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Unit 3 — Gravity and electromagnetism

Unit 3 — Gravity and motion

Section 1

2023
Section 1
Question 2

Gravity and
motion

The free body diagram above shows a car going clockwise around a corner on a banked track
without relying on friction.

(a) Complete the vector diagram, showing how these two forces result in a centripetal force. Indicate
where the angle 6 is on your diagram. (2 marks)

mg

(b) With reference to your diagram in part (a), describe why increasing the angle of the track allows
the cars to go around the same radius curve at a greater speed. (2 marks)

Unit 3 — Gravity and motion — Section 1
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2023
Section 1
Question 3

Gravity and
motion

A 370 g single fluffy die on a string is hanging from a baby carriage travelling on a Melbourne tram.
The tram accelerates away from the tram stop. At the point of acceleration, the angle between the
string and the vertical is 15.5°. Calculate the magnitude of the acceleration of the tram.

Answer: m s

Unit 3 — Gravity and motion — Section 1
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2023
Section 1
Question 5

Gravity
and
motion

3.50m]

I 1.50 x 10?m 1

A catapult is 1.50 x 102 m away from a 20.0 m high castle wall on top of a 31.0 m hill. It launches a
metal ball at 50.0° to the horizontal 3.50 m above the ground at 45.8 m s~'. Calculate how far above
the castle wall the ball passes (h). (6 marks)

Answer: m

Unit 3 — Gravity and motion — Section 1
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2022
Section 1
Question 2

Gravity
and
motion

Patrick and Daksh are sitting on a seesaw discussing physics. They decide to place the uniform 15.0
kg beam on the pivot as shown in the diagram below. Daksh estimates that the system is balanced
and tells Patrick to lift his feet off the ground. As usual, Daksh is correct and the system is balanced
with neither of them touching the ground. Daksh has a mass of 60.0 kg. What is Patrick’'s mass? (4
marks)

«—— 300m —>1+—— 500m ———— |

1
1
1
1
1
1
Y 1
Patrick A Daksh

Answer: kg

Unit 3 — Gravity and motion — Section 1
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2022
Section 1
Question 5

Gravity and
motion

An aircraft with a wingspan of 50.0 m flies due east parallel to the Earth’s surface. The Earth’s
magnetic field strength at that location is 5.84 x 10-5 T and it makes an angle of 33.0° to the vertical.
The aircraft is travelling at 7.20 x 102 km hr".

[ 50.0 m

s, aais

(a) Using the appropriate component of the magnetic field, calculate the electromotive force (EMF)
induced between the ends of the aircraft's wings. (4 marks)

Answer: V

(b) A wire runs between the ends of the wings, parallel to each wing, so as to set up a complete
circuit. A sensitive ammeter is placed in the circuit. If the total resistance of the circuit is 1.78 Q,
what will be the reading on the ammeter? (1 mark)

Answer: A

Unit 3 — Gravity and motion — Section 1
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2022 Two identical 25.0 g coins are placed on a rotating disc, 0.30 m and 1.20 m respectively from the
Section 1 centre of the disc. The disc begins to rotate. When the frequency of rotation reaches 2.00 Hz, the
Question 6 | outer coin flies off the disc. Calculate the frequency of rotation when the inner coin flies off. (6
marks)
Gravity and
motion
1 2
+ ® @
Answer: Hz

Unit 3 — Gravity and motion — Section 1
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2022
Section 1
Question 8

Gravity and
motion

Two identical solid and uniform spheres are separated by a distance of 10.0 m from surface to
surface. The distance between their centres is called d.

2.00m 2.00m
e —
‘, 10.0 m ‘

1 i
1

' d

(a) If each sphere has a mass of 12.50 kg and a diameter of 2.00 m, calculate the gravitational force
between them. (3 marks)

Answer: N

Unit 3 — Gravity and motion — Section 1
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(b) On the axes below, show how the gravitational force between the two spheres varies as they
move apart. Indicate the magnitude of the forces on the y-axis at the points 2d and 4d on the x-axis.
If you could not obtain an answer to part (a), use 7.50 x 10-"" N. (4 marks)

Force (x10-"" N)
PN
T

1 1 | I

d 2d 3d 4d
Separation of centres of the spheres

Unit 3 — Gravity and motion — Section 1
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2022 In a video game, the players fire arrows from the top of a 30.0 m high castle tower at a flat, 4.00 m
Section 1 wide target moving in a circular path (r = 195 m) around the castle. The player can adjust the vertical
Question angle but the direction of fire is fixed. The launch speed is also fixed at 50.0 m s~'. It takes 32.0 s for

10 the target to complete one revolution of the tower. The shooter fires the arrow when the target has
45.0° of a full revolution to go, as shown in the diagram below.
Gravity and
motion

(a) At what angle 6 must the shooter fire the arrow above horizontal for it to hit the centre of the
target? (4 marks)

Answer:

(b) With the use of a calculation, confirm that the arrow hits the target. (3 marks)

Unit 3 — Gravity and motion — Section 1
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2022
Section 2
Question

12

Gravity and
motion

30.0° 30.0°

1.50m
>e
w

w gL

An ultra-lightweight 2.00 kg aluminium plank is suspended between two 70.0 kg uniform free-
standing supports as part of a children’s obstacle course. It is attached to the supports by two
chains of equal length. Due to safety restrictions, the apparatus has a maximum load of 60.0 kg. A
father with a mass of 80.0 kg mistakenly sits on the plank, halfway between the two supports at
point A. His mass exceeds the safety limit, so the free-standing supports should tip inward.

(a) Calculate the tension in each chain when the father sits on the plank, assuming the supports do
not tip over. (4 marks)

Answer: N

(b) Calculate the horizontal component of the tension in each chain. (1 mark)

Answer: N

Unit 3 — Gravity and motion — Section 1
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(c) With the use of a calculation, confirm that the supports do tip over when the father sits on the
plank. Take moments around P. (5 marks)

(d) Without the use of additional calculations, describe how the tension in each chain would be
affected if a 50.0 kg person sitting at A moved to B? Select either increases, decreases or remains

constant. (2 marks)

Chain 1

Chain 2

Unit 3 — Gravity and motion — Section 1
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2021
Section 1
Question 6

Gravity and
motion

A student is set the task of determining the slope of a concrete structure using only a 15.0 kg beam,
aruler, a 5.00 kg mass with one smooth face and one rough face, and a stopwatch. She places the
10.0 m long uniform beam on top of the sloping structure with 4.00 m of the beam hanging over the
end of the structure as shown in the cross-sectional diagram below. The student then places the
5.00 kg mass rough side down at increasing distances from B until the beam starts to tip over. She
marks that place as C. The student then lets the 5.00 kg mass slide on its smooth side down the
smooth beam from rest at A. She measures the time to reach C as 3.30 s.

(a) Calculate the distance between A and C. (3 marks)

Answer m

(b) Ignoring friction, calculate the angle of the slope measured from the horizontal. (2 marks)

Answer =

Unit 3 — Gravity and motion — Section 1
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2021

A bobo doll, as shown below, can never be tipped over. Even if its head is held on the ground, it will

Section 1 stand back up when released. Explain how this works. You must include in your answer the relevant
Question 7 | conditions required for static equilibrium. Use the diagram on the right to illustrate your answer. (4
marks)
Gravity and
motion Copyright restrictions prohibit the release of this SCSA exam material.
2021 A space station is shaped like a huge hollow doughnut that is rotating uniformly. The outer radius is
Section 1 4.60 x 102 m. What is the period of rotation of the station if a person standing on the outer wall
Question 9 | inside the station experiences the same weight force she would experience on Earth? (5 marks)
Gravity and Copyright restrictions prohibit the release of this SCSA exam material.
motion

Answer S

Unit 3 — Gravity and motion — Section 1
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2021 A 42.5 kg gymnast performs her dismount from the 1.25 m high beam. She leaves the beam with a

Section 2 | velocity of 3.10 m s™" at an angle of 55.0° to the horizontal.
Question
15 Copyright restrictions prohibit the release of this SCSA exam material.

Gravity and | (a) Calculate the vertical and horizontal components of her launch velocity. (2 marks)
motion

Answer v, m s’ Answer v, m s’

(b) Calculate the time it takes for her to reach the ground, assuming she is vertical at impact. (5
marks)

Answer S

(c) Calculate her range R. (2 marks)

Answer s

Unit 3 — Gravity and motion — Section 1
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(d) Calculate the gymnast’s kinetic energy at the top of her flight. (2 marks)

Answer J

Unit 3 — Gravity and motion — Section 1
Essential Insight Exam Guide — 2025 Edition — Page 18



2020
Section 1
Question 1

Gravity and
motion

A ball is launched vertically into the air with an initial velocity at t = 0 from ground level (s = 0) and
returns to ground level. It takes four seconds for it to reach its maximum height. Taking upwards as
positive, graph the ball’'s displacement, velocity and acceleration versus time from take-off to

landing. Ignore air resistance and do not place any values on the y-axis.

Displacement (s) versus Time (z)

5 (m)

0 ] ] . - t(s)
2 4 6 8
Velocity (v) versus Time ()

v(ms)

N

0 T T T T ’(S)
2 4 6 8
Acceleration (a) versus Time ()

a(ms?)
0 , I T I t(s)

Unit 3 — Gravity and motion — Section 1
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2020

Emma stands 20.0 cm from the end of a 5.20 m long uniform diving board. Calculate the upwards

Section 1 force the support must exert on the 50.0 kg board for the system to remain in equilibrium. (4 marks)
Question 5
Emma
Gravity and
motion 90 v
5.00 m I
!“I “\’J‘
2.00 m N i
! Diving board \l
Hinge Length 5.20 m, mass 50.0 kg
Support
N
2020 A golfer hits a ball at 37.0 m s™' at 31.0° to the horizontal on a flat fairway. It travels 123 m. She
Section 1 wants to hit a target 135 m away, so she increases the angle at which she hits the ball, without
Question changing the launch speed. Calculate the smallest increase of angle that allows her to reach the
10 target. (Hint: 2sin©cosO = sin26)
Gravity and
motion

Unit 3 — Gravity and motion — Section 1
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2020
Section 1
Question

11

Gravity and
motion

Jake is lifting two books of mass 1.00 kg and 2.00 kg respectively. The lighter book sits on top of the
heavier book, and each of Jake’s hands exerts a vertical force of 16.2 N on the lower book, as
shown in the diagram.

1.00 kg

2.00 kg

16.2 N 16.2 N

(a) What is the magnitude of the acceleration of the books? (3 marks)

m s

(b) What is the magnitude of the force that the 2.00 kg book exerts on the 1.00 kg book during this
acceleration? (3 marks)

Unit 3 — Gravity and motion — Section 1
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2019
Section 1
Question 4

Gravity and
motion

Titan is the largest of Saturn’s moons. Its orbital radius is 1.22 x 10% km. Use the Formulae and
Data booklet and the data in the table below to determine the strength of Saturn’s gravitational field
where Titan orbits. Give your answer in N kg™' and m s2,

Planet Mass (Earth masses)
Mercury 0.055

Venus 0.815

Earth 1.000

Mars 0.107

Jupiter 318

Saturn 95

Uranus 14.5

Neptune 17.2

Pluto 0.002

Unit 3 — Gravity and motion — Section 1
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2019
Section 1
Question 6

Gravity and
motion

The diagram below shows a system in equilibrium.

Strut

£

A student drew a diagram of the forces acting on the strut. That diagram is shown below. It is not
drawn to scale.

Hinge

mg

\\ Hinge

(a) With specific reference to the conditions required for equilibrium, explain why the diagram of the
forces is incorrect. (2 marks)

(b) Using the diagram below, show what change(s) should be made to correct it. (Calculations are
not required.) (2 marks)

Strut

30° 45°

\\ Hinge

Unit 3 — Gravity and motion — Section 1
Essential Insight Exam Guide — 2025 Edition — Page 23



2019
Section 1
Question 7

Gravity and
motion

A pith ball is a very small, lightweight object that readily picks up electric charge. A pith ball with a
mass of 75.0 x 1076 kg is suspended by a string attached to a charged plate. The pith ball has an
excess of 2.00 x 102 electrons on it and the electric field strength between the charged plates is
95.0 N C.

&o/“/‘/ A

4

‘ Pith ball

 §

A

A

(side view)

(a) In the space below, draw a vector diagram of the forces acting on the pith ball. (3 marks)

(b) Calculate the angle between the string and the charged plate. (5 marks)

Unit 3 — Gravity and motion — Section 1
Essential Insight Exam Guide — 2025 Edition — Page 24



2019
Section 1
Question 8

Gravity and
motion

A cyclist is travelling at 6.0 m s™' over a hump in the road that is part of a circle of radius 4.80 m.
Calculate the magnitude of the total reaction force of the ground on the cyclist at the top of the
hump. The total mass of the cyclist and bicycle is 72 kg. (Note: diagram not to scale, ignore friction.)

Copyright restrictions prohibit the release of this SCSA exam material.

Unit 3 — Gravity and motion — Section 1
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Section 2

2023
Section 2 - 0.700 ¢
Question @ —
14 -

Gravity @
and
motion <

0.700 ¢

YA

Two 5.00 x 10?2 m long identical spaceships, ‘A’ and ‘B’, pass by an observer S while moving
in opposite directions. The observer S measures the velocity of spaceship A as 0.700 ¢ and
spaceship B as —0.700 c.

(a) (i) Calculate the velocity of A (in m s~') as measured by B. (4 marks)

Answer: ms

(i) Explain why the magnitude of the velocity of B as measured by A would be the same as your
answer for part (a)(i), only in the opposite direction. (3 marks)

Unit 3 — Gravity and motion — Section 2
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(b) Calculate the duration of one second on A as measured by the observer S. (3 marks)

Answer: S

(c) Calculate the length of B as measured by A. If you could not obtain an answer to part (a)(i), use
0.870 c. (3 marks)

Answer: m

Unit 3 — Gravity and motion — Section 2
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2023
Section 2
Question

15

Gravity
and
motion

Larry

Mo

Stoogus Curly

A recently discovered planet (Stoogus) in a distant solar system has three moons (Larry, Curly
and Mo) orbiting at different distances. Stoogus has a mass of 2.37 x 10% kg and a day on
Stoogus lasts 7.50 Earth hours. Assume all three moons have circular orbits as their masses are
insignificant compared to that of Stoogus.

(a) Curly is a geosynchronous satellite that orbits above one specific spot on Stoogus’ surface.
Calculate the radius of Curly’s orbit. (5 marks)

Answer: m

(b) The gravitational field strength that Mo experiences due to Stoogus is 4.50 x 10°* m s2.
Calculate the distance between the centre of mass of Mo and the centre of mass of

Stoogus. (4 marks)

Answer: m

Unit 3 — Gravity and motion — Section 2
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(c) (i) Derive the mathematical relationship between a moon’s orbital speed v and its distance r from
the planet’s centre of mass. (3 marks)

Answer:

(i) Use this relationship from part (c)(i) to identify which moon of Stoogus has the greatest orbiting
speed. Justify your answer. (2 marks)

Unit 3 — Gravity and motion — Section 2
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2023
Section 2
Question

17

Gravity
and motion

A uniform garden gate is attached to its support by two
hinges (7' and B). The top hinge (7) is fixed 20.0 cm
below the top of the gate and the bottom hinge is fixed
to the bottom of the gate. The gate has a mass of
25.7 kg. Itis 1.00 m wide and 1.40 m tall.

Note: The top hinge takes all of the vertical weight force
of the gate. The bottom hinge keeps the gate lined up
correctly.

(a) By taking moments around B, calculate the
horizontal component of the reaction force of T’
on the gate. Include a direction in your answer.

(5 marks)

Answer: N

b—1.00m ——

-+

1.20m

B

Direction:

(b) Calculate the overall reaction force of 7°on the gate. Include an angle to the horizontal in
your answer. If you could not obtain an answer to part (a), use 1.40 x 102 N. (5 marks)

Answer: N at

° to the horizontal

Unit 3 — Gravity and motion — Section 2
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(c) Discuss how the angle in part (b) would be affected if the top hinge was fixed at the top of the
gate. Include a mathematical expression in your answer. (4 marks)

Unit 3 — Gravity and motion — Section 2
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2022
Section 2
Question

17

Gravity and
motion

The diagram to the right shows the two forces acting on a conical pendulum as it spins at a set
frequency. The vector addition of these two forces provides the centripetal force on the ‘bob’. The

mass of the ‘bob’ is 255 g and the length of the pendulum string L is 1.20 m. When the frequency of
rotation is 0.490 Hz, the angle 6 = 30.0°.

AN

‘DO - — 5

(a) Calculate the tension in the string when 6 = 30.0°. (4 marks)

Answer: N

(b) Calculate the radius of the circular path the ‘bob’ is moving in when the angle is 30.0°. (2 marks)

Answer: m

Unit 3 — Gravity and motion — Section 2
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(c) Calculate the new angle between the pendulum string and the vertical if the frequency of rotation
is doubled. (6 marks)

Answer:

(d) Explain why 6 can never equal 90.0°, regardless of how great the frequency of the pendulum
becomes. You may use mathematical relationships in your answer. (4 marks)

Unit 3 — Gravity and motion — Section 2
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2021 Aeroplanes are designed to produce an upthrust that counters their weight force. This allows them
Section 2 | to maintain altitude. The magnitude of this upthrust (R) is directly proportional to the forward speed
Question of the aircraft. It always acts perpendicular to the wings. When changing direction, the aeroplane

17 banks in a circular path. A free body diagram of a banking aeroplane is shown below.

Gravity and

) R
motion

mg

(a) Draw a vector diagram showing how the weight force and the upthrust produce a resultant
centripetal force. Label the resultant force and include the angle © shown in the free body diagram.
(3 marks)

(b) Calculate the centripetal force on a 5.60 x 103 kg aeroplane banking at an angle of 15.0° to the
vertical while maintaining constant altitude. (3 marks)

Answer N

(c) If the aeroplane is travelling at 4.50 x 102 km h—1, calculate the radius of the circular path it takes
when banking while maintaining constant altitude. (3 marks)

Answer m

Unit 3 — Gravity and motion — Section 2
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(d) With reference to your vector diagram in part (a) and the text, explain why aeroplanes need to
increase their speed to maintain altitude when banking. (4 marks)

2020
Section 2
Question

15

Gravity and
motion

Two spaceships, captained by Adhita and Harper, are travelling toward each other. They are
observed by a person on the Earth to be travelling at the velocities shown in the diagram. Take all
velocities to the left as positive.

0.500¢ 0.750¢

(a) Calculate the velocity of Harper as measured by Adhita. (4 marks)

(b) Harper fires a missile with a velocity of 0.600c with respect to her in the direction of Adhita.
Calculate the velocity of the missile as measured by an observer on the Earth. (4 marks)

Unit 3 — Gravity and motion — Section 2
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(c) Calculate the velocity of the missile as measured by Adhita. (4 marks)

2020 A satellite is orbiting the Earth 4.00 x 103 km above its surface.
Section 2
Question (a) Calculate the period of the satellite. (5 marks)

17

Gravity and
motion

hours

Unit 3 — Gravity and motion — Section 2
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The graph shows the relationship between the period (T) and the orbiting radius (r) of all the planets
in our solar system.

(b) (i) With reference to Kepler's Third Law, describe how a straight line graph could be generated
using the same two variables. (Do not refer to logarithms.) (2 marks)

(i) Explain how you could use the gradient of this straight line and Kepler’s Third Law to estimate
the magnitude of the Newtonian constant of gravitation (G). (Do not try to calculate G from the
graph.) (3 marks)
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2020
Section 2
Question

18

Gravity and
motion

Drawbridge 35°/

A castle has a 6.00 m long drawbridge with a mass of 500 kg over its moat. It is attached to a winch
by an extremely strong rope at an angle 35.0° to the horizontal.

)1

Hinge (O

(a) Calculate the tension in the rope when the drawbridge is just lifted off the rest on the other side
of the moat. (4 marks)

(b) Calculate the reaction force of the hinge (O) on the drawbridge at this point. (5 marks)

N at ° to the horizontal.
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The castle comes under attack. The people inside the castle begin to raise the drawbridge. When it
is at an angle of 15.0° above horizontal, the angle between the drawbridge and the rope is 40.0°. At
this moment, a 95.0 kg soldier being chased by the enemy jumps onto the very end of the
drawbridge.

(c) Calculate the new tension in the rope as he hangs from the end. Assume the drawbridge is
stationary at this time. (5 marks)
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2019
Section 2
Question

12

Gravity and
motion

A ball is rolled from rest down a curved slope, across a flat, smooth table leaving the table
horizontally and falling to the floor.

Ifh=30.0cmand H=1.20m

(a) Using conservation of energy, calculate the speed with which the ball leaves the table. Assume
no energy is lost to friction, air resistance or is transferred to rotational energy. (2 marks)

ms™

(b) Calculate the distance x. (4 marks)

(c) Calculate the velocity of the ball when it hits the floor. (5 marks)

m s~ Angle: ° above horizontal
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(d) Derive an expression for x in terms of h and H only. (Note: may include numbers.) (4 marks)

2019 Workers at an ice skating venue use a ladder to fix a sign 5.0 m above the surface of the ice. To
Section 2 | prevent the 6.00 m long ladder from slipping on the ice, they tie a cable between the ladder and the
Question | 4.00 m high wall. The cable is at right angles to the wall. The uniform 15.0 kg ladder is placed at an

13 angle of 45° between the frictionless surfaces at A and B. A 90.0 kg worker is standing still on the
ladder at G.
Gravity and
motion

(a) On the diagram above, draw and label the forces acting on the ladder. Assume the reaction force
at B acts at right angles to the ladder. (4 marks)
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(b) By taking moments around A, calculate the tension in the cable. (6 marks)

2019
Section 2
Question

16

Gravity and
motion

A ball is being swung around in a vertical circle on a string.

Copyright restrictions prohibit the release of this SCSA exam material.

(a) In the table below, match the statements with A, B, C and/or D. (4 marks)

Statement

A, B, C and/or D

point(s) where the centripetal acceleration is the greatest

point(s) where the tension in the string is the lowest

point(s) where the net force is not toward the centre of the circle

point(s) where the ball's weight force is perpendicular to the tension

(b) Write an expression for the net force acting on the string at point C in terms of the weight force

and the tension in the string. (1 mark)

(c) Calculate how fast the 500 g ball can be moving at point A for the 1.20 m long string not to break,

if the maximum tension it can withstand at point A is 172 N. (4 marks)
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(d) Calculate the maximum speed at which the ball can be moving at point C for the string not to
break at point A. (3 marks)

ms™!
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Section 3

2022 Kepler’'s three laws of planetary motion can be stated as follows:
Section 3
Question 1. All planets move about the Sun in elliptical orbits, having the Sun as one of the foci.
19 2. Arradius vector joining any planet to the Sun sweeps out equal areas in equal lengths of
time.
Gravity and 3. The squares of the periods (of revolution) of the planets are directly proportional to the
motion cubes of their mean distances from the Sun.

The two shaded areas are equal, and cover equal times

Figure 1: Kepler's 2nd Law

Kepler's 3rd Law, which appears on the Formulae and Data booklet, can be derived for a circular
orbit from first principles: the centripetal force between the planet and the Sun is provided by
Newton’s Law of Gravitation, and S = vT, where S is the orbiting circumference and T is the period.

Earth-Moon
barycentre

Moon's orbit Earth’s orbit

Earth

Figure 2: Location of Earth-Moon barycentre

The system of any large celestial body, and its satellite, orbits around a ‘barycentre’. This represents
the centre of mass of the system. The barycentre of the Earth—Moon system is shown in Figure 2.
The system could be seen as a balance beam, with the barycentre located where the fulcrum would
be placed to achieve equilibrium. The gravitational field strength due to the Sun is identical for both
the Earth and Moon and therefore cancels out when calculating moments around the barycentre.

When the mass of the satellite represents a significant percentage of the system, the barycentre is
outside either body. When its mass is significantly less, the barycentre is usually found within the
more massive body which appears to ‘wobble’. When the mass of the orbiting satellite is
insignificant compared to the mass of the body it is orbiting, the barycentre can be assumed to be
the centre of mass of the larger body.
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(a) (i) Using Kepler's 2nd Law, describe the relationship between the distance a planet is from the
Sun it orbits and its orbiting speed by filling in the blank below. (1 mark)

As the distance from the planet increases, the orbiting speed

(i) Without completing a calculation, justify this relationship with reference to Figure 1. (3 marks)

(b) Using the instructions given in the article, derive Kepler's 3rd Law from first principles, showing
each step of the derivation. The final expression must match the equation in the Formulae and Data
booklet. Assume the orbit is perfectly circular and the mass of the satellite is insignificant compared
to the mass of the body it is orbiting. (5 marks)
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(c) Using moments, estimate how far the barycentre of the Earth—Moon system is from the centre of
the Earth. (4 marks)

Answer: m

(d) With the use of a calculation and your answer to part (c), show that the Moon is travelling roughly
81 times faster than Earth as they orbit the barycentre. If you could not get an answer to part (c),
use 4.81 x 106 m and show that the ratio of the Moon’s orbiting velocity to that of the Earth is
roughly 80. (4 marks)
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2020 Wind turbines

Section 3
Question Copyright restrictions prohibit the release of this SCSA exam material.
21
How do wind turbines work?
Gravity and
motion Copyright restrictions prohibit the release of this SCSA exam material.

Wind turbine blades vary in length between 40 and 80 m.

A major problem with wind turbines is varying wind speed. The input power must match the output
power. The output power depends entirely on rotational speed and torque so how do we keep
rotational frequency constant when wind speed keeps changing? The solution is mechanical. The
operators use blade pitch control which changes the angle of the blades and reduces the surface
area facing the wind. This reduces the amount of energy collected by the turbine and controls the
force applied to each blade.

Copyright restrictions prohibit the release of this SCSA exam material.
How the pitch is altered to control the rotational speed.
Each blade experiences a gravitational torque. If the clockwise and anticlockwise gravitational
torques add up to zero, the turbine is considered balanced. A symmetrical three-blade turbine is

considered balanced at all times.

(a) (i) Explain why a step-up transformer is used to increase the voltage before transporting the
electricity into the National Grid. Use specific equations in your answer. (4 marks)
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(i) Calculate the output voltage of the transformer if the turbine produces 690 V and the ratio of
turns is 100 in the primary coil to 2500 in the secondary coil. (2 marks)

kV
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(b) With specific reference to the text, explain why the pitch of the rotor blades is changed by the
operators of the turbine. (4 marks)
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(c) If the 60 m long blades on an average-sized turbine are rotating at 0.20 Hz, estimate the speed
of the centre of mass of one of the blades. (4 marks)

ms™’

Consider the three-blade turbine in the diagram to be rotating clockwise. The blade on the left hand
side is parallel to the ground. The blades are identical in size and mass.

(d) (i) Draw the weight forces acting on the blades. (2 marks)

(ii) Show mathematically that the turbine is balanced in this position. (4 marks)
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Marking Guide — Section 1

2023
Section 1
Question 2

Gravity and
motion

The free body diagram above shows a car going clockwise around a corner on a banked track
without relying on friction.

(a) Complete the vector diagram, showing how these two forces result in a centripetal force. Indicate
where the angle 0 is on your diagram. (2 marks)

Description Marks
@ is in correct position 1
net force is horizontal and labelled F. 1
Total 2

mg

(b) With reference to your diagram in part (a), describe why increasing the angle of the track allows
the cars to go around the same radius curve at a greater speed. (2 marks)

Description Marks
as f increases and mg remains constant, F. increases 1
Fe = mV?r. If m and r remain constant, then for F to increase v must 1
increase
Total 2
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2023 A 370 g single fluffy die on a string is hanging from a baby carriage travelling on a Melbourne tram.
Section 1 The tram accelerates away from the tram stop. At the point of acceleration, the angle between the
Question 3 | string and the vertical is 15.5°. Calculate the magnitude of the acceleration of the tram.
G’aVi:Y and Element Description Marks
motion Realises net force is vector addition of 1
tension and weight
ma
Uses tan 6 tan = — 1
mg
Rearranges for a a =tan 15.5° x 9.80 1
Calculates answer a=272ms? 1
Total
2023 o g
Section 1 el L
Question 5 " N
v I h
Gravity < T
and 200m
motion
31.0m

3.50m]

I 1.50 x 10?m 1

A catapult is 1.50 x 102 m away from a 20.0 m high castle wall on top of a 31.0 m hill. It launches a
metal ball at 50.0° to the horizontal 3.50 m above the ground at 45.8 m s~'. Calculate how far above
the castle wall the ball passes (h). (6 marks)

Element Description Marks
S;I(;:;Itstes horizontal component of vi= 45.8 x cos 50.0° = 29.4 m s~ 1
S:}g’é’if;tes vertical componentof |, _ 458 x sin 50.0°=35.1ms" 1
Calculates ¢ from horizontal = % =5.10s 1
Substitutes correct values for ;
vertical displacement after ¢ s =(35.1 x 5.10) — (4.90 x (5.10)%) + 3.50 1
Calculates vertical displacement sy=179.01 —127.5 + 3.50 = 55.06 m 1
Calculates clearance 55.06 -51.0=4.06 m 1
Total 6
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2022

Patrick and Daksh are sitting on a seesaw discussing physics. They decide to place the uniform

Section 1 15.0 kg beam on the pivot as shown in the diagram below. Daksh estimates that the system is
Question 2 | balanced and tells Patrick to lift his feet off the ground. As usual, Daksh is correct and the system is
balanced with neither of them touching the ground. Daksh has a mass of 60.0 kg. What is Patrick’s
Gravity and | mass? (4 marks)
motion
|«—— 3.00 m —>:<— 500m —— |
1
1
1
Patrick A Daksh
Element Description Marks
Takes moments around the pivot Zem = Zacm 1
Includes mass of beam 1
Uses correct distances from pivot myg % 3.00 = (mg % 1.00) + (mug x 5.00) 1
Calculates the correct answer m, = 105 kg 1
Total 4
Note: If mass of beam is not included, award maximum 2 marks.
2022 An aircraft with a wingspan of 50.0 m flies due east parallel to the Earth’s surface. The Earth’s
Section 1 magnetic field strength at that location is 5.84 x 10-% T and it makes an angle of 33.0° to the vertical.
Question 5 | The aircraft is travelling at 7.20 x 102 km hr".
Gravity and
motion 50.0 m

s, Jade

(a) Using the appropriate component of the magnetic field, calculate the electromotive force (EMF)
induced between the ends of the aircraft's wings. (4 marks)

Element Description Marks

Converts kmhr'toms™' 7.20x10°+3.6=2.00x 10°ms"’ 1
gfall;:ulates vertical component | , 2350~ 490 x 105 T 1
Substitutes values into correct

equation, using calculated EMF =4.90 x 10-° x 2.00 x 10% x 50.0 1
component

Calculates correct answer EMF = 0.490 V 1

Total

(b) A wire runs between the ends of the wings, parallel to each wing, so as to set up a complete
circuit. A sensitive ammeter is placed in the circuit. If the total resistance of the circuit is 1.78 Q,
what will be the reading on the ammeter? (1 mark)

Description Marks
0.00 A 1
Total 1
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2022

Two identical 25.0 g coins are placed on a rotating disc, 0.30 m and 1.20 m respectively from the

Section 1 centre of the disc. The disc begins to rotate. When the frequency of rotation reaches 2.00 Hz, the
Question 6 | outer coin flies off the disc. Calculate the frequency of rotation when the inner coin flies off. (6
marks)
Gravity and
motion
Element Description Marks
Realises the centripetal force is > >
supplied by the fric‘t)ional force 31 10:30 =in3311.20 1
Cancels m and obtains ratio of viAr = 1
velocities. wvi=2 or v:=2y
Substitutes 2mr/7 for v 1
Uses 0.500 s for 7 1.20/0.500 = 2 x 0.30/7} 1
Calculates 7; 7,=0.250 s 1
Calculates frequency of rotation f=1T, =4.00 Hz 1
Total 6
2022 Two identical solid and uniform spheres are separated by a distance of 10.0 m from surface to
Section 1 surface. The distance between their centres is called d.
Question 8
2.00m 200m
Gravity and . > .
motion ‘ , 100m ‘

(a) If each sphere has a mass of 12.50 kg and a diameter of 2.00 m, calculate the gravitational force

between them. (3 marks)

d

Element

Description Marks

Uses 120 mas d

Uses gravitational force
formula correctly

F=12.50 x 12.50 x 6.67 x 107'"/144.0

Calculates correct answer

7.24 x 107" N

W= =

Total
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(b) On the axes below, show how the gravitational force between the two spheres varies as they
move apart. Indicate the magnitude of the forces on the y-axis at the points 2d and 4d on the x-axis.
If you could not obtain an answer to part (a), use 7.50 x 10-"" N. (4 marks)

Description Marks
three points plotted 1
indicates on y-axis, or shows by calculation, correct values 1
accurately plotted 1
curve accurately drawn indicating relationship 1
Total 4

Force (x10-" N)
S

Separation of centres of the spheres
F(d)=7.24x 10" N, F2d)=1.81 x 107" N, F(4d) =045 x 107" N
If used F(d) =7.50 x 10" N:

Force (x10-"" N)
ESN

b P ————————

Q

Separation of centres of the spheres

F(d) =7.50 x 10" N, F(2d) = 1.88 x 10-"" N, F(4d) = 0.47 x 10" N

Unit 3 — Gravity and motion — Marking Guide — Section 1
Essential Insight Exam Guide — 2025 Edition — Page 55



2022 In a video game, the players fire arrows from the top of a 30.0 m high castle tower at a flat, 4.00 m
Section 1 wide target moving in a circular path (r = 195 m) around the castle. The player can adjust the vertical
Question angle but the direction of fire is fixed. The launch speed is also fixed at 50.0 m s~'. It takes 32.0 s for

10 the target to complete one revolution of the tower. The shooter fires the arrow when the target has
45.0° of a full revolution to go, as shown in the diagram below.
Gravity and
motion

(a) At what angle 6 must the shooter fire the arrow above horizontal for it to hit the centre of the
target? (4 marks)

Element Description Marks
Calculates.tlm‘e for target to 320/8=4.00s 1
reach destination
Uses correct vertical component 1
Uses vertical displacement of | 35 o = 50.0 sin 6 x 4.00-4.90 x 16.00 | 1
velocity
Calculates correct angle 0=14.0° 1

Total 4
Accept other relevant methods of calculation e.g. using horizontal component.

(b) With the use of a calculation, confirm that the arrow hits the target. (3 marks)

Element Description Marks

Uses correct horizontal 1

component

Uses‘horlzontal compontgt of s=vt=50.0 x cos 14.0°x4.00 =194 m 1

velocity

Confirms arrow hits target 194 is between 193 and 197 m 1
Total 3

Note: Candidate must use the alternate component of velocity in part (b) to the

component they used in part (a).
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2022
Section 2
Question

12

Gravity and
motion

0.80 m 0.80 m
£ 30.0% . 30.0° 2
S A B 3
o 3
P

An ultra-lightweight 2.00 kg aluminium plank is suspended between two 70.0 kg uniform free-
standing supports as part of a children’s obstacle course. It is attached to the supports by two
chains of equal length. Due to safety restrictions, the apparatus has a maximum load of 60.0 kg. A
father with a mass of 80.0 kg mistakenly sits on the plank, halfway between the two supports at
point A. His mass exceeds the safety limit, so the free-standing supports should tip inward.

(a) Calculate the tension in each chain when the father sits on the plank, assuming the supports do
not tip over. (4 marks)

Element Description Marks
Uses sum of vertical forces = 0 1
Correct equation 27 x cos 30.0° = Img 1
Includes mass of plank 1
Correctly calculates answer 7'=82.0 x 9.80/(2 cos 30.0°) =464 N 1
Total 4
(b) Calculate the horizontal component of the tension in each chain. (1 mark)
Description Marks
1= T xsin 30.0° = 464 x 0.500 = 232 N 1
Total 1

(c) With the use of a calculation, confirm that the supports do tip over when the father sits on the
plank. Take moments around P. (5 marks)

Element Description Marks

Takes moments around inside Xem > Xacm if tips over 1

base of support

Uses 1.50 m as distance to pivot 1

of T},

Uses 0.40 m as distance to pivot 1

of ms

Correctly calculates moments 232 x 1.50 > 70.0 x 9.80 x 0.400 1

Confirms support tips over 348N m>274Nm 1
Total 5
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(d) Without the use of additional calculations, describe how the tension in each chain would be

affected if a 50.0 kg person sitting at A moved to B? Select either increases, decreases or remains
constant. (2 marks)

Chain 1 Chain 2
decreases increases
Description Marks
chain 1 decreases 1
chain 2 increases 1
Total 2

2021
Section 1
Question 6

Gravity and
motion

A student is set the task of determining the slope of a concrete structure using only a 15.0 kg beam,
a ruler, a 5.00 kg mass with one smooth face and one rough face, and a stopwatch. She places the
10.0 m long uniform beam on top of the sloping structure with 4.00 m of the beam hanging over the
end of the structure as shown in the cross-sectional diagram below. The student then places the
5.00 kg mass rough side down at increasing distances from B until the beam starts to tip over. She
marks that place as C. The student then lets the 5.00 kg mass slide on its smooth side down the
smooth beam from rest at A. She measures the time to reach C as 3.30 s.

(a) Calculate the distance between A and C. (3 marks)

Element Description Marks
Uses moments to solve problem 2em = Zacm 1
Uses 1.00 m as distance from Bto | (5.00)(9.80) x BC cos@ =
COM of beam (15.0)(9.80) x 1.00 cos© 1
BC=3.00m
Correctly calculates answer AC =6.00 + 3.00=9.00 m 1
Total 3

(b) Ignoring friction, calculate the angle of the slope measured from the horizontal. (2 marks)

Element Description Marks
Uses s = ut + 0.5 ar’ where u =0 9.00 = 0.5 x 9.80 sin® x 3.30? 1
and a = gsin@
Correctly calculates answer sin@ = 0.1687 ©=9.71° 1
Total 2
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2021

A bobo doll, as shown below, can never be tipped over. Even if its head is held on the ground, it will

Section 1 stand back up when released. Explain how this works. You must include in your answer the relevant
Question 7 | conditions required for static equilibrium. Use the diagram on the right to illustrate your answer. (4
marks)
Gravity and
motion Copyright restrictions prohibit the release of this SCSA exam material.
Description Marks
Diagram shows labelled line of action of the weight force to the left of the pivot 2
(where the base of the bobo doll touches the ground).
Person holding doll down provides a balancing torque to keep the doll in static 1
equilibrium
When opposing moment holding head on the ground is removed, the restoring
moment of the weight force rights the doll
Total 4
2021 A space station is shaped like a huge hollow doughnut that is rotating uniformly. The outer radius is
Section 1 4.60 x 102 m. What is the period of rotation of the station if a person standing on the outer wall
Question 9 | inside the station experiences the same weight force she would experience on Earth? (5 marks)
Gravity and Copyright restrictions prohibit the release of this SCSA exam material.
motion
Element Description Marks
Centripetal force is supplied by the | mv'/r=R 1
reaction force.
Reaction force equals mg mv/r=mg 1
Correctly rearranges formula to y= \/@ =460x10°x9.80=67.1 ms"' 1
calculate velocity
Period is circumference over time T =2ariv 1
Correctly calculates period 7'=430s 1
Total 5
2021 A 42.5 kg gymnast performs her dismount from the 1.25 m high beam. She leaves the beam with a
Section 2 | velocity of 3.10 m s-" at an angle of 55.0° to the horizontal.
Question
15 Copyright restrictions prohibit the release of this SCSA exam material.
Gravity and | (a) Calculate the vertical and horizontal components of her launch velocity. (2 marks)
motion

Element Description Marks
Vertical component vy = 3.10 X sin 55.0° = 2.54 m s*' 1
Horizontal component vy=3.10 X cos 55.0°=1.78 m s 1
Total 2
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(b) Calculate the time it takes for her to reach the ground, assuming she is vertical at impact. (5

marks)

There are 3 different alternatives to solve this problem.

1. Quadratic equation

Element Description Marks
s=ut+0.5ar
s and a are negative, u is positive. -1.25 = 2.541 — 4.90r 1
Uses vy for u 1
Rearranges equation correctly to 490r —2.54:-1.25=0 1
equal 0
Substitutes correct values into t=254 +-2542 -4 x 1
quadratic formula 490 x-1.25/2 x 4.90
Correctly calculates answer 1=0.827 s 1
Total 5
2. Calculates final vertical velocity
Element Description Marks
V' =1’ + 2as
a and s are negative vi° = 2.54% + (2 x -9.80 x -1.25) 1
uses vy 1
Solves for v correctly vw=+556ms"’ 1
v=u+at,vanda are -5.56 = 2.54 — 9.80t 1
negative
Correctly calculates answer t=0.827 s 1
Total 5
3. Splits flight into up and down sections
Element Description Marks
Calculate time to apex using v v=ut+at 1
1=0.259 s
Calculates how high she goes s=ut+0.5ar 1
§=0.329 m
Adds 1.25 to answer s=1.58m 1
Calculates how long to fall to s=ut+0.5ar 4
ground t=0.568 s
Adds two times correctly 0.827 s 1
Total 5
(c) Calculate her range R. (2 marks)
Element Description Marks
s=vt s =178 x0.827 1
Uses vy
Correctly calculates answer s=147m 1
Total 2
(d) Calculate the gymnast’s kinetic energy at the top of her flight. (2 marks)
Element Description Marks
Uses vy E;=0.5x42.5x1.78? 1
Correctly calculates answer 67.3J 1
Total 2
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2020
Section 1
Question 1

Gravity and
motion

A ball is launched vertically into the air with an initial velocity at t = 0 from ground level (s = 0) and
returns to ground level. It takes four seconds for it to reach its maximum height. Taking upwards as

positive, graph the ball’'s displacement, velocity and acceleration versus time from take-off to

landing. Ignore air resistance and do not place any values on the y-axis.

Displacement (s) versus Time (/)

s (m)
A
0 : : . \ 1(s)
2 4 6 8
Y
Velocity (v) versus Time (/)
v(ms)
A
0 : > 1(s)
2
Acceleration (a) versus Time (1)
a(ms?)
0 T T T T 1 (S)

Description Marks
1 mark for each graph completely correct. 1-3
apex of parabola must be at 4.0 s. Velocity graph must go through (4,0).
Total 3
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2020

Emma stands 20.0 cm from the end of a 5.20 m long uniform diving board. Calculate the upwards

Section 1 force the support must exert on the 50.0 kg board for the system to remain in equilibrium. (4 marks)
Question 5
E
Gravity and 43 81 :g
motion 500 m
0
2.00m -
Diving board f
Hinge Length 5.20 m, mass 50.0 kg
Support
Element Description Marks
takes moments around hinge 2acm =X cm 1
correctly identifies direction of moments | (mz x g x 5.0) + (m, x 9.8 x 2.6) = 2F 1
uses 50mnot5.2m,2.6 mnot2.5m (40 x 9.8 x 5.0) + (50 x 9.8 x 2.6) = 2F 1
correct/consistent answer 1620 N or 1.62 x 10°N 1
Total 4
2020 A golfer hits a ball at 37.0 m s~" at 31.0° to the horizontal on a flat fairway. It travels 123 m. She
Section 1 wants to hit a target 135 m away, so she increases the angle at which she hits the ball, without
Question changing the launch speed. Calculate the smallest increase of angle that allows her to reach the
10 target. (Hint: 2sinGcosO = sin26)
Gravity and
motion Element Description Marks
expresses  as range over horizontal /= 135/37 cosO 1
velocity
substitutes time into equation for vertical 0 = 37 sin@ — 4.9 (135/37 cosO) 1-2
displacement (s = 0) 37%sinOcosO = 4.9 x 135
solves for angle using expression given sin20 = 2 x 4.9 x 135/372
20=75.1° 1-2
O =375°
subtracts initial angle to find change of =
il 37.5-31=6.5
Total 6
Note: other equivalent methods can be used, suchasv=u+ators=ut + % af’ to
get an expression that eliminates ¢
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2020

Jake is lifting two books of mass 1.00 kg and 2.00 kg respectively. The lighter book sits on top of the

Section 1 heavier book, and each of Jake’s hands exerts a vertical force of 16.2 N on the lower book, as
Question | shown in the diagram.
11
Gravity and
motion 1.00 kg
2.00 kg
16.2N 16.2N
(a) What is the magnitude of the acceleration of the books? (3 marks)
Element Description Marks
r ight force fr
subtracts the weight force from the Fra=324—-(3x98)=30N 1-2
total upwards force
uses net force to calculate the 4 = Flii=3.0/3.0 = 1.00 ms2
acceleration
Total 3
(b) What is the magnitude of the force that the 2.00 kg book exerts on the 1.00 kg book during this
acceleration? (3 marks)
Element Description Marks
adds weight force to net force to get | Fra= mg + ma 1-2
total force =98+1.0
correct/consistent answer 10.8 N 1
Total 3
2019 Titan is the largest of Saturn’s moons. Its orbital radius is 1.22 x 108 km. Use the Formulae and
Section 1 Data booklet and the data in the table below to determine the strength of Saturn’s gravitational field
Question 4 | where Titan orbits. Give your answer in N kg=' and m s=2.
Gravity and
motion Planet Mass (Earth masses)
Mercury 0.055
Venus 0.815
Earth 1.000
Mars 0.107
Jupiter 318
Saturn 95
Uranus 14.5
Neptune 17.2
Pluto 0.002
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Description Marks
r=122x10°m 1
M =95 Mg=5.67 x 10%¢ kg 1
g =MG/?
g=567x10%x6.67 x 107'7/(1.22 x 10°%)? 1-2
2=254x102Nkg™
g=254x102ms™ 1
Total
2019 The diagram below shows a system in equilibrium.
Section 1
Question 6
Strut
Gravity and
motion T

30° 45°
\\ Hinge

A student drew a diagram of the forces acting on the strut. That diagram is shown below. It is not
drawn to scale.

mg

\\ Hinge

(a) With specific reference to the conditions required for equilibrium, explain why the diagram of the
forces is incorrect. (2 marks)

Description Marks
Z horizontal forces should =0 1
No Fy to the right to counter component of 7" to the left: unbalanced 1
Total 2
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(b) Using the diagram below, show what change(s) should be made to correct it. (Calculations are

not required.) (2 marks)

30°

Strut

45°

\ Hinge

Description Marks
Fhinge Must be to the right 1
and a vertical component 1
Total 2

2019
Section 1
Question 7

Gravity and
motion

A pith ball is a very small, lightweight object that readily picks up electric charge. A pith ball with a
mass of 75.0 x 1076 kg is suspended by a string attached to a charged plate. The pith ball has an
excess of 2.00 x 102 electrons on it and the electric field strength between the charged plates is

95.0 N C.

[YPS Ayl/ A

* Pith ball

A

A

(a) In the space below, draw a vector diagram of the forces acting on the pith ball. (3 marks)

(side view)

Description Marks
correct forces 1
closed right triangle 1
correct labels 1
Total 3
(b) Calculate the angle between the string and the charged plate. (5 marks)
Description Marks
tan @ = Fr/mg 1
Fr=Eq=95x2%x10"%x1.6 x 107" =3.04 x 107 1-2
mg=75%x10%x9.8=7.35x 10" 1
tan 0 =3.04 x 10°/7.35x 10 0=237° 1
Total 5
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2019
Section 1
Question 8

Gravity and
motion

A cyclist is travelling at 6.0 m s™' over a hump in the road that is part of a circle of radius 4.80 m.
Calculate the magnitude of the total reaction force of the ground on the cyclist at the top of the
hump. The total mass of the cyclist and bicycle is 72 kg. (Note: diagram not to scale, ignore friction.)

Copyright restrictions prohibit the release of this SCSA exam material.

Description Marks
Fe=mg—R
R =mg—mv/r 2
=72(9.8 — 36/4.8) 1
=166 N 1
Total
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Marking Guide — Section 2

2023
Section 2
Question La

15 Y

Gravity
and
motion

Mo

Stoogus Curly

A recently discovered planet (Stoogus) in a distant solar system has three moons (Larry, Curly
and Mo) orbiting at different distances. Stoogus has a mass of 2.37 x 10% kg and a day on
Stoogus lasts 7.50 Earth hours. Assume all three moons have circular orbits as their masses are
insignificant compared to that of Stoogus.

(a) Curly is a geosynchronous satellite that orbits above one specific spot on Stoogus’ surface.
Calculate the radius of Curly’s orbit. (5 marks)

Element Description Marks
Uses Kepler's 3rd law T— = 4% 1
r GM
Rearranges for e GM],L 1
4r-
Converts hours to seconds | 77=7.50 x 60 x 60 =2.70 x 10* s 1

Substitutes correct values

into equation 2

1
(2.70x10*)* |3 1
4

r =(6.67>¢10"' x2.37x10* x

Calculates value for r r=143x10"m

| -

Total

(b) The gravitational field strength that Mo experiences due to Stoogus is 4.50 x 10> m s2.
Calculate the distance between the centre of mass of Mo and the centre of mass of

Stoogus. (4 marks)
Element Description Marks
. GM
Uses correct equation £=— 1
2
» _GM
Rearranges for r? = ? 1
. 6.67x10 " x2.37x10*
Substitutes correct values r= - 1
4.50x10°
Calculates answer =1.87x10%m 1
Total 4
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(c) (i) Derive the mathematical relationship between a moon’s orbital speed v and its distance r from
the planet’s centre of mass. (3 marks)
Element Description Marks
Uses Kepler's 3rd Law and T? = 4r*r’? 1
rearranges for T T GM
2 2.2 2.3
Substitutes —— for T il ,’ = il 1
v v GM
» _ GM
Simplifies and isolates 12 vi=2 1
r
Total 3
Alternative solution
Element Description Marks
States F. is provided by the F, F.=F, 1
Expands formulae correctly m . GA{'" 1
r r-
» _GM
Simplifies and isolates v Pes 1
#
Total 3
(ii) Use this relationship from part (c)(i) to identify which moon of Stoogus has the greatest orbiting
speed. Justify your answer. (2 marks)
Description Marks
Larry is travelling the fastest 1
As G and M are constant, as - decreases, velocity increases 1
Total 2
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2023
Section 2

Question
17

Gravity and
motion

A uniform garden gate is attached to its support by two T
hinges (7' and B). The top hinge (7') is fixed 20.0 cm | —100m ———

below the top of the gate and the bottom hinge is fixed T

to the bottom of the gate. The gate has a mass of [][ﬂ:l[ﬂ:ﬂ:ﬂ:[[:l 20.0 cm

25.7 kg. Itis 1.00 m wide and 1.40 m tall. T

Note: The top hinge takes all of the vertical weight force
of the gate. The bottom hinge keeps the gate lined up
correctly.

(a)

(b)

1.20m
By taking moments around B, calculate the
horizontal component of the reaction force of 7'
on the gate. Include a direction in your answer.
(5 marks)
B
Element Description Marks
Correctly identifies moments around B Zl;g d horzonigg componsiiiol 1
distances to pivot Rurx1.20=25.7 x 9.80 x 0.50
Calculates correct answer for Rur Rur=105N 1
Includes direction left 1
Total 5

Calculate the overall reaction force of 7"on the gate. Include an angle to the horizontal in
your answer. If you could not obtain an answer to part (a), use 1.40 x 102 N. (5 marks)

Element Description Marks

Uses Pythagoras to solve for net 1

overall reaction force

Substitutes correct values Rue = (25.7 x 9.8)° + 1052 1

Calculates answer Rner =273 N 1

Uses correct trig function to calculate # | e.g. tan 8 = 251.9/105 1

Calculates & 0 =674° 1
Total 5

If used 1.40 x 10> N, Rne: = 288 N, 6 = 60.9°
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(c) Discuss how the angle in part (b) would be affected if the top hinge was fixed at the top of the
gate. Include a mathematical expression in your answer. (4 marks)

Element Description Marks
g 2acm = Xcm
Uses moments equation from part (a) Rurx 1.20 = 25.7 x 9.80 x 0.50 1
2cm is constant 1

If we increase d from 1.20 to 1.40 m,

Rur will decrease

If Rur decreases, @ increases 1
Total 4

1

Alternative solution

Element Description Marks

Uses moments equation from part (a) | Tacm = Zcm
and uses distance = d Rurx d=25.7 x9.80 x 0.50 !
2cm is constant Rur = 126/d 1
If we increase d from 1.20 to 1.40 m, tan @ = RvIRh 1
Rur will decrease = 252/(126/d) = 2d
If d increases, tan @ and hence 6 1
increases

Total 4

2022
Section 2
Question

17

Gravity and
motion

The diagram to the right shows the two forces acting on a conical pendulum as it spins at a set
frequency. The vector addition of these two forces provides the centripetal force on the ‘bob’. The
mass of the ‘bob’ is 255 g and the length of the pendulum string L is 1.20 m. When the frequency of
rotation is 0.490 Hz, the angle 6 = 30.0°.

AT

‘bob’

(a) Calculate the tension in the string when 6 = 30.0°. (4 marks)

Element Description Marks
Uses correct relationship cos 30.0° = mg/T 1
Isolates T correctly T = mglcos 30.0° 1
Converts to kg 7T =0.255 % 9.80/cos 30.0° 1
Calculates correct answer 7=2.89N 1
Total 4
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(b) Calculate the radius of the circular path the ‘bob’ is moving in when the angle is 30.0°. (2 marks)

Element Description Marks
Uses correct identity sin 30.0° = #/L 1
Calculates correct answer r =L sin 30.0° = 0.600 m 1
Total 2

(c) Calculate the new angle between the pendulum string and the vertical if the frequency of rotation
is doubled. (6 marks)

Element Description Marks

Calculates new period 7'=1/0.980=1.02 s 1
Uses correct relationship tan @ = mv?lrimg =+V?lrg 1
Substitutes 2z+/T for v 9.80tan =4 72 r/T? 1
Substitutes L sin 4 for r 9.80 sin H/cos 8 =4 72 x 1.20 sin 6/T? 1
Simplifies and isolates cos 8 cos #=9.80 x 1.02%(4 =2 x 1.20) 1
Calculates correct angle 0=776° 1

Total 6
Note: If assumes r or v remains constant, award maximum 3 marks.

(d) Explain why 6 can never equal 90.0°, regardless of how great the frequency of the pendulum
becomes. You may use mathematical relationships in your answer. (4 marks)

Description Marks
Tension consists of two components, vertical and horizontal. 1
The vertical component counters mg. 1
When angle = 90°, the vertical component = 0. 1
This means there is nothing holding the weight of the ‘bob’, which is 1
impossible.
Total 4
Alternate solution:
Description Marks
cos 8 = mglT 1
I' = mglcos 6 1
As # approaches 90°, T"approaches infinity. 1
Infinite 7'is impossible. 1
Total 4
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2021 Aeroplanes are designed to produce an upthrust that counters their weight force. This allows them

Section 2 | to maintain altitude. The magnitude of this upthrust (R) is directly proportional to the forward speed
Question of the aircraft. It always acts perpendicular to the wings. When changing direction, the aeroplane
17 banks in a circular path. A free body diagram of a banking aeroplane is shown below.
Gravity and R
motion

mg

(a) Draw a vector diagram showing how the weight force and the upthrust produce a resultant

centripetal force. Label the resultant force and include the angle © shown in the free body diagram.
(3 marks)

Description Marks

All forces labelled correctly
Right angle triangle with resultant horizontal
O correctly placed

[V SN N N

Total

Centripetal Force
- —

\k
“\
\'\
R \\
mg
\
\
\I
\\
\!
\
A \ -
\\ &
\
\
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(b) Calculate the centripetal force on a 5.60 x 103 kg aeroplane banking at an angle of 15.0° to the
vertical while maintaining constant altitude. (3 marks)

Element Description Marks
Uses correct trigonometric function | tan 15.0° = F./mg 1
Substitutes correct values into F.=mgtan 15.0° = 5.60 x 103 x y
equation and isolates F. correctly 9.80 x 0.268
Calculates correct answer 1.47 x 104 N 1
Total 3

(c) If the aeroplane is travelling at 4.50 x 102 km h—1, calculate the radius of the circular path it takes
when banking while maintaining constant altitude. (3 marks)

Element Description Marks
Converts km h'' tom s’ 450/3.6=125ms"’ 1
Substitutes values and rearranges | » = 5.60 x 10° x 1252/ 1.47 x 10* 1
equation correctly
Correctly calculates answer 5.95x 10° m 1
Total 3

(d) With reference to your vector diagram in part (a) and the text, explain why aeroplanes need to
increase their speed to maintain altitude when banking. (4 marks)

Description Marks
Upthrust counters weight force 1
Upthrust is directly proportional to forward speed 1
Upthrust acts perpendicular to wings 1
As seen in diagram, only vertical component of upthrust counters weight 1
therefore needs to increase speed to maintain altitude
Total 4
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2020
Section 2
Question

15

Gravity and
motion

Two spaceships, captained by Adhita and Harper, are travelling toward each other. They are
observed by a person on the Earth to be travelling at the velocities shown in the diagram. Take all
velocities to the left as positive.

Adhita

\ S 2N 4
0.500¢ 0.750¢

(a) Calculate the velocity of Harper as measured by Adhita. (4 marks)

Element Description Marks
uses consistent sign convention. | v=-0.5¢ u=0.75¢ 1
correctly identifies frames of . ;
looking for u 1

reference

enters correct values and y
directions into correct equation. u' = (0.75¢ - (-0.5¢))/(1 - (0.75 x -0.5)) 1

correct answer 0.909¢ 1
can be solved from Earth's perspective finding u’,
where « = 0.93c and v = -0.50¢

| Total a

(b) Harper fires a missile with a velocity of 0.600c with respect to her in the direction of Adhita.
Calculate the velocity of the missile as measured by an observer on the Earth. (4 marks)

Element Description Marks
uses correct sign convention all velocities are positive 1
correctly identifies FOR looking for u 1
enters correct values into (0.75 + 0.6)c/(1 + (0.75 x 0.6)) 1
correct equation
correct/consistent answer 0.931¢ 1
Total

(c) Calculate the velocity of the missile as measured by Adhita. (4 marks)

Element Description Marks

uses consistent sign convention all velocities are positive 1
correctly identifies FOR looking for u 1
:gtueartsioc;orrect values into correct u=(0.91+0.6)c/(1 + (0.91 x 0.6)) 1
correct/consistent answer u=0.976¢ 1

Total 4
Note: The problem can be resolved from Earth's perspective using «’, where

u=0.931c and v = -0.500¢

Unit 3 — Gravity and motion — Marking Guide — Section 2
Essential Insight Exam Guide — 2025 Edition — Page 74



2020 A satellite is orbiting the Earth 4.00 x 103 km above its surface.

Section 2
Question | (a) Calculate the period of the satellite. (5 marks)
17
Gravity and Element Description Marks
motion converts km tom 1?2 = 472 (4.0 x 108 + 6.37 x 106)%/ 1
(6.67 x 107" x 5.97 x 10%*)
adds altitude to radius of Earth 1
cubes distance and square roots 1
answer
correct answer 1.05 x 10*s 1
converts to hours 2.92 hours 1
Total 5
5 P

IS
N

: A

1 /

/

Period x10°(s)

v

T

2 3 4
Radius x10'? (m)

The graph shows the relationship between the period (T) and the orbiting radius (r) of all the planets
in our solar system.

(b) (i) With reference to Kepler’'s Third Law, describe how a straight line graph could be generated
using the same two variables. (Do not refer to logarithms.) (2 marks)

Description Marks
in Kepler's 3™ Law, 72 is proportional to ° 1
graph 7% vs »* 1
Total 2

(i) Explain how you could use the gradient of this straight line and Kepler’s Third Law to estimate
the magnitude of the Newtonian constant of gravitation (G). (Do not try to calculate G from the
graph.) (3 marks)

Element Description Marks
isolates expression for gradient from gradient = 7%/1° = 1
Kepler's Third Law. 472/GM
isolates G from equation including G = 1/gradient x 47/M 1

gradient
recognises M (of the Sun) is constant
therefore G can be calculated

Total 3
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2020
Section 2

Question
18

Gravity and
motion

Drawbridge 35°/

)]

A castle has a 6.00 m long drawbridge with a mass of 500 kg over its moat. It is attached to a winch
by an extremely strong rope at an angle 35.0° to the horizontal.

Hinge (O

(a) Calculate the tension in the rope when the drawbridge is just lifted off the rest on the other side
of the moat. (4 marks)

Element Description Marks
takes moments around hinge acm = cm 1
identifies acm and cm T xd=500 x9.80 x 3.00 1
calculates perpendicular distance ;
from hingerio Fope d =6 sin 35 !
correct answer T=4270Nor4.27 x 10° N 1
Total 4

(b) Calculate the reaction force of the hinge (O) on the drawbridge at this point. (5 marks)

Element Description Marks
Calculates the horizontal
component of the reaction force
from horizontal component of
tension.
Calculates vertical component of

Ry = 4271 cos 35=3500 N 1

Ry =mg — Ty = 4900 - 4271 sin 35

reaction force by subtracting 1

vertical component of 7' from mg. =2450N

SS&Z g:)e; at\go components using Ry? = 35002 + 24502 1

correct answer 4271 N 1

calculates angle correctly tan O = 2450/3500 O = 35.0° 1
Total 5

Note: Candidates could identify that R = 7" through vector diagram but they would

have to give a good explanation of what they did.
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The castle comes under attack. The people inside the castle begin to raise the drawbridge. When it
is at an angle of 15.0° above horizontal, the angle between the drawbridge and the rope is 40.0°. At
this moment, a 95.0 kg soldier being chased by the enemy jumps onto the very end of the

drawbridge.

(c) Calculate the new tension in the rope as he hangs from the end. Assume the drawbridge is

stationary at this time. (5 marks)

Element Description Marks

takes moments around hinge acm = cm 1

correctly identifies acm and em T'xdi=(mgxgxdz)+ (msxgxds) 1

calculates three new distances dy = 6.00 sin 40 =3.86 m

from pivot d>=3.00 cos 15=2.90 m 1-2

d3=6.00cos 15=5.80m

correct/consistent answer 5080 N or 5.08 x 10°N 1

Total 5

2019
Section 2
Question

12

Gravity and
motion

A ball is rolled from rest down a curved slope, across a flat, smooth table leaving the table

horizontally and falling to the floor.

Ifh=300cmand H=1.20m

(a) Using conservation of energy, calculate the speed with which the ball leaves the table. Assume
no energy is lost to friction, air resistance or is transferred to rotational energy. (2 marks)

Description Marks
mgh = mv>/2
1
2
v=V28&" - 3% 980%023
=242ms™! 1
Total
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(b) Calculate the distance x. (4 marks)
Description Marks
s=05arf 1
t=+1.20/4.9
=0.495s 1
xX=vy,xt 1
=242x0495=120m 1
Total 4
(c) Calculate the velocity of the ball when it hits the floor. (5 marks)
Description Marks
v,=0+9.8 x0.495 1
=485ms™ 1
Vaa =Vt Y,
1
vy = V4.85%+2.42°
=542ms™ 1
tan 6 = 4.85/2.42 1
0 =63.5°
Total 5
(d) Derive an expression for x in terms of h and H only. (Note: may include numbers.) (4 marks)
Description Marks
vy=+2gh 1
t=\2H/g 1
X= v Xt
1
=\2xgxh x\2H/g
=2hxH 1
Total 4
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2019 Workers at an ice skating venue use a ladder to fix a sign 5.0 m above the surface of the ice. To
Section 2 | prevent the 6.00 m long ladder from slipping on the ice, they tie a cable between the ladder and the
Question | 4.00 m high wall. The cable is at right angles to the wall. The uniform 15.0 kg ladder is placed at an

13 angle of 45° between the frictionless surfaces at A and B. A 90.0 kg worker is standing still on the
ladder at G.
Gravity and
motion

Ladder

N

Cable

o

(a) On the diagram above, draw and label the forces acting on the ladder. Assume the reaction force
at B acts at right angles to the ladder. (4 marks)

Ladder

R \

Cable

45°

| >

\ 4 \j
mg mg

Description Marks

forces: R4, Rp, T, mig and m,,g

all five correctly labelled with directions 4

all five, one incorrectly labelled or directed 3

four correctly labelled 3

four, one incorrectly labelled or directed

or 2

all five, two incorrectly labelled or directed

three correct 1
Total 4
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(b) By taking moments around A, calculate the tension in the cable. (6 marks)

Description Marks
XFu=0
T = Rp cos 45 1-2
Rp = T/cos 45
Taking moments at A: 1-2
(I'x1)+(90x9.8 x3)+ (15 x 9.8 x 3 cos 45) = Ry x 4/cos 45
Sub for Rp: 1
T+ 2650 + 312 = 4T /(cos 45)*
2960 =87-T 1
T'=423 N
Total 6
2019 A ball is being swung around in a vertical circle on a string.
Section 2
Question Copyright restrictions prohibit the release of this SCSA exam material.
16
(a) In the table below, match the statements with A, B, C and/or D. (4 marks)
Gravity and
motion Description Marks
point(s) where the centripetal acceleration is the A 1
greatest
point(s) where the tension in the string is the lowest C 1
point(s) where the net force is not toward the centre B and D (no mark 1
of the circle for just one)
point(s) where the ball's weight force is perpendicular B 1
to the tension
Total 4

(b) Write an expression for the net force acting on the string at point C in terms of the weight force

and the tension in the string. (1 mark)

Description

Marks

Fe =T + mg (could use Fret)

1

Total

1

(c) Calculate how fast the 500 g ball can be moving at point A for the 1.20 m long string not to break,

if the maximum tension it can withstand at point A is 172 N. (4 marks)

Description Marks
AtA: T=Fc+mg 1
T'=0.5(v%1.2 +9.8) 1
172/0.5-9.8 =1/ 1.2 1-2
v=200ms™
Total 4
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(d) Calculate the maximum speed at which the ball can be moving at point C for the string not to
break at point A. (3 marks)

Description Marks
At C: Eroral = 0.5mvi” + mg x 2.4 = m20% 2 1
ve =4f2(200-23.5) 1
=18.8ms™ 1
Total 3
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Marking Guide — Section 3

2022 Kepler’'s three laws of planetary motion can be stated as follows:
Section 3
Question 1. All planets move about the Sun in elliptical orbits, having the Sun as one of the foci.
19 2. Aradius vector joining any planet to the Sun sweeps out equal areas in equal lengths of
time.
Gravity and 3. The squares of the periods (of revolution) of the planets are directly proportional to the
motion cubes of their mean distances from the Sun.

The two shaded areas are equal, and cover equal times

Figure 1: Kepler's 2nd Law

Kepler's 3rd Law, which appears on the Formulae and Data booklet, can be derived for a circular
orbit from first principles: the centripetal force between the planet and the Sun is provided by
Newton’s Law of Gravitation, and S = vT, where S is the orbiting circumference and T is the period.

Earth-Moon
barycentre

Moon's orbit Earth’s orbit

Earth

Figure 2: Location of Earth-Moon barycentre

The system of any large celestial body, and its satellite, orbits around a ‘barycentre’. This represents
the centre of mass of the system. The barycentre of the Earth—Moon system is shown in Figure 2.
The system could be seen as a balance beam, with the barycentre located where the fulcrum would
be placed to achieve equilibrium. The gravitational field strength due to the Sun is identical for both
the Earth and Moon and therefore cancels out when calculating moments around the barycentre.

When the mass of the satellite represents a significant percentage of the system, the barycentre is
outside either body. When its mass is significantly less, the barycentre is usually found within the
more massive body which appears to ‘wobble’. When the mass of the orbiting satellite is
insignificant compared to the mass of the body it is orbiting, the barycentre can be assumed to be
the centre of mass of the larger body.
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(a) (i) Using Kepler's 2nd Law, describe the relationship between the distance a planet is from the
Sun it orbits and its orbiting speed by filling in the blank below. (1 mark)

As the distance from the planet increases, the orbiting speed

Description Marks
decreases 1
Total 1

(i) Without completing a calculation, justify this relationship with reference to Figure 1. (3 marks)

Description Marks
The shaded areas in the diagram show the same time interval. 1
The satellite further from the Sun travels less distance in the same 1
time.
Therefore the further from the Sun, the lower the speed. 1
Total 3

(b) Using the instructions given in the article, derive Kepler's 3rd Law from first principles, showing
each step of the derivation. The final expression must match the equation in the Formulae and Data
booklet. Assume the orbit is perfectly circular and the mass of the satellite is insignificant compared
to the mass of the body it is orbiting. (5 marks)

Element Description Marks
Equates gravitational force to centripetal force. mMG/r? = mv¥/r 1
Cancels mass and r MG/r = v? 1
Substitutes 2x/7 for v MG/r = 4n°r%/T? 1
Simplifies by cross multiplying T°MG = 4n*r3 1
Rearranges to match formula on data sheet T%r3 = 4n%/GM 1
Total 5

(c) Using moments, estimate how far the barycentre of the Earth—Moon system is from the centre of
the Earth. (4 marks)

Element Description Marks
Uses moments around barycentre o =
cm = Xacm 1
to solve problem
Uses d and (3.84 x 10° — d) as 597 x10¥ x gxd 1
distances =7.35 x 1022 x g x (3.84 x 10® — d)
Solves for d d=4.7%x10°m 1
2 significant figures 1
Total 4
Alternate solution:
Element Description Marks
Uses moments around centre of Sem= Sacm 1
Earth to solve problem
Uses Zm x g x d as acm (5.97 x 10%+7.35x 102) x g x d 1
=7.35x 102 x o x 3.84 x 10°
Solves for d d=4.7%10°m 1
2 significant figures 1
Total 4
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(d) With the use of a calculation and your answer to part (c), show that the Moon is travelling roughly
81 times faster than Earth as they orbit the barycentre. If you could not get an answer to part (c),
use 4.81 x 10 m and show that the ratio of the Moon’s orbiting velocity to that of the Earth is
roughly 80. (4 marks)

Element Description Marks

Realises the period for both T =28 days (+ 1 day only) 1

Earth and Moon are identical

Uses T = 2xr/v 27 rmlvm = 2mrelve 1

Simplifies and uses correct Vil VE 1

radii = (3.84 x 108 - 4.670 x 10°)/4.670 x 10°

Calculates correct answer Vaulve= 81.2 1
Total 4

Note: If used 4.81 x 108, v,,/v:-= 78.8, therefore roughly 80 times.

2020 Wind turbines
Section 3
Question Copyright restrictions prohibit the release of this SCSA exam material.
21
How do wind turbines work?
Gravity and
motion Copyright restrictions prohibit the release of this SCSA exam material.

Wind turbine blades vary in length between 40 and 80 m.

A major problem with wind turbines is varying wind speed. The input power must match the output
power. The output power depends entirely on rotational speed and torque so how do we keep
rotational frequency constant when wind speed keeps changing? The solution is mechanical. The
operators use blade pitch control which changes the angle of the blades and reduces the surface
area facing the wind. This reduces the amount of energy collected by the turbine and controls the
force applied to each blade.

Copyright restrictions prohibit the release of this SCSA exam material.
How the pitch is altered to control the rotational speed.
Each blade experiences a gravitational torque. If the clockwise and anticlockwise gravitational

torques add up to zero, the turbine is considered balanced. A symmetrical three-blade turbine is
considered balanced at all times.
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(a) (i) Explain why a step-up transformer is used to increase the voltage before transporting the
electricity into the National Grid. Use specific equations in your answer. (4 marks)

Description Marks
It is more efficient to step-up the voltage. 1
P = VI so if we increase /' we have less current for the same 1
power.
Pioss = PR power is lost as heat 1
The lower the current, the lower the power lost due to heat. 1
Total 4

(i) Calculate the output voltage of the transformer if the turbine produces 690 V and the ratio of
turns is 100 in the primary coil to 2500 in the secondary coil. (2 marks)

Element Description Marks
uses ratio of coils = ratio of v NP
voltages correctly Vs = NsVr/Np ;
correct answer = 2500 x 690/100 = 17.2 kV 1
Total 2

(b) With specific reference to the text, explain why the pitch of the rotor blades is changed by the
operators of the turbine. (4 marks)

Description Marks
The power input (wind energy) must match the power output (voltage 1
produced).
The power output depends on rotational speed which must be kept
constant.
The operators use pitch control which changes the angle of the blades.
This reduces or increases the amount of energy collected by the turbine
and controls the force applied.

Bl = [ -

Total

(c) If the 60 m long blades on an average-sized turbine are rotating at 0.20 Hz, estimate the speed
of the centre of mass of one of the blades. (4 marks)

Element Description Marks

Takes average length of 60 m and

estimates thg dista?\ce of COM from pivot Tg ke COM'as 20 figgom 1

as less than half of the length. pivet

converts f to T’ 0.2 Hz = 5 s period 1

uses v = circ/T v=27x%x20/5=25ms"" 1

two significant figures 1
Total 4
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Consider the three-blade turbine in the diagram to be rotating clockwise. The blade on the left hand
side is parallel to the ground. The blades are identical in size and mass.

(d) (i) Draw the weight forces acting on the blades. (2 marks)

, N
Description Marks
all three mg drawn equal distance from axle along blade 1
all same size 1
Total 2

(i) Show mathematically that the turbine is balanced in this position. (4 marks)

Element Description Marks
calculates angles correctly | Angle between blades is 120° 1
therefore angle to calculate r is 60°
identifies acm and cm (mg % rcos60) + (mg x rcos60) = 1
correctly in equation and mg x rcos0
derives the correct moment 1
equation
solves equation to show cos60 + cos60 = cos0
LHS = RHS 05+05=1.0
Total 4
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Unit 3 — Electromagnetism

Section 1

2023 A DC motor is attached to a 6.00 V supply, as shown in the diagram on the right. The square coil
Section 1 has a side length of 8.60 cm and contains 50 turns. The total resistance of the circuit is 3.00 Q and it
Question 1 | sits in a 3.70 x 10~ T magnetic field.

Electro-
magnetism Copyright restrictions prohibit the release of this SCSA exam material.

(a) Which way will the coil rotate when observed from X? Circle your answer. (1 mark)

A. Clockwise
B. Anticlockwise.

(b) Calculate the magnitude of the initial torque on the coil in the position shown in the diagram. (4
marks)

Answer N m
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2023
Section 1
Question 7

Electro-
magnetism

The north pole of a bar magnet is moved at a constant speed of 0.370 m s~ towards a coil of wire.
The coil has seven turns and a cross sectional area of 0.0240 m2 . The ends of the wire are
connected to a galvanometer (which measures very small currents).

(a) State Lenz’s law. (2 marks)

(b) With reference to Lenz’s law, explain why the needle in the galvanometer moves to the left, i.e.
the current in the galvanometer flows right to left. (3 marks)

(c) Explain why the emf induced in the coil is not constant, even though the speed of the magnet
remains constant. (2 marks)
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2023

Section 1 A metal bar of mass m is falling through a uniform - { >
Qu?lsztlon horizontal magnetic field of strength B. The effective ¢
length of the bar in the field is (. The bar, which [ : am
Electro- maintains contact with the frictionless wire, completes - . . s .
magnetism an external circuit with a resistance of R. Derive v
an expression for the velocity of the bar in terms of

m, g, R, B and [ given the velocity is constant.

out of page

Answer: v =
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2022

A simple AC generator is shown in the diagram below. A coil is manually rotated in a fixed magnetic

Section 1 field, producing an alternating current in the external circuit. Explain how the alternating current is

Question 3 | produced, making specific reference to the labelled parts in the diagram. (4 marks)
Electro- Copyright restrictions prohibit the release of this SCSA exam material.
magnetism
2022 A group of students place a metal bar in a DC circuit, as shown in the diagram below. The bar is

Section 1 arranged horizontally between the poles of a horseshoe magnet. When they turn on the switch (K),
Question 7 | they notice that the bar moves.

Electro-
magnetism Copyright restrictions prohibit the release of this SCSA exam material.

(a) In which direction is the initial movement of the bar? Circle your answer. (1 mark)

Left Right

(b) Explain why the bar moved when the circuit was turned on. (3 marks)
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