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OCR Physics A



Section A

1 Which of the following expressions would have the same base units as force?


A
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B
energy ( distance


C
momentum ( distance


D
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Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image3]

(1 mark)

2 A yacht sailing in still water has a velocity, u. The wind exerts a constant force of magnitude F at 30° to u for a time, t seconds. This produces a constant acceleration of magnitude, a on the yacht.
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Figure 2


A vector diagram is drawn to scale to find the resultant velocity of the yacht.
What does the length of the line y represent in the vector diagram?

A
Ft

B
at

C
u  at

D
F

Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image5]

(1 mark)

3 A motorcyclist starts from rest and accelerates uniformly along a level track. He travels a distance of 20 m in the third second of his journey. Air resistance is negligible.

What is the total distance he has travelled in 6 s?


A
40 m


B
144 m


C
72 m


D
288 m


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image6]

(1 mark)

4 Figure 4 shows two balls, A and B, held above ground level. B is twice the mass of A. B is allowed to fall vertically at the same moment that A is projected horizontally. Air resistance is negligible.


[image: image7.png]




Figure 4


Which of the following statements is/are true?


1.
B hits the ground before A.


2.
The vertical component of the velocity of A when it hits the ground is the same as the velocity of B.


3.
A loses half as much gravitational potential energy as B does.



A
1, 2, and 3 are correct



B
Only 1 and 2 are correct



C
Only 2 and 3 are correct



D
Only 3 is correct.



Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image8]

(1 mark)
5 A climber is abseiling down a vertical cliff as shown in Figure 5.
The climber has a mass of 70 kg and is accelerating downwards at 3.0 m s–2.
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Figure 5


What is the tension in the rope?


A
67 N


B
480 N


C
690 N


D
900 N


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image10]

(1 mark)

6 The following diagrams show two forces acting on a circular wheel.
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Figure 6


Which of the diagrams illustrates a couple?


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image12]

(1 mark)

7 Figure 7 shows a hand vacuum pump connected to a long glass tube. The lower end of the tube is submerged in a liquid of density, ρ.
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A single stroke of the pump reduces the pressure in the glass tube by 15%. Atmospheric pressure is P. 

What is the height, h, of the liquid after one stroke of the pump.


A
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Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image18]

(1 mark)

8 A mercury barometer is used to measure the atmospheric pressure. The height of the mercury column in the barometer falls from 760 mm to 750 mm as a storm approaches. The density of mercury is 1.36 ( 104 kg m–3. What is the fall in pressure?


A
1.3 ( 106 Pa


B
1.3 ( 103 Pa


C
1.3 ( 104 Pa


D
1.0 ( 105 Pa


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image19]

(1 mark)

9 A weight, W, hangs from a hoist. The hoist lifts the weight through a height y at the same time as it moves horizontally through a distance x as shown in Figure 9.

[image: image20.png]hoist






Figure 9


Assuming the horizontal movement is at a constant speed and that friction is negligible, how much work does the hoist do in completing the task?


A
Wx

B
Wr

C
W (x  y)


D
Wy

Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image21]

(1 mark)

10 A steel ball of mass 0.015 kg falls vertically through a liquid at its terminal velocity, 0.21 m s–1. 


What is the energy dissipated per second in the liquid as the ball falls?


A
31 mJ


B
0.33 mJ


C
1.6 mJ


D
3.2 mJ

Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image22]

(1 mark)
Section B

11 A rugby player kicks the ball from a point, P, 35 m directly in front of the posts. 
The ball reaches its maximum height, H, above the ground, as it passes over the crossbar as shown in Figure 11. The ball takes 1.6 s to reach its maximum height.
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Figure 11


Assuming that air resistance is negligible, calculate:

a the horizontal component of velocity at the instant the ball leaves the player’s boot




ux  
[image: image24] m s–1 (1 mark)

b the vertical component of velocity at the instant the ball is kicked




uy  
[image: image25] m s–1 (2 marks)

c the angle between the horizontal ground and the initial velocity of the ball in flight




θ  
[image: image26] ° (1 mark)

d the maximum height H reached by the ball.




H  
[image: image27] m (2 marks)
12 a
State Newton’s second law of motion.

[image: image28]

[image: image29]
(1 marks)

b
A wind blows steadily at 90° to a yacht sail of area 3.8 m2. The velocity of the wind is 20 m s–1.

i Show that the mass of air hitting the sail each second is approximately 90 kg. Density of air is 1.2 kg m–3.




(1 mark)
ii Calculate the momentum of this mass of air when it is moving at 20 m s–1.




momentum  
[image: image30] kg m s–1 (1 mark)

iii Calculate the magnitude of the force exerted by the wind on the sail if it can be assumed that all the air is stopped by the sail.




F  
[image: image31] N (1 mark)


c
The Ariane 5 rocket used to launch many of the European satellites has a mass of 7.8 ( 105 kg. The initial thrust of the rocket on take-off is 12 MN.
Calculate:

iv the resultant force acting on the rocket at the moment of launch




F  
[image: image32] N (1 mark)

v the initial acceleration of the rocket.




a  
[image: image33] m s–2 (1 mark)

vi After 120 s the rocket has a vertical velocity of 2.0 km s–1. Calculate the average acceleration.




a  
[image: image34] m s–2 (1 mark)

vii Give two possible reasons why the average acceleration of the rocket is greater than the initial acceleration.

[image: image35]

[image: image36]

[image: image37]
(2 marks)
13 Figure 13 shows the forces acting on the spine of a man lifting a heavy bag. The situation has been simplified by treating the spine as a rigid column pivoted on the pelvis at the point P. 
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Figure 13


The weight of the man’s trunk, head, and arms, Wm, is equal to 450 N and acts through the centre of gravity G. The effect of the bag is represented by a vertical force of 100 N through the point L. The spine is held in equilibrium by the muscles in the back. The effect of these muscles can be represented by a single force, F, acting through G. This force is known to act at an angle of 10° to the spinal column. The length of the spine LP is 720 mm and the centre of gravity G is 480 mm from P.

a By taking moments about P, calculate the magnitude of F.





F  
[image: image39] N (3 marks)

b A compressive force, R, is exerted by the pelvis on the spinal column at P. By resolving forces parallel and perpendicular to the spinal column, determine the magnitude and direction of this force. 




R  
[image: image40] N at 
[image: image41] (4 marks)
14 a
Define the momentum of a body.

[image: image42]

[image: image43]
(1 mark)

b
A stationary body explodes into two fragments. One fragment has a mass, m1, and moves off with a velocity, v1. The second fragment has mass, m2, and moves with velocity, v2. Derive an expression for the ratio v1:v2.




(2 marks)


c
A stationary radium nucleus of mass 3.75 ( 10–25 kg decays by emitting an alpha particle with kinetic energy of 8.6 ( 10–12 J to form a radon nucleus. In the decay the charge possessed by the particles is conserved.

viii Name two other physical properties that are conserved in the process.

[image: image44]

[image: image45]
(2 marks)
ix Calculate the speed of the alpha particle on release. Mass of alpha particle  6.6 ( 10–27 kg.




speed of alpha particle  
[image: image46] m s–1 (2 marks)

x Determine the speed of the recoiling radon nucleus.




speed of radon nucleus  
[image: image47] m s–1 (2 marks)
15 The pitcher in a baseball game throws a ball of mass 145 g to the batsman. As the pitcher throws the ball, he exerts a force on it. Figure 15 shows how the force on the ball varies with time.
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Figure 15

a Use Figure 15 to determine the impulse the pitcher imparts on the ball.




impulse  
[image: image49] N s (2 marks)

b Calculate the speed of the ball when it is released assuming that at t  0 s it was stationary.




speed  
[image: image50] m s–1 (1 mark)

c Calculate the maximum acceleration of the ball.




maximum acceleration  
[image: image51] m s–2 (1 mark)

16 a
The elastic properties of rubber depend on its temperature.



You are provided with:

· a 100 mm length of rubber cut from a rubber band

· a block of metal to act as a load

· normal school laboratory equipment.



When a fixed load is applied to the band, its length increases. Describe how you would investigate the way the extension of the rubber varies with temperature over the range 0 °C–100 °C.


[image: image52]

[image: image53]

[image: image54]

[image: image55]

[image: image56]
(4 marks)

b
In another experiment the length of rubber cord is measured when it is subjected to various loads. Table 16 gives the results of the experiment. 



Table 16

	Load/N
	Length/mm

	0.50
	186

	1.00
	192

	1.50
	198

	2.00
	204

	2.50
	210


xi Plot a graph of length against load.
(2 marks)




[image: image57.png]



xii Determine the average force constant for the cord.





k  
[image: image58] N m–2 (2 marks)
xiii Determine the original (natural) length of the cord.





length  
[image: image59] mm (1 mark)
17 A steel spring of natural length 120 mm is hung vertically from a rigid support. The spring has force constant of 25 N m–1. When a brass sphere of diameter 36 mm is suspended from the lower end of the spring, it extends to a length of 200 mm.  

a Calculate the density of brass.




density  
[image: image60] kg m–3 (3 marks)

b The brass sphere is now pulled down by a further 30 mm and held steady. Determine the increase in energy stored in the spring as a result.




increase in energy  
[image: image61] J (3 marks)

c Explain how you could use the spring and sphere to determine the density of olive oil.

[image: image62]

[image: image63]

[image: image64]
(2 marks)
18 Figure 18 shows a dockyard crane lifting a heavy container. The container is attached to the hook by four straps each at an angle of 60° to the horizontal. The hook is suspended using a single steel cable of cross-sectional area 2.0 ( 10–4 m².

[image: image65.png]ground





Figure 18

a Calculate the tensile force in each of the straps when the steel cable holds a load of 95 kN at rest.




F  
[image: image66] kN (2 marks)

b Determine the maximum safe load that can be applied to the cable.
The breaking stress of the steel is 850 MPa.




maximum load  
[image: image67] N (2 marks)

c The crane driver is required to lift one container whose weight is close to the maximum safe value. Explain why he must keep the acceleration of the container as small as possible.

[image: image68]

[image: image69]
(1 mark)
19 Describe an experiment to determine the relationship between stress in a metal wire and the strain it produces. Include the measurement you would take and the apparatus that you consider most suitable to obtain the measurements.

Explain how you would determine the Young modulus for the metal from the results of your experiment.
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(6 marks)
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