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Area of study 1 — Electric power

Question 1

Figare 1 shows a solenoid connected to 4 battery. At points P and Q, Earth has a horizontal magncm field comparable
in size to that produced by the solenoid at thesc points.

*Q magnetic
nurth

VOOV WU

Figare 1

L}
a.  Draw an arrow at point P to indicate the direction of the magnetic ficld at that point. "IZ /o
I mark
b. Reogerhas a small magnet that is free to rotate about an axis at its centre. This is shown in Figure 2. In thig
question, ighore the effect of Earth’s magnetic field. ¢17 ¢

e’ G 2L
N o 3
.

Figure 2

Roger places the magnet at point Q i Figure 1.
Edentify which of the following best shows the orientation that the magnet will take. Write your answer in the

box provided.

A B. C. D. E. F.
Z
-] N _© 3 5 e N
w

2 marks
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Question 4

A farmer uges an AC motor to power an itrigation pump. The motor needs 900 V RMS AC input for the putnp to

operate correctly. When the motor is running with 900 V RMS AC, the motor draws 50 ARMS AC cuzrent.

4. Calculate the power input to the motor when the pump is operating correctly, You may assutne that the motor
uses power just like a resistor. Give your answer in kilowatt, 8 5Y,

P=V]I

45w

2 marks

To supply electricity to the AC mator that drives the pump, a water-driven AC generator is instalied at a waterfall
gomme distance away from the pump. The generator provides current at a voltage of 1000 V RMS AC.

The farmer uses two aluminium wires to link the generator to the pump, as shown in F igure 4. The wires have a lotal
resistance of 7.0 £ S

5,

AC generator AC motor

waterf;a.ﬂ
Figure 4

b. ‘The motor has a constant resistance of 18 Q. //
L - . . - 2 Vi ¢ (
Calculate the carrent fowing in fhe aluminium connecting wires. 5 e QK Ver ‘%? .

T:%L R{':fff*?‘:Zfﬂ

"¢

2 marks
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c.

d.

. . - . ¢
Determine whether the pump will operate cotrectly. Support your conclusion with calculations. 3 ? /e

aderagé Ay

A/O;, ewsrent /'14/‘"2’60{ bOA b,&t 4540‘&“_4 iy 4‘5
currewt rs ow/n/ Y04

3 marks

The farmer wishes to reduce the power losses in the electrical connections between the AC generator at the
waterfall and the AC motor powering the irrigation pump. It is not possible to move the position of either the
AC generator or the AC motor.

Identify and desctibe two different changes that would reduce the power losses between the AC generator and
the AC motor. In your answer, you must also explain how each of the two changes you identified would reduce

power losses. _ 3 ‘/0 4‘0’4}'%9( 20
first change /Farl$+er»wz!“5 ﬁ.i’ both @M,p(g

As « result ﬁor Saume power c4 V /P ‘J/z 0

b basP i

second change Reﬂla’w RL 7y S - eé/j'v{y‘-(/f wWires er SW,Q (I’&rl{z[nw'fyj

Sweller B —s suafller P as P=1°p

o=

4 marks
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¢. The students halve the speed of rotation of the generator. On the axes below, sketch the voltage signal that the
AC generator will now produce. Label the voltage axis carefully with the correct numbers.
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3 marks

Question 6 . o o LT .
Students are testing a transformer. The transformer is working correctly. The transformer has 600 turns in the primary
coil and 150 turns in the secondary coil. ' : :

a. The students attach the primary coil to a 20 V RMS AC power supply. c? S5/
Calentate the RMS voltaga across the secondary coil.
15€ _

¢ 27D

L 5

1 mark

b. The students now counect the primary coil of the trangformer to a 20V battery and find, after a shott time, that
there is no voltage across the secondary coil.
Explain why there is no veltage produced across the secondary coil, [n your explanation, include a reference to
rra . B ’
the televant physics principle. 25 Y Au@r&gjf 0.7

Barttery /proa’ucﬁ constund current. Siuce there will be
ne @ﬂd‘éﬁt t"{;{/bi\/l HO U&/fﬁ(g/ﬁ( will be indumel

4

2 marks

SECTION A — Area of study 1 — continued
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Question 7
Students are experimenting with a sitaple AC generator, as shown in Figure 6. It consists of a rectangtar coil of

n turns that rotates at a constant speed in a vniform magnetic field.

<

«—p
40 cm

=
|92}

ship rings

Tigure 6
The uniform magnetic field in the region between the magoets is 0.030 T. The dimensions of the rectangular coil are

30 cm % 40 em
The coil is located completely within the uniform magnetic field of the two magnets.

The coil is rotating at 4 steady rate of 2 rotations per sccond.
Describe how the magnetic flux through the rotating coil changes as the coil makes a complete rotation. Take the

i,
starting point of the rotation to be the position shown in Figure 6. You do not need to fnclude any calculations or
L - 7 " b .

numbers in your answer. You may use a sketeh in your answer. 25 %,

0,00
wh
7 ——

net 0.5% t_

r%w'red 1

iredd
V\Pf I.e?u 4 2 marks

SECTION A - Area of stady 1 — Question 7 — continucd
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Question 8

Pigutes 7a and 7b show a square loop being moved between the poles of a magnet. In the space between the poles
there is a uniform magnetic field.

The loop moves at a steady speed from position 1 to position 3,

The loop is connected to a sensitive microammeter. The area of the loop is much {ess than the area of the magnetic
field.

You may assume that the only magnetic field present is located directly between the north and south poles.

. north pols
h thicrommmeter microammeter microammeter
¢ ,
! A ] - » .
microammeter A o Position
4'/ v
‘)
v’ v
Yasition 2
S
: |
position 1 position 1 position 2 position 3
square loop positions viewed from south pole
Figure 7a Figure 7b

A Which of the following graphs best shows how the flux through the squarc loop varics with time as it movoes
from position 1 through to position 37 Wiite your answer in the box provided. 7 T Y

A B.

flux fux 4

» (ime . \
‘ » time

ﬂuxx . ‘ . flwcg H
. ' + fime
l »fime |—J

1 mark

SECTION A — Area of study 1 — Question 8 — continued



: S _— R - . S e ZL2 PHYS TXAM 2

Which of the following graphs best shows how the magnitude of the emf in the square loop varies with tims as
it moves from position | through to position 3? Write your snswer in the box provided. 7 Y Yo

A, B.

eme emf 4 /

I ¥ time

= tiine

C. D.

el’ﬂiT eimf I H
I piinc ' U p tilnie

D

[ mark
Describe the direction of the current in the square loog as it moves from position 2 to position 3, as viewed from
the south pele (see Figure 7b). You may use a sketch in your answer. Explain the reasons for your answer. {3 3

[\

average 1.6
Anf‘daokw[.se f/u;t (b) (4 ouk 9{-1‘@ pa.y,e aagf d/
$0 juduwed B s put o4 the pege. é(smc/ RHGR ~
current ffws wkichtwis' ©

3 marks

END OF AREA OF STUDY 1
SECTION A — continuzd
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Question 15 (7 marks)

Students wre experimenting with an ideal transformer. The circuit is shown in Figurs 16,

1000 turns - = 6000 tums

3.0 Flws

Figure 19

The primary coil has 1000 turns; the sccondary coil hag 6000 warns. There is a 1200 £2 resistor in the
secondary circuit. A 3.0 P AC power supply is connected across the primary coil.

a.  Calculate the RMS voltage across the resistor. 1 7 Ve I mark
iy Yo 6002 . Ve
—_— s g2
LR G
' [§
b, Calculate the peak voltage across the resistor. Eﬁ 76 /e I mark
a5
L - : L s . . - Ly
c.  Calculate the power dissipated JE the remst(a)r. 4 ay /{ 2 marks

e w !
Pz 5 =

ﬂ 19 o5
A

’ 0.27 w

SECTION A — Care studies — Questien 15 — continued
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The students now modify the cireuit, and connect a 3.0V DC battery and a switch in the primary circuit,
as shown in Figure 20, , A

ad&rujll.l

Figure 20

d. The students have been asked to observe the carrent in the resistor as the switch is closed. Before the
switclt is closed, there is no current in the resistor This does not surprise them. When the switch is

closed, there is a very short pulse of current in the resistor. Whon the switch remains closed, there is no

current in the resistor,
Explain why there is a short pulse of current as the switch s closed and why there is no current in the
resistor as the switch remains closed. No numbers arc required in your answer, bt you should refer to

the relevant law of physics.

Quibeh closeot —» Tsuc/a/éu cwerease iu thy ewrrtd,
50 chanat in Llax. DNecording to Faraday's lav
VOH'ccqedaao( o carret W?!(( he (nddaced 7y
secogw/a,r}/ ceil.

Switch reamains efostd ~no chaagl ia current ~
A0 Chan gl in Hlux —> 4@ Ma/% ¢ in fluy —>

no inoheeo! vol{écéqg ol -g¢rred G _;ewfm/zm},m

3 marks
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27 2013 PHYSICS EXAM

Question 16 (6 marks)

A diagram of a DC motor is shown in Figure 21.

,,,,,,,,, P —
:_:N ‘,‘ —
¢
X . e
—
+
uuuuuu +Gd<5\_ — ot
P s A
o) ’
. s 4
‘
W7
i
3 4 - ,"'
o
_'7 fﬁp_ ________
L4

0.50 A g

axis of rotation  split-ring commutator

Figure 21

The motor 18 operating and the rectangular coil is rotating about the axis of 10tat1011 Mary views the
operating motor from point Q.

Is the direction of rotation clockwise or anticlockwise? Give a reason for your answer

59 A, 2 marks

_M Aufickockwise aowrdmj to RHSR

/B to the r‘f,?"’r trr et ,Crou. w o X/, fore
o% WX 6[0\&“(.)

While in the position shown in the diagram, a current of 0.50 A is Howing in the rotating coil, The coil
has 20 turns and the magnetic field at the side labelled WX has 2 strength of 500 mT. The side WX has
a length of 5.0 cm.

L]
Calculate the magnitude of the force on the side WX, 6 6%

2 marks
nfoTf = 206035050005

.

.25 N

SECTION A — Core studies — Question 16 - contimied
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¢. There is a split-ring commutator fitted to the motor, Mary suggests that the split-ring commutator
causes a lot of friction on the motor, and that the moter would rotate faster if the split-ring comtmnutator N
were removed and, instead, slip-rings were used to cannect the input DC curvent to the rotating coil. s

Would this change improve the operation of the motor? Ciive rousons for your answer. (/ O A 2 marks _71 ;

to. Coil will tera 797 aud &?‘o/p as slip
L1472 Will gt om_reverse carread in the coi/.

Question 17 (11 marks)

Students conduct an experiment that is shown in Figure 22, An aluminium ring is made to oscillate
vertically botween point A and point B, Point C is the midpoint between A and B. A strong, small bar
magnet is fixed at the centre of the oscillation, ag shown in Figure 22.

~aluminium ring
, " in top position

{*1*

N pole on top
of magnet

range of oscillation
of aluminium ring

S pole on bottom. . :
of magnet : :
)

~

________________

Figure 22

The vertical dashed Jine goes through the centre of the aluminiym ring and also through the centre of the
har magnet in the diagram.

SECTION A— Core studies — Question 17 — continued
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29

The magnetic flux through the aluminium ring is grapied ag a function of time in the graph shown it

Figure 23,
1!
0.6
I A A
el AN IR N A AN Y
W TN TN
0.2
o5 L0 15 20 25t ime®
Figure 23
a. The resistance measured around the aluminium ring s 0.7 €.
Calculate the average current (fowing around the ring from timc 7= 1.0s 0 z=1.5 5. 7 ? V4
E,,v,, -N___, =08V T=+:84

.
Use information from the graph in Figure 23 to specify the time(s) aftor 1= 0 5 and before r=2.0 g

when the emf around the ring will be zero, L/{ o

b

3 marks

2 marks

0 - fradead of Lhux :

SECTION A — Core studics — Question 17 — contintued
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.

When the ring is moving downwards towatds ihe N pole of the magoet, a current fows around the
ring,
Uge a sketch or words to deseribe the direction of this current when viewed from above. Explain your

answer carcfully,  [2 U/, av erggg /. !

4 marks

CZ@OJ(W‘” frowe whurt . Flux /B ) s g ancl
mcreaﬁe} S0 cw/acec/ Ma,guffc: -/l;e/o/ dn«méo
afpese /Mw re Shuy. RHG R e ¢ directs 04
fbﬂ'— cwrre wullelochu )i e Lram cbovt

Use information from the graph in Figure 23 to completo the table below, showing the times {(between
t=0suand t= 2.5 5) when the aluminium ring is located at point A, point 1 and point C, as shown in

Figure 22,

At1 =05, the ring is atpoint A, V4 'f o avt/ af ¢ ¢ b 2 marks
Position of ring Time(s) F/“x s MX('M% wye Q/{ C
atpointA 0 2 . O A'é A Mi{ [Z) - %I.‘(/‘.M“m/

© at point € W O'; L,; 25
: e2) sturting fros A

at point B [ 0

SECTION A — Core studies — continued
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Area of study — Electric power

Question 12 (2 marks)

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

wire
cotl A
A 4
Figure 23
4. Which one of the follrowing best describes the direction of the magnetic field of the coil at point X? 1 mark
A, left B. right C, up 51 7.
D. down E. outof the page F. into the page

A

b.  Which one of the following best describes the direction of the force on the wire at point X? é 6 4 1mark

A, left B. right C. wp
D. down E. out of the page F. into the page

=

SECTION A - Core studies — continued
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Question 13 (7 marks)

A horizontal sguare conducting metal loop of one turn is placed in a uniform, 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. '

magnetic field

is vertically

/ downwards

magnetising “—f P P horizonta! square
: [ ] .
coils f = aumnt . conducting
—— metal loop
S
Figure 24

. . . . 357

a.  Students discuss different methods of causing a current to flow in the loop. ¢
Choose one or more of the following options that would cause a current to flow in the loop, 1 mark

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

B. moving the loop sideways (to the left) but keeping it 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

¢, D

b. The uniform field of the magnet between its poles is initially equal to 0.050 T. The current in the
electromagnet is then adjusted so that the field reduces to zero in 10 ms.

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. S50 ‘ 3 marks
9.05‘!0.04? —t—Ed \/ ‘
2z — =T Vv |

(E 0.l & =

SECTION A — Core studies — Question 13 — continued



e ‘ 2014 PHYSICS BEXAM

¢.  The magnetic field is reduced to zero.

On Figure 25, indicate the direction of the resuliing induced current in the loop FExplain your
~ 2 A'KS
reasoning,. 2 4% 3 marks

veraat |
> A

Z
<

loop ag viewed from above

Figure 25

Flux douwn otue! qﬂe@rea,s;éc/ — 4wfuazo/mgwﬂf
m&/ will he dowH +o %//ppw alz#( Cut
Usmj ZH@X Currewt +/0u/5 &fooﬁwuf
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Question 14 (3 marks)
An ideal transformer 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. 30 % 1 mark

| |
|

0 v]

b. AnAC voltage signal is then connected to the primary coif and an AC RMS voltage of 400 V appears
at the output of the secondary coil.

Calculate the peak value of the voltage at the input of the primary coil. 523 7 2 marks

50 = is Y., = {0V
Unm < /9 ﬁ

I

3]

SECTION A — Core studies — continued
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Question 15 (6 marks)

Jemima is planning to operate an electric light globe in a building some distance from her house. To do this,
she connects two long wires from a variable voltage DC power supply in the house to an electric light globe
in the building.

eleciric
long connecting wires fight globe
in building

variable DC
power supply

Figure 26
not to scale

The wires have a total resistance of 5.0 Q. The DC power supply produces a constant output voltage of
13 V. The light globe in the building is designed to operate at 6.0 V. Assume that its resistance is a constant
1.5 £,

When Jemima switches on the circuit, she measures the voltage at the light globe to be only 3.0 V.

a. Calculate the voltage loss in the long connecting wires. 7 5’ % 1 mark

15-3

{0 v
b.  Calculate the power output of the light globe at this voltage. E5Y% 1 mark
‘ 3 2 :

Y

6 W

¢.  Calculate the current flowing in the long connecting wites, 5‘? Ve 1 mark

F Wi
%“5’

=<,

P
} -
-—

SECTION A — Core studies — Question 15 — continued
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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 to run the light globe af greater than
6.0 V as it will probably fail.

Calculate the greatest voltage that Jemima can set the DC power suppiy at, without exceeding 6.0V
across the light globe in the building. Show your working. 4 D% 3 marks

b . -
N ,Ts-l" Vo 145
Vjpyy = 425220V
Vr{,,r,“ > 20 f’é

ey

1-..,

bV

Question 16 (4 marks)
Efficient transmission of electric power over long distances often involves the use of step-up and step-down

transformers. g P/ ajer %f ).

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

fmount o] /QOW’Z) o ge braasinitled o3 -{—i/‘é’&/

S{ep ap é,»aws{;@,«wzr Luereases VO/‘EQ,‘?Z aet cracl SO
c/ %rmg awrre«/f 7
Le» carretl wogat lpss power loss i the bves P=T%
—9156;/7 dowu fm«s{—orm; /zc{cu.es UO/faqé’ to the Lovel
%Dpw]ﬂrra/fé for @%0’ YSEr
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Question 17 (9 marks)

A model DC motor using permanent magnets is shown in Figure 27. The coil of the motor is tormed from
75 turns of wire, Each turn is rectangular, having a length of 40 ¢m (sides WX and YZ) and a width of
15 em (sides XY and W2,

The magnetic field is uniform and has a value of 0.020 T. The coil can rotate freely between the magnets.
The axis of the motor and the direction of the magnetic field are shown.

*

)
N N .

----- 15cm --o-
Y

left right

split-ring
commutator

down

brushes

Figure 27

a.  In the table below, describe the direction of the forces on all four sides of the coil. Assume that the coil
is in the horizontal position and the current direction is as shown in Figure 27. Use the words “up’,

‘down’, ‘left’, ‘right’ or ‘no force’. 67" , _ 2 marks
Side Force direction
WX l‘f
XY 0
YZ T
VA" 0

b.  What is the magnitude of the force on the side WX of the 75-turn coil when the coil is horizontal and
the current is 2.0 A? ‘££ ) 2 marks

FenllPB ~T7542.0x0.4vp 02

SECTION A — Core studies — Question 17 — continued
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¢. The motor is switched on when the coil is stationary in the horizontal position, and the coil starts to
rotate.

¢
Explain why this rotation occurs. 36 % 2 marks

A

1

v o

l/uz {0/'0;5 o4 0})0&:2’2 Licle O_ﬁ %ﬂe 601/ @/ (« ,yﬂgur Ao
o/t/‘edz(m& 50 Q fm?,:,w pr@c/ucea/

<
(11
(2
<
w
-
I—
P
- d. As the coil rotates from its starting position, it travels through a vertical position, when its plane is
w perpendiculat to the magnetic field. 7 3 WA
l: In the table below, indicate the direction of the current in the side WX (if there is a current} at the three
o positions listed. Use only the following directions:
g « from Wio X
o fromXtoW :

— *  no current 3 marks
o
Z Position Current in side WX
O before the vertical position U\} — X
o) - |

at the vertical position O

after the vertical position A~ \IJ

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 fitted with slip rings and is connected to an oscilloscope.

to an ogcilloscope

Figure 28

1.1
a.  The display on the oscilloscope shows an AC signal. &9 /0 z ‘)El—aj

Explain why the signal is AC rather than DC. 3 marks

The -Sﬁr%mq (swp pma’ucu au AC. 53%/

& 5//;5 /e ML /)rowf/i & coustant wmczr’/ﬂa/ Sp aquwf
Lo ehe a.&at//t?-\w/& will ée AC.
A .sp/rf -ring comdator npoed fo pmwde D¢
odpq/?‘ v
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b.

C.

The coil of the generator makes one hatf turn (180°) every 25 ms.

¢
Calculate the frequency of the AC signal produced by the generator. 5 / /e 2 marks

Dér:oa’ T 24625mS =0.05 8

==
/ !

20 m

The speed of rotation of the coil is increased so that it completes one half turn every 10 ms.

State whether this will increase, decrease or not change the magnitude of the voltage output of the

generator. Give a reason for your answer.

9 %

2 marks

7 Cin Kate 0.; &Acw,fé’ e} Lluy will gueecse

Lhere fore odpu/‘ uo/wffcﬁi‘ Cuorecsls.

)

]

ai\f/“gﬁr

¥ T
E2pe &

L
—.
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Area of study — Electric power

Question 12 {10 marks)

Ntudents heve ¢ model that can be uged as a nwotor or gensrator, depending on fhe conpecHons used,
‘The magnets provide a aniform magnetic field of 2.0 = 16 tegla,

EFGH 12 a sgquare coil of each side Tength 4.0 om with 10 tums,

A 6.0V battery and an ammeter are convecied o the shatt through 4 commutator,

Fhig ix shown in Figure 12,

Figure 12

3%

a,  The mmmeaier shows a current of 4.0 A

With the coil horizontal as shown in Figure 12, what is the foree on the side EF? Give the magnitode
and direction (up, down, Leff, deht. Show your working,

- - N
"cnBJe = {O¥2LXI0 T v{xoo04y

A marks

Direetioq fre s RHSR

-3 .
Magnitude 3, 2¢fp N Direction T

Q.0032

NA - Core studics — Question 12 — coniinued
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The model is now set up as a DC generator, with the output connected to a voltmeter and oscilloscope via
a commutator, as shown in Figure 13, with the same coil of side length 4.0 cm and 10 turns, and a wniform
magnetic field of 2.0 x 1072 fesla.

The shaft is rotated by hand.

o]
a4

Figure 13

b.  Which one of the following graphs (A.—D.) best shows the voltage cutput as vicwed on the
oscilloscope as the coil rotates steadily? (At £ =10, the coil is horizontal, as shown in Figure 13.) 1 mark

£0 Y.
A. B.

v
™~

]
v

SECTION A — Core studics — Question 12 — continued
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The shaft and coil make two complete revolutions per second. 33 % qvera j £ /. 3

Caleutate the magnitude of the average voltaze as shown on the volimeter during ong~guarter
vevolution, Show your working 3 marks

_nM
(—C“ .

(f - ( X o_py
e

’ 0. Zé mvV !

. AT o { . _ l
The students wish to conver( this DC gencrator mto an AC conerator, {6 % a/er 4&? ¢ ! /

Deseribe ihe change or chunges the student would have to make to achieve this. Fxplain your answer, 3 marks

%@ S (it - f/“tyzcoaadag[@[ with 32} nﬁ%

5&/0 [—»mq$ agiatair ¢oustat cousteion and! @éé
/“}C wa’f’eu/‘ W;ﬁ«efwd;% e coil oittpe &

W%_mmw m_w_mf
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Question 13 (8 marks) _

To study electromagnetic induction, students pass a square loop at constant speed through the pole pieces
of a magnet, as shown in Figure 14a, Figure 14b shows the experimental sst-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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Figure 14a é:'
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Figure 14d & | P 7
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11 7
a.  On the axes in Figure 140, sketch the magnetic flux as the front edge of the loop passes from P to T. 2 marks
397
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 to T. 2 marks
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L.

Determine the direction of the current through e volimeter as the Toop enters the magnatic fisld.
Wiite X'fo ¥ or ¥ fo Xin the answaer box below. Explain how you determined this in terms of Lenz’s

I W,

£ dowu _awe{f?wf%e?;// L
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Question 13 (4 marks)

A 30 m leng, vertical, copper lighining conductor is located in a region where Earth’s magnetic field is
horizontal and peinting north, A curtent of 2000 A flows down the conductor to Farth during an electrical
storm, Foree detectors measure a force on the lightning conductor of 0.32 N,

4
a.  Calculate the magnitude of Earth’s magnetic field acting on the lightning conducior, j O 7 2 marks
g g g g £

F=b47

=
S3xp™ 1

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

on the lightning conductor? Explain vour answer, 1?( ! 7 0 2 marks
A, north
B. south
C. east
D.  west ‘
E. verticallv up
E,  vertically down
C
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Question 14 (5 marks)
Students build a simple electric motor, as shown in Figure 18.

axis of rotation

Col hopi'z putad
chf’«»c‘“gy op et (& syttt (oryut weas )/cfw

77 4

<
commutator Lul
o
=
o
Figure 18 -
I
a. At what position(s) (A.—D.) of the rotating coil is the magnetic force on the side XY zero? One cr more -
answers may be selected. 9/& VA 1 mark
A. horizonta] with the current as shown in Figure 18 E
B. horizontal with the current in the opposite direction to that shown in Figure 18
C. vertical bl
D. at all orientations of the coil :
A B z
V4
b. The students discover that the motor starts moving more easily with the coil in some orientations than -
in others. (&7 dUlPI"'cf-j( 0.6 o
e
Explain the best orientation(s) for starting the motor to move from rest. 2 marks
o
o

SECTION A — Core studies — Question 14 — continued
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C.

D, reverse one of the poles of the permanent magnets

h: P TT = Fzabld |

To increase the speed of rotation of the motor, the students sugyest o number of improvemenis,

Which suggested improvement(s) (A.—D.) is likely to inercase the speed of rotation of the coil? One or

more answers may be selected, Explain vour answer, 3 Lf -'/0 2 marks
A, increase the battery voliage

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

C, increase the resistance of the coil

/4//5

b5 hf@/::ﬂz/Sf/'f
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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 m?, There are 1000 turns in the coil (rot all are shown in the diagram).

AIIFIIRIITIIIILANS

-

Figure 19 e
The axis of the coil is immersed in a uniform external magnetic field of strength 0.0050 T and its direction o
is shown by the arrow labelled B in Figure 19. & f A <
a. Calculate the magnitude of the flux through the first turn of the coil. Include an appropriate unit. 2 marks
P BAh - 0005 %0.0% s
I
|—
=z
e wl
3.0x/p"° Wh —
Y I3 o
b. The external magnetic field is now reduced to zero. This results in an emf in the coil. / ? o @ uequ{ 1 ;
Describe the direction of the current in the resistor during this time (use the words ‘left’ and ‘right’). -
(ive reasons for your answer. 3 marks —
E < ad Bl o
B e
. it @)
(]

RHG K

Lest
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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

<L
L
o
<L
Figure 20a 2
I
—
150
2
18 VDC —— Globe A Globe B
— Ll
I 98 90
supply -
V{ 1.5 0 o
total resistance of
transmission line = 3 —
O
Figure 20b Z
Ruby and Max use an 18 V DC power supply, as shown in Figure 20b, The two transmission lines have a o
total resistance of 3.0 2. Assume that the resistance of the globes is constant at 9.0 Q and that the other (]
connecting wires have zero resistance,
g v
2. Calculate the power delivered to Globe A, > ? ’ 2 marks
pe¥t o I -
~p a
K {

36w Vv

SECTION A — Core studies — Question 16 — continued
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b. Calculate the total voltage drop over the transmission lines. Show your working. 30 7 2 marks

WE {2 52 averest 0.6
T{—nﬁé‘ - % = /.5‘14

\/, [ 5x30=%5 V
&y

9.5 v

¢. Calculate the power delivered to Globe B, Show your working, 344 3 marks
- Pl s - ase f.
uazft‘(‘shjf.b\/ average 1.0
[y VA
2 o)
™~ ]

20W VW

<
L
o
<t
7]
L
(-
=

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

Ruby and Max have two transformers available —a 1:10 step-up transformer and a 10:1 step-down
transformer,

WRITE

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. 1 &, Yo 2 marks

averesé . 7

DO NOT

$hep *Fy
kp Aow#
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e.  Explain why the transformers would reduce the transmission losses. Your answer should include
reference to key physics formulas and principles. 2& e 3 marks

Tracsjoraers wafufai cowst s
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Question 17 (9 marks)
Samira and Mark construct a simple alternator, as shown in Figure 21.

Vv

o <
1
slip rings w
o
<
Figure 21 7y
When the coil is rotating steadily, it takes 40 ms for each complete rotation and produces a peak emf of I
35V -
a. Calculate the frequency of the AC emf. 2 F4 2 marks z
1]
. I w
- --“.
f=7 -
7 : —_
a o
2 5 Hz f—
o
L]

£3 7 Z

b. Calculate the RMS value of the AC emf. 1 mark
' o

/%

(]

=
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¢, Describe the orfentation{s) of the rotating coil when the magnitude of the emf is af a masximum. Give
reasons tor vour answet, 15 Ve

Herzoufdd - AL
Kate hasgp X
) ef clnys of P mz

2 marks

- 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., 359,

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

Suggested change emf
‘ {(increases, decreases. no effect)

L

; } Tnerease the number of turns in the rotating coil. } ?\
: ! Py
1 Inerease the frequency of rotation of the coil. 1 /
Increase the sirength of the permanent magnets. 71
Reduce the resistance of the resistor R. Mo Ot M

v

4 marks
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