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I Question 1

(a) State Kirchhoff's first law.

(b) The circuit shown in Fig. 5.1 contains a battery of electromotive force (e.m.f.) E and negligible
internal resistance connected to four resistors R1, R2= R3 and R4, each of resistance R.

=

R, R, | 24V

|

0.30A
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The current in R, is 0.30A and the potential difference (p.d.) across R, is 2.4 V.

(i) Show that R is equal to 4.09.

[2]

(ii) Determine the e.m.f. E of the battery.

(c) The battery in (b) is replaced with another battery of the same e.m.f. E but with an internal
resistance that is not negligible.

State and explain the change, if any, in the total power produced by the battery.
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(d) The resistors in the circuit of Fig. 5.1 are made from nichrome wire of uniform radius 240 um.
The length of this wire needed to make each resistor is 0.67 m.

Calculate the resistivity of nichrome.

FESHIVIN S ccocncimannammavimistiassys s s Qm [3]

[Total: 11]
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I Question 2

A cell of electromotive force (e.m.f.) 0.48V is connected to a metal wire X, as shown in Fig. 6.1.

048V intemal
| | resistance |
[
| |'
L — — =
0.80A
wire X,

resistance 0.40Q

Fig. 6.1
The cell has internal resistance. The current in the cell is 0.80A.
Wire X has length 3.0m, cross-sectional area 1.3 x 10~ m? and resistance 0.40Q.

(a) Calculate the charge passing through the cell in a time of 7.5 minutes.
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(b) Calculate the percentage efficiency with which the cell supplies power to wire X.

SICIANCY = oo e s % [3]

(c) There are 3.2 x 1022 free (conduction) electrons contained in the volume of wire X.
For wire X, calculate:

(i) the number density n of the free electrons

(ii) the average drift speed of the free electrons.

average driftspeed = ... ms~1 [2]
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(d) Awire Y has the same cross-sectional area as wire X and is made of the same metal. Wire Y
is longer than wire X.

Wire X in the circuit is now replaced by wire Y. Assume that wire Y has the same temperature
as wire X.

State and explain whether the average drift speed of the free electrons in wire Y is greater
than, the same as, or less than that in wire X.

[Total: 11]
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I Question 3

(a) A resistance wire of uniform cross-sectional area 3.3 x 10~m? and length 2.0m is made of
metal of resistivity 5.0 x 10~/ Qm.

Show that the resistance of the wire is 3.0Q.

[2]

(b) The ends of the resistance wire in (a) are connected to the terminals X and Y in the circuit
shown in Fig. 6.1.

___________________

1150V .

| F :

i I: i
X Y

uniform metal wire,
resistance 3.0Q

Fig. 6.1
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The cell has an electromotive force (e.m.f.) of 1.50V and internal resistance r. The potential
difference between X and Y is 1.20V.

Calculate:

(i) the current in the circuit

BEEEETE = vniiiora s M s e A [1]

(ii) the internal resistance r.

(c) A galvanometer and a cell of e.m.f. E with negligible internal resistance are connected to the
circuit in (b), as shown in Fig. 6.2.

Fig. 6.2

The resistance wire between X and Y has a length of 2.0m. The galvanometer has a reading
of zero when the connection P is adjusted so that the length XP is 1.4 m.
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Determine the e.m.f. E of the cell.

(d) The circuit in Fig. 6.2 is modified by replacing the original resistance wire with a second
resistance wire. The second wire has the same length as the original wire and is made of the
same metal.

The second wire has a smaller cross-sectional area than the original wire.

Connection P is adjusted on the second wire so that the galvanometer has a reading of zero.

State and explain whether length XP for the second wire is shorter than, longer than or the
same as length XP for the original wire when the galvanometer reading is zero.

[Total:10]
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Question 4

(a) State Kirchhoff's second law.

(b) A battery has electromotive force (e.m.f.) 4.0V and internal resistance 0.35Q. The battery is
connected to a uniform resistance wire XY and a fixed resistor of resistance R, as shown in
Fig. 5.1.

uniform resistance wire

Fig. 5.1

Wire XY has resistance 0.90Q. The potential difference across wire XY is 1.8V.
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Calculate:

(i) the current in wire XY

CUMTENt = e A [1]

(ii) the number of free electrons that pass a point in the battery in a time of 45s

FINBEFS ccvnsasibennussmsinemamnsaus [2]

(iii) resistance R.

Fig. 5.2

The connection P is moved along the wire XY. The galvanometer reading is zero when
distance XP is 0.30m.
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(i) Calculate the total length L of wire XY.

(ii) The fixed resistor is replaced by a different fixed resistor of resistance greater than R.

State and explain the change, if any, that must be made to the position of P on wire XY
so that the galvanometer reading is zero.

[Total: 11]
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I Question 5

(a) Define the ohm.

(b) Awire is made of metal of resistivity p. The length L of the wire is gradually increased. Assume
that the volume V of the wire remains constant as its length is increased.

Show that the resistance R of the extending wire is proportional to L2.

[2]

(c) A battery of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 5.1.

Fig. 5.1

An ammeter measures the current I in the circuit. A voltmeter measures the potential
difference V across the variable resistor.
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The resistance R is now varied to change the values of I and V.

The variation with I of Vis shown in Fig. 5.2.

3
VIV

2 .
1 w
0

0 2 4 a 6

Fig. 5.2
(i) Use Fig. 5.2 to state the e.m.f. E of the battery.
E = V [1]

(i) Use Fig. 5.2 to determine the power dissipated in the variable resistor when there is a
current of 5.0A.

[Total: 8]
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I Question 6

(a) Define the electromotive force (e.m.f.) of a source.

(b) The circuit shown in Fig. 5.1 contains a battery of e.m.f. E that has internal resistance r, a
variable resistor, a voltmeter and an ammeter.

Fig. 5.1

Readings from the two meters are taken for different settings of the variable resistor. The
variation with current I of the potential difference (p.d.) V across the terminals XY of the
battery is shown in Fig. 5.2.
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8

VIV

ITA

Explain why V is not constant.

............................................................................................................................................. [3]
{c) For the battery in (b), use Fig. 5.2 to determine:
(i) the e.m.f. E
e, VO[]
(ii) the maximum current that the battery can supply
MaxXimum CUurrent = e A 1]
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(ii) the maximum current that the battery can supply

maximum current = ... A [1]

(iii) the internal resistance r.

(d) On Fig. 5.2, sketch a line to show a possible variation with I of V for a battery with a lower
e.m.f. and a lower internal resistance than the battery in (b). Your line should extend over at
least the same range of currents as the original line. [2]

[Total: 11]
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I Question 7

(a) State Kirchhoff’s first law.

(b) A battery of electromotive force (e.m.f.) 12.0V and internal resistance r is connected to a
filament lamp and a resistor, as shown in Fig. 6.1.

3BAY T TTTTTTT—- )

- W

Fig. 6.1
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The current in the battery is 3.6 A and the current in the resistor is 2.1A. The I-V characteristic
for the lamp is shown in Fig. 6.2.

2.0
15
I/A 7
,/
1.0 +
0.5 i
¥,
0
0 2.0 4.0 6.0

VIV

Fig. 6.2
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(i) Determine the resistance of the lamp in Fig. 6.1.

resistance = ... Q [3]

(ii)) Determine the internal resistance r of the battery.

(iii) The initial energy stored in the battery is 470kJ. Assume that the e.m.f. and the current
in the battery do not change with time.

Calculate the time taken for the energy stored in the battery to become 240kJ.
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(iv) The filament wire of the lamp is connected in series with the adjacent copper connecting
wire of the circuit, as illustrated in Fig. 6.3.

filament wire

(

({\ /

J

\

Fig. 6.3 (not to scale)
Some data for the filament wire and the adjacent copper connecting wire are given in
Table 6.1.
Table 6.1
filament wire copper wire
cross-sectional area A 360A
number density of free electrons n 2.5n
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Calculate the ratio

average drift speed of free electrons in filament wire
average drift speed of free electrons in copper wire

[Total: 10]
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I Question 8

The ends of a metal resistance wire are connected to a battery of electromotive force (e.m.f.) 8.0V
and negligible internal resistance, as shown in Fig. 6.1.

8.0V

=

resistance wire

Fig. 6.1
The power dissipated by the resistance wire is 36 W.
(a) Calculate:
(a) Calculate:

(i) the currentin the resistance wire

CUITENE = i A [2]
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(ii) the number of free electrons that pass through the resistance wire in a time of 50s

NUMDET = e e [2]

(iii) the resistance of the wire.

resistance = ..., Q [2]

(b) The metal of the resistance wire in the circuit has a resistivity of 1.4 x 108Qm. The
cross-sectional area of the wire is 0.25mm?Z.

Determine the length of the wire.
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(c) The circuit shown in Fig. 6.1 is modified by replacing the original resistance wire with a second
resistance wire. The second wire has a greater diameter than the original wire. There are no
other differences between the second wire and the original wire.

By reference to resistance, state and explain whether the power dissipated by the second
wire is more than, less than or the same as the power dissipated by the original wire.

(d) The circuit shown in Fig. 6.1 is modified by connecting a second battery, of e.m.f. 8.0V and
negligible internal resistance, in parallel with the original battery and the original resistance
wire, as shown in Fig. 6.2.

—
—--1——

\ original

resistance wire

Fig. 6.2

By reference to the current in the resistance wire, state and explain whether the addition of
the second battery causes the power in the original resistance wire to decrease, increase or
stay the same.

[Total: 12]
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I Question 9

(a) State Kirchhoff’s first law.

Fig. 6.1

The resistance of resistor X is greater than the resistance of resistor Y.

(i) State and explain which resistor dissipates more power.

(ii) The two resistors are made of wires that have the same length. Both wires are made
from metal of the same resistivity.

State and explain which resistor is made of wire with the larger cross-sectional area.
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(c) A battery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
in series with a light-dependent resistor (LDR) and a fixed resistor of resistance 1800Q, as
shown in Fig. 6.2.

|9.0v
__d1
(Sl
18000 AN
T: I [ —
RL
O
Fig. 6.2

A voltmeter is connected across the fixed resistor. The reading on the voltmeter is 5.4 V.

(i) Calculate the current in the circuit.

CUMTENt = e A [1]
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(i) Calculate the resistance R of the LDR.

(iii) The intensity of the light illuminating the LDR increases.

By reference to the current in the circuit, state and explain the change, if any, to the
voltmeter reading.

[Total: 11]
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I Question 10

(a) A network of three resistors of resistances R;, R, and R5 is shown in Fig. 6.1.

R1 R2 R3
ﬁ—
I
V’l VZ VS
Vv
Fig. 6.1

The individual potential differences across the resistors are V,, V,, and V,. The current in the
combination of resistors is I and the total potential difference across the combination is V.

Show that the combined resistance R of the network is given by

R=R;+R, +R,.

[2]
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(b) A battery of electromotive force (e.m.f.) 8.0V and negligible internal resistance is connected
to a thermistor, a switch X and two fixed resistors, as shown in Fig. 6.2.

Fig. 6.2

Resistor R1 has resistance 6.0k and resistor R2 has resistance 4.0k2.
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(i) Switch X is open.

Calculate the potential difference across R;.

potential difference = ... V [2]
(ii) Switch X is now closed. The resistance of the thermistor is 12.0k<.

Calculate the current in the battery.

CUITENt = Lo A [2]

(c) The switch X in the circuit in (b) remains closed. The temperature of the thermistor decreases.

By reference to the current in the battery, state and explain the effect, if any, of the decrease
in temperature on the power produced by the battery.
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I Question 11

(@) (i) On Fig. 6.1, sketch the I-V characteristic of a filament lamp.

I A
0 .
0 4
Fig. 6.1
[2]
(i) Explain the shape of the line in (a)(i).
..................................................................................................................................... [3]

(b) A conducting wire has length 5.8 m and cross-sectional area 3.4 x 108 m?. The resistivity of
the metal of the wire is 5.6 x 1078 Qm.

Calculate the resistance of the wire.

FESIStANCE = ... Q [2]
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(c) Aresistor of resistance R is placed in a circuit with a cell of negligible internal resistance, two
switches 81 and 82, a second resistor of resistance 2R and three ammeters X, Y and Z. The
circuit is shown in Fig. 6.2.

x(® s, .

Y
— +(A)
S2 2R y
]
Fig. 6.2

The reading on X is 1.0Awhen S, is open and S, is closed.

Complete Table 6.1.

Complete Table 6.1.

Table 6.1
position of switches ammeter readings
S, S, reading on X/A | reading on Y/A | reading on Z/A
open open 0 0 0
open closed 1.0
closed open
closed closed

[4]

[Total: 11]
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I Question 12

(a) State Ohm’s law.

2.0 mEm==s
I/A ENZamE
15
//'
1.0
/]
//
/f
05
0
0 2 4 6 8 10 12
VIV
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Fig. 5.1
The resistance of the filament lamp increases with potential difference.

(i) State how Fig. 5.1 shows this.

(c) Fig. 5.2 shows a circuit with a battery of electromotive force (e.m.f.) 12.0V connected to a
linear potentiometer AB and two identical filament lamps P and Q.

12.0V

b —

Fig. 5.2

The battery has negligible internal resistance and the lamps each have the same I-V
characteristic shown in Fig. 5.1.
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When the slider of the potentiometer is at its midpoint, as shown in Fig. 5.2, the current I in
the battery is 1.78A.

Determine:

(i) the currentinlamp P

CUITENE = e, A [1]

(ii) the total power dissipated in lamps P and Q

fotal power = ... W [2]

(iii) the resistance of the potentiometer between its ends A and B.

resSIStanCe = . ... Q [2]
(d) The slider of the potentiometer in (c) is moved to end A.
State and explain the effect on the brightness of lamps P and Q.
£= T 0] o OO U P PSP P U P PO PPPPPPRPPPPTRIN:
= 44T o2 TSSOSO P PP SUPRPPTRRPPPPIN
[2]

[Total: 11]
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I Question 13

(a) Define electric potential difference.

(b) A battery is connected to two resistors X and Y, as shown in Fig. 6.1.

-

X Y

— A

Fig. 6.1

The resistance of resistor X is greater than the resistance of resistor Y.

State and explain which resistor dissipates more power.
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(c) A battery of electromotive force (e.m.f.) 9.0V and internal resistance r is connected to two
resistors P and Q, as shown in Fig. 6.2.

Q
>

45A

Fig. 6.2
A total charge of 650 C moves through resistor P in a time interval of 540s. During this time
resistor P dissipates 4800J of energy. The current in resistor Q is 4.5A. Assume that the
e.m.f. of the battery remains constant.

Calculate:

(i) the currentin resistor P

CUITENt = e, A [2]
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(ii) the potential difference across resistor P

potential difference = .........cccciiii e V [2]

(iii) the internal resistance r of the battery.

[Total: 10]
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I Question 14

(a) State Kirchhoff's second law.

(b) Three identical cells, each of electromotive force (e.m.f.) 1.5V and internal resistance 590 m&2,
are connected in parallel across a conductor, as shown in Fig. 5.1.

{ 590 mQ:
o N
| |
L o e e e .
i' 15V "i
590 mQ
—H
| |1 [
| I
L o e e e A
i’_rsTf____"i
590 mQ
-
R [
| |
e o e e .
conductor
A ) 8 )
Fig. 5.1
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The conductor is composed of two cylindrical sections A and B.
The total resistance of the circuit is 2.2 Q.

(i) Show that the resistance of the conductor is 2.0 Q.

[2]

(ii) Calculate the current in the conductor.

CUITENE = L A [2]

(c) The two cylindrical sections A and B of the conductor in Fig. 5.1 are made from the same
material and have the same length.
The diameter of section A is 4.3mm and the diameter of section B is 7.6 mm.
The resistance of section Ais R, and the resistance of section B is Rg.

R
(i) Calculate the ratio R—‘"‘.

m:Ul}:D
I
©
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(ii) Calculate the ratio

average drift speed of free electrons in section A
average drift speed of free electrons in section B

Explain your reasoning.

(d) The circuit of Fig. 5.1 is altered by removing one of the cells.

State and explain the effect, if any, of this change on the potential difference across the
conductor.

[Total: 14]
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I Question 15

(a) Define the potential difference across a component.

............................................................................................................................................. [1]
(b) The variation with potential difference V of the current I in a semiconductor diode is shown in
Fig. 6.1.
A
J
I
J
I /
I/
J
|
/|
/
/|
/
0 ¥ |
0 0.5 1.0
VIV
Fig. 6.1
Use Fig. 6.1 to describe qualitatively:
(i) the resistance of the diode in the range V=0to V=0.25V
..................................................................................................................................... [1]
(ii) the variation, if any, in the resistance of the diode as V changes from V = 0.75V to
V=1.0V.
..................................................................................................................................... [1]
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(c) A battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected to
a uniform resistance wire XY, a fixed resistor and a variable resistor, as shown in Fig. 6.2.

12V
27A | ,
< ||‘“ |
resistance
wire
Z
Xe ® Y
[ |
1.6m o
20m
1.5A 500 wW

Fig. 6.2 (not to scale)

The fixed resistor has a resistance of 5.0 Q2. The current in the battery is 2.7 A and the current

in the fixed resistor is 1.5A.
The fixed resistor has a resistance of 5.0Q. The current in the battery is 2.7 A and the current

in the fixed resistor is 1.5A.

(i) Calculate the current in the resistance wire.

CUITENE = L.t e e A [1]
(ii) Determine the resistance of the variable resistor.
FESIStaNCEe = ..o Q [2]
Page 45 of 112
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(iii) Wire XY has a length of 2.0m. Point Z on the wire is a distance of 1.6m from point X.
The fixed resistor is connected to the variable resistor at point W.

Determine the potential difference between points W and Z.

potential difference = ... V [3]

(iv) The resistance of the variable resistor is now increased.

By considering the currents in every part of the circuit, state and explain whether the
total power produced by the battery decreases, increases or stays the same.

[Total: 12]
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I Question 16

A metal wire in a circuit has a length of 1.8 m and a cross-sectional area of 1.5 x 10°°m?2.
The total number of free electrons (charge carriers) in the wire is 2.3 x 1023,

There is a current in the wire so that a charge of 172C moves past a fixed point in the wire in a
time of 2.5 minutes.

(@) Show that the number density of the free electrons in the wire is 8.5 x 102 m3.

[1]

(b) Calculate the average drift speed of the free electrons.
average drift SPEed = ......ccociiiiiiie i ms~1 [3]
[Total: 4]
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I Question 17

A battery of electromotive force (e.m.f.) 9.6V and negligible internal resistance is connected in
series with two fixed resistors and a thermistor, as shown in Fig. 7.1.

96V
[
5800Q
@
—__]
3400 Q
Fig. 7.1

The fixed resistors have resistances of 3400Q and 5800Q. The reading on the voltmeter in the
circuitis 6.0 V.

(a) Calculate the current in the resistor of resistance 5800 Q.

CUITENT = e A [2]

(b) Calculate the resistance of the thermistor.

resistanCe = ... Q [2]
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(c) The initial energy stored in the battery is 2.6 x 10%J.
Assume that the e.m.f. of the battery is constant.

Determine the final energy stored in the battery after a charge of 330C has moved through it.

final stored eNergy = .......oeeeeviiiiiiiieeeeeeeeeeeeee e J [2]

(d) The environmental conditions change causing an increase in the resistance of the thermistor.
State whether there is a decrease, increase or no change to:

(i) the temperature of the thermistor

..................................................................................................................................... [1]
(ii) the current in the thermistor
..................................................................................................................................... [1]
(iii) the potential difference across the thermistor.
..................................................................................................................................... [1]
[Total: 9]
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I Question 18

(a) The current in a filament lamp decreases.

State and explain how the resistance of the lamp changes.

(b) A cylindrical wire has length L and resistance R. The total number of free electrons (charge
carriers) contained in the volume of the wire is N. Each free electron has charge e. The
potential difference between the ends of the wire is V.

Determine expressions, in terms of some or all of the symbols e, L, N, R and V for:

(i) the currentin the wire

CUMTENE = Lo [1]
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(ii) the average drift speed of the free electrons

average driftspeed = ... [2]

(iii) the average time taken for a free electron to move along the full length of the wire.

timetaken = ... [1]

[Total: 5]
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I Question 19

(a) A battery of electromative force (e.m.f.) 9.0V and negligible internal resistance is connected
to a light-dependent resistor (LDR) and a fixed resistor, as shown in Fig. 7.1.

=

1800 Q 1200Q

Fig. 7.1
The LDR and fixed resistor have resistances of 1800 Q and 1200 Q respectively.

Calculate the potential difference across the LDR.

potential difference = ..........cccooii V [2]
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(b) The circuit in (a) is now modified by adding a uniform resistance wire XY and a galvanometer,
as shown in Fig. 7.2.

1800 Q 1200Q

Fig. 7.2 (not to scale)

The length of the wire XY is 1.2m. The movable connection Z is positioned on the wire XY so
that the galvanometer reading is zero.

(i) Calculate the length XZ along the resistance wire.

length XZ = e m [2]
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(ii) The environmental conditions change causing a decrease in the resistance of the LDR.
The temperature of the LDR remains constant.

State whether there is a decrease, increase or no change to:
e the intensity of the light illuminating the LDR

e the total power produced by the battery

[Total: 7]
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I Question 20

A student sets up a circuit with a battery, an ammeter, a heater and a light-dependent resistor
(LDR) all in series.

The battery has negligible internal resistance.
A voltmeter is connected across (in parallel with) the heater.

(@) On Fig. 5.1, complete the circuit diagram of this arrangement.

—--{-

Fig. 5.1

[3]

(b) The heater is a wire made of metal of resistivity 1.1 x 107 Qm. The wire has length 2.0m and
cross-sectional area 3.8 x 107" m2.

The reading on the voltmeter is 4.8V.
Calculate:

(i) the resistance of the heater

resistance =

9702 Physics e Units 9 & 10: Electricity e Question Paper Page 550 112


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

(ii) the reading on the ammeter.

readingon ammeter = ..........cccooiiiiiiiiiiiiiieeeee A [1]

(c) The heater is replaced by a new wire. The new wire is made of the same metal as the wire in
(b) and has the same length but a larger diameter.

The resistance of the LDR remains constant.

(i) State and explain whether the new wire has a resistance that is greater than, less than or
the same as that of the wire in (b).

(ii) State and explain whether the new reading on the voltmeter is greater than, less than or
equal to 4.8 V.

[Total: 10]

(c) The heater is replaced by a new wire. The new wire is made of the same metal as the wire in
(b) and has the same length but a larger diameter.

The resistance of the LDR remains constant.

(i) State and explain whether the new wire has a resistance that is greater than, less than or
the same as that of the wire in (b).

..................................................................................................................................... 21

(ii) State and explain whether the new reading on the voltmeter is greater than, less than or
equal to 4.8V,

[Total: 10]
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I Question 21

A battery is connected in a circuit with a light-dependent resistor (LDR), two fixed resistors and a
voltmeter, as shown in Fig. 6.1.

25V

k-1

N

320Q

240Q

Fig. 6.1

The battery has an electromotive force (e.m.f.) of 25V and negligible internal resistance.
The resistors have resistances of 320Q and 240 Q.

(a) The voltmeter displays a reading of 16 V.

(i) Show that the current in the battery is 0.050A.

(1]

(ii) Calculate the resistance of the LDR.

FOSISIANGCE = ccinumnunmnsasmis i wivsssssvses Q [3]
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(iii) Determine the ratio

power dissipated in the LDR
power dissipated in the 240 Q resistor -

(b) The intensity of the light incident on the LDR increases.

State and explain what happens to the voltmeter reading.

[Total: 9]
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I Question 22

(a) A metal wire has a resistance per unit length of 0.92Qm™1. The wire has a uniform
cross-sectional area of 5.3 x 107" m?2.

Calculate the resistivity of the metal of the wire.

resistivity = oo Qm [2]

(b) A battery of electromotive force (e.m.f.) E and negligible internal resistance is connected in
series with a fixed resistor and a light-dependent resistor (LDR), as shown in Fig. 6.1.

4{ |__E_‘{ 1400 Q

)
N\,

\}\ 16009
1
| I |

Fig. 6.1
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The resistance of the fixed resistor is 1400Q. The intensity of the light illuminating the LDR
causes it to have a resistance of 1600 €. A voltmeter connected across the LDR reads 6.4 V.

(i) Show that the current in the LDR is 4.0 x 10—3A.

[1]

(ii) Calculate the number of free electrons passing through the LDR in a time of 3.2 minutes.

number of free electrons = ... [2]
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(iii) Calculate the e.m.f. E.

(iv) Determine the ratio

power dissipated in LDR
power dissipated in fixed resistor

(c) The environmental conditions change causing a decrease in the resistance of the LDR in (b).
The temperature of the environment does not change.

State whether there is a decrease, increase or no change to:

(i) the intensity of the light illuminating the LDR

..................................................................................................................................... [1]
(ii) the current in the battery

..................................................................................................................................... [1]
(iii) the reading of the voltmeter.

..................................................................................................................................... [1]

[Total: 12]
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I Question 23

(a) State Ohm's law.

(b) A battery of electromotive force (e.m.f.) 6.2V and negligible internal resistance is connected
in a circuit to a uniform resistance wire, a voltmeter, a fixed resistor and a switch, as shown
in Fig. 7.1.

6.2V

|
s N\

wire of resistance 18Q

Fig. 7.1

The resistance wire has resistance 18 Q, length 0.94 m and cross-sectional area 7.2 x 10®m?.
The slider S is positioned half-way along the length of the wire.
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(i) Calculate the resistivity p of the material of the resistance wire.

(ii) The switch is open.
State the reading on the voltmeter.

voltmeter reading = ... V [1]

(iii) The switch is now closed.
State whether there is an increase, decrease or no change to:

- the current in the battery

{iv) The switch remains closed. The slider S is moved along the resistance wire so that the
voltmeter reading is 3.1 V.

On Fig. 7.1, draw a cross (x) on the resistance wire to show a possible new position of
the slider. [1]
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(iv) The switch remains closed. The slider S is moved along the resistance wire so that the
voltmeter reading is 3.1V.

On Fig. 7.1, draw a cross (x) on the resistance wire to show a possible new position of
the slider. [1]

(c) The circuit in (b) is altered by changing the battery for one of a different e.m.f.
The switch is open.

A student records the following data for the resistance wire:
current in the wire 0.93A
mean drift speed of charge carriers 1.3 x 102ms™!

number density of charge carriers 9.0 x 1028 m=3.

(i) Determine the charge g of a charge carrier in the wire suggested by this data.

(ii) With reference to the value of g, explain why the data recorded by the student cannot be
correct.

[Total: 11]

9702 Physics e Units 9 & 10: Electricity e Question Paper Page 6401112


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

I Question 24

(a) Define electric potential difference.

(b) A cell of electromotive force (e.m.f.) 1.8V and internal resistance r is connected in parallel
with a resistor of resistance 6.0Q and a filament lamp, as shown in Fig. 7.1.

AT VA i
®
6.0Q
.
S
Fig. 7.1
The switch S is open. The ammeter reading is 0.25A.
Determine the internal resistance r of the cell.
S Q [3]
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(c) At time t, switch S in Fig. 7.1 is closed. Fig. 7.2 shows the variation with time ¢ of the
ammeter reading I.

A

Fig. 7.2

(i) State whether the e.m f. of the cell after ¢, is greater than, less than or the same as it was
before ¢..
1

(if) By considering the effect of the lamp on the total resistance of the circuit, explain the
variation of the ammeter reading shown in Fig. 7.2.

[Total: 8]
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I Question 25

(a) State Kirchhoff’s first law.

(b) A cell with internal resistance r is connected to two resistors of resistances R, and R, as
shown in Fig. 6.1.

T

Fig. 6.1

The potential differences (p.d.s) across R, and R, are V; and V,, respectively.
The terminal p.d. across the cell is V.
The current in the circuit is L.

Use Kirchhoff’s laws to show that the total resistance R; of the external circuit is given by

Ri=R, +R,.

[2]
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(c) The electromotive force (e.m.f.) of the cell in Fig. 6.1 is 1.50 V.

The values of R, and R, are 10Q and 15Q respectively. The terminal p.d. of the cell is 1.35V.

Calculate the internal resistance r of the cell.

(d) Aresistor of resistance R, is added to the circuit in Fig. 6.1, so that the circuit is as shown in

Fig. 6.2.

Fig. 6.2

State and explain the effect, if any, of this change on:
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State and explain the effect, if any, of this change on:

(i) the currentin the cell

(i) the terminal p.d. of the cell.

[Total: 10]
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I Question 26

(a) State Kirchhoff's second law.

(b) A battery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
in series with a variable resistor X and a themmistor Y as shown in Fig. 5.1.

b4
X
//
—
9.0V |
R

Fig. 5.1
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Fig. 5.2 shows the relationship between temperature and resistance for the thermistor.

200
resistance/Q lt‘
1
150
\
\
\
\
A
100 .
N
\L
M
50
0
0 100 200 300 400
temperature/°C
Fig. 5.2

(i) The current in the circuit is 1.1 x 102A. The potential difference across Y is 4.0V.

Calculate the resistance of X.

resistanCe = ..., Q [2]
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(ii) The temperature of Y is changed to 190°C. The resistance of X remains unchanged.

Determine the new potential difference across Y.

potential difference = ... V [3]

(iii) The resistance of X is increased. The temperature of Y remains at 190°C.

By reference to the current in the circuit, state and explain the effect of this change, if
any, on the potential difference across Y.

. [3]

[Total: 9]
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I Question 27

(@) (i) State Kirchhoff's second law.

(b) A circuit contains a cell of internal resistance r and two resistors of resistances R, and R,, as
shown in Fig. 5.1.

|

I

Fig. 5.1
The potential difference (p.d.) across the two resistors is V.

The current in the cell is I.
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(i) Use Kirchhoff's laws to show that the total resistance R of the external circuit is given by

[2]

(ii) The electromotive force (e.m.f.) of the cell is 1.50V.

When the values of R, and R, are 102 and 15 respectively, the p.d. measured by the
voltmeter is 1.38 V.

Calculate the internal resistance r of the cell.
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(c) Athird resistor is added in parallel with R, and R, in the circuit in Fig. 5.1.
State and explain the effect, if any, of this change on:

(i) the currentin the cell

[Total: 11]
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I Question 28

(a) Fig. 7.1 shows two resistors connected in series with a cell of electromotive force (e.m.f.)
1.50V and internal resistance 0.28 Q.

' 150V :
: | 0.28Q |
L | | o I
I |I L1

]
: .

I\
1.0Q R
— 1
Fig. 7.1

One of the resistors has resistance 1.0 Q. The other resistor has resistance R.
The terminal potential difference (p.d.) across the cell is 1.36V.

(i) Show that the current I in the circuit is 0.50A.

(2]
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(ii) Calculate the combined resistance of the two resistors.

resistance = ... e e aee e Q@ [2]

(iii) Use your answer in (a)(ii) to determine resistance R.
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(b) The circuit in Fig. 7.1 is disconnected and the two resistors are reconnected to the cell, now
in parallel with each other.

(i) On Fig. 7.2, complete the circuit diagram to show this arrangement.

' 150V !
I | 0.28Q |
] | e W
1 || | I | :
1

1 1

| S N S U D |

Fig. 7.2
[1]

(ii) Explain, without calculation, whether the terminal p.d. across the cell is now less than,
equal to or greater than 1.36 V.
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I Question 29

(a) Define electric potential difference (p.d.).

(b) A power supply, three resistors and a component X are connected in the circuit shown

in Fig. 5.1.

230V
T0A + —
o O ©
0.86 Q
I, 249 X

I

— +——III1H—¢

170Q

Fig. 5.1

The power supply has an electromotive force (e.m.f.) of 230V and negligible internal

resistance. The current in the power supply is 7.0 A.

(i) Identify component X.
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(ii) Show that the p.d. across the resistor of resistance 0.86Q is 6.0V.

[1]
(iii) Determine the current I,.
o E A R B OO e SR A [2]
(iv) Calculate the p.d. across component X.
. = s e S e V [2]
(v) Calculate the power dissipated in component X.
PRWES =t e b s tan s W [2]
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(vi) The purpose of the circuit is to provide power to component X.

Determine the percentage efficiency of the circuit.

efficiency = ..o e % [2]

(vii) The resistor of resistance 170Q is removed, leaving an open circuit in the lower branch
of the circuit. There is no change to the resistance of component X.

State whether the current in the power supply increases, decreases or remains the same.
- [1]
[Total: 12]
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I Question 30

(a) Define resistance.

(b) Acylindrical metal wire of length 2.4 m and cross-sectional area 8.0 x 10° m? has a resistance
of 0.33Q. There is a current in the wire of 4.7A.

(i) Determine the resistivity of the metal from which the wire is made.

resistivity = ..o am [2]

(ii) Calculate the charge that passes through the wire in a time of 5.0 minutes.
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(iii) The free electrons (charge carriers) in the wire have an average drift speed of
0.16mms™".

Determine the number density of charge carriers in the metal.

number density = .......ocoooi e m=3 [2]

(c) The wire in (b) may be considered to be a fixed resistor. It is connected in series with a
thermistor to a battery that has negligible internal resistance.

(i) Use circuit symbols to complete Fig. 6.1 to show the circuit diagram of this arrangement.

|

Fig. 6.1
(1]

(ii) Explain, without calculation, how the power dissipated in the wire changes as the
temperature of the thermistor is increased.

[Total: 10]
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I Question 31

A cylindrical copper wire P of length 0.24m is shown in Fig. 6.1.

! 0.24m !

ol )
Y J

Fig. 6.1 (not to scale)

The current in the wire is 0.85A.

The resistance of the wire is 3.3mQ.

The total number of charge carriers N in the wire is 2.6 x 1022.
The resistivity of copper is 1.8 x 10 8Qm.

(a) Calculate the potential difference between the two ends of the wire.

potential difference = ... V [2]

(b) (i) Show that the cross-sectional area of the wire is 1.3 x 10 5m?2.

(2]
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(ii) Show that the number density of charge carriers in the wire is 8.3 x 1028m=3.

(1]

(iii) Calculate the average drift speed of the charge carriers (electrons) in the wire.

average drift speed = ... ms~! [2]

(c) Adifferent copper wire Q has the same volume as wire P, but non-uniform radius, as shown in
Fig. 6.2.

Fig. 6.2 (not to scale)
The radius r, at end X of wire Q is the same as the radius of wire P. Radius r, is less than ry-

(i) State and explain how the resistance of wire Q compares with the resistance of wire P.
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(ii) On Fig. 6.3, sketch a graph of the variation of the average drift speed of the charge
carriers with distance from end X of wire Q.

A

average drift speed

0 =
distance from X

Fig. 6.3
[2]

[Total: 13]
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I Question 32

A nichrome wire X of length 45cm and cross-sectional area 4.7 x 107" m? is connected into the
circuit shown in Fig. 6.1.

AN

X

Fig. 6.1

The resistance of X is 1.1 Q. The cell has electromotive force (e.m.f.) 1.3V and negligible internal
resistance.

(a) (i) Calculate the currentin X.

CUMTENE = e e e e e e e A [1]

(i) The number density of charge carriers (electrons) in nichrome is 8.5 x 1028m™3.
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Calculate the average drift speed of the charge carriers in X.

averagedift speed = s ms™! [2]

(iii) Calculate the resistivity of the nichrome.

BRI = Qm [3]
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(b) Wire Y is identical to wire X. Wire Y is added to the circuit in parallel with wire X, as shown in
Fig. 6.2.

®

Fig. 6.2
State and explain the effect, if any, of this change on:

(i) thereading on the ammeter

(ii) the average drift speed of the charge carriers in X.

. [1]
[Total: 9]
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I Question 33

(a) Define electric potential difference across a component.

(b) A circuit contains four resistors and a battery of electromotive force (e.m.f.) 8.0V with
negligible internal resistance. When the variable resistor has resistance R, the currents in the
circuit are 0.030A, I, and I,, as shown in Fig. 6.1.

8.0V
0.030A |
< ||‘"‘|I

I, /)‘
M
-
210Q /R
INy
430Q 240Q
Fig. 6.1

9702 Physics e Units 9 & 10: Electricity e Question Paper Page 90 of 112


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

(i) Determine the charge passing through the battery in a time of 4.0 minutes.

(i) Calculate I,.

(iit) Calculate I,.

T GG e e e R

(iv) Determine R.

e oo sees e g B0
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(c) The variable resistor in (b) is fitted with a scale so that its resistance can be accurately
determined.
The resistor of resistance 240Q is now replaced by a new resistor X of unknown resistance.
A galvanometer is connected as shown in Fig. 6.2.

8.0V
-]
yl
1 /
210Q 4
®
4300 X
Fig. 6.2

With reference to ratios of resistances, explain how this circuit can be used to determine the
resistance of X.

[Total: 10]
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I Question 34

A nichrome resistance wire has length 150 cm, cross-sectional area 2.45 x 107" m? and resistivity
1.12 x 1075Qm.

(a) Calculate, to three significant figures, the resistance of the wire.

resistance = ... Q [3]

(b) The nichrome wire forms part of a potentiometer circuit together with a cell of electromotive
force (e.m.f.) 1.2V and negligible internal resistance, as shown in Fig. 7.1.

1.2V

64 cm |

nichrome wire

cell X \

The circuit is used to determine the e.m.f. of cell X.

Fig. 7.1 (not to scale)

The galvanometer is used in a null method to find the null point 64 cm from the left-hand end
of the nichrome wire.

(i) Explain what is meant by a null method.
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(ii) Calculate the e.m.f. of cell X.

(iii) The cell of e.m.f. 1.2V is replaced by a new cell with the same e.m.f. but with an internal
resistance that is not negligible.

State and explain the effect, if any, of the internal resistance of the new cell on the
position of the null point.
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I Question 35

(a) (i) State and explain the effect, if any, on the resistance of a flament wire in a lamp as the
current in the wire decreases.

..................................................................................................................................... [1]
(ii) OnFig. 5.1, sketch the -V characteristic of a filament lamp.
I
A
0 -
0 v
Fig. 5.1
(2]
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(b) A battery of electromotive force (e.m.f.) E and negligible internal resistance is connected in
parallel with two filament lamps A and B, as shown in Fig. 5.2.

3.3A |
1.5A “ééaw
[ = ]
®
Fig. 5.2

The current in the battery is 3.3A and the current in lamp Ais 1.5A. The power dissipated in
lamp Ais 18 W.

(i) Calculate the e.m.f. E of the battery.
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(ii) The filament wire of lamp B has a cross-sectional area of 1.4 x 10~°m?2. The number

of free (conduction) electrons per unit volume in the metal of the filament wire is
3.4 x 10%8m3.

Calculate the average drift speed of the free electrons in the filament wire of lamp B.

average drift speed = ... ST [3]

[Total: 8]
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I Question 36

A battery of electromotive force (e.m.f.) 6.0V and negligible internal resistance is connected in
series with a variable resistor and a uniform resistance wire XY, as shown in Fig. 6.1.

6.0V

R
|
uniform wire
/of resistance 8.0Q
Xe Y

2.00m

o-%

Fig. 6.1

Wire XY has length 2.00m and resistance 8.0Q. The resistance R of the variable resistor is
adjusted so that the potential difference across wire XY is 2.4V.

(a) Determine R.

=S o ¥ /)

(b) Explain why the potential difference V between any two points on wire XY is proportional to
the distance L between those points.
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(c) Acell of em.f. E and internal resistance r is connected to the circuit, as shown in Fig. 6.2.

6.0V

|

oY

Fig. 6.2

Resistance R is unchanged.
The movable connection P is positioned on wire XY so that the galvanometer reading is zero.
Distance XP is 1.24m.

9702 Physics e Units 9 & 10: Electricity e Question Paper Page 99 of 112


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

(i) Calculate E.

(ii) The value of R is now decreased.

State and explain the change that must be made to the position of P on wire XY so that
the galvanometer reads zero again.
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I Question 37

(a) State Kirchhoff’s first law.

_____________________

_____________________

—
/

7z

Fig. 5.1

(i) The thermistor has resistance R, at a temperature of 0°C.
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On Fig. 5.2, sketch a possible variation of the resistance of the thermistor with
temperature between 0°C and 100°C.

resistance :
Ryef---=mmsmmeemmsemmsens e e
0 !
0 100
temperature/°C
Fig. 5.2

[2]

(ii) With reference to the current in the cell, explain why the current in resistor R decreases
with increasing temperature of the thermistor.

(c) The electromotive force (e.m.f.) E of the cell in Fig. 5.1 is 1.50V. The internal resistance r of
the cell is 0.12 Q.

Resistor R has a resistance of 6.00 Q.
At a particular temperature of the thermistor, the current in R is 0.200A.

For this temperature of the thermistor, determine:
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At a particular temperature of the thermistor, the current in R is 0.200A.
For this temperature of the thermistor, determine:

(i) the currentin the cell

BUITENL = il A [2]

(ii) the resistance of the thermistor.
FESISIEABE S i b Q [2]
[Total: 10]
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I Question 38

Fig. 5.1 shows a circuit containing a battery, two fixed resistors X and Y, and a light-dependent

resistor (LDR) Z.
C i
[ [
| 5-0\"{ 4.7Q |
e
[ [
[ [
I 100 Q \:*
& > — L]
X z
K
Y
Fig. 5.1

The battery has electromotive force (e.m.f.) 5.0V and internal resistance 4.7 Q. The current in X is
I, and the currentin Y is L,.

The resistance of X is 100 Q. The resistance of Z varies with the intensity of light incident on it as
shown in Fig. 5.2.
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500

|

|

|
400 r

resistance/Q A
\
300 \
A
200 N
100 ™
0
0 50 100 150 200 250
intensity /W m™2
Fig. 5.2
(a) State Kirchhoff’s first law.
............................................................................................................................................. [1]
(b) The intensity of light incident on Z is 130 Wm=2. The current in the battery is 38 mA.
(i) Show that the terminal potential difference of the battery is 4.8 V.
[2]
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(ii) Calculate the current I, in Y.

(iii) Calculate the power dissipated in Y.

PEWERS cooonananases st W [2]

(iv) The intensity of the light incident on Z decreases.

State and explain the effect on the terminal potential difference of the battery.

[Total: 11]
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I Question 39

(a) State Kirchhoff's first law.

---------------------

_____________________

—
£

F

Fig. 5.1

(i) The thermistor has resistance R, at a temperature of 0°C.
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(i) The thermistor has resistance R, at a temperature of 0°C.

On Fig. 5.2, sketch a possible variation of the resistance of the thermistor with
temperature between 0°C and 100°C.

resistance

Ro— ————————————————————————————— 4

temperature/°C

Fig. 5.2
2]

(i) With reference to the current in the cell, explain why the current in resistor R decreases
with increasing temperature of the thermistor.
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(c) The electromotive force (e.m.f.) E of the cell in Fig. 5.1 is 1.50V. The internal resistance r of
the cell is 0.12Q.

Resistor R has a resistance of 6.00 Q.
At a particular temperature of the thermistor, the current in R is 0.200A.
For this temperature of the thermistor, determine:

(i) the currentin the cell

CUMTENE = e e A [2]
(ii) the resistance of the thermistor.
resistance = ... Q [2]
[Total: 10]
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I Question 40

A student uses a circuit containing an ammeter, a voltmeter and a cell to take measurements to
determine the resistance of a length of nichrome wire.

(a) (i) Define resistance.

(i) Draw a circuit diagram to show how the components should be connected. Use the
symbol for a resistor to represent the nichrome wire.

[2]
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(b) The student also measures the length and the diameter of the wire. Table 5.1 shows the
measurements recorded for each quantity.

Table 5.1
quantity measurement
length (0.864 £ 0.001)m
diameter (0.496 £ 0.002)mm
voltmeter reading (1.38 £ 0.02)V
ammeter reading (0.276 £ 0.001)A

(i) Show that the resistance of the wire is 5.00 Q.

[1]
(ii) Calculate, to three significant figures, the resistivity p of the nichrome.
o s S RS AR R RSN F Qm [3]
(iii) Calculate the percentage uncertainty in p.
percentage uncertainty = .........cccoiiiiiiiiii . % [2]

9702 Physics e Units 9 & 10: Electricity e Question Paper Page 1110f 112


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

(iv) Determine the absolute uncertainty in p.

absolute uncertainty = ........cccoooiiiii Qm [1]

[Total: 10]

End of Question Paper ¢ \Waseem Ahmad, A Level Physics Teacher e examspath.com
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