SL Paper 1

Two objects undergo an inelastic collision. Which of the following is correct in respect of both the conservation of momentum and the conservation of

total energy of the system?

Momentum Total energy
A conserved not conserved
B. conserved conserved
C. not conserved not conserved
D. not conserved conserved

Markscheme

B

Examiners report

This question refers to the total energy of the system. Many candidates answered as though it were referring only to the kinetic energy of the system.

A gas atom strikes a wall with speed v at an angle 6 to the normal to the wall. The atom rebounds at the same speed v and angle 6.

Which of the following gives the magnitude of the momentum change of the gas atom?

A.  zero

B. 2muvsiné
C. 2mw

D. 2mwvcosf

Markscheme

D



Examiners report

A large majority of the candidates opted for A, indicating perhaps that they misunderstood the question as asking for the change in the magnitude of
momentums. It is worth noting that such an interpretation has no physical significance, whereas the question being asked relates to the force of the

ball on the wall.

The initial kinetic energy of a block moving on a horizontal floor is 48 J. A constant frictional force acts on the block bringing it to rest over a distance

of 2 m. What is the frictional force on the block?

A. 24N
B. 48N
C. 96N

D. 192N

Markscheme

A

Examiners report

IN/A]

Objects A and B collide together. They end up joined together and stationary. During the collision, a force +F' is exerted on object A by object B.
According to Newton'’s third law, there will also be a force of
—F acting on object B.

—F acting on object A.
+F' acting on object B.
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+ F acting on object A.

Markscheme

A

Examiners report

IN/A]



An object falls from rest from a height h close to the surface of the Moon. The Moon has no atmosphere.

When the object has fallen to height % above the surface, what is

kinetic energy of the object at %

?
gravitational potential energy of the object at h *

A 3
B. 3
C. =
D. o

Markscheme

A

Examiners report

[N/A]

A car travelling at a constant velocity covers a distance of 100 m in 5.0 s. The thrust of the engine is 1.5 kN. What is the power of the car?

A. 0.75 kW
B. 3.0 kW
C. 7.5 kW
D. 30 kW

Markscheme

D

Examiners report

[N/A]

An object is at rest at time ¢ = 0. The variation with ¢ of the acceleration a of the object is shown from¢t = 0tot = 20 s.



alms? 34

What is the speed of the object whent = 15 s?

A. 25ms!
B. 50ms!
C. 75ms!
D. 100ms™*

Markscheme

B

Examiners report
Think units.

If we want a speed then this can only be calculated from the area under the graph.

A boy runs along a straight horizontal track. The graph shows how his speed v varies with time .
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After 15 s the boy has run 50 m. What is his instantaneous speed and his average speed when t = 15 s?



Instantaneous speed /ms™ Average speed /Ims™
A 33 33
B. 3.3 50
C. 50 33
D. 50 50
Markscheme
C

Examiners report

[N/A]

A graph shows the variation of force acting on an object moving in a straight line with distance moved by the object. Which area represents the work

done on the object during its motion from P to Q?
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A. X
B. Y
C.Y+Z
D. X+Y+Z
Markscheme
C

Examiners report

[N/A]



Two objects my and m, approach each other along a straight line with speeds v4 and v, as shown. The objects collide and stick together.

V1 VZ
—_— «——
m, m,

What is the total change of linear momentum of the objects as a result of the collision?

A. myvy + movo
B. myvqy —movy
C. movo —myvy
D. zero

Markscheme

D

Examiners report

IN/A]

Two balls of different mass are dropped from the top of a tall building one after the other. The distance between the balls

A. increases with time.

B. depends on the initial velocity only.
C. remains constant.
D

depends on the mass of the balls.

Markscheme

A

Examiners report

This is a common mind-teaser that very few students were able to answer correctly. At its heart is a clear understanding of the concept of
acceleration. As the two balls have the same acceleration they will have a fixed velocity difference between them, meaning that the distance between

them increases with time.

Which of the following is a condition for an object to be in translational equilibrium?

A. The object must be moving at constant speed.



B. The velocity of the object in any direction must be zero.
C. The forces acting horizontally on the object must equal the forces acting vertically on the object.

D. The resultant force acting on the object must be zero.

Markscheme

D

Examiners report

[N/A]

A projectile is fired horizontally from the top of a cliff. The projectile hits the ground 4 s later at a distance of 2 km from the base of the cliff. What is the

height of the cliff?

A 40m
B. 80m
C. 120m

D. 160 m

Markscheme

B

Examiners report

[N/A]

The momentum of a particle stays constant provided that
A. it moves in a circle with constant speed.
B. its acceleration is uniform.

C. the net internal force acting on it is zero.
D. the net external force acting on it is zero.

Markscheme

D

Examiners report

[N/A]



The diagram shows a girl attempting (but failing) to lift a heavy suitcase of weight W. The magnitude of the vertical upwards pull of the girl on the

suitcase is P and the magnitude of the vertical reaction of the floor on the suitcase is R.

Which equation correctly relates W, P and R?
A. W=P+R

BB W>P+R
C. W<P+R
D W=P=R

Markscheme

A

Examiners report

The majority of candidates selected an incorrect option, as a result of a misunderstanding of equilibrium. Candidates should have realized that during

equilibrium the sum of the vertical upwards forces acting on the suitcase will be equal in magnitude to the sum of the vertical downwards forces.

A net force acts on a body. Which characteristic of the body will definitely change?

A. Speed

B. Momentum
C. Kinetic energy
D

. Direction of motion

Markscheme

B

Examiners report



[N/A]

A stone is thrown vertically upwards from the surface of Earth. Which of the following quantities will not become zero while the stone is in the air?

A. Speed

B. Velocity

C. Momentum
D. Acceleration

Markscheme

D

Examiners report

[N/A]

A railway engine of mass m moves along a horizontal track with uniform speed v. The total resistive force acting on the engine is F'.

Fe D00\ =
LW LW

Which of the following is the power of the engine?

F
A. m
B. Fwv

muv
C. —=

v
D. ¥l

Markscheme

B

Examiners report

IN/A]

A ball of mass 0.40 kg travels horizontally and strikes a vertical wall with a speed of 5.0 ms™. It rebounds horizontally with a speed of 3.0 ms™'. The

ball is in contact with the wall for a time of 0.20 s.



What is the average magnitude of the force exerted by the ball on the wall?

A.0.16 N
B.0.64 N
C.4N
D.16 N

Markscheme

D

Examiners report

IN/A]

An object is projected vertically upwards at time t = 0. Air resistance is negligible. The object passes the same point above its starting position at

times 2 sand 8 s.

If g = 10 m s, what is the initial speed of the object?

A. 50

B 30

C. 25

D 4
Markscheme
A

Examiners report

[N/A]



Which of the following is proportional to the net external force acting on a body?

Speed
Velocity

Rate of change of speed

O 0w »

Rate of change of velocity

Markscheme

D

Examiners report

The forces have line symmetry about the tension, so C is the only possible answer.

Which statement applies to an object in translational equilibrium?

A. The object must be stationary.
B. The object must be moving with constant acceleration.
C. The resultant force acting on the object must be zero.

D. There must be no external forces acting on the object.

Markscheme

C

Examiners report

[N/A]

A lift (elevator) is operated by an electric motor. It moves between the 10" floor and the 2" floor at a constant speed. One main energy
transformation during this journey is
gravitational potential energy — kinetic energy.

electrical energy — kinetic energy.

kinetic energy — thermal energy.
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electrical energy — thermal energy.

Markscheme



Examiners report

There is a popular misconception that a decrease in gravitational potential energy will always be associated with an increase in kinetic energy. As the
lift (elevator) descends, the speed is constant and as a result, the kinetic energy of the lift (elevator) remains constant. This does, of course, lead to an

interesting opportunity for discussion related to conservation of energy.

Child X throws a ball to child Y. The system consists of the ball, the children and the Earth. What is true for the system when the ball has been caught

by Y?
child X child ¥
"o
Y
! .’J.
i
[Source: https:/ipixabay_com/en/playing-ball-kids-boy-girl-31338/
A. The momentum of child Y is equal and opposite to the momentum of child X.
B. The speed of rotation of the Earth will have changed.
C. The ball has no net momentum while it is in the air.
D. The total momentum of the system has not changed.

Markscheme

D

Examiners report

[N/A]

The graph shows how the displacement d of an object varies with time . The tangent to the curve at time ¢; is also shown.
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Which of the following gives the speed of the object at point P?
A. the gradientat P

B. the shaded area

D. ‘f—ll
Markscheme
A

Examiners report

IN/A]

An object, initially at rest, travels a distance d in a time t at a constant acceleration. What is the time taken for the object to travel 16d from rest at the

same acceleration?

A. 16t
B. 8t
C. 4t

D. 2t

Markscheme

C



Examiners report

[N/A]

Which of the following is an elastic collision?

A. Two railway trucks collide and they link together.
B. Two railway trucks collide and they do not link together.
C. Two gas molecules collide and each changes direction.

D. Two gas molecules collide and a bond is formed between them.

Markscheme

C

Examiners report

[N/A]

An egg dropped on the floor is likely to break. However, when it is wrapped in a cloth it is less likely to break. This is because the cloth
A. increases the time for which the force of the ground acts on the egg.
B. reduces the momentum of the egg.

C. reduces the change of momentum of the egg.
D. reduces the impulse acting on the egg.

Markscheme

A

Examiners report

[N/A]

The graph is a speed versus time graph for an object that is moving in a straight line.



Speed / ms™ 10
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The distance travelled by the object during the first 4.0 seconds is

A, 80m.
B. 40m.
C. 20m.
D. &5m.

Markscheme

B

Examiners report

IN/A]

An object of mass my has a kinetic energy E4. Another object has a mass m, and kinetic energy E,. The objects have the same momentum. What is
. By

the ratio E?

A1

My

B.

m

m2
C T

2
m:
D. (W)

Markscheme

C

Examiners report

A was a popular choice. Candidates should be taught the conceptual difference between momentum and kinetic energy and realise that if the momentum of

two moving objects of different mass is the same, then their kinetic energy can never be the same.



The graph shows the variation with time t of the force F acting on an object of mass 15 000 kg.

The object is at rest at t = 0.

F kN

0 5 10 15 20 25 30
tfs

What is the speed of the object when t = 30 s?

A. 0.18ms™

B. 6ms™

C. 12ms™

D. 180ms™
Markscheme
B

Examiners report

IN/A]

A constant force of 12 N is applied for 3.0 s to a bodly initially at rest. The final velocity of the body is 6.0m s™'. What is the mass of the body?
A. 1.5 kg
B. 6.0 kg

C. 24 kg
D. 36 kg

Markscheme

B

Examiners report



A block of mass m is moving at constant velocity v along a frictionless surface that is height h above the ground.

—> v

h

h 4

Which expression gives the work necessary to maintain the constant velocity?
A. mgh
1.2
B. smv
C. mgh+%mv2

D. zero

Markscheme

D

Examiners report

IN/A]

A vehicle is driven up a hill at constant speed. Which of the following best describes the energy changes involved?

Chemical energy is converted into gravitational potential energy.
Chemical energy is converted into gravitational potential energy, sound and thermal energy.

Gravitational potential energy is converted into chemical energy.
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Gravitational potential energy is converted into chemical energy, sound and thermal energy.

Markscheme



Examiners report

IN/A]

Each side of a metal cube is measured to be 2.0 cm + 0.20 cm. What is the absolute uncertainty in the calculated volume of the cube?

A. £0.08 cm®
B. +0.60 cm®
C. £0.80 cm®
D.+2.4cmd

Markscheme

D

Examiners report

[N/A]

A rubber ball, travelling in a horizontal direction, strikes a vertical wall. It rebounds at right angles to the wall. The graph below illustrates the variation

of the ball’s momentum p with time £ when the ball is in contact with the wall.

r

D
" N

A. The shaded area is equal to the force exerted by the wall on the ball.

Which of the following statements is true?
The shaded area is equal to the force exerted by the ball on the wall.

B
C. The gradient is equal to the force exerted by the wall on the ball.
D

The gradient is equal to the force exerted by the ball on the wall.

Markscheme

C

Examiners report



Most students understood that the gradient of the graph referred to a force, yet they failed to go one step further and identify the direction of the force.
The gradient is negative, which means that it is in the opposite direction to the momentum of the ball. It can, therefore, only refer to the force by the

wall on the ball.

Two balls X and Y with the same diameter are fired horizontally with the same initial momentum from the same height above the ground. The mass of

X is greater than the mass of Y. Air resistance is negligible.

What is correct about the horizontal distances travelled by X and Y and the times taken by X and Y to reach the ground?

Horizontal distances Time to reach ground
A X and Y the same X and Y times the same
B. X and Y the same X takes a shorter time than Y
C. Xlessthan'Y X and Y times the same
D. Xless than Y X takes a shorter time than ¥

Markscheme

C

Examiners report

[N/A]

The time taken for a stone dropped from rest to fall vertically through 16 m is 2.0 s. Based on these measurements, what is the best estimate for the

acceleration of free fall?

4.0ms2
8.0ms 2

9.8 ms 2

o0 ® »

10 ms—2

Markscheme

B

Examiners report

IN/A]



Two identical spheres, each of mass m and speed v, travel towards each other on a frictionless surface in a vacuum.

The spheres undergo a head-on elastic collision.

Which statement correctly describes the spheres after the collision?
A. The total momentum of the spheres is 2mv.

B. Each sphere has zero momentum.

C. The total kinetic energy of the spheres is mv2.

D. Each sphere has zero kinetic energy.

Markscheme

C

Examiners report

IN/A]

A force which increases uniformly from 0 to a maximum value of F is applied to an object. The object does not move until the force exceeds 0.5F. As

the force increases from 0.5F to F the object moves a distance x in the direction of the force. What is the work done by this force?
A. 0.25Fx
B. 0.5Fx

C. 0.75Fx
D. Fx

Markscheme

C

Examiners report

This question proved to be difficult for candidates with many opting for the distractors B and D. Candidates should know that in calculating work done by a

varying force F,e.,4 N€€ds to be used rather than the initial or final force.



A student makes three statements about situations in which no work is done on an object.

I. The object is moving with uniform circular motion.
Il. A force is applied to the object in the direction of its velocity.
Ill. A force is applied to the object in a direction opposite to its motion.

Which of the above statements is/are correct?

A. lonly

B. I and Il only
C. land lll only
D. lll only.

Markscheme

A

Examiners report

A few teachers commented that this question was too wordy. Yet the statistics show that most candidates understood that no work is done on a body
if the force acts upon it at 90° to its motion, as is the case with circular motion.

Which of the following is the condition for a body to be in translational equilibrium?
A. The resultant force on the body in any direction is zero.
B. The velocity of the body in any direction is zero.
C. No external force is acting on the body.

D. No work is done on the body.

Markscheme

A

Examiners report

IN/A]

An ice-hockey puck is slid along ice in a straight line. The puck travels at a steady speed of 20 ms™" and experiences no frictional force. How far does

the puck travel in 2.5 s?

A.5m
B.8m
C.25m



D.50m

Markscheme

D

Examiners report

IN/A]

An object is released from rest in the gravitational field of the Earth. Air resistance is negligible. How far does the object move during the fourth second

of its motion?

A. 15m
B. 25 m
C. 35m
D. 45m

Markscheme

C

Examiners report

[N/A]

A ball of mass m travels horizontally with speed v before colliding with a vertical wall. The ball rebounds at speed v in a direction opposite to its initial

direction. What is the magnitude of the change in momentum of the ball?

A.0

muv
B. %

C.mv

D.2mv

Markscheme

D

Examiners report



At SL more candidates thought that there was zero change in momentum (Response A) than the correct 2mv (Response D). This was a popular choice at HL

too but the majority recognised this standard piece of bookwork.

An object is released from a stationary hot air balloon at height h above the ground.

An identical object is released at height h above the ground from another balloon that is rising at constant speed. Air resistance is negligible. What
does not increase for the object released from the rising balloon?

A. The distance through which it falls
B. The time taken for it to reach the ground
C. The speed with which it reaches the ground

D. Its acceleration

Markscheme

D

Examiners report

IN/A]

A box is accelerated to the right across rough ground by a horizontal force F,. The force of friction is F;. The weight of the box is Fg and the normal

reaction is F,. Which is the free-body diagram for this situation?

A F,« I >F, B. F,
F, FF<—I—>Fa
C. F, D. F
Fr+ F, F .—l—oFﬂ
FD Fu
Markscheme

D

Examiners report

IN/A]



Which of the following is a correct statement of Newton’s second law of motion?

A force acting on a body is proportional to the mass of the body.
The rate of change of momentum of a body is equal to the net external force acting on the body.

The momentum of a body is proportional to the net external force acting on the body.

o0 ® »

A force acting on a body is proportional to the acceleration of the body.

Markscheme

B

Examiners report

IN/A]

A ball is tossed vertically upwards with a speed of 5.0 m s~1. After how many seconds will the ball return to its initial position?

A. 0.50s
B. 1.0s
C. 15s
D

. 20s

Markscheme

B

Examiners report

IN/A]

Three coplanar forces of 5 N, 6 N and 7 N act on an object. Which force could not be the resultant of these three forces?

A.ON

B.11N
C.13N
D.19N

Markscheme

D



Examiners report

Most candidates recognised that 19N could not be achieved with these three forces but a sizeable proportion at both levels believed that they could not be

added to total zero.

A motor of input power 160 W raises a mass of 8.0 kg vertically at a constant speed of 0.50 m s™'.

What is the efficiency of the system?

A. 0.63%

B 25%

C. 50%

D 100%
Markscheme
B

Examiners report

[N/A]

A cart of mass 4.0 kg is being pulled with a force of 24 N. The cart accelerates at 3.0m s™2. What is the net force on the cart?

A.6.0N
B.8.0ON
C.12N
D.24N

Markscheme

C

Examiners report

In an inelastic collision



A. momentum and kinetic energy are both conserved.
B. momentum is conserved but kinetic energy is not.
C. kinetic energy is conserved but momentum is not.
D. neither momentum nor kinetic energy are conserved.

Markscheme

B

Examiners report

[N/A]

Two boxes in contact are pushed along a floor with a force F. The boxes move at a constant speed. Box X has a mass m and box Y has a mass 2m.

F X Y
ﬁ

m 2m

What is the resultant force acting on Y?

A 0O
F
Pl

Cow
T

2F

Markscheme

A

Examiners report

IN/A]

The graph shows how the velocity of a particle varies with time.

velocity

0 time

Which of the following graphs correctly shows how the acceleration of the particle varies with time?



B B. .
acceleration acceleration

0 i 0 i
0 tine 0 fime
B D oA
acceleration *  acceleration
0 0 time 0 3 time
Markscheme

C

Examiners report

[N/A]

The net force on a body is F. The impulse of F is equal to the

A. change in momentum of the body.

B. rate of change of momentum of the body.
C. change of kinetic energy of the body.

D. change of total energy of the body.

Markscheme

A

Examiners report

[N/A]

A skydiver of mass 80 kg falls vertically with a constant speed of 50 m s~'. The upward force acting on the skydiver is approximately

A.ON.
B. 80 N.
C. 800 N.



D. 4000 N.

Markscheme

C

Examiners report

IN/A]

The efficiency of an electric motor is 20 %. When lifting a body 500 J of energy are wasted. What is the useful work done by the motor?

A. 100J
B. 125J
C. 2504
D. 400J

Markscheme

B

Examiners report

IN/A]

A spring of negligible mass and length /5 hangs from a fixed point. When a mass m is attached to the free end of the spring, the length of the spring
increases to /. The tension in the spring is equal to kAx, where k is a constant and Ax is the extension of the spring. What is k?

mg
W

A.

Markscheme

C

Examiners report

[N/A]



A ball of weight W is travelling horizontally towards a vertical wall. It strikes the wall and rebounds horizontally. The change in the magnitude of the

momentum of the ball is Ap. Which of the following is the magnitude of the impulse that the ball imparts to the wall?

A W+ Ap
B. W-—-Ap
c. W
D. Ap

Markscheme

D

Examiners report

[N/A]

A weight W is tied to a trolley of mass M by a light string passing over a frictionless pulley. The trolley has an acceleration a on a frictionless table. The
acceleration due to gravity is g.

trolley, M

frictionless pulley

frictionless table—E

weight, W

What is W ?
Mag
(9-a)
Mag

B o)

A.

Ma
C &
Ma

(9+a)

Markscheme



Examiners report

IN/A]

An inelastic collision occurs between two bodies in the absence of external forces.

What must be true about the total momentum of the two bodies and the total kinetic energy of the two bodies during this interaction?

A. Only momentum is conserved.

B. Only kinetic energy is conserved.

C. Both momentum and kinetic energy are conserved.
D. Neither momentum nor kinetic energy are conserved.

Markscheme

A

Examiners report

IN/A]

A ball of mass 0.2 kg strikes a force sensor and sticks to it. Just before impact the ball is travelling horizontally at a speed of 4.0 m s The graph

shows the variation with time t of the force F recorded by the sensor.

400 440 t/ms
What is Fax?

A. 2N

B. 4N

C. 20N

D. 40N

Markscheme



Examiners report

IN/A]

An object of weight W is falling vertically at a constant speed in a fluid. What is the magnitude of the drag force acting on the object?

oo w>
NS L =O
§§|§

Markscheme

C

Examiners report

[N/A]

A stone is falling at a constant velocity vertically down a tube filled with oil. Which of the following statements about the energy changes of the stone

during its motion are correct?

I.  The gain in kinetic energy is less than the loss in gravitational potential energy.
Il.  The sum of kinetic and gravitational potential energy of the stone is constant.
Ill. The work done by the force of gravity has the same magnitude as the work done by friction.

A.land Il only

B. land Ill only
C. lland lll only

D. I, lland Ill

Markscheme

B

Examiners report

[N/A]



A tennis ball is released from rest at a height h above the ground. At each bounce 50 % of its kinetic energy is lost to its surroundings. What is the

height reached by the ball after its second bounce?

h
A. )

h
B. Y

h
C. 7
D. zero

Markscheme

B

Examiners report

[N/A]

A block of weight W slides down an inclined plane at a constant speed.

R
F

v

W

The normal reaction acting between the block and the plane is R and the frictional force between the block and the plane is F. The incline is at an
angle 6 to the horizontal. What is the magnitude of F?

A.Rcos 6
B.Rsin6

C.Wcos 6
D. Wsin 8

Markscheme

D

Examiners report

[N/A]



The velocity-time graph for an accelerating object that is traveling in a straight line is shown below.

50— - ——— - — - — - — - - - —— —
4.0- |
3.0 |

velocity / m gt |

2.0+ I

1.0+ |

0 | | | | |
0 1.0 2.0 3.0 4.0
time / s

N
o

Which of the following is the change in displacement of the object in the first 5.0 seconds?

A.25.0m
B.12.5m
C.5.0m
D.1.0m

Markscheme

B

Examiners report

There were a few comments on the G2 forms about the use of the term “displacement”. Displacement is generally understood as the vector from a
fixed point to the position of a particle. As the particle moves, the position and hence the displacement vector, changes. Thus it is perfectly correct to

ask about the “change in the displacement”.

A brother and sister take the same time to run up a set of steps. The sister has a greater mass than her brother. Which of the following is correct?



Has done the most work Has developed the greatest power
A brother brother
B. brother sister
C. sister brother
D. sister sister

Markscheme

D

Examiners report

[N/A]

The variation of the displacement of an object with time is shown on a graph. What does the area under the graph represent?

A. No physical quantity
B. Velocity
C. Acceleration

D. Impulse

Markscheme

A

Examiners report

[N/A]

A ball of mass m strikes a vertical wall with a speed v at an angle of 8 to the wall. The ball rebounds at the same speed and angle. What is the change

in the magnitude of the momentum of the ball?



A.2mvsin@
B.2 mv cos 8
C.2mv
D. zero

Markscheme

B

Examiners report

Momentum is a vector quantity so the angle and the direction are both relevant to the answer. Hence C and D can be eliminated. If 6 = 900, then the

ball is just rolling down the wall and there is no change in momentum. Hence B is correct (cos900 = 0).

An object rotates in a horizontal circle when acted on by a centripetal force F. What is the centripetal force acting on the object when the radius of the

circle doubles and the kinetic energy of the object halves?

A.

S

B.

C.

N
S m

Markscheme

A

Examiners report

IN/A]

A heat engine does 300 J of work during one cycle. In this cycle 900 J of energy is wasted. What is the efficiency of the engine?

A. 025



B. 0.33
C. 0.50
D. 0.75

Markscheme

A

Examiners report

[N/A]

A student of weight 600N climbs a vertical ladder 6.0m tall in a time of 8.0s. What is the power developed by the student against gravity?
A. 22W
B. 45W

C. 220W
D. 450W

Markscheme

D

Examiners report

[N/A]

In the collision between two bodies, Newton’s third law
A. only applies if momentum is conserved in the collision.
B. only applies if energy is conserved in the collision.

C. only applies if both momentum and energy are conserved in the collision.
D. always applies.

Markscheme

D

Examiners report

Candidates are often under the misapprehension that there are conditions upon Newton’s third law. It should be stressed that it is always true irrespective of

energy or momentum considerations; and it does not depend upon the state of motion of the bodies in contact.



A small positively charged sphere is suspended from a thread and placed close to a negatively charged rod. When the thread is at 45° to the vertical

the system is in equilibrium. The weight of the sphere is W and the magnitude of the electrostatic force between the rod and the sphere is F.

(not to scale)

What is the magnitude of W compared with the magnitude of F ?

A. W =+2F

B. F<W<2F
C. W=F

D. W>F

Markscheme

C

Examiners report

IN/A]

A body moves in a straight line. In order for the equations for uniformly accelerated motion to be applied, which condition must be true?

A. A constant net force acts on the body of fixed mass.
B. A constant net force acts on the body.
C. The body falls towards the surface of a planet.

D. The body has an initial velocity of zero.

Markscheme

A

Examiners report

[N/A]



A skydiver jumped out of an airplane. On reaching a terminal speed of 60 ms !, she opened her parachute. Which of the following describes her
motion after opening her parachute?

She went upwards for a short time, before falling to Earth at a speed of 60 m s

She continued downwards at 60 ms™!, but hit the ground with less force.

She continued to fall but reached a new terminal speed of less than 60 ms™.

She went upwards for a short time, before falling to Earth at a speed of less than 60 m sL.

© o w >

Markscheme

C

Examiners report

The correct response was selected by the majority of candidates but a large proportion assumed that on deployment of the parachute, the parachutist
would travel upwards. This was presumably as a result of having seen film of parachutists, where the parachutist being filmed appears to travel

upwards relative to the camera, as their parachute is deployed.

An insect of mass m jumps vertically from rest to a height h. The insect releases the energy needed for the jump in time At. What is the estimate for
the power developed by the insect?

A. mgh At
B. mh At

mgh

C.T

mh

Markscheme

C

Examiners report

[N/A]

A nuclear power station produces 10 GW of electrical power. The power generated by the nuclear reactions in the core of the reactor is 25 GW. The

efficiency of the power station is



A. 15 %.
B. 35 %.
C. 40 %.
D. 60 %.

Markscheme

C

Examiners report

[N/A]

A raindrop falling from rest at time ¢ = 0 reaches terminal velocity. Which graph best represents how the speed v varies with time ¢?

A y B. y
0 0
0 f 0 t
c. D. |
— Illfll
DOJ f 00 - f
Markscheme
B

Examiners report

[N/A]

A ball falls vertically and bounces off the ground. Immediately before impact with the ground the speed of the ball is u. Immediately after leaving the

ground the speed is v.



Q

i

kinetic energy lost on collision

Which of the following expressions is the ratio of Tinetic energy mmediately before colision

A -
B. 1—+
o2
c. ()
vy 2
D 1-(3)

Markscheme

D

Examiners report

IN/A]

A wooden block is sliding down an inclined plane at constant speed. The magnitude of the frictional force between the block and the plane is equal to

A. zero.

B. the magnitude of the weight of the block.

C. the magnitude of the component of weight of the block parallel to the plane.
D

the magnitude of the component of the normal reaction parallel to the plane.

Markscheme

C

Examiners report

IN/A]

A driving force F acts on a car which moves with constant velocity v. The quantity Fv is equivalent to the

A. useful power developed by the engine of the car.
B. work done by the car against resistive forces.

C. energy of the car.

D. rate of change of momentum of the car.



Markscheme

A

Examiners report

Looking at the units helps here: with force in N and velocity in ms™ the product will be in Nms™ or Js™ that is, W; so the correct response must be power.

An object is moving in a straight line. A force F and a resistive force f act on the object along the straight line.

Both forces act for a time t.

What is the rate of change of momentum with time of the object during time ¢ ?

A. F+f
B. F-f
C. (F+f)t
D. (F-f)t

Markscheme

B

Examiners report

[N/A]

A ball of mass m is thrown with an initial speed of u at an angle 6 to the horizontal as shown. Q is the highest point of the motion. Air resistance is

negligible.

e

g

What is the momentum of the ball at Q?
A. zero
B. mu cosf

C. nmu



D. mu sinf

Markscheme

B

Examiners report

IN/A]

The distances between successive positions of a moving car, measured at equal time intervals, are shown.

diagram not to scale

Tm 1.5m 20m 25m 30m 35m

The car moves with

A. acceleration that increases linearly with time.

B. acceleration that increases non-linearly with time.
C. constant speed.
D

constant acceleration.

Markscheme

D

Examiners report

IN/A]

A uniform ladder resting in equilibrium on rough ground leans against a smooth wall. Which diagram correctly shows the forces acting on the ladder?



Af—
ladder ladder
wall wall
ground ground ,
C Y D
—
ladder ladder
wall wall
ground ground

Markscheme

B

Examiners report

IN/A]

An increasing force acts on a metal wire and the wire extends from an initial length / to a new length /. The graph shows the variation of force with
length for the wire. The energy required to extend the wire from I to / is E.

force

0 } half original i length

o extension

The wire then contracts to half its original extension.
What is the work done by the wire as it contracts?
A. 0.25E

B. 0.50E
C. 0.75E
D. E



Markscheme

C

Examiners report

IN/A]

An object of mass m is initially at rest. When an impulse I acts on the object its final kinetic energy is Ex. What is the final kinetic energy when an

impulse of 21 acts on an object of mass 2m initially at rest?

A B
B. Ex

C. 2Ex
D. 4FEx

Markscheme

C

Examiners report

Think proportions.

Twice the impulse on twice the mass would lead to the same final speed. Kinetic energy is proportional to mass (and v2, but that doesn’t change) so C
must be the correct response.

An aircraft is moving horizontally. A parachutist leaves the aircraft and a few seconds later opens her parachute. Which graph shows the variation of

the vertical speed v with time t for the parachutist from the time she leaves the aircraft until just before landing?



v v
7 —
\ /
\____ lll."
I}
05 " 05 i
C. D
v v
o .

0 0 t 0 0 \ /” -t

Markscheme

A

Examiners report

[N/A]

A moving system undergoes an explosion. What is correct for the momentum of the system and the kinetic energy of the system when they are

compared immediately before and after the explosion?



Momentum Kinetic energy
A conserved increased
B. conserved conserved
C. increased conserved
D. increased increased
Markscheme
A

Examiners report

[N/A]

An object is thrown upwards. The graph shows the variation with time t of the velocity v of the object.

o [\

0.0 T |r.|" s
0lo 0.5 1’0 1N

5.0

What is the total displacement at a time of 1.5 s, measured from the point of release?

vims™

A.Om
B.1.25m
C.2.50m

D.3.75m

Markscheme

B

Examiners report

[N/A]

The diagram shows the forces acting on a block resting on an inclined plane. The angle 6 is adjusted until the block is just at the point of sliding. R is

the normal reaction, W the weight of the block and F the maximum frictional force.



w not to scale

What is the maximum coefficient of static friction between the block and the plane?
A.sin@
B. cos 6

C.tan 6

1
" tanf

Markscheme

C

Examiners report

[N/A]

A student of mass m is in an elevator which is accelerating downwards at an acceleration a.

force meter
|

La

What is the reading on the force meter?



A.mg
B.mg - ma
C.mg + ma

D. ma - mg

Markscheme

B

Examiners report

[N/A]

The graph shows the variation with time t of the acceleration a of an object.

/N

5

')

a/ms

-
%

0 2 4 6
{/s

Which of the following is the change in velocity of the object in the time interval 0 to 4s?

. -8ms™!
. -4ms!
. +4ms!
. +8ms™!

oo w>



Markscheme

D

Examiners report

IN/A]

An elevator (lift) and its load have a total mass of 750 kg and accelerate vertically downwards at 2.0 m s?.

elevator cable

elevator

acceleration
=20ms?
downwards

load

What is the tension in the elevator cable?

A. 1.5kN
B. 6.0 kN
C. 7.5kN
D. 9.0kN

Markscheme

B

Examiners report

IN/A]

A car of mass 1000 kg accelerates on a straight, flat, horizontal road with an acceleration a = 0.3 m s™2. The driving force F on the car is opposed by a

resistive force of 500 N.



- a=0. 1111‘/ —\
Fe——o \ ——» 500N

= ——C

The net (resultant) force on the car is

A. 200 N.
B. 300 N.
C. 500 N.
D. 800 N.

Markscheme

B

Examiners report

IN/A]

A tennis ball of mass m moving horizontally with speed u strikes a vertical tennis racket. The ball bounces back with a horizontal speed v.

The magnitude of the change in momentum of the ball is

A.m(u +v).
B.mu-v).
C.m(v-u).
D. zero.

Markscheme

A

Examiners report

IN/A]



An object of mass m is connected via a frictionless pulley to an object of mass M, where M > m. M rests on a horizontal frictionless surface

m

What is the acceleration of the system?

A mg
(M +m)

(M+m)g
m

gm
M

D. Zero

Markscheme

A

Examiners report

The statistics indicate that a good number of candidates overlooked the fact that velocity is a vector quantity. So its change, in this question is 8.0 ms~

1 not2.0 ms™.



A system that consists of a single spring stores a total elastic potential energy E,, when a load is added to the spring. Another identical spring

connected in parallel is added to the system. The same load is now applied to the parallel springs.

T load

load —+

single spring parallel springs
What is the total elastic potential energy stored in the changed system?

A.E,
B. &
C. —+

D. -

Markscheme

B

Examiners report

[N/A]

A train on a straight horizontal track moves from rest at constant acceleration. The horizontal forces on the train are the engine force and a resistive
force which increases with speed. Which graph represents the variation with time t of the power P developed by the engine?



P P
00 t OD t
C. D.
P P
0% : 0o "
Markscheme

D

Examiners report

IN/A]

The graph shows the variation with distance x of the magnitude of the net force F acting on a body initially at rest.



0
0 X

Which of the following describes how the kinetic energy and the acceleration of the body change
with distance?

Kinetic energy Acceleration
A. decrease decrease
B. decrease 1mcrease
C. 1ncrease decrease
D. mncrease imcrease

Markscheme

C

Examiners report

The candidates were clear that the acceleration was decreasing — so had linked this conceptually with the decreasing force. Around half of candidates
perhaps confused acceleration with velocity and decided the kinetic energy must also be decreasing.

This question is modelling what happens when an arrow is fired and as such it will be obvious that the speed is increasing while the arrow is in contact
with the string.



An object falls vertically from rest. Air resistance acts on the object and it reaches a terminal speed. Which of the following is the distance-time graph

for its motion?

A.
distance
0F—— _
0 fime
B.
distance [
0 .
0 time
C.
distance’]
f
/
/
O .
0 fime
D.

distance T



time

Markscheme

A

Examiners report

IN/A]

A ball is released at time =0 above a horizontal surface. The graph shows the variation of velocity v with time. Which of the following shows the

highest point of the ball after one bounce?

V

Markscheme

D



Examiners report

B and C proved to be effective distracters here. The ball would be at rest at the highest point after the bounce and with the bounce occurring at ABC (which

would be a very steep negative slope on a larger scale). The correct response can only be D.

A constant horizontal force F is applied to a block Y. Block Y is in contact with a separate block X.

X

S0 S S S S S S

The blocks remain in contact as they accelerate along a horizontal frictionless surface. Y has a greater mass than X. Air resistance is negligible.

Which statement is correct?

A. The force F is equal to the product of the mass of Y and the acceleration of Y.
B. The force that Y exerts on X is less than F.

C. The force that Y exerts on X is less than the force that X exerts on Y.

D. The force that Y exerts on X is equal to F.

Markscheme

B

Examiners report

[N/A]

The graph shows the acceleration a of an object as time t varies.



20-------------

a/ms> 10

t/'s
What is the magnitude of the change in the velocity of the object between 0 and 3 seconds?

A.5ms™

B.10 ms™
C.20 ms™!
D.30 ms™

Markscheme

C
Examiners report

[N/A]

Two pulses are travelling towards each other.

What is a possible pulse shape when the pulses overlap?

A B.




Markscheme

A

Examiners report

[N/A]

An object is released above the surface of Earth. Which of the following correctly describes the speed and acceleration before it reaches terminal

speed?
Speed Acceleration

A 1ncreases remains constant
B. 1ncreases decreases

C. remains constant remains constant
D. remains constant decreases
Markscheme

B

Examiners report

The most popular response was A. It can only be guessed that perhaps the candidates were confusing the gravitational field strength with the

acceleration of the body despite the clear reference to terminal speed in the stem.

The graph shows the variation of speed v of an object with time t.



Which graph shows how the distance s travelled by the object varies with t?

A 5
0
0 t
C . S s
o~
f;: \\\
.'lll.lI lll.\-\
ol \
0 f
Markscheme
B

Examiners report

IN/A]

Joseph runs along a long straight track. The variation of his speed v with time t is shown below.

B.

%]

%]




v/ms™ G /
/

After 25 seconds Joseph has run 200 m. Which of the following is correct at 25 seconds?

Instantaneous speed / m s Average speed / m s
Al Sms™ Sms™
B. 8Sms™ 10ms™
C. 10ms™ Sms™
D. 10ms™ 10ms™

Markscheme

C

Examiners report

[N/A]

Two stationary objects of mass 1kg and 2kg are connected by a thread and suspended from a spring.

e

I spring
.

TN
[ 1M1k
. g

F____thread

7
2k

The thread is cut. Immediately after the cut, what are the magnitudes of the accelerations of the objects in terms of the acceleration due to gravity g?



Acceleration of Acceleration of
1kg object 2kg object
A. 3g 2g
B. 2g 2g
C. 3g 1g
D. 2g 1g
Markscheme

D

Examiners report

[N/A]

The graph shows the variation with force F of the extension s of a spring.

20

M\

15 7

F/N 10 /
/

0 2 4 6
s/ cm

The work done in changing the extension of the spring from 3.0 cm to 6.0 cm is

A. 15N cm.
B. 30 N cm.
C.45Ncm.
D. 60 N cm.




Markscheme

C

Examiners report

Response B was a common choice in both HL and SL. One can only assume that the candidates were taking half of the total work done from 0 cm to

6.0 cm, rather than looking at the relevant area under the graph.

A ball is moving horizontally and strikes a vertical wall from which it rebounds horizontally. The sketch graph shows how the contact force F between

ball and wall varies with time of contact t.

0
0 i7 A t

2

The maximum value of F is Fy and the total time of contact between ball and wall is T.

What is the change in momentum of the ball?

T
2
B. FoT
Fy
2T
F

D'T

A.



Markscheme

A

Examiners report

[N/A]

An object is dropped from rest above the Earth’s surface. Air resistance acts on the object. What is the variation of acceleration a with time t for the

object?
A. B.
a da
{ {
C D.
a da
t {
Markscheme
D

Examiners report



Air resistance depends upon speed, so initially, when the body is increasing in speed, the acceleration will be decreasing. Hence A and C can be immediately
discounted. Many candidates chose C which indicated that they clearly had not read the question carefully. As the body approaches terminal velocity so its
acceleration approaches zero, indicating D as the correct answer. Unfortunately though, D also indicates a sudden decrease in the acceleration initially

whereas it should be a gradual decrease (as in C). Both B and D were accepted as correct answers to this question.

An object, initially at rest, is accelerated by a constant force. Which graphs show the variation with time t of the kinetic energy and the variation with

time t of the speed of the object?

A. kinetic energy speed
/
DD t” Do t
B. kinetic energy 1 speed 1
y
0 > 0=
0 t 0 t
A
C kinetic energy speed
DO t UO t
D. kinetic energy - speed 0
/! f}j
0 0=—
0 t 0 t

Markscheme

A

Examiners report

IN/A]



A car accelerates from rest. The acceleration increases with time. Which graph shows the variation with time t of the speed v of the car?

A. B.

Markscheme

B

Examiners report

IN/A]

The graph shows the variation with time of the velocity of a truck of fixed mass.



velocity

time

What can be deduced from the graph?

A. The truck is always accelerating.

B. The truck is always moving.

C. The truck is always moving in one direction.

D. The displacement of the truck after time t is zero.

Markscheme

A

Examiners report

IN/A]

A tennis ball is released from rest and falls vertically through a small distance in air. What is the change in the speed of the ball and the change in the

acceleration of the ball as it falls?



Speed of the ball Acceleration of the ball
A. Increases decreases
B. decreases Increases
C. Increases Increases
D. decreases decreases
Markscheme
A
Examiners report
[N/A]
A model plane flies with constant velocity at constant height. Which diagram represents the forces acting on the plane?
A. A B A
< Ve L_-_TA > «—FF == >
= S =
C. A D. A
o /‘*“‘/\

Markscheme

D




Examiners report

[N/A]

The graph shows how the acceleration a of an object varies with distance travelled x.

al/ms™
30

25

20

15

10

x/m

The mass of the object is 3.0 kg. What is the total work done on the object?
A. 300 J
B. 400 J
C. 1200 J

D. 1500 J

Markscheme

C

Examiners report

IN/A]

The graph shows how an external force applied to an object of mass 2.0 kg varies with time. The object is initially at rest.



force /

0.00 0.20 0.40 0.60
time / s

What is the speed of the object after 0.60 s?

A.7.0ms™
B. 14 ms™
C. 18 ms™
D. 28 ms™

Markscheme

A

Examiners report

IN/A]

A tennis ball is dropped from the top of a high building. Air resistance cannot be neglected. Which graph represents the variation with time ¢t of the

magnitude of the acceleration a of the ball before it hits the ground?



Markscheme

B

Examiners report

Although in an examination, candidates still need to appreciate when they may need to take a little more time to fully understand the question and appreciate
the labelling on the axis of the graphs. A sizeable number of candidates opted for A despite this being the only graph which begins with an acceleration of 0.

The typical velocity-time graph for objects falling in air would be of this shape and this seems to led to confusion for these candidates.

A ball with mass m moves horizontally with speed u. The ball hits a vertical wall and rebounds in the opposite direction with speed v<u. The duration
of the collision is T. What are the magnitude of the average force exerted by the wall on the ball and the loss of kinetic energy of the ball?



Average force Loss of kinetic energy

m(u+v) m(u® —v?)
T 2

5 m(u+v) m(u—vY
' T 2
m(u—v) m(u® —v?)
c. T 2
m(u-v) m(u—-vy

T 2

Markscheme

A

Examiners report

IN/A]

No external forces act on a given system during an inelastic collision. For this system, which is correct about the conservation of kinetic energy and

the conservation of linear momentum?



Kinetic energy Linear momentum
A. must be conserved may be conserved
B. must be conserved must be conserved
C. 1s not conserved may be conserved
D. 1s not conserved must be conserved
Markscheme
o

Examiners report

IN/A]

An object of mass m rests on a horizontal plane. The angle 0 that the plane makes with the horizontal is slowly increased from zero. When 6=0,, the
object begins to slide. What are the coefficient of static friction yg and the normal reaction force N of the plane at 6=6,?

He N
A. sin 6, mg cos 6,
B. tan 6, mg sin 6,
C. sin 6, mg sin 6,
D. tan 6, mg cos 6,




Markscheme

D

Examiners report

[N/A]

A block rests on a plane inclined at an angle 8 to the horizontal. Which of the following gives the relationships for the normal reaction N and the

frictional force F with the weight W?

N




N F

A. Wsin 6 Wsin6

B. Wsin 6 Wcos 6

C. Wecos 6 Wsin 0

D. Wcost Wecost

Markscheme

C

Examiners report

A clear majority of candidates recognized that both a sine and a cosine would be involved but a high proportion was unable to correctly perform the resolution.

An object is thrown upwards leaving the thrower’s hand at time {=0. Which graph shows how speed v varies with t as the object rises and falls?



Markscheme

A

Examiners report

Response C was the most popular one at both levels. The magnitude of the gradient is the acceleration due to gravity, which of course is constant close to the

Earth“s surface.

The graph below shows the variation with time t of the velocity v of a car travelling in a straight line.



v /N\

O ~
0 1
Which graph shows the variation with t of the displacement s of the car?
A. S S
0 0
0 t 0
C. S S
0 0
0 t 0
Markscheme

C




Examiners report

[N/A]

A body moves on a straight line. The graphs show the variation of displacement with time. Which graph shows motion with negative acceleration?

A. displacement B. displacement
0 0
0 time 0 time
C. displacement D. displacement
0 0
0 time 0 time
Markscheme
D

Examiners report

Gradient is in ms™ giving a speed, so A and B must be wrong. Most candidates went for C although it is the only one that does not have a non-zero initial

velocity.

A ball X moving horizontally collides with an identical ball Y that is at rest.



>
X strikes Y with speed v.

What is a possible outcome of the collision?

A. stationary B. IV Ly
«—— —
X Y
C % A% D. A% Vv
E— I 4t— I
X Y X Y
Markscheme
A

Examiners report

IN/A]

The graph shows how the net force F that acts on a body varies with the distance x that the body has travelled.



10

After travelling 6 m, the change in the kinetic energy of the body is

A.0J.

B. 20 J.
C.30J.
D. 60 J.

Markscheme

C

Examiners report

The area gives force times distance, that is, energy. This leads directly to C.




A block slides down an inclined plane at constant speed.

Which diagram represents the free-body diagram of the forces acting on the block?
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There were some comments from teachers that candidates should not need to count squares. However, dropping a vertical from the reaction arrow and

incorrect.

backwards would reveal both C and D as i
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What is the speed of the particle at ¢

A.0.5ms™

B.2.0ms™

C. 9.0 ms™
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IN/A]

A metal sphere is at rest on a bench. According to Newton’s third law of motion, what is a possible action-reaction pair for this situation?

Action Reaction
A. downwards gravitational force of Earth on upwards gravitational force of
the sphere the sphere on Earth
B. upwards gravitational force of Earth on the downwards gravitational force
sphere ot the sphere on Earth
C. upwards clectrostatic force acting on the upwards gravitational force of
sphere due to the atoms in the bench surface the sphere on Earth
D. upwards electrostatic force acting on the downwards gravitational force
sphere due to the atoms in the bench surface of the sphere on Earth

Markscheme

A
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Newton’s third law is often poorly understood, so it is pleasing to see so many correct responses to this question. If candidates have been correctly taught that

the force of X on Y will be equal and opposite to the force of Y on X, then the only possible answers are A or B.

A force F acts on a block at an angle 6 with respect to a horizontal surface.




horizontal surface

The block is moving with a constant velocity v along the surface. A resistive force acts on the block.

Which of the following correctly represents the forces acting on the block?

A. reaction force B. reaction force

F s
MT: friction

friction < > F

weight !
weight

C. reaction force D. reaction force F

-

F friction <

friction +— 4L/ __

Markscheme
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Most candidates selected the incorrect response of C. The only difference between C and D is the relative lengths of the vertical arrows and as a
component of F contributes to the upward force the correct answer must be D. Candidates are urged to read all the options given as they are required

to select the best option and clearly, in this case, D is better than C.

A block is attached to a stretched spring and then released. It moves from X to Y along a horizontal frictionless surface in the direction shown. The

mass of the spring is negligible.



direction of motion
—

spring
X

direction of motion
1—

spring
Y

The equilibrium position of the system is P.

Which of the following is correct with respect to the changes in kinetic energy and potential energy of the block and of the spring as the block moves
from X to Y?

Block Spring
A. kinetic energy decreases potential energy increases
B. kinetic energy increases potential energy decreases
C. potential energy decreases kinetic energy increases
D. potential energy increases kinetic energy decreases

Markscheme
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The mass of the spring is negligible; hence it cannot have any kinetic energy, thus automatically eliminating C and D.






