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Figure 1 shows a golfer hitting a ball from the top of a cliff. The ball follows the path shown. The
ball is hit with an initial velocity of 40 m s−1 at an angle of 30° above the horizontal, as shown.
Assume that there is no air resistance.

Figure 1

 

1

(a)     Calculate the initial vertical component of velocity of the ball.

initial vertical component of velocity = ______________________________ m s−1

(1)

(b)     Draw on the diagram an arrow to show the direction of the force acting on the ball when it
is at point X, the highest point of the flight. Label this arrow F.

(1)

(c)     At point Y the ball is level with its initial position.

Show that the time taken to reach Y is about 4 s.

 

(2)
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(d)     The total time of flight of the ball is 6.0 s.

Show on Figure 2 how v, the vertical component of the velocity, changes throughout the
whole 6.0 s.

Figure 2

 

(3)

(e)     Calculate the height h of the cliff.

height _________________ m

(3)
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(f)     In practice, the air resistance affects the path of the ball.

Draw on Figure 1 the path the ball takes when air resistance is taken into account.

(2)

(Total 12 marks)

A projectile is launched some distance above the ground at an angle of 25° above the horizontal
with a vertical component of velocity of 5.0 m s−1. Figure 1 shows the flight path of the projectile.
The flight takes 1.3 s.

Ignore the effects of air resistance throughout this question.

Figure 1

 

2

(a)     (i)      Show that the initial speed of the projectile is about 12 m s−1.

 

(2)

(ii)    Calculate the horizontal component of velocity as the projectile hits the ground.

horizontal component of velocity = ____________________ m s−1

(2)
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(b)     (i)      Calculate the maximum height above the starting point reached by the projectile.
Give your answer to an appropriate number of significant figures.

maximum height reached = ____________________ m

(2)

(ii)     Calculate the total horizontal distance travelled by the projectile from its starting point.

horizontal distance = ____________________ m

(1)

(c)     (i)      Mark with an A on the flight path in Figure 1 the position where the speed of the
projectile is greatest.

(1)

(ii)     Mark with a B on the flight path in Figure 1 the position where the speed of the
projectile is least.

(1)

(iii)    The projectile reaches its maximum height at time tH and finishes its flight at time tF.
Draw on Figure 2 a graph to show how the magnitude of the vertical component of
velocity of the projectile varies with time. Numerical values are not required.

Figure 2

 

(2)

(Total 11 marks)
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Figure 1 shows a kite boarder holding a line that is attached to a kite.

Figure 1

 

The wind blows the kite and the kite boarder moves at a constant speed across a level water
surface. The tension in the line is 720 N and the line makes an angle of 50° to the horizontal.

(a)     (i)      Calculate the vertical component of the tension in the line.

vertical component of tension ____________________ N

(2)

3

(ii)     The kite boarder has a mass of 58 kg.

Calculate the normal reaction of the board on the kite boarder.

normal reaction ____________________ N

(2)

(iii)     Suggest how the answer to part (a)(ii) compares with the upthrust of the water on the
board.

Consider the board to have negligible mass.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)
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(b)     Figure 2 shows the kite boarder about to perform a jump using a ramp.

Figure 2

 

The end of the ramp is 1.8 m above the water surface. The kite boarder leaves the ramp at
a velocity of 12 m s−1 and at an angle of 17° to the horizontal. The kite boarder lets go of
the line at the instant he leaves the ramp.

Calculate the speed with which the kite boarder enters the water.

Assume that the kite boarder is a point mass and ignore the effects of air resistance.

speed ____________________ m s−1

(4)

(Total 10 marks)
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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.

 

(a)     (i)      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.

 

 

(2)

4

(ii)     Calculate the velocity at which the cannonball was fired. Give your answer to an
appropriate number of significant figures.

 

 

 

answer = ______________________ m s–1

(2)
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(iii)     Calculate the vertical component of velocity just before the cannonball hit the ship.

 

 

answer = ______________________ m s–1

(2)

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

 

 

 

 

 

velocity = ______________________ m s–1

direction = ______________________

(4)

(b)     (i)      Calculate the loss in gravitational potential energy of the cannonball.
mass of the cannonball = 22 kg

 

answer = ______________________ J

(1)

(ii)     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.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 13 marks)
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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.

 

(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)

5

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

 

 

 

Answer ____________________ s

(2)

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

 

 

 

Answer ____________________ m s–1

(2)

(Total 6 marks)
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A rugby ball is kicked towards the goal posts shown in the diagram below from a position directly
in front of the posts. The ball passes over the cross-bar and between the posts.

 

6

(a)     The ball takes 1.5 s to reach a point vertically above the cross-bar of the posts.

(i)      Calculate the ball's horizontal component of velocity, vh. Ignore air resistance.

vh ____________________

(2)

(ii)     The ball reaches its maximum height at the same time as it passes over the crossbar.
State the vertical component of velocity when the ball is at its maximum height.

______________________________________________________________

(1)
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(iii)    The ball’s maximum height is 11 m. Calculate, vv, the vertical component of velocity of
the ball immediately after it has been kicked. Ignore the effects of air resistance.

acceleration due to gravity, g = 9.8 m s–2

vv ____________________

(3)

(b)     (i)      Determine the magnitude of the initial velocity, v, of the ball immediately after it is
kicked.

v ____________________

(3)

(ii)     Determine the angle above the horizontal at which the ball was kicked.

Angle ____________________

(1)

(c)    State and explain at what instant the ball will have its maximum kinetic energy.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(Total 12 marks)
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A ballbearing X of mass 2m is projected vertically upwards with speed u. A ballbearing Y of

mass m is projected at 30° to the horizontal with speed 2u at the same time. Air resistance is
negligible. Which of the following statements is correct?

 

A The horizontal component of Y's velocity is u.

B The maximum height reached by Y is half that reached by X

C X and Y reach the ground at the same time.

D X reaches the ground first.

(Total 1 mark)

7

A golf ball was hit from the surface of the Moon. The time of flight was 4.0 s.

What is the best estimate for the maximum height reached by the ball?

acceleration due to gravity on the Moon = 1.6 m s–2

 

A 3 m

B 15 m

C 40 m

D 80 m

(Total 1 mark)

8
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A beam of electrons, moving with a constant velocity v in a vacuum, enters a uniform electric field
between two metal plates.

 

Which line, A to D, in the table describes the components of the acceleration of the electrons in
the x and y directions as they move through the field?

 

  acceleration in x direction acceleration in y direction

A zero zero

B zero constant

C constant zero

D constant constant

(Total 1 mark)

9

Which line, A to D, in the table correctly describes the trajectory of charged particles which enter
separately, at right angles, a uniform electric field, and a uniform magnetic field?

 

  uniform electric field uniform magnetic field

A parabolic circular

B circular parabolic

C circular circular

D parabolic parabolic

(Total 1 mark)

10
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A ball X is projected horizontally from a certain point at the same time as a ball Y of the same
diameter but twice the mass is released from rest and allowed to fall vertically from the same
level. Air resistance is negligible. Which one of the following will occur?

 
 

A Y will hit the floor just before X

B X will hit the floor just before Y

C X and Y will hit the floor at the same time

D Y hits the floor while X is half way to the floor

(Total 1 mark)

11
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