


























2014 PHYSICS EXA?d 24 

Area of study- Electric power 

Question 12 (2 marks) 

Figure 23 shows a coil placed next to a straight wire. When both the coil and the wire carry an electric 
current, there is a force exerted on the wire. The direclions of the currents are shown by arrows on the 

diagram. The point X lies on the axis of the coil. 

WlfC 

coil 

X 

Figure 23 

a. Which one of the following best describes the direclion of!hc magnetic Held of the coil at point X''

A. left

D. down

B. right

E. out of the page

C. up

F. inlo the page

b. Which one of the following best describes the direction of the force on the wire at point X'?

A. left

D. down

B. right

E. out of the page

C. up

F. into !he page

-----·· 

I mark 

I mark 
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Question 13 (7 marks) 

A horizontal square conducting metal loop of one tum is placed in a unifo1111, steady magnetic field 
between two poles of an electromagnet, as shown in Figure 24. The plane of the loop is perpendicular to the 
magnetic field. 
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Figure 24 

a. Students discuss different methods of causing a current to flow in the loop.

magnetic field 
is vertically 
downwards 

horizontal square 
conducting 
metal loop 

Choose one or more of the following op tions that would cause a cmrnnt to llow in the loop.

A. moving the loop directly upwards in the field towards the N pole

B. moving the loop sideways (to the left) but keeping ii completely inside the field

C. moving the loop sideways (to the right) so that it moves out of the magnetic field

D. rotating the loop about a horizontal axis

b. The uniform field of the magnet between its poles is initially equal lo 0.050 T The current in the
electromagnet is then adjusted so that the field reduces to zero in l Oms.

An average current of 0.020 A flows in the loop. The area of the loop is 0.080 m2.

Calculate the resistance of the loop. Show your working.

1 mark 

3 marks 

SECTION A- Core studies- Question 13 - continued 
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The magnetic field is reduced lo zero. 

On Figure 25, indicate the direction of the resulting induced current in the loop. Explain your 
rcasonmg. 3 marks 

loop as viewed from above 

Figure 25 
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Question 14 (3 marks) 

28 
----

An ideal transfonner has 130 turns in the primary coil and 5200 turns in the secondary coil. 

a. A DC voltage signal of 12 V is connected to the primary coil.

State the value of the steady voltage at the output of the secondary coil.

b. An AC voltage signal is then connected to the primary coil and an AC RMS voltage of 400 V appears

at the output of the secondary coil.

Calculate the peak value ofthe voltage at the input ofthe primary coil. 2 marks 
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d. Jemima knows that more brightness can be achieved if she sets the DC power supply to a higher
constant voltage. However, she also knows that it is unwise lo nm the light globe at greater than
6.0 Vas it will probably foil.

Calculate the greatest voltage that Jemima can set the DC po"er supply at_ ,vithout exceeding 6.0 V
across the light globe in the building. Show your working.

Question 16 (4 marks) 

Efficient transmission of electric power over long distances often involves the use of step-up and step-down 
transformers. 

Outline how the use of these transformers reduces transmission losses. Include relevant physics formulas. 

3 marks 

SECTION A- Core studies - continued 
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Question 18 (7 marks) 

A sketch of a small model generator is shown in Figure 28. The magnetic field is supplied by two 

permanent magnets. The output of the generator is fiHcd with slip rings and is connected lo an oscilloscope. 

slip rings 

, 

, 

s 

to m1 oscilloscope 

Figure 28 

a. The display on the oscilloscope shows an AC signaL

Explain why the signal is AC rather than DC 3 marks 

'-----------------------�-----,.�-- -- --�-------"•·-· -----------------·--------
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Area of study- Electric power 

Question 12 (IO marks) 
Students have a model that can be used as a motor or generator, depending on the connections used. 
The magnets provide a uniform magnetic field of2.0 x 10-3 tesla. 
EFGH is a square coil of each side length 4.0 cm with 10 turns. 
A 6.0 V battery and an ammeter are connected to the shaft through a commutator. 
This is shown in Figure 12. 

N 

Figure 12 

a. The ammeter shows a current of 4.0 A.

2015 PHYSICS EXAlv1 

With the coil horizontal as shown in Figure 12, what is the force on the side EF? Give the magnitude
and direction (up, down, left, right). Show your working. 3 marks 

I Magnitude N I Direction 

··-�- -----"- J 
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TURNOVER 



2015 PHYSICS EXAJvI 20 

The model is now sel up as a DC generator, with the output connected lo a voltmeter and oscilloscope via 
a commutator, as shown in Figure 13, with the same coil of side length 4.0 cm and l O turns, and a uniform 
magnetic field of2.0 x 10-3 tesla. 

The shaft is rolaled by hand. 

N s 

Figure 13 

b. Which one of the following graphs (A.-D.) best shows the voltage output as viewed on the
oscilloscope as the coil rotates steadily? (At I= 0, the coil is horizontal, as shown in Figure 13.)

A. B. 

V 
V p D • I ·F � I 

o V \
C. D. 

·1 I I ·P C\ I I 

□ 

I mark 

··-·-···-···-··--------------------------··-··-···· 
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c. The shaft and coil make lwo complete revolutions per second.

2015 PHYSICS EXAM 

Calculate the magnitude of the average voltage as shown on the voltmeter during one-quarter
revolution. Show your working. 3 marks 

d. The students wish to convert this DC generator into an AC generator.

Describe the change or changes the student would have lo make to achieve this. Explain your answer. 3 marks

SECTION A- Core studies - continued 
TURNOVER 
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Question 13 (8 marks)

To study electromagnetic induction, students pass a square loop al constant speed through the pole pieces 
ofa magnet, as shown in Figure 14a. Figure 14b shows the experimental set-up as viewed from above. The 
axes below indicate the same distances as shown in Figure 14b. 

In answering Question 14, you do not have to include any calculations or values on the axes. 
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a. On the axes in Figure 14c, sketch the magnetic flux as the front edge of the loop passes from P to T 2 marks 

b. On the axes in Figure 14d, sketch the emf, as measured by the voltmeter, as the front edge of the loop
passes from P lo T. 2 marks 

SECTION A- Core studies- Question 13 - continued



23 2015 PHYSICS EXAi\1 

c. Dctcnnine the direction of the current through the voltmeter as tl1c loop enters the magnetic field.
Write X lo Y or Y lo X in the answer box below. Explain how you determined this in lcnns of Lenz 's
Law. 4 marks 

SECTION A- Core studies - continued 
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Question 13 ( 4 marks) 

A 3.0 m long, vertical, copper lightning conductor is located in a region where Eaiih's magnetic field is 
horizontal and pointing north. A current of 2000 A flows down the conductor to Earth during an electrical 
storm. Force detectors measure a force on the lightning conductor of0.32 N. 

a. Calculate the magnitude of Earth's magnetic field acting on the lightning conductor.

b. Which one of the following (A.-F.) is the best description of the direction of the magnetic force acting

2 marks 

on the lightning conductor? Explain your answer. 2 marks 

A. north

B. south

C. east

D. west

E. vertically up

F. vertically down

□ 

SECTION A- Core studies - continued 
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Question 14 (5 marks) 

Students build a simple electric motor, as shown in Figure 18. 

axis of rotation 

commutator 

Figure 18 

a. At what position(s) (A.-D.) of the rotating coil is the magnetic force on the side XY zero? One or more

answers may be selected. I mark 

A. horizontal with the current as shown in Figure 18

B. horizontal with the current in the opposite direction to that shown in Figure 18

C. vertical

D. at all orientations of the coil

b. The students discover that the motor starts moving more easily with the coil in some orientations than
in others.

Explain the best orientation(s) for sta11ing the motor to move from rest. 2 marks 

SECTION A- Core studies - Question 14 - continued 
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c. To increase the speed of rotation of the motor, the students suggest a number of improvements.

Which suggested improvement(s) (A.-D.) is likely to increase the speed ofrotation of the coil? One or
more answers may be selected. Explain your answer. 2 marks 

A. increase the battery voltage

B. replace the single coil of the motor with several turns

C. increase the resistance of the coil

D. reverse one of the poles of the pennanent magnets

SECTION A- Core studies - continued 
TURNOVER 
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Question 15 (5 marks) 

A coil is wound around a cardboard cylinder, as shown in Figure 19. The cross-sectional area of the coil is 
0.0060 m2 . There are 1000 turns in the coil (not all are shown in the diagram). 

' 

B 

I resistor 
' 'I 

Figure 19 

The axis of the coil is immersed in a uniform external magnetic field of strength 0.0050 T and its direction 
is shown by the arrow labelled B in Figure 19. 

a. Calculate the magnitude of the flux through the first turn of the coil. Include an appropriate unit.

b. The external magnetic field is now reduced to zero. This results in an emf in the coil.

Describe the direction of the current in the resistor during this time (use the words 'left' and 'right').
Give reasons for your answer.

2 marks 

3 marks 
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Question 16 (12 marks) 

Ruby and Max are investigating the transmission of electric power using a model system, as shown in 

Figure 20a. The circuit is shown in Figure 20b. 

transmission lines 

B 

to 18 V DC supply 

!8VDC --'-­

supply

Figure 20a 

Globe A 
90 

total resistance of 
transmission line = 3 n

1.s n

I.SO

Figure 20b 

Globe B 
90 

Ruby and Max use an 18 V DC power supply, as shown in Figure 20b. The two transmission lines have a 

total resistance of3.0 n. Assume that the resistance of the globes is constant at 9.0 n and that the other 

connecting wires have zero resistance. 

a. Calculate the power delivered to Globe A. 2 marks 

SECTION A-Core studies- Question 16 - continued 
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b. Calculate the total voltage drop over the transmission lines. Show your working.

c. Calculate the power delivered to Globe B. Show your working.

Ruby has noticed that the voltage supply to houses is AC and that there are transformers involved (on street 
poles and at the fringes of the city). Ruby and Max next investigate the use of transformers to reduce power 
losses in transmission. 

Ruby and Max have two transformers available - a I: l O step-up transformer and a l 0: I step-down 
transformer. 

d. In the space provided below, redraw the circuit in Figure 20b with an 18 V AC supply and with the
transformers correctly connected. Label the transformers as step up and step down.

2 marks 

3 marks 

2 marks 

SECTION A- Core studies- Question 16 - continued 
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c. Explain why the transformers would reduce the transmission losses. Your answer should include
reference to key physics formulas and principles. 3 marks 

SECTION A- Core studies - continued 
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Question 17 (9 marks) 

Samira and Mark construct a simple alternator, as shown in Figure 21. 

w s 

slip rings 

Figure 21 

When the coil is rotating steadily, it takes 40 ms for each complete rotation and produces a peak emf of 
3.5 V. 

a. Calculate the fi-equency of the AC emf.

b. Calculate the RMS value of the AC emf.

V 

2 marks 

I mark 
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c. Describe the orientation(s) of the rotating coil when the magnitude of the emf is at a maximum. Give
reasons for your answer.

d. To increase the magnitude of the emf produced by the alternator, Mark suggests making a number of

changes to the alternator. His suggested changes are given in the table below.

In the spaces provided, indicate whether each suggestion will increase, decrease or have no effect on
the emf of the alternator.

Suggested change emf 

(increases, decreases, no effect) 

Increase the number oftums in the rotating coil. 

Increase the frequency of rotation of the coil. 

[ncrease the strength of the permanent magnets. 

Reduce the resistance of the resistor R. 

2 marks 

4 marks 
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