HL Paper 1

Capacitance of a capacitor is defined as the

A. ability to store electrical charge.

B. ratio of charge stored to potential difference.
C. ratio of potential difference to charge stored.
D. ratio of work done to charged stored.

Markscheme

B

Examiners report

[N/A]

A battery is used to charge a capacitor fully through a resistor of resistance R. The energy supplied by the battery is Ey,. The energy stored by the
capacitor is E.

What is the relationship between Ey and E;?
A Ep<E;
B. En=E,
C. E,>E;

D. The relationship depends on R.

Markscheme

C

Examiners report

[N/A]

An alternating current is sinusoidal and has a maximum value of 1.5 A. What is the approximate value of the root mean squared (rms) current?

A. 23A

B. 15A



C. 1.0A

D. O0.75A
Markscheme
C

Examiners report

IN/A]

A magnetic field of strength B links a coil. The direction of the field is normal to the plane of the coil. The graph shows how B varies with time ¢.
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Which of the following graphs shows how the induced emf ¢ in the coil varies with ¢?
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Markscheme

D

Examiners report

[N/A]

Which of the following experiments provides evidence for the existence of matter waves?

A. Scattering of alpha particles



B. Electron diffraction
C. Gamma decay

D. Photoelectric effect

Markscheme

B

Examiners report

[N/A]

Three identical capacitors, each of capacitance C, are connected as shown.

—a [ —

What is the total capacitance of the combination?

2
A iC
B. C

3
c. ic
D. 3C

Markscheme

C

Examiners report

[N/A]

A capacitor is charged by a constant current of 2.5 pA for 100 s. As a result the potential difference across the capacitor increases by 5.0 V.



What is the capacitance of the capacitor?
A. 20 pF
B. 50 pF
C. 20 mF

D. 50 mF

Markscheme

B

Examiners report

[N/A]

An alternating current generator produces a root mean squared (rms) emf of € at a frequency f. The rotational speed of the coil in the generator is

doubled. Which of the following correctly identifies the new output rms emf and the new frequency?

emf Frequency

A. 2e 2f

B. J2e 2f

Markscheme

A

Examiners report

[N/A]



The voltage output of a particular power station is stepped up by a factor of 103. As a result the power loss in the transmission cables is reduced by a

factor of

A. 108,
B. 10°.
C. 10°.
D. 102,

Markscheme

B

Examiners report

[N/A]

An ideal transformer has a primary coil with N, turns and a secondary coil with N turns. The electrical power input to the primary is P. Which of the

following is the power output from the secondary?
NP
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Markscheme

B

Examiners report

Candidates should first read the question and look through the possible responses, consulting the data booklet only if necessary. Clearly if a

transformer is ideal then the power output will equal the input.



An aircraft with a wing span of 50 m flies horizontally at a speed of 200 m s~1. The vertical component of the Earth’s magnetic field at the plane’s

position is 10 T

What electromotive force (emf) is induced between points A and B on the aircraft?

A 01V
B. 1V

C. 10V
D. 100V

Markscheme

A

Examiners report

As all the responses have the same significant figures this is clearly a question about powers of ten rather than an aeroplane flying through a magnetic

field. The majority of candidates understood this and selected the correct response of A.

Three capacitors, each one with a capacitance C, are connected such that their combined capacitance is 1.5C. How are they connected?

s Innineln )

C. }—{ D.

Markscheme

C



Examiners report

[N/A]

The graph shows the power dissipated in a resistor of 100 Q when connected to an alternating current (ac) power supply of root mean square voltage

(Vims) 60 V.

pew |V
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tis
What are the frequency of the ac power supply and the average power dissipated in the resistor?
Frequency of the Average power dissipated
ac power supply / Hz in the resistor / W
A 25 36
B. 50 36
C. 25 18
D. 50 18

Markscheme

A

Examiners report

[N/A]

Raoul suggests that power losses in a transformer may be reduced by the following.

I. Constructing the core from a solid block of steel.

Il.  Using large diameter wire in the coils.

Ill.  Using wire of low resistivity.

Which of the above suggestions would reduce power loss?
A. lonly

B. llonly

C. lland lll only



D. I llandlll

Markscheme

C

Examiners report

IN/A]

A rectangular flat coil moves at constant speed through a uniform magnetic field. The direction of the field is into the plane of the paper.
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Which graph shows the variation with time t, of the induced emf ¢ in the coil as it moves from P to Q?
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Markscheme

Examiners report

[N/A]



A copper sheet is suspended in a region of uniform magnetic field by an insulating wire connected to a horizontal support. The sheet is pulled to one

side so that it is outside the region of the field, and then released.

Region of
magnetic .
field \ YT,
% » .
ff ‘ ‘)
Copper T ’
sheet sheet pulled to here

and released

The uniform magnetic field is directed into the plane of the paper.

Which of the following is true for both the direction of the induced current in the sheet and the change in amplitude of the oscillations of the sheet with
time?

Direction of induced current Change in amplitude
A stays the same no change
B. changes decreases
C. stays the same decreases
D. changes no change

Markscheme

B

Examiners report

If eddy currents are induced in the copper sheet, then there will clearly be damping of the oscillations. Hence B is the only possible answer.

Three conducting loops, X, Y and Z, are moving with the same speed from a region of zero magnetic field to a region of uniform non-zero magnetic

field.



loop X |:

loop Y

loop 2

Which loop(s) has/have the largest induced electromotive force (emf) at the instant when the loops enter the magnetic field?
A.Z only

B. Y only

C.Y and Z only

D. Xand Y only

Markscheme

A

Examiners report

[N/A]

An alternating current (ac) generator produces a peak emf Eg and periodic time T. What are the peak emf and periodic time when the frequency of

rotation is doubled?

Peak emf Periodic time
A 2E, 2T
B. T
2E —
0 2
C E, 2T
D T
E, —
2
Markscheme

B



Examiners report

[N/A]

Six identical capacitors, each of value C, are connected as shown.

What is the total capacitance?
C
A &

2
3

50
3

B.

C.

D.6C

Markscheme

B

Examiners report

[N/A]

The current / flowing in loop A in a clockwise direction is increasing so as to induce a current both in loops B and C. All three loops are on the same

plane.

N

L) O

What is the direction of the induced currents in loop B and loop C?

Loop B Loop C
A clockwise clockwise
B. clockwise anti-clockwise
C. anti-clockwise clockwise
D. anti-clockwise anti-clockwise




Markscheme

C

Examiners report

[N/A]

number of primary turns

The ratio for a transformer is 2.5.
number of secondary turns

The primary coil of the transformer draws a current of 0.25 A from a 200 V alternating current (ac) supply. The current in the secondary coil is 0.5 A.
What is the efficiency of the transformer?

A.20 %
B. 50 %
C.80 %
D. 100 %

Markscheme

C

Examiners report

[N/A]

The rms voltage of a sinusoidal electricity supply is 110V. The maximum potential difference during one cycle is
A.220 V.
B. 156 V.

C.110 V.
D.55V.

Markscheme

B

Examiners report

IN/A]



A rectangular loop of conducting wire rotates in a region of magnetic field. The graph shows the variation with time ¢ of the induced emf in the loop

during one cycle.

emf/ ¥’ : / \
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i 1 1p 0 ¢/ms

b N

The resistance of the coil is 5.0 €2. Which of the following is the average power dissipated in the loop?

A W

B. %

C. 45W

D. 45V2W
Markscheme
A

Examiners report

IN/A]

A flat coil with N turns has a cross-sectional area A. The coil has a flux density of B in a direction of 90° to the plane of the coil.

What is the magnetic flux linkage?

A0

B. BA
C.NB
D. NBA

Markscheme

D

Examiners report

IN/A]



The rms current rating of an electric heater is 4A. What direct current would produce the same power dissipation in the electric heater?
4

A —A
V2

B. 4A

C.42A
D. 8A

Markscheme

B

Examiners report

In order to reduce power losses in the transmission lines between a power station and a factory, two transformers are used. One is located at the

power station and the other at the factory. Which of the following gives the correct types of transformer used?

Power station Factory
A step-up step-up
B. step-up step-down
C. step-down step-up
D. step-down step-down

Markscheme

B

Examiners report

IN/A]

A permanent bar magnet is moved towards a coil of conducting wire wrapped around a non-conducting cylinder. The ends of the coil, P and Q are

joined by a straight piece of wire.
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The induced current in the straight piece of wire is
A. alternating.

B. zero.

C. fromPtoQ.

D

fromQto P.

Markscheme

C

Examiners report

This question was challenging, given that the diagram shown is two dimensional and some candidates struggled to envisage the situation in three

dimensions.

Faraday’s law of electromagnetic induction states that the electromotive force (emf) induced in a conductor is proportional to

A. the change of magnetic flux density.
B. the change of magnetic flux linkage.
C. the rate of change of magnetic flux density.

D. the rate of change of magnetic flux linkage.

Markscheme

D

Examiners report

IN/A]



The plane of a coil is positioned at right angles to a magnetic field of flux density B. The coil has N turns, each of area A. The coil is rotated through

180° in time t.

coil of N turns and area A

1807

What is the magnitude of the induced emf?

A 24

2BA
B. —

Markscheme

D

Examiners report

IN/A]

A parallel-plate capacitor is connected to a cell of constant emf. The capacitor plates are then moved further apart without disconnecting the cell.

What are the changes in the magnitude of the electric field between the plates and in the capacitance of the capacitor?

Magnitude of the electric field Capacitance
A. increases increases
B. increases decreases
C. decreases increases
D. decreases decreases
Markscheme

D



Examiners report

[N/A]

Three capacitors are arranged as shown.

What is the total capacitance of the arrangement?
A.1.0F
B. 2.5F
C. 3.0F
D. 4.0F

Markscheme

A

Examiners report

IN/A]

A direct current (dc) of 5A dissipates a power P in a resistor. Which peak value of the alternating current (ac) will dissipate an average power P in the

same resistor?

A. 5A

5
B. 2A

C. A

Sle

D. 5v/2A

Markscheme

D

Examiners report



[N/A]

In an ideal transformer

I. the power output exceeds the power input
Il. the magnetic flux produced by the primary coil entirely links the secondary coll
Ill. there are more turns on the secondary coil than on the primary coil.

Which of the above statements must be true?

A.land Il only
B. I and Ill only
C. Il only
D. Il only

Markscheme

C

Examiners report

IN/A]

A rectangular loop of conducting wire rotates in a region of magnetic field. The graph shows the variation with time ¢ of the induced emf in the loop

during one cycle.

emf/ V : / \
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N A

Which of the following gives the correct times at which the magnitude of the magnetic flux linkage and the magnitude of the current in the loop are

maximum?



Flux linkage Current
A Y Y
B. Y X
C. X Y
D. X X

Markscheme

B

Examiners report

[N/A]

A length of copper wire PQ is moved downwards through the poles of two horizontal bar magnets as shown below.

Q

N P S

Compared to end Q, end P will have

A. fewer electrons.
B. more electrons.
C. fewer protons.
D. more protons.

Markscheme

A

Examiners report

The statistics of the question show confusion among the candidates who were obviously unclear about how to get the direction of the magnetic force

on electrons.



The diagram shows a conducting rod of length L being moved in a region of uniform magnetic field B. The field is directed at right angles to the plane

of the paper. The rod slides on conducting rails at a constant speed v. A resistor of resistance R connects the rails.

B
rail
rod

What is the power required to move the rod?

A. zero

vBL

c v?B2L?

v?B2L?

Markscheme

C

Examiners report

[N/A]

The capacitance of a device is defined as the
A. charge stored by the device.
B. energy stored by the device.

C. charge stored by the device for a potential difference of 1V across the device.
D. energy stored by the device for a potential difference of 1V across the device.

Markscheme

C

Examiners report

[N/A]



The capacitance of a pixel of a CCD is 3.2 pF. A pulse of light is incident on the pixel and as a result, 10* electrons are ejected from the pixel. The

magnitude of the change in potential of the pixel is

A 50x107°V

B. 5.0x107*V

C. 20x10®V

D. 2.0x10"°V
Markscheme
B

Examiners report

[N/A]

What are the units of magnetic flux and magnetic field strength?

Magnetic flux Magnetic field strength
A Wbm™ Wb
B. Wb T
C. Wb Tm™
D. Tm™ Wbm™
Markscheme
B

Examiners report

IN/A]

Which of the following reduces the energy losses in a transformer?

A. Using thinner wires for the windings.
B. Using a solid core instead of a laminated core.

C. Using a core made of steel instead of iron.



D. Linking more flux from the primary to the secondary core.

Markscheme

D

Examiners report

IN/A]

Two identical resistors R are connected in series to an alternating current (ac) power supply. The power supply has a root mean squared (rms) voltage

of V and an rms current of /. What is the maximum power developed in one of the resistors in the circuit?

A2V

B. VI

c.2vi

VI

D'ﬁ

Markscheme

B

Examiners report

[N/A]

An alternating current supply of negligible internal resistance is connected to two resistors that are in parallel.

e
B e T—
R
()

N

I:f

]

The resistance of each resistor is R and the peak voltage of the ac supply is V. Which of the following is the average power dissipated in the circuit?

A 2
: R
B



%2

C. N7

p. &
Markscheme
B

Examiners report

[N/A]

The graph shows the variation with time t of the magnetic flux ¢ through a coil that is rotating in a uniform magnetic field.

¢

W

The magnitude of the emf induced across the ends of the coil is maximum at time(s)
A. tyand t5.
B. t, and t,.
C. tz only.

D. t4 only.

Markscheme




Examiners report

The peak value of an alternating sinusoidal potential difference is 100V. The approximate rms value of the potential difference will be

A. 50V.
B. 70V.
C. 140V.
D. 200V.

Markscheme

B

Examiners report

Far too many candidates thought that the rms value was half of the peak value.

A parallel plate capacitor is connected to a cell of negligible internal resistance.

The energy stored in the capacitor is 4 J and the electric field in between the plates is 100 N C™'. The distance between the plates of the capacitor is
doubled. What are the energy stored and the electric field strength?

Energy / J Electric field strength / NC™
i 2 50
B. 8 50
C. 2 200
D. 8 200

Markscheme

A



Examiners report

[N/A]

The graph shows the variation with time t of the current / in the primary coil of an ideal transformer.

I
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The number of turns in the primary coil is 100 and the number of turns in the secondary coil is 200. Which graph shows the variation with time of the
current in the secondary coil?
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Markscheme

D

Examiners report

IN/A]

A sinusoidal ac power supply has rms voltage V and supplies rms current /. What is the maximum instantaneous power delivered?



A. 2Vl

B.V2VI

C.vi
VI

Markscheme

A

Examiners report

IN/A]

The diagram shows a diode bridge rectification circuit and a load resistor.

output

load resistor

output

The input is a sinusoidal signal. Which of the following circuits will produce the most smoothed output signal?

A. B.
output output
o P 4 S poue
% ¢
O ]
output L output
C D. j\‘
— Output —=Output
] P o) P
5 A
/£ i
LY % —1
'S O -
output output

Markscheme



Examiners report

IN/A]

A coil of wire has a large number of turns. It is moved relative to a fixed magnetic field. The emf generated will be equal to the
A. rate of change of magnetic flux linkage.
B. rate of change of the magnetic flux through the coil.

C. change of magnetic flux linkage.
D. change of the magnetic flux through the coil.

Markscheme

A

Examiners report

[N/A]

Two identical circular coils are placed one below the other so that their planes are both horizontal. The top coil is connected to a cell and a switch.

switch cell

e

The switch is closed and then opened. What is the force between the coils when the switch is closing and when the switch is opening?

Switch is closing | Switch is opening
A attractive attractive
B. attractive repulsive
C. repulsive attractive
D. repulsive repulsive

Markscheme

C

Examiners report



[N/A]

Two capacitors of different capacitance are connected in series to a source of emf of negligible internal resistance.

}_{

What is correct about the potential difference across each capacitor and the charge on each capacitor?

Potential difference Charge
A same same
B. same different
C. different same
D. different different
Markscheme

C

Examiners report

[N/A]

A conducting square coil is placed in a region where there is a uniform magnetic field. The magnetic field is directed into the page. There is a
clockwise current in the coil.

What is a correct force that acts on a side of the coil?

® & & ®
magnetic field
lB- directed into
page
@ A 2l @ c ®
® ® & ®
current

—
direction lD.
& & & &



Markscheme

D

Examiners report

[N/A]

The graph shows the variation with time of a magnetic flux passing through a loop of wire.

-

magnetic flux /

0 e
0 time

What is the magnitude of the emf induced in the coil?

A. The area between the graph and the time axis

B. The area between the graph and the magnetic flux axis
C. The gradient of the graph

D. The inverse of the gradient of the graph

Markscheme

C

Examiners report

[N/A]

A parallel-plate capacitor is connected to a battery. What happens when a sheet of dielectric material is inserted between the plates without

disconnecting the battery?



A. The capacitance is unchanged.
B. The charge stored decreases.
C. The energy stored increases.

D. The potential difference between the plates decreases.

Markscheme

C

Examiners report

[N/A]

An alternating current (ac) power supply generates an emf with peak amplitude V, and delivers an average power P. What is the root mean square
(rms) current delivered by the supply?

p

P

B. V2V

Markscheme

C

Examiners report

IN/A]

A bar magnet is close to a coil. No other magnetic fields are present. An ammeter is connected to the coil.



)

The magnet and the coil are moved in the following ways.

I. The magnet and the coil both move to the right with the same speed.
Il. The magnet is stationary and the coil moves to the left.
Ill. The coil is stationary and the magnet moves to the right.

In which of the following will the ammeter indicate a current?

A.land Il only
B. I and Ill only
C. Il and lll only
D. |l only

Markscheme

C

Examiners report

[N/A]

A coil of area A is placed in a region of uniform horizontal magnetic field B. At t=0, the coil starts to rotate with constant angular speed w about a

horizontal axis.



W

What is the emf between X and Y?

A. zero
B. wAB sin wt
C. AB cos wt

D. —~wAB sin wt

Markscheme

A

Examiners report

[N/A]

A fully charged capacitor is connected to a resistor. When the switch is closed the capacitor will discharge through the resistor.

switch resistor

fully charged capacitor

Which graphs correctly show how the charge on the capacitor and the current in the circuit vary with time during the discharging of the capacitor?



time

charge
N
B- charge
\
C. charge | _
-
D. charge |
/
:\narkscheme

Examiners report

[N/A]

time

i
current

b,
current

I
current

current

time

time



The graph below shows the variation with time of an alternating current in a resistor of resistance 2.0 Q.

current / A /

-

40 |- — —

time

A0 - — — — — — - _ 2

What is the average power dissipated in the resistor?

A.0.25W
B.8.0W
C.16 W
D.32W

Markscheme

C

Examiners report

IN/A]

A uniform magnetic field directed into the page occupies a region of width L. A conducting coil of width L moves at constant speed v, from left to

right, through the field.



< 7 >

From the instant that the coil enters the field until the instant that the coil leaves the field, which of the following best describes the direction of the
current induced in the coil?

A. Anti-clockwise
B. Clockwise
C. Anti-clockwise then clockwise

D. Clockwise then anti-clockwise

Markscheme

C

Examiners report

It would seem that most candidates intuitively chose between A and B, with only those who understood Lenz’s Law selecting C or B. The essence of
the solution is that as the square is entering the field the flux linkage is increasing, while as it is leaving the linkage is decreasing. Hence neither A nor
B can be correct. And since the direction of the current is such as to try to reduce the change in flux linkage, it should set up a magnetic field out of

the page as the loop enters the field. Hence C is the correct answer.

Candidates clearly need more practice in the application of Lenz’s Law in a variety of different situations.

An ideal transformer has 200 turns of wire on the primary coil and 600 turns on the secondary coil. There is an alternating potential difference of

frequency f and of peak value V across the primary coil. Which of the following best describes the emf across the secondary coil?



Peak emf Frequency

A. less than V/ less than f

B. less than V/ equal to f

C. greater than 7/ greater than f

D. greater than 7/ equal to f

Markscheme

D

Examiners report

IN/A]

The diagram shows a bar magnet near an aluminium ring.

L’

||
|
|'/{"T'|ﬂ|
|I |I I| | =T 3 bar magnet
Pl

iﬂi‘{ilumimum ring

The ring is supported so that it is free to move. The ring is initially at rest. In experiment 1 the magnet is moved towards the ring. In experiment 2 the
magnet is moved away from the ring. For each experiment what is the initial direction of motion of the ring?




Experiment 1 Experiment 2
A to the left to the left
B. to the left to the right
C. to the right to the left
D. to the right to the right
Markscheme
B

Examiners report

[N/A]

The diagram shows a loop L of wire in a uniform magnetic field B.

B

The loop encloses an area A and the field is directed at an angle 6 to the normal to the plane of the loop. The strength of B is increasing at a uniform
rate R. What is the emf induced in L?

RA
" cosf

B. RA cos 6

RA
* sinf

D.RAsin 6

Markscheme



Examiners report

IN/A]

The secondary coil of an alternating current (ac) transformer is connected to two diodes as shown.
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Which graph shows the variation with time of the potential difference Vxy between X and Y?
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Markscheme

A

Examiners report

IN/A]

The diagram shows the view from above as an airplane flies horizontally through the Earth’s magnetic field. The airplane is made of conducting

material.

B.

V,

XY

fime

fime



magnetic field
into page

Q

X X

X X X X
xX X X X

X R X

direction of flight

The direction of the induced emf will be from

A.PtoR.
B.RtoP.
C.StoQ.
D.Qto S.

Markscheme

B

Examiners report

There were, questionably, two plausible responses to this question — A and B. Both were accepted.

As the metallic wing moves through the Earth“s magnetic field so an emf will be induced between R and P in such a direction as to move (positive) charge from
R to P. This would indicate that B was the correct response.

But as a result of P being now more positive than R, it can be argued that an electric field is established from P to R. This would result in response A.

It is impossible to tell whether the confusion was due to the slightly ambiguous nature of the question or whether candidates were unable to use the correct
hand to analyse the situation. But the poor showing in Q 23 would suggest it may be the latter; in which case this is an area of the syllabus that needs more
attention.

A full-wave diode rectification circuit is modified with the addition of a capacitor in parallel with the load resistor. The circuit is used to rectify a

sinusoidal signal of period 6.3ms. Which graph shows how the potential difference V across the load varies with time?
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Markscheme

A

Examiners report

IN/A]

A coil and a magnet can move horizontally to the left or to the right at the same speed.

<> <4+“—>

1l
bar magnet S N “ot

A Y

conventional
current direction

In which of the following will a conventional current be induced in the direction shown in the diagram when both the magnet and the coil are moving?



direction of motion of magnet direction of motion of coil
A. to the left to the right
B. to the left to the left
C. to the right to the right
D. to the right to the left
Markscheme
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Examiners report

This is an application of Lenz"s law that needs to be fully understood. The conventional current implies a south pole at the left end of the coil and so must

oppose the motion of the magnet. The magnet must either be moving away from the coil or the coil must be moving away from the magnet.

A capacitor of capacitance C discharges through a resistor of resistance R. The graph shows the variation with time t of the voltage V across the
capacitor.
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The capacitor is changed to one of value 2C and the resistor is changed to one of value 2R. Which graph shows the variation with t of V when the new
combination is discharged?
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[N/A]



A magnet oscillates above a solenoid as shown.
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The magnet is displaced vertically and released from its highest position at time t=0. Which graph shows the variation with time t of the current / in the
resistor?
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[N/A]

A coil rotates in a magnetic field. The emf € produced in the coil varies sinusoidally with time t as shown.
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Which of the following correctly gives the rms value of the emf and the frequency of rotation of the coil?

rms value of emf

Frequency of rotation

&2

1
T

€

D

NN

£N2

NN

&
J2

N =

Markscheme

D




Examiners report

[N/A]

The graph shows the variation with time t of the output voltage V of a generator.
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Assuming all graph scales are identical, which graph shows the output when the speed of rotation is doubled?
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Examiners report

[N/A]

The magnetic flux @ through a coil with 1000 turns varies with time t as shown in the graph.
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What is the magnitude of the emf produced in the coil?

A.0.04V
B. 0.06 V
C.40V
D.60V
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Examiners report

Too many candidates, here and elsewhere, are omitting to read the axes when interpreting a graph. In this case they missed the power of ten.




The graph shows the variation with time t of the power P produced in a coil that is rotating in a region of uniform magnetic field.
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Which of the following describes the average power produced and the period of rotation of the coil?



Average power Period

A. 60kW 5.0ms

B. 60kW 10ms

120 W

C. ﬁ 5.0ms

120
D. ﬁkw 10ms
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This was the most difficult question in the paper for the candidates. Perhaps a simple sketch of a coil in a magnetic field would have helped them realise that

there will be two occasions in the cycle when the power output is zero. Hence A and B (the most common options) must be incorrect. This is a sin>curve and

the average power will be just half the maximum.



