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Q1.           

A student carried out an experiment to determine the resistivity of nichrome wire.

He used an ohmmeter to measure the resistance of a length of nichrome wire as shown.

The diameter of the wire was measured as 0.27 mm ± 0.01 mm.
The length of the wire was measured as 1.25 m ± 0.05 m.

Calculate the minimum value of resistivity possible from the student's data.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Minimum resistivity = ...........................................................

 

(Total for question = 4 marks)

 

 

Q2.           

Some liquids conduct electricity. This property can be used to pump these liquids through pipes.

A short section of a rectangular pipe containing a liquid is shown in the diagram. The pipe is
placed in a magnetic field of flux density B and a current I is passed through the liquid as shown.
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A practical demonstration of this principle used two rectangular electrodes, opposite each other
on either side of the pipe, a distance of 0.60 mm apart. The dimensions of the electrodes are
shown in the diagram.

The electrodes were connected to a 1.5 V cell.
Salt water was pumped using a magnetic field of magnetic flux density 0.40 T.

(i)  Show that the current through the salt water is about 20 mA.

resistivity of salt water = 1.6 Ω m

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Hence calculate the force on the salt water.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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Force = ...........................................................

 

(Total for question = 6 marks)

 

 

Q3.          A strain gauge measures changes in the resistance of a metal under strain to find the
applied force. The kitchen balance in the photograph uses strain gauges to measure the weight
of cooking ingredients.

A student tests this method by measuring the resistance of a wire before a force is applied and
while it is under tension.

(a)  Calculate the initial resistance of the wire.

length of wire = 1.0 m

cross sectional area of wire = 2.9 × 10−8 m2

resistivity of wire = 4.9 × 10−7 Ω m

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Resistance of wire = ...........................................................

(b)  The student applies a force to the wire and measures the new length. He calculates the
increase in the resistance to be 0.035 Ω. He measures the increase in resistance and finds it to
be 0.070 Ω.

The student suggests that the difference between these two values is because the
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cross-sectional area of the wire changes under strain.

Explain why a change in cross-sectional area would cause this difference.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 5 marks)

 

Q4.           

The instruction booklet for an electric garden shredder includes the following advice.

(a)  Describe the relationship between area and length in the table.

(1)

.............................................................................................................................................

.............................................................................................................................................

(b)  The cable for the shredder contains two conductors in series, the live wire and the neutral
wire. A cable of length 40 m has a total conductor length of 80 m.
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(i)  Show that the resistance of a copper conductor of length 80 m and cross-sectional area 1.00
mm2 is about 1.3 Ω.

resistivity of copper = 1.68 × 10−8 Ω m

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  When in use the current for the shredder is 11 A.
Calculate the rate of energy dissipation by the 40 m, 1.00 mm2 cable when it is used with the
shredder.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Rate of energy dissipation = ...........................................................

(iii)  Calculate the total potential difference across the conductors in the 40 m cable when it is
used with the shredder.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Potential difference = ...........................................................

(c)  Suggest why the advice in the instruction booklet is included.

(2)

.............................................................................................................................................

theonlinephysicstutor.com

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 9 marks)

 

 

Q5.           

Photograph 1 shows a rheostat (a variable resistor).

The rheostat is made of a long resistance wire coiled around an insulating cylinder. The turns of
wire are also separated from each other by insulation of negligible thickness. The ends of the
wire are connected to the sockets A and B at either end and there is a sliding contact in the
centre connected to the socket C. The resistance between A and C is varied by moving the
sliding contact.

(a)  A student decides to determine the resistivity of the material from which the wire is made by
measuring the dimensions of the wire and its resistance.

Photograph 2 shows a section of the rheostat and a scale.
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(i)  Take measurements from the photograph and use them to show that the cross-sectional area
of the wire is about 2 × 10−7 m2.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Calculate the resistivity of the material from which the wire is made.

resistance of wire = 22 Ω

length of wire = 12 m

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Resistivity = ...........................................................

(iii)  Suggest an advantage for the student of using a photograph rather than taking direct
measurements.

(1)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

(b)  The coil of the rheostat is 10.2 cm long. A potential difference of 12 V is applied across AB
and the slider C is 7.0 cm from the end of the coil near A.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Potential difference = ...........................................................

 

(Total for question = 9 marks)

 

Q6.          A student carried out a series of measurements to determine how the resistance of a
wire varies with its length.

The student obtained the following results.

The student plotted the results on a graph.
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(a)  Calculate the resistivity of the wire used.

cross-sectional area of wire = 1.06 × 10−7 m2

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Resistivity = ...........................................................

(b)  One precaution taken by the student was to keep the current small.

Explain why this precaution was necessary.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  Explain one other precaution which should be taken by the student to ensure the accuracy
of the results in the table.

(2)

.............................................................................................................................................

theonlinephysicstutor.com

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 8 marks)

 

Q7.           

A medical scanner uses a moving table to position the patient. Strain gauges are used to monitor
the shape of the table which enables a more precise positioning of the patient.

Strain gauges consist of a thin length of wire attached, in a zigzag pattern, to a small flexible
piece of plastic. The strain gauge is attached to the table. When the table is subjected to forces,
the dimensions of the plastic change. This causes a change in the length of the wire and hence a
change in the resistance of the wire.

(a)  Resistance can be measured directly using an ohmmeter or indirectly using measurements
from a voltmeter and ammeter.

Describe two benefits of using an ohmmeter compared to using a voltmeter and an ammeter.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  The diagram shows forces applied to a strain gauge. The 'width' of the strain gauge is
defined by the distance w.
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(i)  State and justify how the applied forces change the resistance of the wire.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  The gauge factor GF of a strain gauge is given by

where ε is the strain
    R is the initial resistance
    ΔR is the change in resistance

When forces are applied to the strain gauge, the resistance of the gauge changes by 0.10%.

Calculate the change in the width of the strain gauge.

w = 5.0 cm
GF = 2.0

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Change in width = ...........................................................

(c)  Explain the benefit of arranging the wire in a zigzag pattern.
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(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 9 marks)

 

 

Q8.           

In 2010, Andre Geim and Konstantin Novoselov were awarded the Nobel Prize in Physics for
producing, identifying and studying graphene.

Graphene is a form of carbon which exists only as a single atomic layer of graphite. It has a
breaking stress of 130 GPa compared to 0.5 GPa for steel. Some scientists claim that graphene is
the strongest material ever measured.

(a)   Explain why graphene, despite its greater strength, is unlikely to replace steel in many
applications.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)   Graphite used in pencils consists of many layers of carbon. It can be assumed that a pencil
deposits approximately 100 layers of carbon atoms when drawn across a piece of paper.

A student carried out an experiment to determine the resistivity of the graphite in a pencil.

A line of length 0.200m and width 0.50mm was drawn on a piece of paper. An ohmmeter was
then used to measure the resistance of the graphite line.
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Calculate the resistivity of graphite.

resistance = 1.029 × 106 Ω
diameter of carbon atom = 1.4 × 10−10 m

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Resistivity of graphite = ...........................................................

(c)   Photocells traditionally use silicon to generate electricity using visible light. Research
demonstrates that unlike silicon, graphene is able to respond at all wavelengths and releases
multiple electrons as it absorbs one photon.

Deduce why it would be an advantage to use graphene in photocells to generate electricity.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 9 marks)
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