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MOTION – EQUATIONS AND GRAPHS 
 
1. In a “handicap” sprint race, sprinters P and Q both start at the same time but from different starting lines on the track. 
 	The handicapping is such that both sprinters reach line XY, as shown below, at the same. 
 
[image: ] 
 
 	Sprinter P has a constant acceleration of 1·6 m s−2 from the start line to the line XY.  Sprinter Q has a constant acceleration of 1·2 m s−2 from the start line to line XY. 
 
(a) Calculate the time taken by the sprinters to reach line XY. 	3 
 
(b) Find the speed of each sprinter at this line. 	5 
 
(c) What is the distance, in metres, between the starting lines for sprinters P and Q? 	4 
 
	 	 	(12) 
 
 
 
 
 
2. (a) An object starts from rest and moves with constant acceleration a.  After a time t, the velocity v and displacement s are given by 
 
 	 	v = at    and    s = ½at2    respectively. 
 
 	Use these relationships, to show that 
 
 	 	v2 = 2as. 	2 
 
 	 	 	(2) 
 
 




 
3. (a) A sports car is being tested along a straight track. 
[image: ]
 
(i) In the first test, the car starts from rest and has a constant acceleration of 4·0 m s−2 in a straight line for 7·0 s.  
 	 Calculate the distance the car travels in the 7·0 s. 	3 
 
(ii) In a second test, the car reaches a speed of 40 m s−1.  It then decelerates at 2·5 m s−2 until it comes to rest. 
 	 Calculate the distance travelled by the car while it decelerates to rest. 	3 
 
[image: ] 	(b) A student measures the acceleration of a trolley as it moves freely down a sloping track. 
 
 
 
 	 	 
 
 
 
 
 
 
 
 
 
 	 	The trolley has a card mounted on it.  As it moves down the track the card cuts off the light at each of the light gates in turn.  Both the light gates are connected to a computer which is used for timing. 
 
 	 	The student uses a stopclock to measure the time it takes the trolley to move from the first light gate to the second light gate. 
 
(i) List all the measurements that have to be made by the student and the computer to allow the acceleration of the trolley to be calculated. 	2 
 
(ii) Explain fully how each of these measurements is used in calculating the acceleration of the trolley as it moves down the slope. 	3 
 
 	  	(11) 




4. A car is travelling at a constant speed of 15 m s−1 along a straight, level road.  It passes a motorcycle which is stationary at the roadside. 
 
[image: ] 
 
 	At the instant the car passes, the motorcycle starts to move in the same direction as the car.  The graph shows the motion of each vehicle from the instant the car passes the motorcycle. 
[image: ] 
	 
 
	

	  	(a) Show that the initial acceleration of the motorcycle is 5·0 m s−2. 
 
	2 

	 	(b) Calculate the distance between the car and the motorcycle at 4·0 s. 
 
	3 

	 	 	 
	(5)














 


5. To test the braking system of cars, a test track is set up as shown. 
 
[image: ] 
 
 	The sensors are connected to a datalogger which records the speed of a car at both  	P and Q. 
 
 	A car is driven at a constant speed of 30 ms–1 until it reaches the start of the braking   	zone at P.  The brakes are then applied. 
 
(a) In one test, the datalogger records the speed at P as 30 ms–1 and the speed at 
 	 	Q as 12 ms–1.  The car slows down at a constant rate of 9.0 ms–2 between P and 
	Q. Calculate the length of the braking zone. 	 	3 
 
(b) The test is repeated.  The same car is used but now with passengers in the car.  The speed at P is again recorded as 30 ms–1. The same braking force is applied to 
the car as in part (a). How does the speed of the car at Q compare with its speed 
	at Q in part (a)? Justify your answer. 	 	3 
 
 	 	 	         (6) 














 
FORCES, ENERGY AND POWER 
 
1. (a) 	An aircraft of mass 1000 kg has a speed of 33 m s−1 before it takes off from a runway.  The engine of the aircraft provides a constant thrust of 3150 N.  A constant frictional force of 450 N acts on the aircraft as it moves along the runway. 
 
(i) Calculate the acceleration of the aircraft along the runway. 	4 
 
(ii) The aircraft starts from rest.  Calculate the minimum length of runway required 
	for a take-off. 	3 
 
 	(b) During a flight the aircraft is travelling with a velocity of 36 m s−1 due north (000). 
A wind with a speed of 12 m s−1 starts to blow towards the direction of 40° west of north (320). 
 
[image: ] 
 
 	 	Find the magnitude and direction of the resultant velocity of the aircraft. 	3 
 
 	 	 	(10) 
 
 
 
 
 
2. A motorcycle is accelerating at 5.0 ms-2.  The total mass of the motorcycle and rider is 290 kg.  At a particular time in the acceleration the driving  force on the motorcycle is 1800 N. 
 	 	 
(a) Calculate the frictional force acting on the motorcycle at this time. 	4 
 
(b) Explain why the driving force must be increased with time to maintain a 
 	      constant acceleration. 	2 
 
 	 	 	(6) 
 	 
 
 
 
 
3. (a) A box of mass 18 kg is at rest on a horizontal frictionless surface.   
A force of 4·0 N is applied to the box at an angle of 26° to the horizontal. 
[image: ] 
(i) Show that the horizontal component of the force is 3·6 N. 	2 
 
(ii) Calculate the acceleration of the box along the horizontal surface. 	3 
 
(iii) Calculate the horizontal distance travelled by the box in a time of 7·0 s. 	3 
 
 	(b) The box is replaced at rest at its starting position. 
 	 	The force of 4·0 N is now applied to the box at an angle of less than 26° to the horizontal. 
[image: ] 
 	The force is applied for a time of 7·0 s as before. 
 	How does the distance travelled by the box compare with your answer to part 
	(a)(iii)?  You must justify your answer. 	2 
 	 	(10) 
 
 
 
4. A helicopter is flying at a constant height above ground.  The helicopter is carrying a crate suspended from a cable as shown. 
[image: ]  
 	 	The helicopter reaches its destination and hovers above a drop zone. 
 
(a) The total mass of the helicopter and crate is 1·21 × 104 kg. 
 	 Show that the helicopter produces a lift force of 119 kN. 	3 
 
(b) The helicopter now drops the crate which has a mass of 2·30 × 103 kg.  	 Describe the vertical motion of the helicopter immediately after the crate is dropped. 
 	 Justify your answer in terms of the forces acting on the helicopter. 	2 
 	  	(5) 
5. A “giant catapult” is part of a fairground ride. 
 
[image: ] 
 
Two people are strapped into a capsule.  The capsule and the occupants have a combined mass of 236 kg. 
The capsule is held stationary by an electromagnet while the tension in the elastic cords is increased using the winches. 
The mass of the elastic cords and the effects of air resistance can be ignored. 
 
(a) When the tension in each cord reaches 4·5 × 103 N the electromagnet is switched off and the capsule and occupants are propelled vertically upwards. 
 
	 	(i) Calculate the vertical component of the force exerted by each cord just before 
	

	the capsule is released. 
 
	1 

	 	(ii) Calculate the initial acceleration of the capsule. 
 
	4 

	 	(ii) Explain why the acceleration of the capsule decreases as it rises. 
	1 


 
(b) Throughout the ride the occupants remain upright in the capsule. 
A short time after release the occupants feel no force between themselves and the seats. 
	 	Explain why this happens. 	1 
 
	 	 	(7) 
 
 
 
6. [image: ]A van of mass 2600 kg moves down a slope which is inclined at 12° to the horizontal as shown. 
 
 
 
 
 
 
 
 
(a) Calculate the component of the van’s weight parallel to the slope. 	1 
 
(b) A constant frictional force of 1400 N acts on the van as it moves down the slope. 
	 	Calculate the acceleration of the van. 	4 
 
(c) The speed of the van as it passes point A is 5·0 m s−1. 
	 	Point B is 75 m further down the slope. 
	 	Calculate the kinetic energy of the van at B. 	6 
	 	 	(11) 
 
 
7. A fairground ride consists of rafts which slide down a slope into water. 
[image: ] 
	The slope is at an angle of 22° to the horizontal.  Each raft has a mass of 8·0 kg.  The length of the slope is 50 m. 
 
A child of mass 52 kg sits in a raft at the top of the slope.  The raft is released from rest.  The child and raft slide together down the slope into the water.  The force of friction between the raft and the slope remains constant at 180 N. 
 
(a) Calculate the component of weight, in newtons, of the child and raft down the 
	

	slope. 
 
(b) Show by calculation that the acceleration of the child and raft down the slope is 
	1 

	0·67 m s−2. 
 
	3 

	(c) Calculate the speed of the child and raft at the bottom of the slope. 
 
(d) A second child of smaller mass is released from rest in an identical raft at the same starting point.  The force of friction is the same as before. 
How does the speed of the child and raft at the bottom of the slope compare with 
	3 

	the answer to part (c)?  Justify your answer. 
	2 

	 
	(9) 


8. A crate of mass 40·0 kg is pulled up a slope using a rope.  	The slope is at an angle of 30° to the horizontal. 
[image: ] 
A force of 240 N is applied to the crate parallel to the slope. The crate moves at a constant speed of 3·0 m s−1. 
 
(a) (i) Calculate the component of the weight acting parallel to the slope, 	1 
 
	 	(ii) Calculate the frictional force acting on the crate. 	3 
 
(b) As the crate is moving up the slope, the rope snaps. 
[image: ] 	The graph shows how the velocity of the crate changes from the moment the rope snaps. 
 
 	 
 
 
 
 
 
 
 
 
 
 
(i) Describe the motion of the crate during the first 0·5 s after the rope snaps. 1 
(ii) Copy the axes shown below and sketch the graph to show the acceleration of the crate between 0 and 1·0 s. 
	 	 Appropriate numerical values are also required on the acceleration axis. 	2 
[image: ] 
 
(iii) Explain, in terms of the forces acting on the crate, why the magnitude of the 
	acceleration changes at 0·5 s. 	2 
	 	  	(9) 
9. A bungee jumper is attached to a high bridge by a thick elastic cord. 
 
[image: ] 
 
The graph shows how the velocity of the bungee jumper varies with time during the first 6 s of a jump. 
 
[image: ] 
 
The mass of the bungee jumper is 55 kg. 
 
(a) Using the information on the graph, state the time at which the bungee rope is at 
	its maximum length. 	2 
 
(b) Calculate the average unbalanced force, in newtons, acting on the bungee jumper 
	between points A and B on the graph. 	6 
 
(c) Explain, in terms of the force of the rope on the bungee jumper, why an elastic 
	rope is used rather than a rope which cannot stretch very much. 	2 
 
	 	 	 

				(10) 
Section 3:  Collisions and Explosions 
 
1. The apparatus shown below is used to test concrete pipes. 
 
[image: ] 
 
When the rope is released, the 15 kg mass is dropped and falls freely through a distance of 2·0 m on to the pipe. 
 
(a) In one test, the mass is dropped on to an uncovered pipe. 
 
(i) Calculate the speed of the mass just before it hits the pipe. 	3 
 
(ii) When the 15 kg mass hits the pipe the mass is brought to rest in a time of 0·020 s.  Calculate the size and direction of the average unbalanced force on 
	the pipe. 	3 
 
(b) The same 15 kg mass is now dropped through the same distance on to an identical pipe which is covered with a thick layer of soft material. 
	 	Describe and explain the effect this layer has on the size of the average 
	unbalanced force on the pipe. 	2 
 
(c) Two 15 kg, X and Y, shaped as shown, are dropped through the same distance on to identical uncovered concrete pipes. 
[image: ] 
	 	When the masses hit the pipes, the masses are brought to rest in the same time. 
 
	 	Using your knowledge of physics, explain which mass causes more damage to a 
	pipe. 	2 
 
	 	 	 	(10) 
 
 



2. Two ice skaters are initially skating together, each with a velocity of 2·2 m s−1 to the right as shown. 
 
[image: ] 
 
The mass of skater R is 54 kg.  The mass of skater S is 38 kg. 
 
Skater R now pushes skater S with an average force of 130 N for a short time.  This force is in the same direction as their original velocity. 
 
As a result, the velocity of skater S increases to 4·6 m s−1 to the right. 
 
[image: ] 
 
(a) Calculate the magnitude of the change in momentum of skater S. 	3 
 
(b) Calculate how long skater R exerts the force on skater S. 	3 
 
(c) Calculate the velocity of skater R immediately after pushing skater S. 	3 
 
(d) Is this interaction between the skaters elastic?  You must justify your answer by 
	calculation. 	4 
 
	 	 	(13) 
 
 





 
3. (a) A space vehicle of mass 2500 kg is moving with a constant speed of 0·50 m s−1 in the direction shown.  It is about to dock with a space probe of mass 1500 kg which is moving with a constant speed in the opposite direction. 
[image: ]
After docking, the space vehicle and the space probe move off together at 0·20 m s−1 in the original direction in which the space vehicle was moving. 
 
 
 
 
 
 
 
 

	Calculate the speed of the space probe before it docked with the space vehicle. 	3 
 
 	(b) The space vehicle has a rocket engine which produces a constant thrust of 1000 N.  The space probe has a rocket engine which produces a constant thrust of 500 N. 
 
 	 	The space vehicle and space probe are now brought to dest from their combined speed of 0·20 m s−1. 
 
(i) Which rocket engine was switched on to bring the vehicle and probe to rest? 	1 
 
(ii) Calculate the time for which this rocket engine was switched on.  You may assume that a negligible mass of fuel was used during this time. 	3 
 
 	(c) The space vehicle and space probe are to be moved from their stationary position at A and brought to rest at position B, as shown. 
[image: ]
 
Explain clearly how the rocket engines of the space vehicle and the space probe are used to complete this manoeuvre. 
Your explanation must include an indication of the relative time for which each rocket engine must be fired. 
	You may assume that a negligible mass of fuel is used during this manoeuvre. 	2 
 
	 	 	(9) 
4. A force sensor is used to investigate the impact of a ball as it bounces on a flat horizontal surface.  The ball has a mass of 0·050 kg and is dropped, vertically from rest, through a height of 1·6 m as shown. 
 
[image: ]
 
(a) The graph shows how the force on the ball varies with time during the impact. 
 
[image: ]
 
	 	(i) Show by calculation that the magnitude of the impulse on the ball is 0·35 Ns. 
 
	1 

	(ii) What is the magnitude and direction of the change in momentum of the ball? 
 
(iii) The ball is travelling at 5·6 m s−1 just before it hits the force sensor. 
	1 

	 	 Calculate the speed of the ball just as it leaves the force sensor. 
	3 


 
(b) Another ball of identical size and mass, but made of harder material, is dropped from rest and from the same height on to the same force sensor.   
 	Sketch the force-time graph shown above and, on the same axes, sketch another graph to show how the force on the harder ball varies with time.  Numerical values 
	are not required but you must label the graphs clearly. 	2 
 
	 	 	 	(7) 
 
5. An experiment is set up to investigate the motion of a cart as it collides with a force sensor. 
[image: ] 
 
The cart moves along the horizontal track at 0·48 m s−1 to the right. 
As the cart approaches the force sensor, the magnets repel each other and exert a force on the cart. 
The computer attached to the force sensor displays the following force-time graph for the collision. 
[image: ] 
 
The computer attached to the motion sensor displays the following velocity-time graph for the cart. 
[image: ] 
	(a) (i) Calculate the magnitude of the impulse on the cart during the collision. 	1 
 
     (ii) Determine the magnitude and direction of the change in momentum of the cart. 1 

	
	

	     (iii) Calculate the mass of the cart. 
 
(b) The experiment is repeated using different magnets which produce a greater average force on the cart during the collision.  As before, the cart is initially travelling at 0·48 m s−1 to the right and the collision causes the same change in its velocity. 
 
 	Copy the force-time graph shown and, on the same axes, draw another graph to show how the magnitude of the force varies with time in this collision. 
	3 

	 	Numerical values are not required but you must label each graph clearly. 
	2 

	 	 	 
	(7) 


6. (a) State the law of conservation of linear momentum. 	1 
 
 	(b) The diagram shows a linear air track on which two vehicles are free to move.  Vehicle A moves towards vehicle B which is initially at rest. 
 
 	 	A computer displays the speeds of the two vehicles before and after the collision. 
 
[image: ] 
The table of results below shows the mass and velocity of each vehicle before and after the collision. 
 
[image: ] 
 
(i) Use these results to show that the change in momentum of vehicle A is equal in size but opposite in direction to the change in momentum of vehicle B. 	5 
 
(ii) Use the data in the table to show whether the collision is elastic or inelastic. 	6 
 
	 	  	(12) 
 








7. (a) A bullet of mass 25 g is fired horizontally into a sand-filled box which is suspended by long strings from the ceiling.  The combined mass of the bullet, box and sand is 10 kg. 
 
 	 	After impact, the box swings upwards to reach a maximum height as show in the diagram. 
 
[image: ] 
 
 	 	Calculate: 
 
(i) the maximum velocity of the box after impact; 	4 
 
(ii) the velocity of the bullet just before impact. 	3 
 
 	(b) The experiment is repeated with a metal plate fixed to one end of the box as shown. 
 
[image: ] 
 
 	 	The mass of sand is reduced so that the combined mass of the sand, box and metal plate is 10 kg. 
 
 	 	In this experiment, the bullet bounces back from the metal plate.  Explain how this would affect the maximum height reached by the box compared with the maximum 
	height reached in part (a). 	2 
 
 	 	 	(9) 
 


8. During a test on car safety, two cars are crashed together on a test track as shown below. 
[image: ] 
(a) Car A, which has a mass of 1200 kg and is moving at 18·0 m s−1, approaches car B, which has a mass of 1000 kg and is moving at 10·8 m s−1, in the opposite direction. 
	 	The cars collide head on, lock together and move off in the direction of car A. 
 
(i) Calculate the speed of the cars immediately after the collision. 	3 
 
(ii) Show by calculation that the collision is inelastic. 	5 
 
(b) During a second safety test, a dummy in a car is used to demonstrate the effects of a collision. 
 
 	During the collision, the head of the dummy strikes the dashboard at 20 m s−1 as shown and comes to rest in 0·020 s. 
[image: ] 
	 	The mass of the head is 5·0 kg. 
 
(i) Calculate the average force exerted by the dashboard on the head of the 
	dummy during the collision. 	3 
 
(ii) The test on the dummy is repeated with an airbag which inflates during the collision.  During the collision, the head of the dummy again travels forward at 20 m s−1 and is brought to rest by the airbag. 
[image: ] 
 	 Explain why there is less risk of damage to the head of the dummy when the airbag is used. 	2 
	 	  	(13) 
Section 4:  Gravitation 
 
1. At a funfair, a prize is awarded if a coin is tossed into a small dish.  The dish is mounted on a shelf above the ground as shown. 
 
[image: ] 
 
 	A contestant projects the coin with a speed of 7·0 m s−1 at an angle of 60° to the horizontal.  When the coin leaves his hand, the horizontal distance between the coin and the dish is 2·8 m.  The coin lands in the dish. 
 
 	The effect of air resistance on the coin may be neglected. 
 
(a) Calculate: 
 
(i) the horizontal component of the initial velocity of the coin; 	1 
 
(ii) the vertical component  of the initial velocity of the coin. 	1 
 
(b) Show that the time taken for the coin to reach the dish is 0·8 s. 	2 
 
(c) What is the height, h, of the shelf above the point where the coin leaves the 
	contestant’s hand? 	4 
 
(d) How does the value of the kinetic energy of the coin when it enters the dish 
compare with the kinetic energy of the coin just as it leaves the contestant’s hand?  
	Justify your answer. 	2 
 
 	 	 	(10) 
 
 





2. A golfer on an elevated tee hits a golf ball with an initial velocity of 35·0 m s−1 at an angle of 40° to the horizontal. 
 
 	The ball travels through the air and hits the ground at point R. 
 
 	Point R is 12 m below the height of the tee, as shown. 
 
[image: ] 
 	The effects of air resistance can be ignored. 
 
(a) Calculate: 
 
(i) the horizontal component of the initial velocity of the ball; 	1 
 
(ii) the vertical component of the initial velocity of the ball; 	1 
 
(iii) the time taken for the ball to reach its maximum height at point P. 	3 
 
(b) From its maximum height at point P, the ball falls to point Q, which is at the same height as the tee. 
 
 	 	It then takes a further 0·48 s to travel from Q unit it hits the ground at R. 
 
 	 	Calculate the total horizontal distance d travelled by the ball 	5 
 
 	 	(10) 










3. A basketball player throws a ball with an initial velocity of 6·5 m s−1 at an angle of 50° to the horizontal.  The ball is 2·3 m above the ground when released 
 
[image: ] 
 
 	The ball travels a horizontal distance of 2·9 m to reach the top of the basket. 
 
 	The effects of air resistance can be ignored. 
 
(a) Calculate: 
 
	 	(i) the horizontal component of the initial velocity of the ball; 
 
	1 

	 	(ii) the vertical component of the initial velocity of the ball. 
 
	1 

	 	(b) Show that the time taken for the ball to reach the basket is 0·69 s. 
 
	1 

	(c) Calculate the height h of the top of the basket. 
 
(d) A student observing the player makes the following statement. 
 
“The player should throw the ball with a higher speed at the same angle.  The ball would then land in the basket as before but it would take a shorter time to travel the 2·9 m.” 
 
	3 

	Explain why the student’s statement is incorrect. 
 
	2 

	 
	(8) 


 
 








4. A ball is rolled up a slope so that it is travelling at 14 m s−1 as it leaves the end of the slope. 
 
[image: ] 
 
(a) The slope is set so that the angle to the horizontal, , is 30°. 
 
 	Calculate the vertical component of the velocity of the ball as it leaves the slope. 	1 
 
(b) The slope is now tilted so that the angle to the horizontal, , is increased.  The ball is rolled so that it still leaves the end of the slope at 14 m s−1. 
 
 	 	Describe and explain what happens to the maximum height reached by the ball. 	2 
 
 	 	 	(3) 
 
 
 
5. An archer fires an arrow at a target which is 30 m away. 
 
[image: ] 
 
The arrow is fired horizontally from a height of 1·5 m and leaves the bow with a velocity of 100 m s−1. 
 
The bottom of the target is 0·90 m above the ground. 
 
	Show by calculation that the arrow hits the target. 	3 
 
	 	(3) 
 




6. The fairway on a golf course is in two horizontal parts separated by a steep bank as shown below. 
 
[image: ] 
 
A golf ball at point O is given an initial velocity of 41·7 m s−1 at 36° to the horizontal. 
 
The ball reaches a maximum vertical height at point P above the upper fairway.  Point P is 19·6 m above the upper fairway as shown.  The ball hits the ground at point Q. 
 
The effect of air resistance on the ball may be neglected. 
 
(a) Calculate: 
 
(i) the horizontal component of the initial velocity of the ball; 	1 
 
(ii) the vertical component of the initial velocity of the ball. 	1 
 
(b) Show that the time taken for the ball to travel from point O to point Q is 4·5 s. 	7 
 
(c) Calculate the horizontal distance travelled by the ball. 	3 
 
 	 	 	(12) 
 
 















7. (a) A long jumper devises a method for estimating the horizontal component of his velocity during a jump. 
 
His method involves first finding out how high he can jump vertically. 
[image: ] 
 
He finds that the maximum height he can jump is 0·86 m. 
 
(i) Show that his initial vertical velocity is 4·1 m s−1. 	3 
 
(ii) He now assumes that when he is long jumping, the initial vertical component of his velocity at take-off is 4·1 m s−1. 
 
[image: ] 
 
 	 The length of his long jump is 7·8 m. 
 
 	 Calculate the value that he should obtain for the horizontal component of his 
	velocity, vH. 	4 
 
 	(b) His coach tells him that, during his 7·8 m jump, his maximum height above the ground was less than 0·86 m.  Ignoring air resistance, state whether his actual 
horizontal component of velocity was greater or less than the value calculated in 
	part (a) (ii).  You must justify your answer. 	2 
 
 	 	 	(9) 
 




8. A satellite orbits 400 km above the surface of the Earth as shown. 
[image: ]
 
The Earth has a mass of 6·0 × 1024 kg and a radius of 6·4 × 106 m. 
 
The satellite has a mass of 900 kg and a speed of 7·7 × 103 m s−1. 
 
(a) Explain why the satellite remains in orbit around the Earth. 	2 
 
(b) Calculate the gravitational force acting on the satellite. 	3 
 
	 	 	(5) 
 
 
9. (a) (i) State what is meant by the term gravitational field strength. 	1 
 
 	 	(ii) The gravitational field strength g at the surface of Mars is 3·7 N kg−1.  	 	 The radius r of Mars is 3·4 × 103 km. 
 
 	 	 (A) Use Newton’s universal law of gravitation to show that the mass of Mars is given by the equation 
 	gr2 
M = G  
 
	 	 	  	where G = 6·67 × 10−11 m3 kg−1 s−2. 
 
	 
	2 

	 	 	 (B) Calculate the mass of Mars. 
	 
	2 


 
 	(b) A spacecraft of mass 100 kg is in a circular orbit 300 km above the surface of Mars. 
 	 	Calculate the force exerted by Mars on the satellite. 	 	4 
 	 	 	 	(8) 
 
Section 5:  Special Relativity 
 
1. A page from a website on special relativity is shown. 
[image: ] 
(a) Explain what is meant by the term length contraction. 	   1 
 
(b) Calculate the Lorentz factor when the ratio  2  
 
(c) Length contraction calculations use the relationship  

    
      where the symbols have their usual meanings. 
      State this relationship in terms of l', l and γ. 	   1 
  
(d) Explain, in terms of the Lorentz factor, why an observer can ignore relativistic effects 
	for an object which is moving with a velocity much less than c. 	    2 
(6) 
 
2. A beam of charged particles is accelerated in particle accelerators to a speed of 2·0 × 108 m s−1. 
 
(a) The particles are unstable and decay with a half-life of 8·2 × 10−7 s when at rest. 
	 	Calculate the half-life of the particles in the beam as observed by a stationary 
	observer. 	3 
 
(b) Calculate the mean distance travelled by a particle in the beam before it decays as 
	observed by a stationary observer. 	3 
	 	 	(6) 
Section 6:  The Expanding Universe 
 
1. (a) A car approaches a building where there is a stationary observer.  The car sounds its horn. 
[image: ] 
The speed of the car is 25·0 m s−1 and the frequency of the sound emitted by the horn is 1250 Hz. 
 
(i) Explain in terms of wavefronts why the sound heard by the observer does not 
have a frequency of 1250 Hz.  You may wish to include a diagram to support 
	your answer. 	2 
 
(ii) Calculate the frequency of the sound from the horn heard by the observer. 	3 
 
(b) The spectrum of light from most stars contains lines corresponding to helium gas. 
 
	 	The diagram below shows the helium spectrum from the Sun. 
[image: ] 
 
	 	The diagram below shows the helium spectrum from a distant star. 
[image: ] 
 
	 	By comparing these spectra, what conclusion can be made about the distant star?  
	Justify your answer. 	2 
 
	 	 	(7) 
 
2. A train emits a sound of frequency 800 Hz as it passes through a station.  The sound is heard by a person on the station platform as shown. 
[image: ] 
(a) Describe how the frequency of the sound, heard by the person, changes as the 
	train passes through the station. 	1 
 
(b) Explain, in terms of wavefronts, why this frequency change occurs.  You may wish 
	to include a diagram as part of your answer. 	2 
 
(c) At one instant the person hears a sound of frequency 760 Hz. 
 
	 	Calculate the speed of the train relative to the person on the platform at this time. 	3 
 
 	 	(6) 
 
3. (a) A car horn produces a note of frequency 300 Hz. 
 
 	 	The horn is sounded as the car is moving at 30 m s–1 away from a stationary observer. 
 
 	 	Calculate the frequency heard by the observer. 	3 
 
(b) An observer on Earth notes that the frequency of light from a distant galaxy is Doppler shifted towards the red end of the spectrum. 
 
 	 	Describe how the galaxy is moving relative to the Earth.  You must justify your 
	answer. 	2 
 
 	 	 	(5) 
 
4. By observing the spectrum of light received from galaxy M101, astronomers have determined that the galaxy is moving away from us  with a velocity of 5·5 × 105 m s–1. 
 
(a) Calculate the distance of the galaxy from us. 	3 
 
(b) The observation that galaxies are moving away from us is evidence for the expanding universe. As the universe expands it cools down. 
 
What property of the Cosmic Microwave Background has been measured by astronomers to determine the present temperature of the universe? 	1 
 
	 	(4) 
5. (a) Explain what is meant by red shift and why it provides evidence for the Big Bang 
	Theory, 	2 
 
(b) (i) Explain what is meant by the term dark matter. 	1 
 
 	 	(iii) Explain why the study of dark matter is important to the understanding of the 
	fate of the Universe. 	2 
 
 	 	  	(5) 
 
 
6. (a) In 1929 Edwin Hubble suggested that distant galaxies are moving away (receding) from our own galaxy with velocities that are directly proportional to the distance to the galaxy.  This is known as Hubble’s Law. 
 
 	 	Some data collected by Hubble are given in the table below. 
 
	galaxy 
	distance to galaxy /light years 
	velocity of recession 
/m s−1 

	NGC 221 
	9·0 × 105 
	2·0 × 105 

	NGC 379 
	2·3 × 107 
	2·2 × 106 

	Gemini cluster 
	1·4 × 108 
	2·3 × 107 


 
(i) Using all of the data, determine whether or not this data supports Hubble’s 
	Law. 	3 
 
(ii) Use the data on the Gemini cluster given in the table to calculate a value for 
	the Hubble constant, Ho. 	3 
 
(iii) Comment on how this early value for the Hubble constant compares to the 
	accepted value today. 	1 
 
(b) The speed of recession of the galaxies is found from observations of redshift. 
 
(i) State what is meant by the term redshift. 	1 
 
(ii) Explain why the expansion of space will cause light from more distant galaxies 
	to show a greater redshift. 	2 
 
 	 	  	(10) 
 
 


Section 7:  Big Bang Theory 
 
1. Mu Cephei is possibly the largest star yet discovered.  Its radius is 1·2 × 1012 m and its surface temperature is 3500 K. 
 
 	The relationship between the temperature and peak wavelength is given by 
 	−3
 	T =  	2·9 × 10 
 	peak 
	 (a) Calculate the wavelength of the peak in the black body radiation curve for Mu 
	

	Cephei. 
 
 (b) Copy the graph axes below and sketch the black body radiation curve for  Mu Cephei. 
 
 
	2 


  
 
 
 
 
 
 
 
 
 
 
 
relative
 
intensity
 
0
 

 wavelength		2 
 
 	 	 	(4) 


















2. All stars emit radiation with a range of wavelengths.  The peak wavelength of radiation, 
peak, emitted from a star is related to the surface temperature, T, of the star. 
 
 	The table gives the surface temperatures, in kelvin, of four different stars and the peak wavelength radiated from each star. 
 
	Surface temperature of star 
T/K 
	Peak wavelength radiated 
peak /m 

	4200 
	6·90 × 10−7 

	5800 
	5·00 × 10−7 

	7900 
	3·65 × 10−7 

	12 000 
	2·42 × 10−7 


 
(a) Use all the data in the table to show that the relationship between the surface temperature, T, of a star and the peak wavelength radiated, peak, from the star is 
	 	−3
2·9 × 10 
T =  
	 	 	peak 	2 
 
(b) The blue supergiant star Eta Carinae is one of the largest and most luminous stars in our galaxy.  It emits radiation with a peak wavelength of 76 nm. 
 
	 	Calculate the surface temperature, in kelvin, of this star. 	2 
 
(c) Radiation of peak wavelength 1·06 mm can be detected on Earth coming from all directions in space. 
 
(i) What name is given to this radiation? 	1 
 
(ii) Give a reason why the existence of this radiation supports the Big Bang 
	Theory. 	1 
 
	 	  	(6) 
 
 
 








Section 8:  Uncertainties in Mechanics 
 
1. A student uses the apparatus shown to measure the average acceleration of a trolley travelling down a track. 
 
[image: ] 
 
The line on the trolley is aligned with line P on the track. 
 
The trolley is released from rest and allowed to run down the track. 
 
The timer measures the time for the card to pass through the light gate. 
 
The procedure is repeated a number of times and the results shown below. 
 
 	 	 	0·015 s 	0·013 s 	0·014 s 	0·019 s 	0·017 s 	0·018 s 
 
(a) Calculate: 
 
(i) the mean time for the card to pass through the light gate; 	1 
 
(ii) the approximate absolute random uncertainty in this value. 	1 
 
(b) The length of the card is 0·020 m and the distance PQ is 0·60 m. 
 
 	 	Calculate the acceleration of the trolley (an uncertainty in this value is not 
	required). 	6 
 
 	 	 	(8) 
 









2. The manufacturers of tennis balls require that the balls meet a given standard. 
 
 	When dropped from a certain height onto a test surface, the balls must rebound to within a limited range of heights. 
 
 	The ideal ball is one which, when dropped from rest from a height of 3·15 m, rebounds to a height of 1·75 m as shown below. 
 
[image: ] 
 
(a) Assuming air resistance is negligible, calculate: 
 
(i) the speed of an ideal ball just before contact with the ground; 	3 
 
(ii) the speed of this ball just after contact with the ground. 	3 
 
(b) When a ball is tested six times, the rebound heights are measured to be 
 
	 	 	1·71 m 	1·78 m 	1·72 m 	1·76 m 	1·73 m 	1·74 m 
 
	 	Calculate: 
 
(i) the mean value of the height of the bounce; 	1 
 
(ii) the approximate absolute random uncertainty in this value. 	1 
 
	 	  	(8) 
 










 
3. Golf clubs are tested to ensure they meet certain standards. 
 
(a) In one test, a securely held clubhead is hit by a small steel pendulum.  The time of contact between the clubhead and the pendulum is recorded. 
 
[image: ] 
The experiment is repeated several times. 
The results are shown. 
	 	248 s 	 	259 s 	 	251 s 	 	263 s 	 	254 s 
 
(i) Calculate: 
	 	 (A) the mean contact time between the clubhead and the pendulum; 
	1 

	 	 (B) the approximate absolute random uncertainty in this value. 
 
 	(ii) In this test, the standard required is that the maximum value of the mean contact time must not be greater than 257 s. 
 
	1 

	 	 Does the club meet this standard?  You must justify your answer. 
 
 	(b) In another test, a machine uses a club to hit a stationary golf ball. 
 
 	The mass of the ball is 4·5 × 10−2 kg.  The ball leaves the club with a speed of 50·0 m s−1.  the time of contact between the club and the ball is 450 s. 
 
	1 

	(i) Calculate the average force exerted on the ball by the club. 
 
(ii) The test is repeated using a different club and an identical ball/  The machine applies the same average force on the ball but with a longer contact time. 
 
 	 What effect, if any does this have on the speed of the ball as it leaves the 
	3 

	club?  Justify your answer. 
 
	2 

	 	  
	(8) 

	


	


4. A basketball is held below a motion sensor.  The basketball is released from rest and falls onto a wooden block.  The motion sensor is connected to a computer so that graphs of the motion of the basketball can be displayed. 
 
[image: ] 
 
 	A displacement-time graph for the motion of the basketball from the instant of its release is shown. 
 
[image: ] 
 
(a) (i) What is the distance between the motion sensor and the top of the basketball 
	when it is released? 	1 
 
(ii) How far does the basketball fall before it hits the wooden block? 	1 
 
(iii) Show, by calculation, that the acceleration of the basketball as it falls is 
	8·9 m s−2. 	3 
 
(b) The basketball is now dropped several times from the same height.  The following values are obtained for the acceleration of the basketball. 
 
	 	8·9 m s−2 	9·1 m s−2 	8·4 m s−2 	8·5 m s−2 	9·0 m s−2 
 
	 	Calculate: 
 
(i) the mean of these values; 	1 
 
(ii) the approximate random uncertainty in the mean. 	1 
 
(c) The wooden block is replaced by a block of sponge of the same dimensions.  The experiment is repeated and a new graph obtained. 
 
	 	Describe and explain any two differences between this graph and the original 
	graph. 	2 
 
	 	 	 	(9) 
 





























 
5. The apparatus in the diagram is being used to investigate the average force exerted by a golf club on a golf ball. 
 
[image: ] 
 
The club hits the stationary ball.  Timer 1 records the time of contact between the club and the ball.  Timer 2 records the time taken for the ball to pass through the light gate beam. 
 
The mass of the ball is 45·00 ± 0·01 g. 
 
The time of the contact between club and ball is 0·005 ± 0·001 s. 
 
The time for the ball to pass through the light gate beam is 0·060 ± 0·001 s. 
 
The diameter of the ball is 24 ± 1 mm. 
 
(a) (i) Calculate the speed of the ball as it passes through the light gate. 	3 
 
	 	(ii) Calculate the average force exerted on the ball by the golf club. 	3 
 
(b) (i) Show by calculation which measurement contributes the largest percentage uncertainty in the final value of the average force on the ball. 	3 
 
	 	(ii) Express your numerical answer to (a) (ii) in the form 
 
	 	 final value ± absolute uncertainty 	1 
 
	 	  	(10) 
 




Section 9:  Open-ended Questions 
 
1. In a book in which he describes his childhood experiences, an author describes how he used to drop peanuts down the stairwell of a department store. This would annoy the shop owner ‘who would come flying up the stairs at about the speed that the peanut had gone down, giving you less than five seconds to scramble away to freedom’. 
 
 	Using physics principles, comment on the way the author has compared the speed of 
	the peanut and the shop owner.  	3 
 
 
2. A trolley is at rest on a slope. It is pushed then released. The velocity–time graph shows the resultant motion of the trolley. 
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 	Use your knowledge of physics to comment on the shape of the graph. 	3 
 
 
3. A student holds a ball at rest then allows it to fall. The ball accelerates freely to the ground. 
 
 	The student notes that before release the momentum of the ball is zero but after release it has a momentum. 
 
 	The student concludes that this shows that the law of conservation of momentum is not always obeyed.  
 
 	Use your knowledge of physics to show that the student’s statement is untrue. 	3 
 
 
4. A comedian remarks that ‘When you fall it is not the falling which hurts but the coming 
to rest.’ 
 
 	Use your knowledge of physics to comment on this remark. 	3 
 
 
5. When you jump from a height of 5 m into water it usually does not cause any damage. Jumping from the same height onto a concrete surface usually causes injury. 
 
 	Use physics principles to comment on these statements. 	3 
6. A rubber ball X and a ball Y with a very sticky surface have the same mass. They are thrown, with the same speed, at a wall.  
 
 
X
 
Y
 
wall
 

 
 	The ball X rebounds back along its original path. Ball Y sticks to the wall. 
 
A student states ‘Ball X will always exert a greater force on the wall than that exerted 
by Y.’ 
 
 	Use your knowledge of physics to comment on this statement. 	3 
 
 
 
7. A rubber ball X and a ball Y with a very sticky surface have the same mass. They are thrown, with the same speed, at a wall.  
 
 
X
 
Y
 
wall
 

 
 	The ball X rebounds back along its original path. Ball Y sticks to the wall. 
 
A student states ‘The change in momentum of ball X is greater than the change in momentum of ball Y. This means that ball X will always exert a greater force on the wall than that exerted by Y on the wall.’ 
 
 	Use your knowledge of physics to comment on this statement. 	3 
 
 
 
8. A trolley is at rest on a slope. It is pushed up the slope then released, as shown in the diagram. 
 
 
 
 
 	Use your knowledge of physics to describe and explain the resultant motion of the 
	trolley. 	3 
9. A ball is thrown vertically into the air.  
 
Y
 
X
 
Z
 

 
 	The ball starts from rest at point X. 
 	It leaves the thrower’s hand at point Y and travels vertically upwards to point Z. 
 
A student states that ‘the magnitude of the acceleration of the ball is always greater when being accelerated from rest (between X and Y) than when it is in the air from Y to Z.’ 
 
 	Use your knowledge of physics to comment on this statement. 	3 
 
 
 
10. A student states ‘When a single force acts on an object the object can never remain stationary or move with constant speed.’ 
 
 	Use physics principles to comment this statement. 	3 
 
 
11. A ball is thrown horizontally from a cliff.  
 

 
A student states ‘The acceleration of the ball can never be parallel to the velocity of the 
ball.’ 
 
 	Use your knowledge of physics to comment on the truth or otherwise of this statement. 3 
 
 
12. A ball can be thrown into the air at an angle of 45° to the horizontal. 
 
45
°
 

 
A student states that ‘The acceleration of the ball can never be perpendicular to the 
velocity of the ball.’ 
 
 	Use your knowledge of physics to comment on the truth or otherwise of this statement. 3 
 
13. A student observes a gardener pushing a wheelbarrow.  
 
 	The student knows that the gardener exerts a force on the wheelbarrow and that the wheelbarrow exerts a force of equal size in the opposite direction on the gardener. 
 
 	The student has difficulty explaining why the wheelbarrow moves forward. 
 
 	Using physics principles give your explanation for the movement of the wheelbarrow. 	3 
 
 
 
14. A student sees a diagram of a force acting on a combination of blocks as shown. 
 
	A 	B 
 3
 kg
 
 
2
 kg
 
10
 N
 

 
 	The student reasons that block A exerts a force on block B and block B exerts an equal force in the opposite direction on block A. The student then cannot understand why the blocks move. 
 
 	Use your knowledge of physics to give an explanation for the movement of the blocks. 	3 
 
 
 
15. A commentator at a skateboarding competition describes the movement of a competitor on a ramp as shown in the diagram. 
 
 
‘The skateboarder has gained enough force on the downslope to let her reach the very top of the upslope.’ 
 
 	Using physics principles, comment on the way the commentator has described the movement of this 
	competitor. 	3 
 
 
 








16. A book has a drawing of an ‘invention’ that will provide a means of transport. 
 
A magnet is attached to a trolley and a person on the 
trolley holds a second magn
et in front of the first magnet.
 
 
The North Pole N of a magnet is known to attract the 
South Pole S of a magnet.
 
 
 
 
 
N
 
 
S
 
 
S
 
 
N
 

 	Using physics principles explain why this invention cannot work.  	3 
 
17. A box is pulled along a floor by a force of 200 N as shown in the diagram. 
 
 
 
 
 
 
 
80
 kg
 
45
o
 
200
 N
 

 
 	Use your knowledge of physics to comment on why this is not the most efficient way to 
	move the box. 	3 
 
 
 
18. [image: ]A student is watching the launch of a rocket.  
 
 	The student states that the rocket takes off because the gas from the rocket engine pushes on the ground. 
 
 	Using physics principles show that the student’s statement is 
	untrue. 	3 
 
 
 
19. A television commentator was heard to describe a free kick in a football match in the following way. 
 
 	‘It was a magnificent free kick. The ball flew into the net. Once it left his foot it really 
accelerated into the goal.’ 
 
 	Using physics principles, comment on the way the television commentator has 
	described the motion of the ball. 	3 
 
 




 
20. On 1 April, a car manufacturer placed an advertisement for a new system that could be fitted to cars and was called ‘Magnetic Tow Technology’. It was of course an April Fool – the system does not exist.  
 
[image: ] 
‘The system locks on to the car in front using an enhanced magnetic beam. Once you are attached, you are free to turn off your engine. The vehicle in front will do the pulling without noticing any changes.’ 
 
 
 	Using physics principles, suggest how you can tell that the advertisement is an April 
	Fool.  	3 
 
 
 
21. Some cars are fitted with a system that stores the energy normally lost as heat in the brakes. Estimate the maximum energy that could be stored as a car is decelerated to rest.  
 
 	Clearly show your working for the calculation and any estimates you have made.  	3 
 
 
 
22. A book describing a medieval battle includes the following description of the flight of an arrow. 
 
 	‘The arrow drew its curve in the sky, then fell fast, plunging, and losing its momentum.’ 
 
	 	Using physics principles, comment on the way the author has described the flight of 
	

	the arrow. 
 
 
 
23. ‘They don't make them like they used to,’ said old Uncle Willie as a breakdown truck towing a crashed car drove past. ‘In my day, cars were built like tanks. They didn't crumple up in crashes like that one has’, he continued. 
 
 	Use your knowledge of physics to explain why certain parts of cars are designed to 
	3 

	crumple in collisions. 
 
 







 
24. An iron bar is heated. As the temperature of the bar increases, the colour of the bar changes from red to bluish white.
	3 

	Use your knowledge of physics to explain this change in colour. 
 
 
 
25. The star Betelgeuse has a surface temperature of about 2400 K and appears red when viewed.  
 
 	The star Bellatrix has a surface temperature of about 25,000 K and appears bluish white. 
 
 	Using your knowledge of physics explain the reason for the difference in colour of 
	3 

	these stars. 
	3 
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MOTION – EQUATIONS AND GRAPHS

1. 	a.	Sprinters P and Q have the same journey time.

		For sprinter P: s = ut + 1/2(at2) 	(1)
		20 = 0xt + 1/2(1.6xt2)		(1)
		t2 = 20/0.8  = 25
		t = 5s					(1)

 	 b.	vP = u + at  (1)	vP = 0 + 1.6x5  (1)		vP = 8m/s  (1)
		vQ = u + at		vQ = 0 + 1.2x5  (1)		vQ = 6m/s  (1)

	c.	To calculate the displacement of Q from their starting point to the finishing line
		use: s = ut + 1/2(at2).  	(1)
		s = 0xt + 1/2(1.2x52)   	(1)
		s = 15m 			(1)
		The distance between starting points is therefore 5m		(1)



2.	a.	Squaring the equation v = at gives:
		v2 = a2t2	equation 1
		The equation s = 1/2(at2) can be rearranged to give:
		t2 = 2s/a which can be substituted into equation 1
		v2 = a2(2s/a)	    =>v2 = 2as	

 	

3.	a.i.	u = 0m/s	a = 4m/s2	t = 7s		s = ?
		s = ut + 1/2at2		(1)
		s = 0x7 + 1/2x4x72	(1)
 		s = 98m			(1)

  	
	a.iii.	u = 40m/s	a = -2.5m/s2	v = 0m/s	s = ?
		v2 = u2 + 2as		(1)
		s = (v2 - u2)/2a
		s = (02-402)/2x-2.5 	(1)
		s = -1600/-5
		s =  320m		(1)

	b.i.	To calculate the acceleration of the trolley the student needs to measure: 
· The length of the card(d);
· The time it takes the trolley to travel from the first light gate to the second(t1).						(both for 1)

The computer must measure the time the card cuts the light beam produced by the light gate at:
· the top of the slope(t2);
· the bottom of the slope(t3).				(both for 1)
	
	b.ii.	The speed at the top of the slope(u) is calculated using: u=d/t2	(1)
		The speed at the bottom of the slope(v) is calculated using: v=d/t3	(1)
		The acceleration is calculated using:	a=(v-u)/(t1)		(1)
4.	(a)  v = u + at		(1)
	      20 = 0 + 4a		(1)
	      a = 5.0 ms-2		no mark as given
	
	      Or gradient method is okay
	
	(b)  car: d = v x t		motorcycle: s = ut + ½ at2 
		   = 15 x 4			        = ½ x 5 x 16
		   = 60m		(1)		        = 40m		(1)

	      Extra distance = 60 – 40 = 20m	(1)
	      
	      Or area under graph method is okay
	



5.	(a) v2 = u2 + 2as			(1)
	      122 = 302 + (2 x -9 x s)	(1)
	      s = 42m			(1)

	(b) Speed at Q isfaster  and  mass of car is bigger   (both for 1)
	     Deceleration/accn is less    (1)
	     Since a = F/m (and F is constant)  (1) 

	     Can gain full marks by calculation




FORCES, ENERGY AND POWER


1. a.i.	Funbalanced = Fthrust - Ffriction 	= 3150 – 450  = 2700N		(1)

		a = Funbalanced/m   	(1)
		   = 2700/1000  		(1)
		   = 2.7m/s-2		(1)
  
 	 a.ii.	To calculate the length of the track use : v2 = u2 + 2as
		s = (v2 - u2)/2a		(1)
		s = (332- 02)/2x2.7	(1)
		s = 201.67m		(1)

  	b. 	Use the cosine rule to calculate the resultant velocity,or, draw an accurate scale diagram.
[image: ]
	a2 = b2 + c2 -2bcCosA
	a2 = 362 + 122 -2x36x12Cos140
	a2 = 1296 + 144 - 864Cos140
 	a2 = 1296 + 144 - 864x-0.766
	a2 = 2101.9
	a = 45.8m/s

	Use the sine rule to calculate angle C.
	a/sinA = c/sinC
	sinC = csinA/a
	sinC = 12sin140o/45.8
	sinC = 0.168
	angle C = 9.7o

	Resultant velocity = 45.8m/s with a bearing of 350.3o



2.	(a) Fresultant = ma		(1)
	     Fresultant = 290 x 5	(1)
	     Fresultant = 1450N	(1)
	     Frictional force = 1450 – 1800 = (-)350N	(1)

	(b) The faster it goes the greater the air resistance/drag/friction		(1)
	     If drive force is constant then unbalanced force would decrease
		Or
	     Increasing drive force keeps unbalanced force constant			(1)	


3. (a)	(i)      Fh = FcosΘ 	(1)
		= 4.0 cos26o 		(1)
		= 3.59 (3.6) N	(no mark as given)

(ii) a = F/m 		(1)
    = 3.6/18 	(1)
    = 0.2 ms-2	(1)

(iii) s = ut + ½ at2 	(1)
  = 0.5 x 0.2 x 72	(1)
   = 4.9 m		(1)

(b) 	The distance travelled will be greater 	(1)
		because horizontal (unbalanced) component of force is greater causing acceleration to be greater.			(both parts for 1)


4. 	   (a)	Lift = mg   OR   lift = weight   OR   forces balanced
		W = mg   (1)
		    = 1·21 × 104 × 9·8   (1)	
		    = 119 kN   (1)

	    (b) 	Weight is less  (1)
		There is a resultant force OR unbalanced force OR net force upwards
		Upward acceleration 
	     OR	The helicopter accelerates upwards    (1)
		weight is less 
		there is a net upward force



5.	(a) (i) 	F = 4·5 x 103 x cos 21°  =  4·2 x 103 N   (1)

	     (ii)	Upward Force = 2 x 4·2 x 103 = 8·4 x 103 (N)
			Weight = mg = 236 x 9·8 = 2·3 x 103 (N)
			Unbalanced force = 8·4 x 103 − 2·3 x 103 = 6·1 x 103 (N)   (1)
			F = ma        (1)
			6·1 x 103 = 236 x a      (1)
			a = 26 m s−2 	(1)
			Alternative
			a = F/m = (2 x 4·2 x 103  − 236 x 9·8)/236 = 26 m s−2

	    (iii) 	Force exerted by the cord decreases (with height) so Tension decreases  (1)

	(b) 	Both the occupants and the seats/capsule are accelerating towards the ground
			with an acceleration of 9·8 m s−2 (1)




6.	(a) 	Component = mgsinθ 2600 x 9.8 x sin12o = 5.3 x 103 N  or 5298 N	(1)
	
	(b)	Unbalanced force = 5300 – 1400 = 3900   (1)
		F = ma         (1)
		3900 = 2600 x a       (1)
		a = 1.5 ms-2   (1)

	(c)	v2 = u2 + 2as = 52 + (2 × 1.5 × 75)     so  v2 = 250    (3)
		Ek = ½ mv2 = ½ × 2600 × 250 = 3.25 × 105 J    (3)
		OR
		(final) Ek = (orig) Ep + Ek - Work done against friction
		= mgh + ½ mv2 – Fd   = (2600 × 9.8 × 75sin 12o) + (½ × 2600 ×5 2) - (1400 × 75) 
		= 397319 + 32500 – 105000 = 3.25 ×105 J 




7. 	(a)	Component of weight = mgsinθ = 60 × 9.8 × sin22(º) = 220 (N)   (1)

	(b) 	Unbalanced force = 220 – 180 = 40 N	   (1)
		a = F/m (1)
		= 40/60 (1)
		= 0.67 ms-2  - no mark as given

	(c) 	v2 = u2 + 2as    (1)
		= 0 + (2 × 0.67 × 50)    (1)
		v = 8.2 ms-1   (1)
		or Ew = Ek		Fus = ½ mv2 	40 × 50 = ½ × 60 × v2 	v = 8·2 ms-1

	(d)	 Smaller mass
		→ smaller component of weight	→ smaller unbalanced force
		→ smaller acceleration (not “slower acc”)	→ smaller speed at the bottom 
		
		Speed less 
		Ep less, Ew against friction, same, Ek less 
		But Ep less, Ek less, speed less 





8.	(a) (i)	F = mg sinθ = 40 × 9·8 × sin30 = 196 N    (1)

   	     (ii)	Balanced forces		OR	F = mgsinθ + Frictional force  (1)
			240 = 196 + Ff   (1)		Ff = 44 N   (1)


	(b)  (i) 	Constant  deceleration 		Acceleration of  - 6 m s-2 
			Decelleration of 6 ms-2 		Constant negative acceleration 
			Constant accn down the slope  	Velocity decreasing uniformly 	     (1)

			Acceleration down the slope	Velocity decreasing
			Deceleration of - 6 m s-2		Slowing down/speed decreasing uniformly 

[image: ]	     (ii)










	   (iii)	moving up slope mgsinθ/comp of weight and friction are in the same direction (1)
			moving back down slope forces are in opposite directions or friction has 	
			changed direction  (1)
			OR by diagram with arrows showing change in direction





9.	(a)	The bungee rope is at its maximum length at 3.6s. At this time the sign of 
		the velocity of the bungee jumper changes, indicating a change in their 
		direction from down to up.
 
  	(b)	To calculate the unbalanced force acting on the jumper, the jumper's 
			acceleration must be calculated and then N2 applied.	
			a = (v-u)/t		a = (16--18)/3		a = 34/3		
		a = 11.33m/s2
			[N2] F = ma	F = 55x11.33		F = 623.3N
  
  	(c)	An elastic rope must be used to ensure the change in velocity does not take
			place over a very short time interval. If the time interval was short the
			acceleration of the jumper and the unbalanced force acting on the jumper
			would be much greater.  This force could be large enough to injure the jumper.



Section 3: Collisions and Explosions

1.	(a)   (i)	v2 = u2 + 2as    (1)
		    = 02 + (2 x 9.8 x 2.0)    (1)
		    =39.2		v= =6.3 ms-1   (1)

	      (ii)	Initial momentum of mass = 15 x 6.3 = 94.5 kg ms-1          Final momentum = 0
		Change in momentum = 0 – 94.5 = -94.5 kg ms-1
		Impulse on mass = change in momentum of mass
		Ft = -94.5		F = -94.5/0.02  = -4725 N
		So unbalanced force on pipe = 4725 N downwards

	(b)	Same change in momentum (or impulse)	Time of contact is increased
		So average unbalanced force on pipe is decreased

	(c)	Both X and Y exert same average unbalanced force on pipe
		Area of X < Area of Y
		Pressure = Force/Area  so pressure of X > pressure of Y so X does more damage


2. 	(a) 	Change in momentum = mv – mu   (1)
					    = (38 × 4.6) – (38 × 2.2)   (1)
					    = 91 kgms–1	(1)

	(b) 	F × t = mv – mu   (1)
		130 × t = 91   (1)
		t = 0.70 s   (1)

	(c)	Total mom. before = total mom. After   (1)
		⇒ (54 × 2.2) + (38 × 2.2) = 54v + (38 × 4.6)   (1)
		⇒ 54v = 202.4 – 174.8
		⇒ v =27.6/54   = 0.51ms–1   (1)

	(d)	Ek before = [½ mv2]R + [½ mv2]S   = ½ (54 x 2.22) + ½ (38 x 2.22)   = 223 J
		Ek after = ½ (54 x 0.512) + ½ (38 x 4.62)   = 7.0 + 402   = 409 J
		So interaction is not elastic 


3.	(a)	Total momentum before = total momentum after
		mu1 + mu2 = mv1   (1)
		1250 + 1500u2 =800   (1)
		u = -0.3 ms-1   (1)

	(b) (i) 	Probe

	    (ii)	Ft = mv – mu   (1)
		-500t = 0 – (4000 x 0.2)	(1)
		t = 1.6 s   (1)
	      OR F = ma		-500 = 4000a			a = -0.125
		v = u + at		0 = 0.2 -0.125t			t = 1.6 s

	(c)	Fire rocket engine of space vehicle then fore probe engine for twice as long.
	     OR	Fire both engines then fire probe engine only for the same amount of time.

4.	(a) (i)	 Impulse = area under F-t graph = ½ × 0.010 × 70  = 0.35 Ν s   (1)

	    (ii) 	Change in momentum = 0.35 kg m s−1 (Ν s)  upwards    (1)

 	   (iii)	Impulse = mv - mu 	0.35 = 0.05 ( v − (−5.6)) 		v = 1.4 m s-1   (3)
	      OR	½ Ft = mv - mu 		½ × 70 × 0.002 = 0.05 v - 0 	v = 1.4 m s-1

[image: ]	(b)









5.	(a) (i)	 Impulse = Area under F-t graph    = ½ × 6·4 × 0·25    = 0·80 kg m s-1   (1)

	    (ii) 	0·80 kg m s-1 OR N s   in the negative direction   (1) 
		OR to the left  OR negative sign

	   (iii) 	(Impulse = Change in momentum) 
		F × t = mv – mu   (1)
   	           -0·80 = m (-0·45 – 0·48) 	(1)
		    m = 0·86 kg   (1)

[image: ]	(b)














6.	(a)	Total momentum before Pbefore = Total momentum after Pafter   (1)

 	(b) (i)	ΔP(A) = MA(VA-UA)	= 0.75(0.82-0.4)	= 0.315kgm/s   (3)
		ΔP(B) = MB(VB-UB)	= 0.5(0-0.63)	= -0.315kgm/s   (2)

  	    (ii)	If kinetic energy is conserved the collision is elastic, and if it is not the collision
		is inelastic.
		Ekbefore = 1/2MAUA2 + 1/2MBUB2     = 0.5X0.75X0.822 + 0.5X0.5X02       = 0.25 J
		Ekafter = 1/2MAVA2 + 1/2MBVB2       = 0.5X0.75X0.42 + 0.5X0.5X0.632   = 0.16 J
		So the collision is inelastic   (6)
7. 	(a) (i)	Epgain = Ekinitial   (1)
		mgh = 1/2(mv2)   (1)
		v2 = 2gh	v2 = 2x9.8x0.1   (1)
		v2 = 1.96	v = 1.4ms-1   (1)

 	(a) (ii)	Momentum before(Pbefore) = Momentum after(Pafter)  
			mbulletubullet + mboxubox= (mbullet+mbox)v
			ubullet = (mbullet+mbox)v/mbullet	(1)
			ubullet = (10x1.4)/0.025	(1)
			ubullet = 560ms-1   (1)

  	(b)	The change in momentum of the bullet in this collision will be greater than in
			the first experiment. To conserve momentum this means that the change in
			momentum of the box of sand will also be greater. The only way that this 
			change in momentum can be increased is if the box moves off with a greater
			velocity. The box thus has a greater initial kinetic energy that will be 
			transferred into potential energy resulting in the box reaching a greater height.  
			(2)



8.	(a) (i) 	Total momentum before collision = total momentum after collision
		m1u1 + m2u2 = (m1+ m2)v   (1)
		(1200 x 18) + (1000 x -10.8) = 2200v   (1)
		21600 – 10800 = 2200v		
		v = 4.9 ms-1    (1)

	    (ii) 	Initial Ek = ½ m1v12 + ½ m2v22 = (0.5 x 1200 x 182) + (0.5 x 1000 x 10.82)
		= 194400 + 58320 = 252720 J   (3)
		Final Ek = ½ (m1+ m2)v2 = 0.5 x 2200 x 4.92 = 26411 J   (2)
		Kinetic energy is not conserved so the collision is inelastic.

	(b) (i)	Ft = mv – mu   (1)
		F x 0.02 = 0 – (20 x 5)   (1)
		F = -100/0.02 = -5000N   (1)

	    (ii)	When an airbag is used, the time to stop increases. 
		As force = change in momentum/time, a bigger time means less force is 
		exerted and therefore less severe injuries should occur.  (2)



Section 4: Gravitation

1.	(a) (i) 	uh = 6·5 cos 50° = 4·2 m s-1   (1)

	    (ii)	uv = 6·5 sin 50° = 5·0 m s-1   (1)

	(b)	 t = s/v   (1)
		 =  2.9/4.2    (1)
		= 0·69 (s)   

	(c)	s = ut + ½ at2   (1)
		   = 5 × 0·69 + ½ × –9·8 × (0·69)2    (1)
		   = 1·1 (m)   (1)
		so height h = 2·3 + 1·1 = 3·4 m   (1)

	(d) 	Ball would not land in basket as (initial) vertical speed would increase
		So ball is higher than the basket when it has travelled 2·9 m horizontally
	    OR	So ball has travelled further horizontally when it is at the same height as the 			basket


2. 	(a) (i)	vh = vcosθ   = 35.0 cos 40°   = 26.8 ms–1   (1)

	     (ii)	vv = vsinθ    = 35.0 sin 40°    = 22.5ms–1   (1)

	    (iii)	v = u + at	(1)
		0 = 22.5 – 9.8 t	(1)
		t = 22.5/9.8     = 2.3 s   (1)

	(b)	time to Q = 2 × time to max height	= 4.60 (s)   (1)
		time of flight = 4.60 + 0.48 = 5.08 (s)   (1)
		(horiz) dist = (hor) speed × time (of flight)	(1)
		s = 26.8 × 5.08 (1)
		= 136m (135.88 m)   (1)


3.	(a) (i)	uh = 6·5 cos 50° = 4·2 m s-1 (1)

	    (ii)	uv = 6·5 sin 50° = 5·0 m s-1   (1)


	(b)	t = s/v      (1)
		   = 2.9/4.2   (1)
		   = 0.69 s
	
	(c) 	s = ut + ½ at2   (1)
		   = 5 x 0.69 + (1/2 x -9.8 x (0.692))   (1)
		   = 1.1m   (1)

	(d)   	Ball would not land in basket 
                	(initial) vertical speed would increase 
		so ball is higher than the basket when it has travelled 2·9 m horizontally              
	or         So ball has travelled further horizontally when it is at the same height as the 
		basket
4.	(a)	Vv=V sinΘ	=14xsin30	=7 ms-1

   	(b)	v2=u2 + 2as 	OR	s=(v2-u2)/2a
			Note that it is the vertical components of motion that are being considered in 
			this equation and that at the maximum height the vertical component of the
			velocity is zero, reducing the above equation to:
			s=-u2/2a
			With increasing Θ u(vertical) is increased. Thus the vertical displacement
			(height),  calculated using the above equation, is increased.


5.		Step one : calculate the time the arrow takes to reach the target using the fact 		that the horizontal velocity is constant.
		t = sh/vh 	   = 30/100     = 0.3s

		Step two : calculate the vertical displacement of the ball in this time.
		sv =  ut + 1/2(at2)     = 0 + 1/2(-9.8x0.32) = -0.441m
	
		Step three : calculate the radius of the target.
		r = 1.5 - 0.9    = 0.6m

		As the arrow falls less than the radius of the target it hits the target.




6.	(a) (i)	Vh = Vcos36o     = 41.7cos36o     = 33.74m/s   (1)

  	     (ii)	Vv = Vsin36o        = 41.7sin36o        = 24.5m/s   (1)

  	(b)	The time for the ball to reach Q(ttotal) can be calculated by summing the time
			to travel from O to P(t1) and the time to travel from P to Q(t2). ttotal = t1 + t2

			When P is reached the vertical component of the velocity is 0m/s.  This  
			velocity is the final velocity(v) of the first part of the journey.  The initial 
			component of the vertical velocity(u) for this part of the journey is 24.5m/s.
			
			v = u +at1		t1 = (v-u)/a     = (0-24.5)/-9.8     = 2.5s   (3)

			When falling from P to Q take the initial velocity(u) as 0m/s for this part of the
			journey.

			s = ut2 + 1/2(at22)     = 1/2(at22)		t22 = 2s/a     = 2 x -19.6/-9.8
			t22 = 4   so   t2 = 2s   (3)

			ttotal = t1 + t2     = 2.5 + 2     = 4.5s (As required)   (1)

 	(c)	Sh = Vh xt total     = 33.74x4.5     = 151.8m/s   (3)



[bookmark: _GoBack]
7.	(a) (i)	v2 = u2 + 2as   (1)
		02 = u2 + 2x(-9.8)x0.86  	  (1)
		u2 = 16.856(m/s)2       u = 4.1m/s		(1)  

	     (ii)	The total time in the air for the vertical jump in part a.i. will be the same as
		that for the actual jump if the vertical component of velocity is the same.
		s = ut + 1/2(at2)		(1)
		0 = ut + 1/2(at2)....divide by t	
		0 = u + (at)/2
		t = -2u/a     = (-2x4.1)/-9.8      (1)
		 = 0.84s   (1)

		vH = sH/t	     = 7.8/0.84     = 9.3m/s   (1)

  b.	With a maximum height of less than 0.86m the time in the air would be less than that 
	0.84s. This means that the horizontal distance must be covered in a shorter time.
	This can only be achieved if the horizontal velocity is greater than 9.3m/s.



8.	(a)	The satellite will fall to Earth due to gravity.  However, its horizontal velocity is
 		high enough to ensure that as it curves downwards, the Earth curves away at the 
		same rate.  Thus it remains at a constant height above the Earth’s surface.

	(b) 	F = GmM/r2     (1)
		   =  (6.67 × 10-11 x 900 x 6.0 x 10 24)/(6.4 x 106 + 400 x 103)2   (1)
		   = 7.8 x 103 N   (1)




9.	(a) (i)	Force exerted on 1 kg (of mass) placed in the field

	    (ii) 	(A)	F = GmM/r2      but    F = mg    so    mg = GmM/r2    
				M = gr2/G

		(B)		M = 3.7 x (3.4 x 106)2/6.67 x 10-11    (1)
				    = 6.4 x 1023 kg   (1)

	(b)	F = GmM/r2     (1)
		r = (3.4 x 106 + 0.3 x 106) = 3.7 x 106 m   (1)
		F = (6.67 × 10-11 x 100 x 6.4 x 10 23)/(3.7 x 106)2   (1)
		F = 3.1 x 102 N   (1)




Section 5: Special Relativity

1.(a)	The decrease in length (in the direction of motion) of an object moving relative to an observer. N.B. it must be clear that the observer is in a different frame of reference.
						
[image: ]
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    (d) 	Lorentz factor is (approximately) unity/equal to one         1 
	negligible change in length/time/mass observed    1



[image: ][image: ]

2.	(a)	t’ =         	= 	= 1.1 x 10 -6 s	



	(b)	s = vt     = 2.0 x 108 x 1.1 x 10-6 = 220 m

						





Section 6: The Expanding Universe

1.	(a) (i)	frequency increased (with moving observer)   (1)
		Driver passing through more (than 1250) wavefronts in 1 second   (1)

	    (ii)	f = fs(v + vo)/v     (1)
		= 1250 x (340 + 25)/340     (1)
		= 1342 (1340) Hz   (1)

	(b) 	moving away    (1)
		wavelength increased OR frequency decreased   (1)



2.	(a)	frequency increases approaching   
		and decreases after train passes   (1)

	(b)	The waves (wavefronts) are closer together as they approach the person   (1)
		then they are further apart after they pass the person   (1)

	(c)	f = fsv/(v + vs)   (1)
		760 = 800 x 340/(340 + vs)   (1)
		340 + vs = 358
		vs = 18 m s-1   (1)



3.	(a)	f = fsv/(v + vs)   (1)
		  = 300 x 340/(340 + 30)    (1)
		  = 276 (270) Hz   (1)
		
	(b)	shift to red end => lower frequency (or longer wavelength)   (1)
		lower frequency (or longer wavelength) => moving away   (1)



4.	(a)	v = H0 d   (1)
		d = v/H0      = 5.5 x 105 / 2.3 x 10 -18	  (1)
		   = 2.4 x 10 23 m   (1)

	(b)	Wavelength (or frequency)   (1)



5.	(a)	increase of wavelength of light/light moves towards red end of spectrum (or
		frequency equivalent) from distant galaxies/source shows recession 
		(consistent with the big bang)

	(b)	mass/matter that is difficult to detect/does not interact with other matter
		(through weak, strong or e/m forces) (does not interact)…except by gravity 
		or eg neutrinos or WIMPs

	(c)	idea that fate of universe depends on mass/density present if sufficient mass
		big crunch/if insufficient mass continued expansion
6.	(a) (i)	Values for Ho  are 0.22, 0.096, 0.16 m s-1 ly-1
		So Ho does not appear constant from these results
	     OR 	graph of distance vs velocity

	    (ii)	Ho  = v/d    (1)
		     = 2.3 x 107 /(1.4 x 108 x 3 x 108 x 60 x 60 x 24 x 365)    (1)
		     = 1.7 x 10-17 s-1   (1)

	   (iii)	1.7 x 10-17/2.2 x 10-18 = 7.7     so it was 7.7 times bigger than the value we 
		accept today

	(b) (i)	Increase in wavelength

	    (ii)	Light expands with (expanding) space, longer time of travel gives more
		expansion/lengthening.





Section 7: The Big Bang

1.	(a)  λpeak = 2.9 x 10-3/3500   (1)
	  	          = 8.3 x 10-7 m   (1)

[image: ]     (b)












2.	(a)	T × λ =
		4200 × 6·90 × 10-7 = 2·898 × 10-3
		5800 × 5·00 × 10-7 = 2·900 × 10-3
		7900 × 3·65 × 10-7 = 2·884 × 10-3
		12000 × 2·42 × 10-7 = 2·904 × 10-3
		Can be attempted by a graphical method.
		Concluding T × λ = 2·9 × 10-3 (m K)

	(b)	T × λ = 2·9 × 10-3
		T × 76 × 10-9 = 2·9 × 10-3  	T = 38158 	T = 38000 K

	(c) (i)	Cosmic Microwave Background (Radiation)  - All three words required

	    (ii)	Look for any one of the following:
		 It is pervasive throughout space.
		 It is the dominant source of radiation in the Universe.
		 It is very uniform (throughout the Universe).
		 It is isotropic (throughout the Universe).
		 It shows the characteristics of blackbody radiation.
		 It has a temperature of approx 3 K (2·74 K) due to cooling on expansion.
		 It corresponds to a redshift of 1000, so the early temperature of this 
		   radiation was approx 3000 K.
		 CMBR is thought to be the “afterglow” of the Big Bang, cooled to a faint 
		   whisper in the microwave region.



Section 8: Uncertainties in Mechanics

1.	(a) (i)	Mean = (0·015 + 0·013 + 0·014 + 0·019 + 0·017 + 0·018)/6   = 0.016 s   (1)

	    (ii)	Uncertainty = (0·019 – 0·013)/6    = ± 0·001   (1)

	(b)	v = d/t     (1)
		= 0·020/0.016    (1)
		= 1·25 m s−1   (1)
		v2 = u2 + 2as	(1)	
	         1·252 = 0 + 2 x a x 0·60	(1)
	 	 a = 1·30 m s−2   (1)



2.	(a) (i) v2 = u2 + 2as   (1)
                      = 0 + (2 x 9,8 x 3.15)   (1)
		      v = 7.86 ms-1   (1)

		(ii) v2 = u2 + 2as   (1)
                   0 = u2 + (2 x -9.8 x 1.75)   (1)
                  u = 5.86 ms-1   (1)

      (b) (i)  Mean = (1.71+1.78+1.72+1.76+1.73+1.74)/6   = 1.74 s   (1)
	(ii)  Uncertainty = (1.78-1.71)/6    = ± 0·01   (1)


3.	(a) (i)	(A) mean = (248 + 259 + 251+ 263 + 254)/5 = 255 μs    (1)

		(B) uncertainty = (263 – 248)/5 = (±) 3 μs   (1)

	    (ii)	mean contact time = 255 ± 3 μs  so  max value = 258 μs  (1)
		club does not meet standard

	(b) (i)	F = (mv – mu)/t    (1)
		   = 4.5 x 10-2 x (50 - 0)/450 x 10-6   (1)
		   = 5000 N  (1)

	    (ii)	Impulse on the ball is greater or Δmv is greater so speed increased   (1)





4.	(a) (i)	0.2 m

	    (ii)	1.6 m

	   (iii)	s = ut + ½ at2   (1)
		1.6 = 0 + (½ a x 0.6)2	(1)	
		a = 8.9 ms-2    (1)

	(b) (i)	mean = (8.9 + 9.1 + 8.4 + 8.5 + 9.0) /5    = 8.8 ms-2   (1)

	    (ii)	uncertainty = (9.1 – 8.4)/5   = 0.14 (0.1) ms-2   (1)

	(c)	Any two from:
		Top of flat part/slightly raised part is higher
		as there is more compression of the sponge
	   OR	final levelling off at higher displacement
		As more kinetic energy is lost
	   OR	Flat part/slightly raised part is longer
		Because time of contact of basketball with sponge is longer
	   OR	initial gradient on rebound is less
		As more kinetic energy is lost



5.	(a) (i)	v = d/t1	 (1)
		d = diameter of ball = 24mm = 0.024m
		t = time for ball to pass through light gate = 0.060s   
		v = 0.024/0.060  (1)
		   = 0.4m/s   (1)

  	   (ii)	Favg = change in momentum/contact time
		Favg = (mv-mu)/t   (1)
		Favg = m(v-u)/t
		Favg = 0.045(0.4-0)/0.005   (1)
		Favg = 3.6N   (1)

  	(b) (i)	Percentage error in mass 	= (0.01/45)x100 		= 0.02%
		Percentage error in contact time	= (0.001/0.005)x100 	= 20%
		Percentage error in t1		= (0.001/0.060)x100 	= 1.67%
		Percentage error in ball diameter	= (1/24)x100 		= 4.17%

		The greatest uncertainty is in the contact time measurement.

	    (ii)	The percentage error in the result can be taken as equal to the largest
		individual error. 
		20% of 3.6N = (20/100) x 3.6 = 0.72N
		Favg = (3.6 ± 0.72) N
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time for vehicle to travel between the light gates,
£,=050£0:01s

Which quantity has the largest percentage
uncertainty?
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Two blocks are linked by a newton balance of
negligible mass.

he blocks are placed on a level, frictionless
surface. A force of 18-0N is applied to the
blocks as shown.
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A cannon of mass 2-0 X 10°kg fires a cannonball
of mass 500 kg.

The cannonball leaves the cannon with a
speed of 50-0ms .

The speed of the cannon immediately after
firing is

A 0125ms™!

B 800ms™
e 309ms
D 401ms™
E 200ms™.
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A rock of mass 0-80kg falls towards the
surface of a planet.

The graph shows how the gravitational field
strength, g, of the planet varies with height, &,
above the surface of the planet,

o/Nkg™!
14

12

I HHER R
0 fkm
0 50 100 150 200 250 300

At one point during its fall the weight of the

rock is 40N. The height of this point above
the surface of the planet is

A 15km

B 80km

C 105km

D 130km

255km.
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A box is placed on a horizontal surface.

A force of 15 N acts on the box as shown.

15N

N

Which entry in the table shows the horizontal
and vertical components of the force?

Horizontal Vertical
component/N component/N
15 sin 60° 15 sin 30°
15 cos 60° 15 sin 30°
15 sin 60° 15 cos 60°
15 cos 30° 15 sin 30°
15 cos 60° 15 sin 60°
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An astronomer observes the spectrum of
light from a star. 'The spectrum contains the
emission lines for hydrogen.

The astronomer compares this spectrum with
the spectrum from a hydrogen lamp. "The line
which has a wavelength of 656nm from the
lamp is found to be shifted to 663nm in the
spectrum from the star.

"The redshift of the light from this star is

A oon
B 050
c 099
D 20
E 94
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A rock of mass 0-80kg falls towards the
surface of a planet.

The graph shows how the gravitational field
strength, g, of the planet varies with height, &,
above the surface of the planet,
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A box is placed on a horizontal surface.

A force of 15 N acts on the box as shown.

15N

N

Which entry in the table shows the horizontal
and vertical components of the force?

Horizontal Vertical
component/N component/N
15 sin 60° 15 sin 30°
15 cos 60° 15 sin 30°
15 sin 60° 15 cos 60°
15 cos 30° 15 sin 30°
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An astronomer observes the spectrum of
light from a star. 'The spectrum contains the
emission lines for hydrogen.

The astronomer compares this spectrum with
the spectrum from a hydrogen lamp. "The line
which has a wavelength of 656nm from the
lamp is found to be shifted to 663nm in the
spectrum from the star.

"The redshift of the light from this star is
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A rocket of mass 200kg sccelerates vertically
upwards from. the surface of 3 planet s
20ms.

The gravicsionsl fcid serength on the planet
40Nk

‘Wht s the sze o the force being exeried by
the rocker's engines?

A won
B osoN
ERETN
D 200N

£ 24008
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The diagram shows the masses and velocites
of ewo trolleys juse before they collde on &
Jevel benh.

Afer the collson, e erlleys move long the
bench joined cogerher

How much kinctc energy s lost in s
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095,
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A sasellite orbits u planet at a disiance of
505 10" m from the cenie of the plner

The mas ofth sl s 2.5 x 10k
The mas ofthe plance s +010™ k.

The gravisonal force scing on the sasellse
duc o the planeris

A 17N

B 27x10° N
© ety
D 27x10N
E 27x10°N.
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A clock on the spacecrafe records  fight sime
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A galaxy is moving sway from the Earth at 2
velocity of 120 % 10'ms".

Ligh of wavclengeh 450 is emived from
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Galaxie s diferen: disances from he.
have been found o have diffrens speccs.
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A trolley has a constant acceleration of 3ms . This means that

A
B
c
D
E

the distance travelled by the trolley increases by 3 metres per second every second
the displacement of the trolley increases by 3 metres per second every second

the speed of the trolley is 3ms™" every second

the velocity of the trolley is 3ms™" every second

the velocity of the trolley increases by 3ms ™' every second.
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Which of the following velocity-time graphs represents the motion of an object that
changos direction?
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A football of mass 0-75kg is initially at rest. A girl kicks the football and it moves
off with an initial spead of 12ms™. The time of contact between the girls foot and
th football is 0-15.

The average force applied to the football as it is kicked is

A Tan
B 18N
c zan
b eon
EsoN.
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Two small asteroids are 12m apart.

The masses of the asteroids are 2-0 < 10°kg and 0-050 < 10°kg.

The gravitational force acting between the asteroids is

A 1:2x10°N
B 46x10°N
C 56x107N
D 1:9%10°N
E 68x10°N
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A spaceship on a launch pad is measured to have a length L. This spaceship has a
speed of 2-5 x 10°ms™" as it passes a planet.

Which row in the table describes the length of the spaceship as measured by the
pilot in the spaceship and an observer on the planet?

Length measured Length measured
by pilot in the by observer on the
spaceship planet
A L less than L
B L greater than L
€ L L
D less than L L
E greater than L L
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The siren on an ambulance is emitting sound with a constant frequency of 900 Hz.

The

ambulance is travelling at a constant speed of 25ms™' as it approaches and passes a

stationary observer. The speed of sound in air is 340ms™".

Which row in the table shows the frequency of the sound heard by the observer as the

ambulance approaches and as it moves away from the observer?

Frequency as

Frequency as

ambulance ambulance
approaches (Hz) moves away (Hz)
A 900 900
B 971 838
C 838 900
D 971 900
E 838 971
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A boat is moving at a speed of 6:0 ms™

The boat now accelerates at 30 ms™ until it
reaches a speed of 12.m

“The distance travelled by the boat during this

A 60m
B i8m
C o 30m
D 36m

S4m
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“The graph shows how the force acting on an
object of mass 30 kg varies with time.

force/N

timefs.

00 o 20 30 40

The change in momentum of the object is

A TOkgw

B 30kgms

8 3Skgms
D 60kgms

E 175 kgms
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A spaceship is moving with a constant speed
of U6e towards the Farth. The spaceship
emits a heam of light towards the Earth. An
stronaut in the spaceship and an obscrver on

th bath measure the speed of the emitted
light.

Which row in the table shows the speed of the
emitted light as measured by the astronaut and
by the observer on Farth?

[
Speed of emitted | Speed of emitied
light as measured | fight as measured by
by astronaut observer an Earth
A 04 16e
— e f
B . ‘
(] ‘ 16
D 10 O
160 ¢
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d per second

The graph shows how the energy emitred
per second from the surface of a hot abject
varies with the wavelength, 4, of the emitted

radiation at differcnt remperatures.

0000 K

4000 K
3000 K

10

A student makes the following statements

based on the information shown in the graph.

I As the temperature of the  object

increases, the total encrgy emitted per
second decreases

I As the temperature of the  object
increases. the peak wavelength of the

emitted radiation decrease

11 The frequency of the emitted radiation

steadily increases as the emitted enerey
per second d

cre

Which of the statements is/are correct?

A lonly
B ilanly

C dlonly

D Tand I only
E Hand 1 only

=
20

Ham
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Astronomers use the following relationship to

determine the distance, d, 10 a star.

gl

i

For a particalar star the following data is
recorded:

=440 107" Wm

apparent brightness,

tuminosity, £, = 6-1 % 10™ W

Based on this information. the distance to this
star is

A 33x10m

Borsx 10t m

€ 37x10%m

D rrxio¥m

E39x10Ym
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The cooling of the Universe and cosmic

microwave  background radiation  provide

evidence for

A the photoclectric effect

B the Bohr model of the atom
€ the theory of special relativity
D the Big Bang theory

E Newton's Universal Law of Gravitation.
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Astronomers use the following relationship to

determine the distance, d, 10 a star.
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evidence for
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D the Big Bang theory

E Newton's Universal Law of Gravitation.
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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 x 10°ms™ Planck’s constant h 6:63 % 10_14]s
Magnitude of the
charge on an
electron e 1-60 x 1077 C Mass of electron m, 911 x 107! kg
Universal Constant
of Gravitation G 6:67 x 107! mzkg s | Miass of neutron my, 1-675 x 1077 kg
Gravitational
acceleration on Earth g 9-8ms Mass of proton m, 1673 x 102 kg
Hubble’s constant H, |23x% 10718671

REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of 273 K.

Substance Refractive index | Substance Refractive index
Diamond 2:42 Water 1-33
Crown glass 1-50 Air 1-00

SPECTRAL LINES
Element Wavelength/nm Colour Element Wavelength/nm Colour
Hydrogen 656 Red Cadmium 644 Red
486 Blue-green 509 Green
434 Blue-violet 480 Blue
410 Violet I3
397 Ultraviolet R
389 Ultraviolet Element Wavelength/nm Colour
. Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red
PROPERTIES OF SELECTED MATERIALS
Substance Density/kg m? Melting Point/K Boiling Point/K
Aluminium 2:70 x 10° 933 2623
Copper 8:96 x 10° 1357 2853
Ice 9-20 x 10 273
Sea Water 1:02 % 10° 264 377
Water 100 x 10° 273 373
Air 1-29
Hydrogen 90 x 107 14 20

The gas densities refer to a temperature of 273 K and a pressure of 1-01 x 10° Pa.
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A train accelerates uniformly from 5-0 m s™' to

12:0ms”" while travelling a distance of 119 m
along a straight track. The acceleration of the
train is

A 0-50ms™
B 070ms”
c 1-2ms™
D 7-0ms2

E 14ms™2
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An object starts from rest and accelerates in a
straight line.

The graph shows how the acceleration of the
object varies with time.
accelerationfms™

40

2:0—

00 1 ]

time[s

—2-04

The speed of the object at 5 seconds is

A 2ms?!
B 8ms”
C 12ms™
D 16ms™
E 20ms™.
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Vehicle

Mass

Velocity before

Velocity after

collision collision
A 0-75 kg 0-82 ms™ to the right 0-40 ms™ to the right
B 0-50 kg 000 ms™ 063 ms™' to the right
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