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Q1.

A student measures the acceleration due to gravity, g, using the apparatus shown in the
figure below. A plastic card of known length is released from rest at a height of 0.50m above a

light gate. A computer calculates the velocity of the card at this point, using the time for the card
to pass through the light gate.

D \ plastic card
@ licht cate computer
: Z interface
[ L7 /

(@) The computer calculated a value of 3.10ms™ for the velocity of the card as it travelled

through the light gate. Calculate a value for the acceleration due to gravity, g, from these
data.

answer =
@

(b) The student doubles the mass of the card and finds a value for g that is similar to the
original value. Use the relationship between weight, mass and g to explain this result.

@
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(c) State and explain one reason why the card would give more reliable results than a table
tennis ball for this experiment.

)
(Total 5 marks)

Q2. A car is travelling on a level road at a speed of 15.0 m s™ towards a set of traffic lights when
the lights turn red. The driver applies the brakes 0.5 s after seeing the lights turn red and stops
the car at the traffic lights. The table below shows how the speed of the car changes from when
the traffic lights turn red.

time/s 0.0 0.5 1.0 15 2.0 2.5 3.0 3.5

speed/ms™ | 15.0 15.0 12.5 10.0 7.5 5.0 25 0.0
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(a) Draw a graph of speed on the y-axis against time on the x-axis on the grid provided.

®)

(b) (i) State and explain what feature of the graph shows that the car’'s deceleration was
uniform.

@
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(i)  Use your graph to calculate the distance the car travelled after the lights turned red to
when it stopped.

Answer .................. m

(4)
(Total 11 marks)

Q3. The graph represents the motion of two cars, A and B, as they move along a straight,
horizontal road.

(@) Describe the motion of each car as shown on the graph.
) - | S

() I = L = S PP

©)
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(b)

()

Q4.

Calculate the distance travelled by each car during the first 5.0 s.

) T - T NSRS

() A B e

(4)

At time t = 0, the two cars are level. Explain why car A is at its maximum distance ahead
ofBatt=25s

(©)
(Total 10 marks)

A steel ball is released from rest above a cylinder of liquid, as shown in Figure 1. The ball

descends vertically in the air then in the liquid until it reaches the bottom of the cylinder.

Figure 1
| I

steel ball ,,_,—f"'a
0.16m

released here
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(@) The vertical distance from the bottom of the ball at the point where it is released to the
liquid surface is 0.16 m.

(i)

(ii)

Calculate the time taken, t, by the ball to fall to the liquid surface from the point

where it is released. Give your answer to an appropriate number of significant
figures.

ANSWET.......coviiiiiii S

Calculate the velocity, v, of the ball on reaching the liquid.

ANSWET ...veeeeeeeeieeeeeeeeeeeeeees m s

(@)
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(b) Figure 2 below shows how the velocity of the ball changed after it was released.
Figure 2

velocity

4 time after release
0 o

Describe and explain how the acceleration of the ball changed after it entered the liquid
until it reached the bottom of the cylinder.

The quality of your written answer will be assessed in this question.

(6)
(Total 11 marks)
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Q5. A digital camera was used to obtain a sequence of images of a tennis ball being struck by a

tennis racket. The camera was set to take an image every 5.0 ms. The successive positions of
the racket and ball are shown in the diagram below.

(@) The ball has a horizontal velocity of zero at A and reaches a constant horizontal velocity at

D as it leaves the racket. The ball travels a horizontal distance of 0.68 m between D and
G.

()  Show that the horizontal velocity of the ball between positions D and G in the
diagram above is about 45 m s™.

3)

(i)  Calculate the horizontal acceleration of the ball between A and D.

answer =
1)
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(b) At D, the ball was projected horizontally from a height of 2.3 m above level ground.

(i)  Show that the ball would fall to the ground in about 0.7 s.

©)
(i)  Calculate the horizontal distance that the ball will travel after it leaves the racket
before hitting the ground. Assume that only gravity acts on the ball as it falls.
ANSWET = .o m
)
(iii)  Explain why, in practice, the ball will not travel this far before hitting the ground.
)

(Total 11 marks)



Q6.
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In a castle, overlooking a river, a cannon was once employed to fire at enemy ships.
One ship was hit by a cannonball at a horizontal distance of 150 m from the cannon as shown in
the figure below. The height of the cannon above the river was 67 m and the cannonball was fired

horizontally.

cdannon

Mot drawn to scale

o~ ship

,

/ ™
path of \

cannonball
M

e
e

L

150m

Show that the time taken for the cannonball to reach the water surface after being fired
from the cannon was 3.7 s. Assume the air resistance was negligible.

@ ()

o)

Calculate the velocity at which the cannonball was fired. Give your answer to an

(ii)
appropriate number of significant figures.
ANSWET = ..oviiiiieeiceieeieeee ms™
(2
(i)  Calculate the vertical component of velocity just before the cannonball hit the ship.

ANSWET = ..o
@
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(iv) By calculation or scale drawing, find the magnitude and direction of the velocity of the
cannonball just before it hit the ship.

VeloCity = ..o, ms™*
direction = .......occoeveveeeee e,
(4)
(b) (i) Calculate the loss in gravitational potential energy of the cannonball.
mass of the cannonball = 22 kg
ANSWET = oot J
1)
(i) Describe the energy changes that take place from the moment the cannonball leaves
the cannon until just before it hits the water. Include the effects of air resistance.
)

(Total 13 marks)
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Q7. The diagram below shows the path of a ball thrown horizontally from the top of a tower of
height 24 m which is surrounded by level ground.

tower
N a

(@) Using two labelled arrows, show on the diagram above the direction of the velocity, v, and
the acceleration, a, of the ball when it is at point P.

2

(b) (i) Calculate the time taken from when the ball is thrown to when it first hits the ground.
Assume air resistance is negligible.

ANSWET ..o, S

(i)  The ball hits the ground 27 m from the base of the tower. Calculate the speed at
which the ball is thrown.

ANSWET oovvveeveeeeeeeeeee, m s

)
(Total 6 marks)
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The aeroplane shown in the diagram below is travelling horizontally at 95 m s™.
It has to drop a crate of emergency supplies.
The air resistance acting on the crate may be neglected.
95 ms-1
— = F
[ ] A
Q R
(@ () The crate is released from the aircraft at point P and lands at point Q. Sketch
the path followed by the crate between P and Q as seen from the ground.
(i)  Explain why the horizontal component of the crate’s velocity remains constant while it
is moving through the air.
©)
(b) (i) To avoid damage to the crate, the maximum vertical component of the crate’s
velocity on landing should be 32 m s™. Show that the maximum height from
which the crate can be dropped is approximately 52 m.
(i)  Calculate the time taken for the crate to reach the ground if the crate is dropped from
a height of 52 m.
(i)  If Ris a point on the ground directly below P, calculate the horizontal distance QR.

13
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(c) In practice air resistance is not negligible. State and explain the effect this has on the
maximum height from which the crate can be dropped.

)
(Total 11 marks)

Qo. The figure below shows a skateboarder descending a ramp.

The skateboarder starts from rest at the top of the ramp at A and leaves the ramp at B
horizontally with a velocity v.

() State the energy changes that take place as the skateboarder moves from A to B.

2

(b) Ingoing from A to B the skateboarder's centre of gravity descends a vertical height of
1.5 m. Calculate the horizontal velocity, v, stating an assumption that you make.

3)
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(c) Explain why the acceleration decreases as the skateboarder moves from A to B.
)
(d) After leaving the ramp at B the skateboarder lands on the ground at C 0.42 s later.
Calculate for the skateboarder
()  the horizontal distance travelled between B and C,
(i) the vertical component of the velocity immediately before impact at C,
(i) the magnitude of the resultant velocity immediately before impact at C.
(5)

(Total 12 marks)

15
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Q10.

While investigating projectile motion, a student used stroboscopic photography to

determine the position of a steel ball at regular intervals as it fell under gravity. With the
stroboscope flashing 20 times per second, the ball was released from rest at the top of an
inclined track, and left the foot of the track at P, as shown in the diagram below.

For each of the images on the photograph, the student calculated the horizontal distance, X, and
the vertical distance, y, covered by the ball at time t after passing P. Both distances were
measured from point P. He recorded his results for the distances X and Y in the table.

image x/cm ylcm t/s (y/t)lcm s™
1 11.6 9.3 0.05
2 22.0 21.0 0.10
3 32.4 35.0 0.15
4 44.2 51.8 0.20
5 54.8 71.0 0.25
6 66.0 92.2 0.30

(@)

(b)

Using two sets of measurements from the table, calculate the horizontal component of
velocity of the ball. Give a reason for your choice of measurements.

(@)

The student worked out that the variables y and t in the experiment could be represented
by

:E:u+kt

where U and Kk are constants.

(i) Complete the table above.
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()

(d)

(i)  Use the data in the table to plot a suitable graph to confirm the equation.

(Allow one sheet pf graph paper)

(i)  Use your graph to find the values of u and k.

17

)
(Total 15 marks)





