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5.2 Heating Effect of Electric Currents

Question Paper

Course DPIB Physics
Section 5. Electricity & Magnetism
Topic 5.2 Heating Effect of Electric Currents
Difficulty Medium
Time allowed: 80
Score: /60
Percentage: /100
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Questionla
Deborahis an aspiring electrical engineer who sets out toinvestigate the resistivity of a metal wire. The material of the wireis
unknown.

She measures the diameter of the wire using a micrometer screw gauge and takes a reading from the main scale and
micrometerscale.

Main scale and micrometer
scales shown enlarged

50
45
40

HIIHH ﬁll\\\\

(a)

Determine the cross-sectional area of Deborah’s wire.

[3marks]

Question1b
Deborah thenuses an ohmmeterto measure theresistance R for differentlengths L of the wire.
LengthL/cm ResistanceR/Q
80.0 7.94
70.0 6.99
60.0 5.89
50.0 4.93
40.0 4.27

(b)
Use Deborah’s measurements to complete the final columnin the table and then determine the resistivity of the wire.

[4 marks]
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Questionlc

()
Suggestand explain two improvements to Deborah’s experimental method that would reduce the uncertainty in the final

value of resistivity.
[4 marks]
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Question1d

Deborah swaps the sample of wire usedin her experiment for a thin film of carbon.

8.0%x10°m

|~ 20x10°m

3.0%x10°m

(d)
Calculate the current which passes through the carbon filmin the diagram for an applied voltage of 2.5 mV.
Theresistivity of carbonis 4.0 x 107> Qm.

[3marks]
Question 2a
Acurrent/=10 Aflows through a network of sixresistors as shown.
X 20
[ 1
| I
30Q
R 20
I=10A 4A 50 Y
The potential difference across theline XY is 8 V.
(a)
Calculate thevalue of theunknown resistanceR.
[4 marks]
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Question 2b

Anothernetwork, comprised of fouridentical resistors each of resistance 2 Q,is connected to a 6 V battery with negligible
internalresistance.

®

(b)
Determine the reading on the ammeter.

[3marks]
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Question 2¢
Aresistoris made by connecting two uniform cylinders XandY of the same material and equalin length, in series.

J_x )

CylinderY has aresistance of 5 Q andis twice the diameter of cylinder X.

(c)

Calculate the totalresistance of this series combination.

[1mark]
Question 2d
(d)
State and explain why knowledge of quantities like resistivity is useful to scientists.
[2 marks]
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Question 3a

Avariableresistor Ryhas aresistance thatvaries between O and 10 Qis connected to two resistors R, and Rz and two cells of
em.f.5VandéV.

5V
| il
N
R, N
RZ
| ]
6V

(a)

UseKirchhoff’s junction law to deduce an equation for three currents I3, [, and Iz at the junction between theresistors R, R,
andRys.

[2 marks]
Question 3b
Initially, the variable resistorR1 issetto0 Q.
(b)
IfR,is 5 QandRzis 10 Q, determine the current through resistor R,.
[4 marks]
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Question 3¢
Theterminals of the 5V cell arereversed, and the variableresistoris set to aresistance of 5 Q.

5V

||

| l

\ 50
N
10 Q
[
50

a

!

6V
(c)
Using the current directions indicated, write:
(i)
Two unique equations using Kirchhoff’s circuit law forloops.
(if)
One equation using Kirchhoff’s circuit law forjunctions.

[3 marks]
Question 3d
(d)
Hence, calculate the power dissipatedin R3 .
[4 marks]
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Question 4a
Acircuit containing fourresistorsis connectedtoa 12V power supply.

1 1

40 30

@]
12 V power supply Ix IY
@]

20 10

1 I

(a)
Show that the potential difference between XandYis1V.
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Question 4b

Awirejoins XandY in the circuit.

40 3Q
O
e 1.
12 V power supply X Y
o T 1
20 1Q

.
_|

(b)
Assuming current flows anticlockwise from the power supply, state and explain the direction of currentalong the line XY.

[3marks]

Question 4c

Another potential divider circuitincludes a thermistorwith resistanceR.

20 kQ 10 kQ

-
12V !

1
T

)
R

I_
S

20 kQ

m ¢—

>
The battery has ane.m.f. of 12V, with negligible internal resistance. Atroom temperature, the resistance of the thermistoris
4.0kQ.
(c)

Calculate the currentin the battery at room temperature, giving your answer to an appropriate number of significant figures.
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[4 marks]

Question 4d

(d)
Fortemperatures higherthan room temperature, describe and explain how the power dissipated varies across:
(i)
AE
(i)
BD
[4 marks]
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Question 5a

An electronic circuit contains two resistors connected as shown.

Resistor /

7

2.3 mm
<>
2.3 mm 2.3 mm
15 mm 2.3 mm
>
2.3 mm 2.3 mm

The material from which each resistoris made has a resistivity of 2.0 x 10 Q m and both resistors have dimensions of 15 mm
by 2.3mmby1.3mm.

(a)

Calculate the totalresistance of the electronic circuit.

[2 marks]

Question 5b

The circuitis designed such that changes to the dimensions of each resistor by a common factor x are easily accomplished.

(b)
Show thatif the dimensions of each resistorareincreased by a factor of x then theresistance decreases by the same factor.

[2 marks]
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Question 5¢

An electrical heating element is made of nichrome wire of resistivity 1.1x 10~ Q m. Itis required to dissipate 800 W when
connectedtothe 230 V mains supply. Theradius of the wireis 0.17 mm.

(c)

Calculate the length of wire required for the heating element.

[4 marks]
Question 5d
(d)
Suggesttwo properties that the nichrome wire must have to make it suitable as an electrical heating element.

[2 marks]
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