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P HYS I cs 2. PHYSICS,M6 2019 HSC 5 MC

2 02 5 The diagram shows two coils wound around a solid iron rod. Initially the switch is closed.

HSC Revision Series

Module 6 Electromagnetism Solid
Electromagnetic Induction iron rod

Exam Equivalent Time: 105 minutes (based on allocation of 1.5 minutes per mark) Switch
witc

Galvanometer

Questions

Opening the switch will cause the galvanometer pointer to
1. PHYSICS, M6 2023 HSC 2 MC

A. remain at a constant reading.
Which diagram best represents the transmission of energy from a power station to people's

B. move from a non-zero reading to a zero reading.
houses?

C. move from a zero reading to a non-zero reading, where it remains.
A D. move from a zero reading to a non-zero reading, then back to zero.

Step-down | High voltage Step-up
transformer| [ ow current |transformer

Houses 3. PHYSICS, M6 EQ-Bank 10534 MC
The diagram shows an ideal transformer.
B.
Step-down |  High current Step-up J B Iron core
transformer|  Low voltage |transformer N
Houses — —
\% [ = L
C.
Step-up High voltage Step-down J
transformer Low current transformer
When the switch is closed, the pointer on the galvanometer deflects.
Houses
How could the size of this deflection be increased?
D A. Decrease the number of primary coils.

Step-up High current Step-down J Decrease the number of secondary coils.

B
transformer| Low voltage |transformer C. Replace theiron core with a copper core.
D

Place aresistor in series with the galvanometer.

Power station Houses



4. PHYSICS, M6 2015 HSC 12 MC

5. PHYSICS, M6 2021 HSC 7 MC
A simple AC generator was connected to a cathode ray oscilloscope and the coil was rotated at a

constant rate. The output is shown on this graph. In a certain ideal transformer, the current in the secondary coil is four times as large as the
current in the primary coil.

Voltage ‘ . . : Which row of the table correctly identifies the type of transformer and the ratio of turns?
1 | i i i
3 /\. : Type of Ratio of turns in primary coil
0 ‘ y \ | trans former to turns in secondary coil
| | i . Time
\/ .\/ A. | Stepup 4:1
-1 i i i i
! ! ! ! B. | Stepup 1:4
C. |[Stepd 4:1
Which of the following graphs best represents the output if the rate of rotation is decreased to b cowh
half of the original value? D. | Step down 1:4

(A) Voltage

RV IV BV VA

B) Voltage

JUVV

©) Voltage
1 -

0 i .
i \/ Time
A

(D) Voltage

(=]

\_/i Time



6. PHYSICS,M6 2019 HSC 18 MC 7. PHYSICS, M6 2021 HSC 10 MC

A circular loop of wire is connected to a battery and a lamp. The apparatus is moved from P to Q A strong magnet is moved past a copper block at a constant speed as shown.
along the path shown at a constant velocity through a region containing a uniform magnetic field.

X X X
X X X
P 0 N
X X X
v
S
Lamp X X X \—

. L . 5
Which graph shows the brightness of the lamp as the apparatus moves between P and @ ? What is the direction of the force acting on the copper block?

A. Totheleft
A. 2 B. Totheright
5}
§ N C. Intothepage
=)
5 D. Outof the page
Time
B. 2
(5]
£ \/\
=
o0
4
Time
C. 2
(5}
E m
=
=
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m
Time
D. 2
(5}
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=
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=

Time




8. PHYSICS, M6 2024 HSC 18 MC

The diagram shows a magnet moving towards a coil X.

O x

This action causes a current to be induced in the coil.

Which situation will induce a current in coil X that is in the same direction as the current induced
by the movement of the magnet?

Decreasing current Decreasing current

9. PHYSICS, M6 2021 HSC 24

A stationary coil of 35 turns and cross-sectional area of 0.02 m? is placed between two
electromagnets, and connected to a voltmeter as shown. The electromagnets produce a uniform
magnetic field of 0.15 T through the coil.

2 Electromagnet 2

B=0.15T

2 Electromagnet 2

The magnitude of the magnetic field is then reduced to zero at a constant rate over a period of
0.4s.

Calculate the magnitude of the emf induced in the coil. (3marks)




10. PHYSICS, M6 2019 HSC 24

A step-up transformer is constructed using a solid iron core. The coils are made using copper

wires of different thicknesses as shown.

Solid iron core

AC supply I

i

Resistor

The table shows electrical data for this transformer.

Y I Volo
50V 9A 500Js!

a. Explain how the operation of this transformer remains consistent with the law of conservation
of energy. Include a relevant calculation in your answer. (3marks)

11. PHYSICS, M6 2023 HSC 28

Anideal transformer is connected to a 240 V AC supply. It has 300 turns on the primary coil and
50 turns on the secondary coil.

It is connected in the circuit with two identical light globes, X and Y, as shown.

switch
b qa
— L
© = g e
P q
D
1 q

a. Calculate the voltage across light globe X when the switch is open. (2 marks)

b. Explain why, after the switch has been closed, the current in the primary coil is different from
when the switch is open. (3marks)




12. PHYSICS, M6 2018 HSC 22

a. Adrill spins a magnet above a non-magnetic metal disc which is free to rotate.

Induced
emf

Time

b. The diagram shows a magnet attached to an electric drill so that it can be rotated between two
coils connected to a voltmeter.

The drill starts from rest and gradually speeds up, reaching its full speed after three revolutions.

Sketch a graph showing the induced emf across the coils during the time that it takes the
magnet to reach its full speed. (3marks)



13. PHYSICS, M6 2020 HSC 28

A metal rod sits on a pair of parallel metal rails, 20 cm apart, that are connected by a copper wire.
. Thé'&ﬁé}:i'rﬁgr'{t"i"s"r'éiié'a"t'éa'i/'\}i't'ﬁaU't"t'Hé'Fﬁégﬁéfi'cmf]gla'. ...........................................................

The rails are at 30° to the horizontal.
Explain why the force required to move the rod is different without the magnetic field. (3marks)

The apparatus is in a uniform magnetic field of 1 T which is upward, perpendicular to the table.

Copperwite

Aforce, F, is applied parallel to the rails to move the rod at a constant speed along the rails. The
rod is moved a distance of 30cmin 2.5s.

a. Show that the change in magnetic flux through the circuit while the rod is moving is
approximately 5.2 x 10~ 2 Wb. (2marks)

b. Calculate the emf induced between the ends of the rod while it is moving, and state the
direction of flow of the current in the circuit. (2marks)



14. PHYSICS, M6 2021 HSC 31

Two identical solenoids are mounted on carts as shown. Each solenoid is connected to a
galvanometer, and the solenoid on cart 1 is also connected to an open switch and a battery. The

total mass of cart 1 is twice that of cart 2.

Cart 1

Explain what would be observed when the switch on cart 1 is closed. In your answer, refer to the
current in each galvanometer and the initial movement of the carts. (7marks)




15 PHYSICS, M6 2023 HSC 30

The diagram shows apparatus that is used to investigate the interaction between the magnetic
field produced by a coil and two copper rings X and Y, when each is placed at position P, as

LYo 772 « o
b.i. Inthe second part of the investigation, ring Y is placed at P, and the power supply is turned
oN. (2 marks)

ii. Explain the behaviour of the ring.

Calculate the maximum induced emf inring Y. (2marks)

Ring X is a complete circular ring, and a small gap has been cut in ring Y. Each of the rings has a
cross-sectional area of 4 x 10~ 4 m2

The power supply connected to the coil produces an increasing current through the coil in the
direction showny when the switch is turned on. This produces a magnetic field at Pthat Y (o R PN

shown in the graph.

(=)

Magnetic field strength
(x10737T)
[\S] ~ [o)} [ee]

(=)

0.01 0.02 0.03 0.04 0.05
Time (s)

a. Inthe first part of the investigation, ring X is held near the end of the electromagnet at position
P.

Account for the force acting on the ring from O to 0.05 seconds after the power supply is turned
onN. (4 marks)



16. PHYSICS, M6 EQ-Bank 12314

A solenoid was connected to a data logger to measure voltage. A magnet was dropped through
the solenoid from aboVe s SHOWN. e eeeeereeereeeeeeeeeseeeeseeeeeeeameesseeasseeeseeeaeeeameeisseeesfeeeateeaneee s eesEee s L eeane e enee e eeasfeen e eene s ann e

Data logger
voltage
probe

On the axes provided, sketch a graph showing the change in voltage as the magnet falls
completely through the solenoid. (3marks)

Induced
voltage time




Your analysis should refer to gravity and the copper cylinder, and include both qualitative and
17. PHYSICS. M6 2020 HSC 33 quantitative information. (9 marks)

A strong magnet of mass 0.04 kg falls 0.78 m under the action of gravity from position X above a
hollow copper cylinder. It then travels a distance of 0.20 m through the cylinder fromY to Z
before falling freely again. SRR R

COPPET et s2seat RSt RS R 18R R RS0
cylinder
i Y i / ............................................................................................................................................................
0.20 m T e eSS AeSS 2S8R R LR R 8 e e e e
B

______

The magnet takes 0.5 seconds to pass through the cylinder. The displacement-time graph of the
magnet is shown.

Falling magnet

R N N N  SSSSSSS  LEE e T LRI LU ECLTLL I CL LI RLL LR

BB G I

-0.6

Distance (m)
-

-1.0

-1.2

0 01 02 03 04 05 06 07 08 09 1.0
Time (s)

Analyse the motion of the magnet by applying the law of conservation of energy.



18. PHYSICS, M6 2024 HSC 33

A magnet is swinging as a pendulum. Close below it is an aluminium (non-ferromagnetic) can. The

can s free to spin around a fixed axis as shown.

Fixed axis of rotation
of the cylinder

Analyse the motion and energy transformations of both the can and the magnet. (7 marks)

Copyright © 2004-24 The State of New South Wales (Board of Studies, Teaching and Educational Standards NSW)




Worked Solutions

3. PHYSICS, M6 EQ-Bank 10534 MC

— Inorder to increase the deflection of the galvanometer, the current through the
secondary coil must increase.

1. PHYSICS, M6 2023 HSC 2 MC

— Energy from power stations passes through a step-up transformer to increase the ) .
voltage and decrease the current. — Theinput power (V,];) is fixed.
— Since V,I,, = VI, the voltage of the secondary coil (V;) must decrease if I,

— This energy then passes through a step-down transformer to be used in homes.
increases.

= C

S|= S|
232

2. PHYSICS, M6 2019 HSC 5 MC Ny
Originally, there is a constant magnetic field passing through the coil on the right due to V, = V;’VNS
p

the current through the coil on the left.
— Reducing the number of secondary coils (IV,) will therefore decrease the secondary

As there is no change in flux through the coil on the right initially the galvanometer voltage (V) and consequently increase the current through the secondary coil.

shows a zero reading.

)
=
w
®
.
Vg
Q
P
=
~t
i o
Q
-
wn

= B
When the switch is opened, the decrease in magnetic flux through the coil on the right

causes a deflection of the galvanometer to a non-zero reading.

The galvanometer will return to a reading of zero when the magnetic flux passing

through it drops to zero. 4. PHYSICS, M6 2015 HSC 12 MC

=D Halving the rate of rotation of the bar magnet:

4 Mean mark 52%.

— Doubles the period of the output graph (eliminate A and B).

— Halves the rate of change of flux through the coil of the
generator.

— Halves of the maximum output voltage.

=D

5. PHYSICS, M6 2021 HSC 7 MC

Larger current in secondary coil — Lower voltage in secondary
coil ¢ Mean mark 42%.

— Step down transformer — Primary coil has more turns

= C




6. PHYSICS,M6 2019 HSC 18 MC

— Initially, the current travels clockwise through the loop of
wire. As it enters the magnetic field, an anticlockwise current is
induced in the loop in order to induce a magnetic field out of
page, opposing the external magnetic field (Lenz’s Law).

— This decreases the net current through the loop, causing a
decrease in brightness.

— As the loop exits the magnetic field, a clockwise current is
induced to create a magnetic field into the page, opposing the
decrease in magnetic flux passing through it (Lenz’s Law).

— This increases the net current in the loop, causing an
increase in brightness.

= B

444 Mean mark 25%.

7. PHYSICS, M6 2021 HSC 10 MC

— Eddy currents will be induced in the copper block. According
to Lenz’s Law, this will produce a force that opposes the motion
of the magnet.

— This is done by minimising the relative motion between the
block and the magnet, producing a force on the copper block to
the right.

= B

444 Mean mark 18%.

8. PHYSICS, M6 2024 HSC 18 MC

— As the north pole of the magnet moves towards coil X, the +4¢ Mean mark 28%.
magnetic flux through X is increased. By Lenz’s law, a current

will be generated in the coil that produces a magnetic field to

oppose the increase the flux. Using Lenz’s law, the current in X

will generate a north pole to the left to repel the approaching

magnet. The induced current will run up the coils as viewed

from the front.

TESEES!
)

— The current will be induced in the same direction in D. Using
the right hand grip rule, the current though the white coil will
produce magnetic field lines gong to the left. As the current is
decreasing, the change of flux through X is decreasing.
Therefore by Lenz’s law, the current induced in X will
strengthen the magnetic field to oppose the decreasing
magnetic flux.

wn

— Therefore, the magnetic field lines produced by the current
in X will also be to the left, and using the right hand grip rule,
the current through X will run up the coils (front view).

— In all the other options, the current will run down the coils
(front view).

= D




9. PHYSICS, M6 2021 HSC 24 11. PHYSICS, M6 2023 HSC 28

d = BA Vo Ny
a =
=0.15 x 0.02 V, N,
_ N;
= 0.003 Wb V.=V, x i
50
=240 X —
. - _nA% " 300
At
=40V
(0 — 0.003)
E— 35074
v ' — The voltage across light globe X is 40 V.
=0.3
b. Closed switch = globe X and Y are connected in a parallel + Mean mark (b) 39%.
circuit.

10. PHYSICS, M6 2019 HSC 24 — Once the switch is closed, the total resistance through the

a. The energy input into this transformer is 500 J s~ circuit is less than when only light globe X is in the circuit.

1
The energy output is given by: —Since V=IR = Rx T Therefore, a decrease in

resistance through the circuit leads to anincrease in the

P =V current.
=50x%x9
— Transformer is ideal, so Power in = Power out (V,, I, = VI,
=450J)s7!

). Hence, anincrease in I; corresponds to an increase in I,,.

— Therefore, the current in the primary coil is greater when

This is consistent with the law of conservation of energy as 500 J s~ ! of energy is .
the switch is closed.

converted into other energy forms such as heat.

b. Modification 1:

— Laminating the iron core prevents large eddy currents from ¢ Mean mark part 48%.
being induced in it.

— This reduces energy loss in the form of heat, increasing
efficiency.

Modification 2:
— Increasing the thickness of the wire in the primary coil.

— This reduces its resistance, increasing the transformer’s
efficiency.




12. PHYSICS, M6 2018 HSC 22 13. PHYSICS, M6 2020 HSC 28

a. — Therotating magnet causes a changing magnetic flux in the metal disc. a. ¢ = BAcosf

— This induces eddy currents (Faraday’s Law). By Lenz’s Law, these produce a magnetic
field which opposes the change in flux by minimising the relative motion between the
disc and the magnet.

=1x (0.3 x 0.2) x cos30°
= 0.05196. ..

~52x 10 2Wb
— This will have the effect of the disc rotating in the same direction as the magnet. *

A
b. = N2
> t + Mean mark (b) 51%.
-2
+ Mean mark (b) 50%. - 1x 5.2 x 10
2.5
= 0.208...

=21x10"2V (V>0)

The direction of the induced current is anticlockwise as viewed
from above (Lenz’s Law).

Induced /\

|
emf \/ Time

c. Explanation:
+ Mean mark (c) 50%.

— When the magnetic field is present, the induced current
results in a force acting on the rod which opposes its motion
(Lenz’s Law).

— Additionally, the force required to move the rod must also
overcome the downwards gravitational force.

— Without the magnetic field, there is no opposing force due to
the induced current so the force applied only needs to
overcome gravity.

— Hence, the force required to move the rod is less without the
magnetic field.




14. PHYSICS, M6 2021 HSC 31

When the switch on cart one is closed, a direct current will flow
through the cart 1 solenoid causing a deflection on G . + Mean mark 45%.

Using the right hand grip rule, this will create a magnetic field
with a south pole on the right hand side of this solenoid. As this
magnetic field is generated, the solenoid on cart two
experiences a change in magnetic flux.

According to Faraday’s law, an induced emf and current will be
generated in the cart 2 solenoid.

By Lenz’s law, this current will flow in a direction that opposes
the original change in flux, causing a magnetic south pole on the
left hand side of this solenoid, and a momentary deflection of
G5 inthe opposite direction to G;.

As the two solenoids produce south poles facing each other,
they will repel causing the carts to move away from each other.
The law of conservation of momentum dictates that since cart
1is double the mass of cart 2, it will have half the velocity of
cart 2.

15. PHYSICS, M6 2023 HSC 30

a. Between O - 0.03 seconds:

— The magnetic field strength at point Pis increasing at a
constant rate.

— Thus, ring X experiences a change in flux, which causes an
EMF to be induced across the ring (Faraday’s Law)

— This induced EMF causes a current to flow through ring X
that will interact in the external magnetic field to reduce the
change in flux that created it (Lenz’s Law).

— Thus, a clockwise current will run through the ring, creating
anorth pole towards the solenoid, causing the ring to have a
repulsive force away from the solenoid acting on it.

Between 0.03 - 0.05 seconds:

— There is no change in flux through the ring due to there
being a constant magnetic field.

—s Therefore, there is no induced EMF or induced current.

— Therefore, there is no force acting on the ring.

b.i. RingY behaviour when placed at P:

— Ring Y will experience the same change in flux and hence the
same induced EMF as ring X within O - 0.03 seconds.

— However, due to the gap inring Y (i.e. there is no closed
circuit), no induced current will be able to flow through the
ring.

— Hence, there is no force exerted onring Y.

. _ vA9
b.ii. g = NE
AAB
=N At
4x107% x (6 x 1073 —0)

=1x 0.03-0

=8x10°V

+ Mean mark (a) 44%.

+¢ Mean mark (b)(i)
38%.
¢ Mean mark (b)(ii)
49%.




16. PHYSICS, M6 EQ-Bank 12314

+

Induced

voltage \/ time

Points to note on graph:

— First peak negative, longer wavelength and shorter amplitude.

— Second peak positive, shorter wavelength and higher amplitude.

17. PHYSICS, M6 2020 HSC 33

During the first 0.4 seconds: + Mean mark 51%.

— The magnet is accelerating downwards at 9.8 m s2 due to
gravity.

— The magnet’s gravitational potential energy is being
converted into kinetic energy consistent with the law of
conservation of energy.

— Quantitatively:

AE, = AU
= mgAh
=0.04 x 9.8 x 0.78
= 0.30576J

— Hence 0.30576 J of the magnet’s gravitational potential
energy is converted into kinetic energy as it falls under gravity.

As magnet reaches the copper cylinder:

— |ts downwards motion causes the formation of induced
currents in the cylinder which produce a magnetic field that
opposes the magnet’s motion (Lenz’s law).

— This causes the magnet to decelerate to 0.4 ms™1 and lose
kinetic energy.

— Finding the magnets speed before entering the copper
cylinder:

E -
= —mv
LA

1
0.30576 = 7 % 0.04 x v*

v=2391ms?

— Quantifying the kinetic energy loss:

AE 1 2 1 2
= —-mv® — -mu
LD 2

1 1
=5 X 0.04 x 3.91% — 5 % 0.04 x 0.4?

= 0.30256 J



— Applying the law of conservation of energy shows that
0.30256 J of the magnet’s kinetic energy is being converted to
heat energy within the cylinder as the magnet decelerates.

— Finally, as the magnet passes through the copper cylinder,
its gravitational potential energy decreases while its velocity
remains constant.

— Quantifying the decrease in gravitational potential energy:
AU = mgAh

=0.04 x 9.8 x 0.2

= 0.0784

— Hence, 0.0784 J of the magnet’s gravitational potential
energy is converted into heat energy in the cylinder, consistent
with the law of conservation of energy.

18.

PHYSICS, M6 2024 HSC 33

— When the magnet swings down from its high position
toward the can, its gravitational potential energy transforms
into kinetic energy.

— As the magnet moves, it creates changing magnetic flux
through the aluminium can. This flux change is strongest when
there’s the fastest relative motion between the magnet and
can.

A
— The induced emf is described in the equation € = — NT(:.
— This emf creates eddy currents in the can, which produce
both heat and a magnetic field. Following Lenz’s law, this

magnetic field opposes the magnet’s motion.

— The magnetic fields from both the magnet and the eddy
currents interact, causing the can to initially rotate clockwise.

— Eventually, this interaction dampens the magnet’s swing.
The magnetic interaction between the eddy currents and the
magnet causes the can to rotate back and forth with decreasing
amplitude, as the system’s energy gradually converts to heat.

+4 Mean mark 47%.
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