXD XX - 9x10%V
1 0.05
k 9x10°x2x107°
V1 = M _ 2XT XX - 1.8x10°V

TZ 0.1
V=V1+V2=-9x10°% +1.8 x 10°V = -8.82 x 10°V

Electric field intensity at A (O5marks)
kQ
E= T_2
9 -6
E1 — 9x10”° x5x 10

0.052
9x10°x2x107°

E,= —— > 18x10°NC"

E is a vector quantity so E; and E; is added to give resultant intensity Eg

=1.8x 10'NC*

/N ErR

<
E,
Er = E? + E?

=,/(1.8x107)2 + (1.8 x 106)2 =1.81x 10'NC"

1 (18x107 0
0=tan’ (12 0)=84.289

Therefore the resultant electric field intensity at A is 1.81 x 107NC™ at an angle of
84.289°

(d) (i) What is meant by corona discharge? (02marks)

The high electric field intensity at the sharp points of charged conductor ionizes air
around it. The ions of opposite charge are attracted to the sharp point partially
neutralizes the charges at the pointed end of the conductor. The apparent loss of
charges from the sharp end of the conductor in this way is called corona discharge.

(ii) Explain how the lightning conductor works (04marks)



Negatively charged cloud

+ + + +
Space

charge - A
J ﬁ—_fré\ Spikes

Copper strip —

Electron

=

/Copper plate

Action

(i) When a negatively charged cloud passes over lightning conductor, it induces positive charges
on the spikes by repelling electrons to the grounds through copper conductor.

(ii) A high electric field concentration of positive ions on the spikes ionizes air around it causing
positively charged ions and negatively ions.

(iii) The negatively charged ions are attracted and discharged at the spikes while the positively
charged ions are repelled to form a space charges which neutralizes the negative charge on
the cloud. In this way the harmful effect of the cloud is reduced.

36. (a) Define current density and the ohm and state their units. (03marks)
- Current density is the amount of current flowing through a conductor of cross section
area 1m’

- The Ohm is the resistance of a conductor if the current of 1A flows through it when the
potential difference across it is 1V. Unit is Q.

(b) (i) sketch the current versus voltage characteristic for a gas discharge tube (01mark)



I/A

>
V/V
(ii) Explain the main features of the graph in (b)(i) above. (03marks)
- OA —very little current detected due to photoelectric effect on the cathode releasing
electrons
- AB-—current increases slowly because anode begins to attract electrons
- BC-current increases exponentially because anode accelerates electrons that collide
with and cause ionization of gas atoms thereby producing a large volume of
conducting electrons.

. © T

The figure above shows a cell of e.m.f, E and internal resistance, r, connected to a
voltmeter, V, and variable resistor R.

Explain how the value of V varies with R. (04marks)
From Vs = IR

When R increases, v increases and when R decreases also V decreases

(d)



| |
R, R,
G
100
X

1.2V

[

I I

In the figure above, R1 and R2 are resistors of 10Q and 90Q respectively. If the cells have
negligible internal resistances, find the value of X for which G shows no deflection. (04marks)
Current flowing in the driver circuit

Id = — 2 —0.024
00

10490 1
Current flowing in the test circuit, 11 =

1.2
x+10

p.d across the 10Q resistor = 22 x10=0.2
x+10

x=50Q
(e) Describe how the internal resistance of a cell can be measured using a slide wire
potentiometer. (05marks)

Experiment to determine internal resistance of a cell

Driver cell Ki
-

I
1

E
e
Kz

R

P = protective resistor
R=variable resistor
G = center zero galvanometer

E = dry cell whose internal resistance is required



J =jockey
Procedure

(a) The dry cell is first balanced against the slide wire as follows:
K, is closed while K, and K3 are left open, the jockey is placed in different places on the slide
wire until the galvanometer shows no deflection. K; in the closed and the actual balance
length L, is noted.
At balance
E=KLy coreveeeeeeeeeeiereeeee (i) where k is the p.d per cm

(b) The variable resistor is adjusted to a suitable value and the p.d across it is balanced against
the slide wire as follows
With K; and K2 closed, K; open, an approximate balance length is obtained. K3 is then closed
and actual balance length, L is obtained.
At balance
IR=KL .cceeeverrrercerernnreenennnn(ii) Where | is current flowing through the resistor

The experiment is repeated for different values of R and corresponding lengths, L are
recorded.

. . 1 1
The results tabulated including values of 2 and n

11 o i torcent
A plot of = against - give a straight line with intercept = — or r = ————2-
R L r slope

37. (a) (i) Define capacitance and state its units (02marks)
Capacitance of a capacitor is the ratio of the magnitude of charge on either plate of the
capacitor to the potential difference between the plates.

(i) With the aid of a labelled diagram, describe an experiment to measure capacitance of a
capacitor. (05marks)

Reed switch

PR P : |:| .
@ Capacitor @)

- The setup is shown above
- Theis closed and the reading of current | and voltage V are noted at known
frequency, f of the reed switch.

- The capacitance of a capacitor, C = fLV



(b) A capacitor is charged by a 30V d.c supply. When the capacitor is fully charged, it is found to
carry charge of 5.0uC. Calculate the:

(i) capacitance of the capacitor. (02marks)

-6
c=2-3*¥19"_467x107F
14 30

(ii) energy stored in the capacitor (03marks)
Energy :%CV2 = % x1.67 x 1077 x 30% = 7.5x 10"}

(c) Derive the expression for effective capacitance of three capacitors C;, C, and C; respectively
connected in series. (04marks)

C-|,V| CZrVZ C31V3

Vv
The charge on each of the capacitor is the same equal to Q

Total voltage V=V, +V, + V3

_e,Q,0Q_H(rp, 1. 1
_cl+cz+c3 Q(cl+cz+cs)

v _ 1 . .
But o-¢ where C is the resultant capacitance.

1 1 1
__+_ —

1
e ¢ C

(d) Describe briefly an experiment to show the effect of varying the distance of separation of the
plates of a capacitor on capacitance. (04marks)



Capacitor plates |

Insulated
\ electroscope

The plate P is then slid back and separation between the plates is increased by moving P away from
Q. The divergence of the leaf is observed to decrease. Since divergence of the leaf is proportional
to charge on the plates, which in turn is proportional to capacitance C, then C is reduced. This
shows that C o< 1/d.

38. (a) Define the terms electrical resistivity and temperature coefficient of resistance (02marks)
Electrical resistivity s the electrical resistance across opposite faces of a cube of a material of 1m
length.

Temperature coefficient of resistivity is fractional change in resistance at 00C per degree rise in
temperature.

(b) (i) Explain why the temperature coefficient of resistance is positive for metals. (03marks)

In metals, free electrons are charge carrier. As temperature increases, the amplitude of
vibration of lattice ions increases and this increase the obstruction to electron drift leading to
increase n resistance.

(ii) what is a super conductor (01marks)

Super conductors are materials whose resistance vanishes when they are cooled to
temperatures near -273°%C

(c) The temperature coefficient of resistance of two wires A and B of diameters 1.20mm and
0.80mm are 0.0004K™ and 0.0003K™ respectively. If the ratio of their resistances at 0°C is 1.5,
calculate
(i) the ratio of resistances at 100°C
From Rg = Ro(1 + aB)

=  Rigoa = Roa (1 +1000p) ..covueeenee. (i)



Rioos = Ros (1 + 1000) .....ceuuee... (ii)

From (i) and (i)

R100A _ RoA (1+100aA) _ 1+100 x 0.0004

=1 =1.51
Rigos  Rop ~ (1+100ap) 14100 x 0.0003

(ii) their electrical resistance at 100°C

FromR = p%
L .
L .
RB = PB m (II)

From (i) and (ii)

_a\2
Ricoa _ pa . (04x1073)°  p, 22

Rigop P~ (0.6x1073)2  pp = 32

Ri1004 — 1 51
_R .
p:OOB 32
24— 1512 =33975
PB 2

(c) (i) Derive the balance condition for Wheatstone bridge. (04marks)

Battery
—l-|}

When resistances P, Q, R and X are such that no current flows through the galvanometer, the
bridge is said to be balanced, i.e., I|g=0

= Potential at A = potential at C
Vag = Vac and Vap =Vpc

IxXX =1pP and IrR = IqQ
LX _ P

LR IoQ
Sincelg =0, thenIx=Irand Ilp=1q

X P
Hence — = —
R Q



(ii) Explain why the Wheatstone bridge is not suitable for measuring very low or very high
resistances. (04marks)
- Cannot measure low resistances because the resistance of the connecting wires
become significant.
- It cannot measure very high resistances because the instrument become
insensitive
39. (a)(i) Define electric potential and electric field intensity. (02marks)
Electric potential is a point in electric field is work done to transfer 1C charge from infinity to
that point.

Electric field intensity at a point is the force experienced by 1C of positive charge placed at that
point in electric field.

(i) What is the relationship between electric potential and electric field intensity? (01mark)

Electric field intensity at a point is equal to the negative of potential gradient at that point,

i.e, E= L
dx
(b)
+6.4uC -6.4uC +3.2uC p

Ti 0.5m i 0.2mi 0.3m>r|

Three point charges of +6.4uC, -6.4C and 3.2uC are arranged in line as shown in the figure
above. Find the field intensity at P. (O6marks)

From E=“2 (k=9 x 109F'm)
T

Let intensity due to +6.4uC, -6.4uC and +3.2uC be E4, E; and E; respectively

—6 9
E, = 220 29810 =576 x 10°NC”

6.4x107%x9x10°
0.52

E,=— =-23.04 x 10°NC™*

_32x10"°x9x10°

Ei= = =32 x10°NC*
0.3

Since E is a vector quantity, E at P is the sum of E;, E, and Ej;

E=(5.76-23.04 + 32) x 10°NC™" = 14.72 x 10°NC"*



(c) (i) Explain with the aid of a diagram, how a charged body cab be screened against external
electric fields (03marks)

Place the charged body in a hollow conductor (Faraday cage). This is equal but opposite
charges to be induced on the inside wall of hollow conductor. An equal and similar charge
is induce on one outside wall.

Charged body

[
+ +| + +

Any external field do affect the outside wall only; i.e, the charged body is shielded
electrostatically.

(ii) Describe briefly how the sign of a charge on a given body can be detected using a gold leaf
electroscope (04marks)

- Agold leaf of known charge is used

- The test charge is brought near the cap of the electroscope.

- Ifdivergence of the leaf increases, the body has the same charge as the gold leaf

electroscope.
(ii)  What is meant by action points in electrostatics? (04marks)

Point action is the apparent loss of charge at the sharp point of a charged body. The
high electrostatic intensity at the sharp point of a charged body causes ionization of air
molecules around. lons with similar charge as that on the sharp point are repelled while
those with opposite charges are attracted and partially neutralize the charges on the
sharp point.

40. (a) define the farad (01mark)
A farad is the capacitance of a capacitor is the p.d across its plate is 1V and the charge on the
capacitoris 1C.
(b) Describe briefly the energy transformations that take place when charging a capacitor using
a dry cell. (03marks)

Energy changes from chemical energy in the battery to electrical energy in the connecting
wire to electrical potential energy in capacitor plus heat energy dissipated in connecting wire.

(c) The capacitance of a variable radio capacitor can be can be charged continuously from10pF
to 900pF by turning the dial from 0° to 140°. With the dial set at 140°, the capacitor is



connected to a 9V battery. After charging, the capacitor is disconnected from the battery and
the dial turned to 0°. Calculate the

(i) charge on capacitor. (03marks)

Charge on a capacitor Q = CV =900 x 102 x9=8.1x10°C

(i) energy stored in the capacitor with the dial at 140°. (03marks)

Energy =§CV2 = % x 900x 10712 x 9% = 3.65 x 10°)

(iii) work required to turn the dial from 140° to 0° if the friction is neglected. (03marks)
Energy for C = 10pF;

Energy =%CV2 = % x10x 10712 x 92 =4.05x 109
Work done = 3.65x10%-4.05x10"°  3.61x10-8J

(d) Describe an experiment to determine the effect of area of overlap on capacitance of a
parallel plate capacitor (04marks)

Reed switch

[]s

@ Capacitor
©

- The reed switch repeatedly charges and discharges a pair of parallel plates through a
sensitive galvanometer.

- The charge Q on the capacitor is proportional to current |

- With the p.d V and plate separation, d, kept constant, the current | is observed for
different area overlap.

- Theresults | and A are tabulated and a plot of | against A gives a straight line showing
that | is proportional to A and hence Cx A

(e) Explain why the capacitance of a capacitor changes when a dielectric is placed between its
plates. (04marks)




41.

When a dielectric is placed between the plates of an insulated charged capacitor, it gets
polarized with the sides near each plate bearing opposite charge to that on the plate.

These are bound charges which are not neutralized thus develop an electric field that oppose
the applied electric field.

They lower electric field and voltage between the plates which increases capacitance of the
capacitor.

(a) (i) Define a volt. (01mark)
A volt is the potential difference between two points if work done to transferlC of charge from
one of the point to the other is 1J

(ii) Derive the formula for the combined resistance of three resistors in parallel. (04marks)

I+
\Y

The p.d across each resistor is the same and equal to V

By conservation of current at the junction, =1, + 1, + I3

v _ v vV 14 . . . . N
From Ohm'’s Iaw:E = + = + . where R is the equivalent resistance in the circuit
1 2 3

Dividing throughout by V



By S
60

1
| S|

a [Juo

I

12V
In the circuit above, has negligible internal resistance. Find the ammeter and voltmeter
readings (04marks)

6x12
=60
6+12
12 _

Current through 2Q resistor :g == 2A

Effective resistance R=2 +

Hence ammeter reading = 2A
Effective resistance of 6Q and 12Q =
V=IR=2x4=8V

(b) (i) Draw a labelled diagram of a meter bridge and derive the relation for balance. (05marks)

6x12 _
6+12

40

| R |

) ® 1o |

L-| s L2

[0
/N
WV
A

[ Jus)

AN

1

V

- At balance, current passing through G is zero

- This implies that p.d across R; = p.d across Al

- Letlyand I, be current through R; and Al respectively, and k the resistance per unit
length of wire AB

- The 1Ry = 1iKLyweveerereerrenn (i)
- Alsolg =0, |, passes through R, and I, passes through JB and p.d across R, = p.d across JB
- Then I1R; =lkLyeuercrenerenee. (i)
- Dividing (i) by (ii)
Ry Ly
R, L,

(i) Explain why the balance point should be close to the middle of the wire (02marks)
- When the length measured is big, percentage error is negligible
- When the balance point is close to the middle the end errors are minimized



(c) A coil of a wire has resistance of 30Q at 200C and 34.5Q at 600C. Calculate its temperature
coefficient of resistance. (04marks)

From
30.0
34.5

Rg = R0(1+ aG)
=Ro(1 +200)....ccucuvee. (i)
=Ro(1 + 60a)............... (ii)

From (i) and (ii)
a=4.05x10°K1
42. (a) Explain the principle of a slide wire potentiometer. (03marks)

Driver cell
=
< L >)
A B
+9 -
X Y

The driver cell maintains a steady current through a uniform resistance wire AB.
The p.d per unit length of the wire is therefore constant.

At balance, when G shows no deflection, the p.d across length AJ = test p.d
i.e.V=kL

(b)(i) Using a labelled diagram, describe how an ammeter is calibrated using a slide wire

potentiometer. (06marks)

Drivelr cell
L Iil

< L —>) 8
Es
[
R
RS r2
P

Es and Rs are standard e.m.f and standard resistance

Switch K is connected to position 1 and jockey tapped at different positions along wire
AB until the galvanometer shows no deflection.

The balance length Ls is measured.

Switch K is connected to position 2 and the resistance P adjusted to obtain a suitable
reading Ir on the ammeter A.

The balance length L and ammeter reading Ir are recorded.

The procedure is repeated for the different setting of P, and corresponding values of L

. . E L
and Ir tabulate including values of I, = L—S X o
S

A graph of la against Ir constitutes the calibration curve of the ammeter.



(ii) What is the advantage of the potentiometer over an ordinary voltmeter in measurement
of voltages? (02marks)
- It does not draw any current from the p.d thus gives accurate results.
- It can measure a wide range of p.d since the length of the slide wire can be adjusted

(c) Two cells A and B connected in series, give a balance length of 758mm along a potentiometer
wire. When cell B is reversed, the balance length falls to 123mm. If the e.m.f of cell Ais 1.5V,
calculate the e.m.f of cell B. (04marks)

V o L =>V = kL where k is constant

En+Eg = 0.758K wovvoooooooooroo (i)
En = 0.123K oo (ii)
But Ex = 1.5 => k = —=>—

0.123

Substituting into eqgn. (i)
B =(0.758 x =) — 1.5 = 7.74V
0.123
(d) The resistance of a nichrome element of an electric fire is 50.9Q at 20.0°C. When operating
on a 240V supply, the current flowing through it is 4.17A. Calculate the steady temperature
reached by the electric fire if the temperature coefficient of resistance of nichrome is 1.7 x
107K
240

FromR=2=>R =22 _ 57550
1 417

But Rg = Ro(1+ aB),
50.9 =Ro (1 + 1.7 x 10* x 20)
Ro = 50.72Q
57.55=750.72 (1 + 1.7 x 10™0)
0=792.1°

43. (a) Explain the meaning of an equipotential surface as applied to electric field. (02marks)
An equipotential surface in one on which electric potential is the same at all points. The electric
field lines are perpendicular to the surface and therefore work done to move 1C charge along
the surface is equal to zero.
(b) With the aid of a diagram, describe an experiment to show that excess charge resides only
on the outside surface of a hollow conductor. (05marks)

Connecting wire

- A positive charge metal sphere S is lowered into a metal can using an insulating thread.
- The leaf of the electroscope diverges.
- The sphere Sis withdrawn from C, and the leaf of electroscope collapses.



- When the sphere is lowered into C again, the leaf of the electroscope diverges by the
same amount as before.
- Sisthen made to touch the inner surface of C, and then withdrawn. The divergence
remains the same.
- When S s tested for charge, it is found to have lost all the charge. Hence there is no
charge inside C but since the electroscope leaf is diverged, charge exist on the outside of
C.
(d) State Coulomb’s law of electrostatics (01mark)
The force between two point charges is directly proportional to the product of the magnitude of
the charges and inversely proportional to the square of the distance of separation of the

charges.
(d)
P R S
£ N
[~ -1
21cm

Two point charges P and S of -17.6uC and -9.0uC respectively are placed in a vacuum at a
distance of 21cm apart. When a third charge, R, is placed midway between P and S as
shown above, the net force on S is zero.

(i) Determine the charge on R (05marks)
F= kQ1.Q2
- 2
T
kx17.6 x 107 x9x 107
Fp = 2
0.21
F _kxQx9x107°
R™ 0.1052
FP = FR
kx17.6 x107®x9x107°%  kxQx9x107°
0.212 - 0.1052
-6
Q=82 40.1052=4.4x10°C
0.21
(ii) Calculate electric potential at position of R (05marks)
v="2
r
9.._ -6
v, = 9x10°x-17.6X107° _ 1 o1 106y
0.105
V, = 9x10%x-9x107¢ =-0.77 x 10%V

0.105
Total electric potential =-1.51 x 10° + -0.77 x 10°V = 2.28 x 10°V

(iii) Sketch the electric field lines corresponding to the charge distribution (02marks)

e

44. (a) (i) define electrical resistivity and state its units (02marks)




Electrical resistivity of a material is the resistance between opposite faces of 1m cube of the
material. It is measured in Ohms (Q)

(b)

(ii)

(iii)

Describe with the aid of circuit diagram, an experiment to determine the electrical
resistivity of a given wire using a meter bridge. (07marks)

) I
/ L
| f
Rx Rs
/N
Le e | o
\
A .
® < Y, /aB

L, L,

A length Lx of the wire under test is connected in the left hand gap of the Meter Bridge
and standard of resistance Rs in the right hand gap as shown above. Switch K is closed
and the jockey tapped at different points along the uniform wire AB until a point is
found where the galvanometer shows no deflection. Distance L; and L, are measured
and recorded.

The procedure is repeated for different length of Lx and the results tabulated including

the values of Rx = i—le
2

A graph of Rx against Rx against Lx is plotted and slope S is determined.
The average diameter, D, of the wire is measure from different points of the wire.
e nD?
Resistivity, p =S (T)
The resistivity of mild steel is 15 x 10%Qm at 20°C and its temperature coefficient is 50 x
10K™. Calculate the resistivity at 60°C. (05marks)

Pe = Po(1 + aB)
15 x 10 = po(1 + 20 x 50 x 10™)
o1s10% ,
Po= (1420 x 50 x 10~4) 1.364x 10
151078

- —4N _ N
T (1420 x 50 x 10—%) (1+60x50x107%)=1.77x107

Pso

. e

20 D) 40




Resistors of 2Q and 4Q are connected in series with power supplies of 12V and 8V as shown in
the figure above. Calculate

(i)

(ii)

The reading of voltmeter (04marks)
Net e.m.f = 12-8 =4V
Total resistance =2+ 4 =6Q

=E_2%_2,
R 6 3
Reading of the voltmeter =12-IR (R = 2)
=12-2x2
3
=10.7V

The power dissipated in the 4Q resistor (02marks)

P=IR= @)2 X 4=1.78W

45. (a) Define the following

(i)

(ii)

Capacitance of capacitor (01mark)
Capacitance of a capacitor is the ratio of the magnitude of charge on one of the plates
of the capacitor, to the potential difference between the plates.

Dielectric constant (01mark)

Dielectric constant of a material is the ratio of the capacitance of a capacitor when the
space between its plates is filled with the material, to the capacitance of the same
capacitor when the space between its plates is a vacuum.

(b) Explain the effect of dielectric on the capacitance of a capacitor. (04marks)

When a dielectric is placed between the plates of an insulated charged capacitor, it gets
polarized with the sides near each plate bearing opposite charge to that on the plate.

These are bound charges which are not neutralized thus develop an electric field that oppose
the applied electric field.

They lower electric field and voltage between the plates which increases capacitance of the
capacitor.

(c) Derive an expression for energy stored in a capacitor of capacitance, c, charged to a voltage,
V. (05marks)



Suppose the p.d between the plates at some instant is V. When a small charge of 6q is

transferred from the negative plate to the positive plat, the p.d increases by 6V.
Work done to transfer the charge; dw = (V + 6V)dq
= Voq

Butv=2
c

.4
. C(Sq
(995,219 _ Lrp2
Total work done=[ "~ 6q =>"== ~CV
Or
From g = CV, V is proportional to g, this gives the graph of V against q below
p.d

4 g+6q
Shaded area = % V+V+ 6V)xdV

= work done to increase charge on the capacitor by 6q
~ to charge a capacitor fromg=0toq=Q

Work done, w = average voltage x charge
1

scharge

=-(0+1)xQ
1
=EQV
ButQ=CV
.'.W:l(:‘/2
2
(d)
G
| |
G, | |
‘ | 2uF
| C
3uF | r
| |
2uF

In the figure above, C,, C,, and C; are capacitors of capacitances 3uF, 2uF and 2uF
respectively, connected to a battery of e.m.f 100V.



(i) Calculate the energy stored in the system of capacitors if the space between the
plates of C; is filled with an insulator of dielectric constant 3, and the capacitors are
fully charged. (06marks)

Net capacitance of C; and C; in parallel isC; =C, + C3=2 + 2 = 4puF

After inserting dielectric, C; become C; =3C; =3 x 3 =9uF

9x

Net capacitance C of C; and Cs = ;: =2.77uF

Energy stored =%CV2 = % x2.77 x 10~%x 1002 = 0.01385)

(ii) Account for the change in energy stored by an isolated parallel plate capacitor when
the plate separation is doubled. (03marks)

1 2 2d
E=loyz= o @4
2 2C 2g,A

= When the separation is doubled, the energy stored is doubled.

= To increase the separation, work is done n pulling the plates apart. This work done
(energy) is stored as electrical energy between plates of the capacitor.

46. (a) (i) Define electrical resistivity and the ohm. (02marks)
Electrical resistivity is the electrical resistance across opposite faces of a cube of a
material of length 1m
An Ohm is the resistance of a conductor through which 1 ampere flows when the
potential difference across it is 1 volt.
(ii) Describe an expression to determine the electrical resistivity of a material in form of a
wire using a meter bridge. (07marks)

) I
/ -
| f
Rx Rs
/N
Le e | o
\
A .
® < Y, /aB

L, L,

A length Lx of the wire under test is connected in the left hand gap of the Meter Bridge
and standard of resistance Rs in the right hand gap as shown above. Switch K is closed
and the jockey tapped at different points along the uniform wire AB until a point is
found where the galvanometer shows no deflection. Distance L; and L, are measured
and recorded.

The procedure is repeated for different length of Lx and the results tabulated including

L
the values of Rx = L—le
2

A graph of Rx against Rx against Lx is plotted and slope S is determined.
The average diameter, D, of the wire is measure from different points of the wire.

Resistivity, p =S (HTDZ)



(b)

©

In the figure above wire AB of length 1.00m has a resistance of 10Q. If point C is the midpoint of
AB, and the voltmeter reading is 2.0V, find the value of R. (06marks)

Resistance Ryc of AC = % =50

Resistance Rgc of BC =12—0 =50
AC s in parallel with R, thus p.d across AC = p.d across R = 2V
p.d. across CB = 6-2 =4V
currentinCB =l = Y= iA
R 5
: —..=Y_2
currentin AC=lpc = i 5A
CurrentinR, Iz = v_2
R R
From Kirchhoff’s law, lac + Iz = Ics

+

vlN

4
5

XN

R =5Q
(c) Describe the current versus voltage characteristics of a

(i) semi-conductor diode (02marks)

A

v




Current flows when p.d is applied in one direction but the current is almost when the p.d is
applied in the opposite direction.

(i) filament lamp (02marks)

|/\

/

N
4

v

For low voltage, current, |, varies linearly with V. But for high values of V, a given value of V
causes a small change in current. So the curve bends.

Hence the resistance dV/dI of the filament increases with temperature.

(d) Why does Ohm’s holds at constant temperature only? (01mark)

Because change in temperature alters resistance of a material

47. (a) Define the terms dielectric constant and capacitance (02marks)
Dielectric constant of a medium is the ratio of capacitance of a capacitor with the space
between its plates filled with the medium to the capacitance of the same capacitor when the
space between its plates is a vacuum.
(b) An air capacitor of capacitance 400uF is charged to 180V and then connected across an

(i)

uncharged capacitor of capacitance 500uF.

G G
|| | |

1 1
VY

ra

—
0 G

find the energy stored in the 500uF capacitor. (04marks)
Total charge before connection of 500uF = total charge after connection of 500uF
Q=01+ 0Q
QVo= 1V + GV
QoVo = V(€1 + GV)
C1Vo
C1+ Cz
-6
_ 400x10 x1_80 — g0V
(500+400)107°

Energy stored = %CV2 = % x 500 x 107° x 80% = 1.6/



(ii) With the capacitor still connected a dielectric of dielectric constant 1.5 is inserted between
plates of the 400uF capacitor.
If the separation between the plates remains the same find the new p.d across the two
capacitors. (03marks)
After insertion of a dielectric, 400uF capacitance become = 1.5 x 400 = 600uF
QoVo = 1V + GV

QoVo = V(&G + G5V)
)
T g0+ Gy
400x 107%x 180

V= (600+500)10~6 = 6545V

(c) (i) state the characteristics of an equipotential surface. (02marks)

- Along any direction line n the surface, there is no electric field

- Equipotential surfaces are always perpendicular to the lines of force

- Work done to move a charge from one point to another on equipotential surface is zero

(ii) Describe how a conductor can be charged at zero potential (03marks)
(d) Describe with the aid of a diagram how a high voltage can be generated using a Van de Graff
generator. (06marks)
Van der Graff generator

Collecting
metal sphere

—Silk belt

e
k —
HIOKV &

[ (OMotor

Main features
a. It consists of a large hollow metal sphere (collecting sphere) supported on insulating stand.
b. Asilk belt inside the tube driven by an electric motor possesses the sharply pointed
electrode metal E4, held at electric potential of about 10kV relative to the earth.
c. Asthe belt moves up, it passes another sharply pointed metal electrode E, connected
inside the hollow sphere.

Mode of operation

(i) The metal rod E,, is kept at a high positive potential of about 10kV with respect to the
earth.
(ii) The high positive charge at the sharp ends ionizes the air around.
(iii) The positive ions are repelled to the silk belt carries then towards the collecting sphere.



(iv) AtE,, the silk belt induces negative charges on the sharp ends of E; and the positive
charges on the outer of the sphere. The electric field at point ends E, ionizes the air
around it.

(v) The negatively charged ions are repelled to the silk belt which is carrying positively
charged ions

(vi) The positive ions are neutralized before passing over the upper pulley P;.

(vii) The process of silk belt charging up and discharging is repeated many times per second
and each time the belt passes, the sphere charges up positively until it has electric it has
electric potential of about 10°V relative to the earth.

48. (a) (i)State coulomb’s law (01marks)
The force between two point charges is directly proportional to the product of the magnitude of
the charges and inversely proportional to the square of the distance of separation of the
charges.

(ii) Show that the electric flux through a spherical surface enclosing a charge in vacuum is
Q/Eo
cand A = 4nr?
If an electric flux ¢ is due to an electric field E, charge Q enclosed by a sphere of radius r,
then
¢ =E.A

=2 x4mr?
4meEyT

Q

€o

(b) Define the term electric field intensity and electric potential (02marks)
Electric intensity s the force exerted on a positive charge of 1C placed in an electric field

Electric potential is the work done n moving a positive charge of 1C from infinity to a point in
electric field.

(c)
Q1 Qz Q3

10cm 10cm

Three point charges Qi, Q,, and Q; of magnitude +5uF, +6uF and -20uF respectively are situated
along a straight line as shown in figure above. Calculate the electric field

(i) Intensity midway between Q; and Q, (03marks)
Q
4TTEYT2

Ex = EQl + EQZ + EQ3




Q 5x10"°x9x10°

E, = p— = Gx10-2)2 =1.8x10’NC™?
Q 6x107%x9x10° _
E, = pr— = Gx10-2)2 =2.16x10’NC?
Q 20x10"®x9x 10° _
E, = pr—" = 1571092 =0.8x10’NC~!
E, =(1.8—-2.16+ 0.8)x 10’NC~1

= 4.44 x 10°NC™1

(ii) Potential midway between Q; and Q, (03marks)

Q

V=
47'[807"
Vx = VQ1 + VQZ + VQ3
_Q _ 5x107%x9x10° 5
Ey = amegry 5x1072 =9x10°V
Q 6x10 % x9x10°
B = imeo? =~ srio — 108x 105V
Q -20x10"°x9x10°
Ey = amer? 15 x 102 =-12.0x10°V
E, =(9—-10.8—-12.0)x 10°V
=7.8x10%V

(d) (i) Explain why two insulating bodies rubbed together acquire equal and opposite charges.
(03marks)

For two insulators A and B, B with a lower work function loses electrons more easily than
A. when A and B are rubbed together, heat is produced and B loses electron while A gains
electrons; B becomes positively charged while a becomes negatively charged.

(ii) Describe how a gold leaf electroscope can be used to verify the observation in (d)(i) above
(06marks)

A neutral metallic can is placed on the cap of neutral gold leaf electroscope and one of the
body is lowered into the cap without touching it. The divergence 0, of the leaf is noted

The process is repeated with B and divergence 6, is noted.
It is observed that 8, = 6,; this implies that the magnitudes of the two charges are equal.

A and B are now put into contact, and the composite body lowered into the can without
touching it. No divergence is observed implying that the charges are equal and opposite.

49. (a) State ohm’s law (01mark)



Ohm’s law states that the current flowing through a given conductor is directly proportional to
the potential different difference between its ends provided the physical conditions remain
constant.

(b) Describe with the aid a circuit diagram, an experiment to determine the relationship
between the resistance and the length of the wire. (06marks)

K I
/. I
| T
Rx Rs
/N
e e | o
\
A .
T X >0

L'| L2

A length Lx of the wire under test is connected in the left hand gap of the Meter Bridge
and standard of resistance Rs in the right hand gap as shown above. Switch K is closed
and the jockey tapped at different points along the uniform wire AB until a point is
found where the galvanometer shows no deflection. Distance L, and L, are measured
and recorded.

The procedure is repeated for different length of Lx and the results tabulated including

L
the values of Rx = L—le
2

A graph of Rx against Rx against Lx is plotted and a straight line is obtained showing that
resistance is proportional to length.

(c) A dry cell gives a balance length of 84.8cm on a potentiometer wire. When a resistor of
resistance 15Q is connected across the terminals of the cell, a balance length of 75.0cm is
obtained. Find the internal resistance of the cell. (04marks)

Ex _ Ls

v L
%_I(RH’)_E_ T
v IR R _1+R
1+1=5

R L

—p(Ls _ - 848
r_R(L )_15(75 1)
= 1.96Q

(d) A battery of e.m.f 18.0V and internal resistance 3.0Q is connected a resistor of resistance 8Q.
Calculate the:
(i) Power generated (02marks)

E E?
p =El=E(-2) =
generated R+7 R+7
_18x18
8+3

=29.45W




(e)

50.

(ii) efficiency. (02marks)
—Poue _ IV _V

Pin IE E

_ IR _ R
TI(R+r)  R+r
_ 8
T 8+3

=0.727 or 72.7%

(e) If the 8Q resistor in (d) is replaced by a variable resistor, sketch graphs to show the variation
of power and efficiency with the load. (03marks)

Power

v
r

Xy

0
Efﬁﬂc\iency
1.0]-ceerecnnnaaaann.

0 R
Explain why a metal wire gets hot when current is passed through it. (02marks)
When a p.d is applied across a wire, the conduction electron gain kinetic energy from the
applied field. As the electrons drift along the wire, in a direction opposite to the applied field,
they collide with the ions and lose their kinetic energy to the ions.
The ions vibrate with larger amplitude as a result. This increases the temperature of the wire.

(a) Define electric potential. (01mark)

Electric potential is the work done n moving a positive charge of 1C from infinity to a point in
electric field.

(b) Obtain an expression for the electric potential at a point a distance, r, from a point charge, Q,
situated in a vacuum. (04marks)

Q
ow = fér

Electric force on a positive charge of 1C at a distance r from Q=

4mer?
Work done to displace the positive charge through a distance ér towards Q = éw
Sw =—2 ~&r
ATTEGT
work done to move a positive charge of 1C from infinity to a point a distance r from Q
-Q

0 47rey1?




.
Tameg lrl o
Q

4mer

(c)

5cm 5cm

A B
8cm
Two point charges A and B of charges +0.10uC and +0.05uC are separated by a distance of

8.0cm along the horizontal as shown in the figure above. Find the electric potential at P.
(09marks)

Solution

Es Ea

=

& 8cm B
sing° = gz 0.6; cos0° = Sz 0.8
E at P due to charge at A

_ 9x109x01x107% _ Sn -1
Eop, = Sx10-7) = 3.6 x10°NC
E at A due to charge at B

_ 9x109x0.05x107% _ 5n(~-1
Eo, = Cx102) =1.8x 10°NC

1.8 x T05NC™1 3.6 x T0SNCT




Resolving vertically
E,=3.6x10%in 6 + 1.8 x 10°sin 0
= 5.4 x 10%sin0
=5.4x0.6 =324 x 10° NC™
Resolving horizontally
Ex = 3.6 x 10°cos 0 - 1.8 x 10°cos 0
=1.8x10°x0.8
=1.44 x 10° NC™

3.24 x 105NC”
N

¢

2 1.44x 105NC"
R? = (1.44 x 10°)? + (3.24 x 10°)?
R=3.55x 10° NC*

(d) Sketch the electric field pattern due to the charge distribution in (c). (02marks)
X S x-neutral point

(e) Explain how a lightning conductor works. (04marks)



Negatively charged cloud

+ + + +
Space

charge - A
J ﬁ—_fré\ Spikes

Copper strip —

Electron

=

/Copper plate

Action

(i) When a negatively charged cloud passes over lightning conductor, it induces positive charges
on the spikes by repelling electrons to the grounds through copper conductor.

(ii) A high electric field concentration of positive ions on the spikes ionizes air around it causing
positively charged ions and negatively ions.

(iii) The negatively charged ions are attracted and discharged at the spikes while the positively
charged ions are repelled to form a space charges which neutralizes the negative charge on
the cloud. In this way the harmful effect of the cloud is reduced.

51. (a) Sketch the electric field lines between two large parallel metal plates across which a p.d is
applied. (01mark)

++ ++ +++

(b) (i) Describe, with aid of a diagram, how you would investigate the factors which affect the
capacitance of a parallel plate capacitor. (07marks)




Reed switch

L

@ Capacitor
©

- The capacitor is alternatively charged through a sensitive light beam galvanometer G by
the reed switch.

- Keeping the separation and the plate area constant, the capacitor is given charge Q for
different p.ds, V. it is found that Q « V

- Keeping the p.d V and plate area constant, the deflection 6 is measured for different
separation, d. Results show that charge is proportional to deflection. C « 1/d

- Keeping the p.d V and the separation constant, the deflection 8 is measured for
different overlapping plate area A. The results show that Cx A

- Keeping the area, separation of the plates, and p.d constant; the charge is measured
with a dielectric constant. The results show that the charge increases, implying that C
also increases. Thus C «e.

Alternative experiments

Py

S S

P, and P, are capacitor plates initially with air between then. P, is earthed while P, is charged
and connected to the cap of electroscope. Note that for this arrangement, the charges
remain constant while the p.d between the plates varies.

(a) ToshowthatCx A

Plate P, is displaced sideways relative to P; to reduce the effective area A of the plates. The
divergence of the leaf increase. This shows that the p.d. between the plates has increased
since divergence is proportional to p.d between the plates. From C = Q/V, since Q is constant,
c decreases. Thus C e A.

(a) ToshowthatCx1/d



Plate P, is restored to its initial position, and it is then moved closer to P;. The divergence of
the leaf is seen to decrease. This shows the p.d between the plates has decreased. From C =
Q/V, this show that C has increased. Thus C increases as d decreases. Thus C o< 1/d

(b) To show that C «xe

The position of P2 is again restored and dielectric (an insulator) like paper is inserted
between the plates. The divergence of the leaf decreases. This shows that V has decreased.
From C=Q/V, C has increased. Thus C «e&.

(ii) Calculate the capacitance of parallel capacitor whose plates are 10cm by 10cm separated
by an air gap of 5mmm. (02marks)

g0d 8.85x1071%2 x0.1x0.1 _
C==2"= ~ =177 x 10711F
d 5x 1073

(c) A hollow spherical conductor of diameter 21.4cm carrying a charge of 6.9 x 107°C is raised to

a potential of 50V. Find the permittivity of surrounding medium.
__Q
"~ 4meR
-10
e= L= %910 _q026x10 11 Fm!
4mRV ~ 4mx0.107 x 10

(d) (i) show that the effective capacitance, C, of two capacitances, C; and C,, connected in series

is given by
C1C;
C = ——(04marks)
C1+ Cz
Solution
C1’ V1 C2I V2
| | | |
B N
Vv N
<
't

If the charge on each capacitor is Q, then the total p.d across the network,
V=V+V,

2.9
C1 CZ

oG+ )

_ CZ + Cl
T ac

C1C;
Q=222

But effective capacitance, C =%



_ G116,
T+,

(i) A 20uF capacitor is charged to 40V and then connected across uncharged 60uF
capacitor. Calculate the potential difference across the 60uF capacitor.
Charge on the capacitor before connection = charge on a capacitor after connection
20 x 10° x 40 = (20 x10® + 60 x 10°)V
V=10.0V
52. (a) Derive the condition for a Wheatstone bridge to be balanced. (04marks)

Battery
~ |1

When resistances P, Q, R and X are such that no current flows through the galvanometer, the
bridge is said to be balanced, i.e., Ig=0

= Potential at A = potential at C
Vag = Vac and Vap =Vpc

IxXX = lpP and IrR = 1qgQ
X _ TP

LR IgQ
Sincelg=0, thenIx=IrandlIp=1q

X P
Hence — = —
R Q

(b) (i) Define temperature coefficient of resistance. (01mark)
Temperature coefficient of resistance is the fractional change in resistance at 00C per
degree Celsius rise in temperature.

(ii) When a coil X connected across the left hand gap of a meter bridge is heated to a
temperature of 30°C, the balance point is found to be 51.5cm from the left-hand end of
the slide wire. When the temperature is raised to 100°C, the balance point is 54.6cm
from the left end. Find the temperature coefficient of resistance of X. (06marks)
Solution

Resistance at 30°C is given by

Rso = Ry == = 1.062R,

Resistance at 100°C is given by



(c)

(iii)

Rso = Ry o = 1.203R,

From Rg = Ry(1 + aB)

1.062R; = Ry(1 4 30 weerveverereeenn, (i)
1.203R; = Ry(1 + 100@ ..ooovveeernen. (ii)
From (i) and (ii) a = 2 x 10°k™

(i) A battery of e.m.f E and internal resistance, r, is connected to a resistor of variable
resistance, R. Obtain the expression for maximum power dissipated in a resistor.
Circuit diagram

—to—
L

R
E=1I(R+r)
El=1°(R+r)

Power dissipated in a resistor = I’R

. dp
For maximum power, i 0

oL -y
dR dR dR
>E =2Ir

substituting for E in E = IR + Ir and siplifying

2
2 E . E
R=r, hence Ppax = IR = o Since | =

A battery of e.m.f 6V and internal resistance 1Q is connected across a network of
resistor as shown in the diagram below

6v, 102
l

10 —]

3Q 4.40

6Q2 —

Find the current supplied by the battery. (04marks)
Effective resistance R, for resistors in parallel

1 1,1,1_ 6+2+41 _ 9
R, 1 3 ' &6 6 6
6
Ry =2
179

Effective resistance, R of Ry, 1Q and 4.4Q) resistor in series = 4.4 + g +1=6.07Q



Current = Y= £ = 0.994
R 6.07

53. (a) State coulomb’s law of electrostatics (01marks)

The force between two point charges is directly proportional to the product of the magnitude of
the charges and inversely proportional to the square of the distance of separation of the
charges.

(b) (i) Define electric field intensity and electric potential. (02marks)

Electric potential is a point in electric field is work done to transfer 1C charge from infinity to
that point.

Electric field intensity at a point is the force experienced by 1C of positive charge placed at that
point in electric field.

(ii) Two identical conducting balls of mass, m, are each suspended in air from a silk thread of
length L. when the two balls are each given identical charge, g, they move apart as shown in the
figure below

If at equilibrium each thread makes a small angle 8 with the vertical, show that the separation,

X, is given by
1

2L 3
X = [ 1 ]3 ; Where € is permittivity of air
2memg

Horizontally, Fe = Tsin@ ................... (i)
Vertically mg = TcosO ......ccceueueenen. (ii)
Dividing Eqgn. (i) by Eqn (ii)



e —

Hence tanB = "

q2

4TTEG X2

tan@, but F, =

2
. X
—qz andsin@=—
TEgX2Mmg 2L

For small angles, tanB = sinB = 0

(c) ()

2

q _ X

amegx2mg 2L
L
ATEgmg

Define the term capacitance of a capacitor. (01mark)

Capacitance of a capacitor is the ratio of the magnitude of charge on one of the plates of the

Cca

(ii)

(iii)

pacitor, to the potential difference between the plates.

State the factors that affect capacitance of a capacitor (03marks)
Plate separation
Area of overlap
Permittivity of the material between the plates
Show that the energy stored n a capacitor of capacitance, C charged to a p.d V is equal

to %CV2 . (03marks)

Suppose the p.d between the plates at some instant is V. When a small charge of 6q is
transferred from the negative plate to the positive plat, the p.d increases by V.
Work done to transfer the charge; 6w = (V + 6V)6q

= Voq

Butv=2
c

.4
. CSq
2
Total work done:foq%&; = %Q? = %CVZ
Or

From g = CV, V is proportional to q, this gives the graph of V against q below
p.d

v
/
94 q+96q

Shaded area = % V+V+ 6V)xdv

= work done to increase charge on the capacitor by 6q
~ to charge a capacitor fromg=0toq=Q

Work done, w = average voltage x charge

=20+ V)xQ

2

scharge




54.

1
=QV
ButQ=_C_CV

w=SCV?
2

(d) The plates of parallel plate capacitor each of area 2.0cm?®are Smm apart. The plates are in
vacuum and potential difference of 10,000V is applied across the capacitor.

Find the magnitude of the charge on the capacitor (04marks)

£oA 8.85x 10712 x 2.0 x 10™* x 10000
Q==2V = — = 3.54NC
d 5x1073

(a)Define temperature efficiency of resistance and electrical resistivity. (02marks)

Temperature coefficient of resistance is the fractional change in resistance at 00C per degree
Celsius rise in temperature.

(b) A nichrome wire of length 1.0m and diameter 0.72mm at 25°C, is made into a coil. The coil is
immersed in 200cm? of water at the same temperature and current of 5.0A is passed through
the coil for 8minutes until when the water starts to boil at 100°C.

Find
(i) The resistance of the coil at 25°C. (02marks)
2
R=2 puta="E
A 4
_ 4pL _ 4x12x107%x1
T 4md? T 4Amwx (0.72x1073)2 2950
(ii) The electrical energy expended assuming all of it goes into heating the water (02marks)
W = mc.AB = 200 x 10° x 10° x 4.2 x 10° x (100 — 25) = 6.3 x 10*)
(iii) The mean temperature coefficient of resistance of nichrome wire between 0°C and

100°C. (06marks)
Electrical energy dissipated, = I’Rmeant
= 6.3 x10* = 5% X Rpean X 8 X 60

Rimean = 5.25Q
R _ Ra2s+ Rigo
mean 2

FromR =

R100 = 2Rmean - RZS
=2x5.25-2.95
=7.55Q

From RO = RO(1 + a6)

2.95 = Ry(1 + 25 corvroersrersene (i)

7.55 = Ro(1 4 100Q eovrrversrcrrereen (ii)

From (i) and (ii) a = 4.3 x 10°K™
(c) Describe, with the aid of circuit diagram how a slide wire potentiometer can be used to
measure e.m.f of a cell. (04marks)



(d)

Dri\{tler cell
i I

L

E : :
Es is the cell with known e.m.f and

E is the cell whose e.m.f is to be determined
AB=1m

Switch K in position 1. Balance length Ls where the galvanometer shows no deflection is
determined
If k is the calibration constant, Es = kLs ................ (i)
Switch K in position 2. Balance length L where the galvanometer shows no deflection is
determined
If k is the calibration constant, E=kL ................ (ii)
From eqn. (i) and (ii)
E = Ls

L
An accumulator of e.m.f 2.0V is connected across a uniform wire of length 1.0m and
resistance 8.0Q. A cell of e.m.f 1.50V is connected in series with a galvanometer and
connected across a length L of slide wire. The galvanometer shows no deflection when L is

90.0cm. Find the internal resistance of an accumulator. (04marks)
8 x90

Resistance of AC = o0 = 7.20
i i _2_v
Current supplied by the driver cell = Py
2 _ 18
8+r 7.2
r=1.5Q

55. (a) Distinguish between e.m.f and terminal p.d of a battery. (02marks)

Electromotive force of a battery is the energy supplied by the battery to transfer1C of charge
across a complete circuit in which the battery is connected while terminal p.d is the p.d across
external resistor in a circuit.

(b)(i) define electrical resistivity (01mark)

(ii)

Electrical resistivity is the resistance across opposite faces of a 1m? cube

Explain any two factors on which the resistance of a conductor depends. (05marks)

- Temperature: an increase in temperature increases resistance of a conductor because
increase in temperature increases the amplitude of vibration of the atoms in the
conductor. This increases the rate of collision between drifting electrons and the atom
which reduced the drift speed of electrons. Hence increases resistance.



- Cross section area: A big cross section area increases the number of electrons that pass
through in a unit time leading to higher current and low resistance

- Length: increase in length of a conductor leads to a longer path for electrons. This
increases the number of collision, lower the drift velocity and thus increases resistance.

(c) Two wires A and B have length which are in ratio 4:5, diameter which are in ratio 2:1, and
resistances in ratio of 3:2. If the wires are arranged in parallel and a current of 1.0A flows
through the combination, find the

(i) Ratio of resistance of wire A to that of wire B (04marks)
i 4 d
fa_ 2 ong a2
Ip 5 dp 1
o 44 _ (T_A); Ra _ 3
AB 'y: RB 2
L L
RA: PA AandRB: PB-LB
Ap

Ra_ pa La 4Ax

Rp pg Lg "Ap

3_pa 4 (z)z
2 pg 5 °\1
P4 — 047

PB

(ii) Current through wire A (03marks)

A Ra= 2R

i
& Re= 3R

Total resistance across the parallel combination
1 1 1 5

R~ 3R 2R 6R
R/ = O

5
V=IxR=
V _ 6R 1

Ra 5 '3R

I'x6R

=0.4A

(d) Explain why a wire becomes hot when current flows through it. (05marks)
The p.d applied across the wire increases the kinetic energy of the electrons; these electrons
collide with the ions and lose their kinetic energy partially converted to heat.

56. (a)(i) State Ohm’s law (01marks)

States that the current flowing through a conductor is directly proportional to the P.d. across it
provided that there is no change in physical conditions such as temperature of the conductor.

(ii) State the factors which affect the resistance of a conductor. (02marks)
- Length of a conductor
- Cross-section area of the conductor



- temperature

(iii) A conductor of length L and cross section area A has free electrons per unit volume each
of charge e. find the drift velocity, v, of these electrons if a current, |, flows through the
conductor. (04marks)

In 1s electrons move through a distance v from Q, where v is the drift velocity.
Therefore charge crossing through cross-section area per second = (ne)vA

Current, | =nevA
I

neA
Alternatively

Volume of conductor = AL
Number of free electrons = nAL

Total charge drifting through the conductor = neAL
neAL

In a giventime, t; | =

. L
=neAv (sincev = ?)

(b) Outline the principle of a slide wire potentiometer. (04marks)

A potentiometer consists of a uniform wire AB about 1m, and a driver cell, X that maintains a
steady current | in the wire AB.

Driver cell
—-
< L >)
A B
+© —
X Y

- The driver cell maintains a steady current through a uniform resistance wire AB.

- The p.d per unit length of the wire is therefore constant.

- At balance, when G shows no deflection, the p.d across length AJ = test p.d
i.e.V=KkL

(c)



%v 10
1

In the figure above the slide wire AB is 1m long and has resistance 4Q. When switch S is:

(i) Open the balance length Ac is 88.8cm. find the value of the e.m.f of the cell (03mark)
p.d across AB =2 x % =1.6V

1.6 )
p.d per cm = — Vem™
100

e.m.fof the cell = =% x 88.8 = 1.42V
100

(ii) Closed, the balance length is found to be 82.5cm.

Calculate the internal resistance of a cell. (04marks)

R+r Lo

R
8+r 88.8

8 825
r=0.610Q

<t

(e) State two advantages of using a potentiometer for measuring voltage (02marks)
- It does not draw current from the p.d it measuring
- Can be used to compare small resistance
57. (a) What is a dielectric material
A dielectric is a material which does not possess conductible or free charges. It can withstand a
high electric field before it conducts.

(b) A capacitor filled with a dielectric is charge and then discharged through a milliammeter. The
dielectric is then withdrawn half way and the capacitor charged to the same voltage, and
discharged through the milliammeter again, show that the relative permittivity, E, of the
dielectric is given by

E, = ﬁ where | and I’ are the readings of the milliammeter respectively. (06marks)
Solution
- Initially, C= SOZrA, where A is area of the plates and d is the separation of the plates

- When the dielectric is withdrawn half way, the resultant capacitance is due to two
capacitors connected in parallel, each with plate area that is half the original.
- Eventually, C=C;+GC,



cora  eg2
_Eofry | E03

T d d

_ &4
=22 (e, +1)
Initial charge on the plates is Q = CV

Final on the plates is Q; = C;V

I Q v C

Iy Q1 GV G

Eo&rA oA
= 0 s (e 41
y o &+ 1)
_ 2&
T g+l

(c) Describe with the aid of a diagram how you would determine the capacitance of a capacitor.
(05marks)

' Reed switch

e @) —— Capacitor

The setup is shown above
The is closed and the reading of current | and voltage V are noted at known
frequency, f of the reed switch.

- The capacitance of a capacitor, C = fLV

Alternatively

\/

i’ i

C] | K1
| |

| | L

ao | K
€S

- The circuit is connected as shown with a capacitor of known capacitance C;.
- Switch K; is closed and K; is opened. The capacitor of capacitance C, is charged by the
battery of e.m.f V.



- K;is opened and K, is closed to discharge the capacitor through the ballistic
galvanometer, B.G. the first deflectionof the B.G 6 is noted

- The capacitor is then is then replaced with the capacitor of unknown capacitance
C,.the experiement is repeated and deflection 6, is noted

c o 6
- Hence2= Z%c,= ¢, 2
G 01 01

(d)

1

——2uF

— E=1.5V

3uF—— ——4uF ]

T

A battery of e.m.f 15V is connected across a system of capacitors as shown above, find the
(i) Charge on the 4uF capacitor (04marks)

Effective capacitance, C of 3uF and4uF that are parallel =3 + 4 = 7uF

Effective capacitance, C; of 7uF and 2uF in series = % = %uF

Q=CV = % x 1076 x 1.5 = 2.33 x 10°C

The charge on 2uF capacitor = 2.33 x 10°C

-6
P.d across 2uF capacitor = % =1.165V
2x10

p.d on either 3uF or 4uF =1.5-1.165 = 0.335V
Charge on 4uF capacitor = CV =4 x 10°x0.335=1.34x 10°C
(ii) Energy stored in the 3uF capacitor. (04marks)

E =§CV2 = % x3x107¢x0.3352=1.68 x 107}



