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  2 Mechanics 

2.1 Motion 
	

Answers to 2.1 Motion (Skills worksheet) 

 
1) Time: 16.8 s; Velocity: 53.1 ms-1  

   
2) Speed: 324 m 

     
3) Distance: 200 m; Average speed: 9.4 ms-1  

   

4) The truck arrives 0.104 hours earlier than the car. 
    

5) Time: 40 s  
 

6) They collide 3.3 m from the starting position of the first ball. 
 

7) Time: 5.0 s 
 

8)  
a) Acceleration: 2 ms-2  
b) Displacement: 160 m 
c) Average velocity: 11.4 ms-1 

 

9) Times: 0.18 s and 1.1 s 
 

10) Time: 3.8 s 
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  2 Mechanics 

2.2 Forces 
	

Answers to 2.2 Forces (Skills worksheet) 

 
1) Force: 14 N  

   
2) Force: 45 N 

     
3) Mass: 9.7 kg 

 
4) Coefficient of dynamic friction: 0.206 

 

5) Yes, it will slide 

    
6) Acceleration: 0.11ms-2 [S24oW]  
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  2 Mechanics 

2.3 Work, energy and power 
	

Answers to 2.3 Energy transformations (Skills worksheet) 

 
1)  

a) Gravitational potential energy: 353 J        
b) Gravitational potential energy: 235 J       
c) Kinetic energy: 118 J       
d) Gravitational potential energy: 177 J       
e) Kinetic energy: 177 J       
f) Gravitational potential energy: 0 J       
g) Kinetic energy: 353 J 
 

2) The total is always the same. 
 

3) Speed: 0.86 ms-1 
 

4) Work: 460 J 
 

5) Height: 0.90 m 
 

6) Speed: 15 ms-1 
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  2 Mechanics 

2.3 Work, energy and power 
	

Answers to 2.3 Work, power and efficiency (Skills worksheet) 

 
1) Work: 2200 J; Power: 180 W 

 
2) Work: 24 J; Velocity: 2.0 ms-1 

 
3) Output power: 3200 W 

 
4) Efficiency: 85% 
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		2	Mechanics	

2.4	Momentum	
	

Answers	to	2.4	Momentum	and	impulse	(Skills	worksheet)	

	
1) Impulse:	71	000	Ns	

	
2) Velocity:	0.4	ms-1	

	
3) Velocity:	3.7	ms-1	

	
4) Mass:	23	kg;	Velocity:	1.8	ms-1	

	
5) Velocity:	0.37	ms-1	in	the	opposite	direction	that	he	threw	the	rocks.	
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Constant acceleration  
1. A body travelling at 5ms-1 accelerates at 20ms-2 for 100m.  What will its final velocity be? 

 

 

  

2. A body travelling at 2ms-1 accelerates to 8ms-1 in 2s.  Find its displacement.  

 

  

  

3. A body is thrown downwards with a velocity of l0ms-1.  Assuming the acceleration due to gravity is 
10ms-2 calculate its displacement after 2s?  

 

  

  

  

4. A boy standing on the edge of a cliff throws a stone upwards with a velocity of 5ms-1. If the cliff is 
50m high how much time does it take for the stone to hit the bottom of the cliff? 
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Distance, Displacement and Speed 

 

1. A person walks up a hill as shown in the diagram.  
a) How many meters does the person walk? 

 

 

 

2. A person swims across a river as shown in the diagram. 

a) How many seconds does the swimmer take to cross the 

river? 

 

 

 

b) How far downstream will the swimmer be swept in the time 

taken to cross the river? 

  

 

c) What is the final displacement of the swimmer? 

 

 

 

3. The distance from Flekke to Dale is 6km on the line shown on 

the map.  The direction is 20° East of North. 

a) How far to the North of Flekke is Dale? 
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Energy and Power 
 

1. A 2kg ball rolls down the slope shown. Calculate the loss of PE. 

 
 
 
 
 
 
 
 
 
 

2. A 2kg ball is pushed onto a spring of spring constant 100N/cm as shown. (It’s a very strong 
finger by the way) 

(a)  Calculate elastic PE stored in the spring  

 
 
 
 
 
 
 
 

(b) Calculate the maximum height reached by the ball 

 
 
 
 
 
 
 

3. A machine is used to lift a 50kg mass 4m vertically in 10s. 
(a) Calculate the increase in PE 

 
 
 

(b) Calculate the power of the machine. 

 
 

Formulae 
KE = ½mv2 

PE=mgh 
EPE=½kx2 

P=E/t 
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 Forces                             
1. A Helium balloon is held stationary with a string as shown. Draw and name all the forces 

acting on the balloon.         
2. A box rests on a slope as shown in the diagram. Draw and label the 

forces acting on the box.              
3. Two perpendicular ropes are use to pull a load along the ground as shown in the diagram. 

Calculate the resultant force.          
4. A Force acts at a 30° angle to the horizontal as shown. 

Calculate the Horizontal component of the force.     

9



Graphs of Motion 
 

1. A car travelling at 10m/s accelerates at a constant rate for 20s until its velocity is 40m/s. 

 
a. Using the axis above draw v-t graph for this motion. 
b. Use the graph to calculate the distance traveled 
 
 
 
 
 
 
c. Use the graph to calculate the acceleration. 

 
 
 
 

2. The motion of a car travelling a long a straight road can be split into 3 stages: 
(i) 30s of constant acceleration from rest. 
(ii) 60s of constant velocity 
(iii) 10s of braking to stop 

Draw displacement – time, velocity – time and acceleration – time graphs for this motion 
 
 

10s 20s 

10 

20 

30 

40 

50 

v (m/s) 

t (s) 

10



 
 
 
 

 
 
 
 1 

© Chris Hamper, InThinking 
www.physics-inthinking.co.uk 

Newton’s 1st 
 

1. State Newton’s 1st law. 

 

 

 

 

 

 

 

 

2. A freefall parachutist falls with constant velocity.  
(a) Label the Forces acting on the parachutist in the diagram. 

 

(b) What can you deduce about the size of these forces? 

 

 

 

 

 

3. A plastic football is held underneath the water in a swimming pool and released. The mass of 
the ball is 500g and the upthrust it experiences is 40N. 

(a) Draw the forces on the ball in the diagram. 
(b) What is the resultant force? 

 

 

(c) What can you deduce about the motion of the ball? 

 

 

 

 

 

 

 

4. Calculate the momentum of a 1200kg car travelling at 20ms-1. 

 

 

 

 

 

 Formulae 

P=mv 
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Newton’s 2nd 
 

1. State Newton’s 2nd law of motion. 

 

 

 

 

 

 

 

 

 

 

2. A man is standing in a lift that is accelerating upwards at a rate of 
2ms-2. 

(a) Draw the forces acting on the man 

 

(b) If the mass of the man is 60kg calculate the Normal Force acting 
on his feet. 

 

 

 

 

 

 

 

 

 

3. Forces act on the 50kg mass as shown 
(a) Calculate the acceleration of the mass. 

 

 

 

 

 

(b) If the original momentum is zero calculate the momentum of the box after 2s. 

 

 

 

 

 

 

 

 

 

Formulae 

F=ma 
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Newton’s 3rd 
 

1. State Newton’s 3rd law of motion. 

 
 
 
 
 
 
 
 

2. When a car accelerates the friction of the tyres push the ground backwards.  Use Newton’s 
3rd law to deduce what happens to the car. 

 
 
 
 
 
 
 

3. Two balls collide as shown in the diagram. Use the principle of conservation of momentum 
to calculate the velocity of the big ball. 

 
 
 
 
 
 
 
 
 
 
 
 

4. Calculate the impulse of the big ball in the previous question. 

 
 
 
 

Formulae 
p=mv 

Impulse = ∆mv 
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Projectiles 
1. A ball is projected as shown in the diagram. 

 

 
 

 

(a) Draw a line showing the possible path of the ball. 
(b) Calculate the vertical component of the balls velocity. 

 

 

(c) Using your answer to (b) calculate the time of flight. 

 

 

(d) Calculate the horizontal velocity of the ball. 

 

 

(e) Using your answer to (c) and (d) calculate the balls range. 

 

 

 

 

2. The ball above is projected with the same angle and velocity from a 10m high sea cliff.  
Calculate the time taken for the ball to hit the sea. 

 

 

! = #$ +
1
2($

) 

*) = #) + 2(! 

( =
* − #
$  

! =
(# + *)
2 $ 

Formulae 

 

 

 

14



 

 

15



1

E N D - O F -T O P I C  Q U E S T I O N S

© Oxford University Press 2014: this may be reproduced for class use solely for the purchaser’s institute

Solutions for Topic 2 – Mechanics
1. a)

  

P V

A

 b) horizontal speed = 15 × cos 45 = 10.6 m s–1

  vertical speed = 15 × sin 45 = 10.6 m s–1 upwards

  v2 = u2 + 2as; v2 = 10.62 + 2 × 9.8 × 25 = 112 + 490 = 602

  v = ± 24.5 m s–1 (positive value is correct one to use)

  so speed is  √
___________

  10.62 + 24.52  

  = 27 m s–1

2. a) (i) h =   v
2
 _ 

2g
   = 3.2 m

  (ii) t =   u _ g   = 0.80 s

 b) time to go from top of cliff to the sea = 3.0 – 1.6 = 1.4 s 
 s = 8.0 × 1.4 + 5.0 × (1.4)2 = 21 m; 

3. travels vertically 1.25 m in 0.5 s;

 g =   2s _ 
t2

  

 to give g = 10 (±1) m s–2

4. a) (i) Zero

  (ii) 

(normal) reaction

force downwards on pedals

weight/gravity force/mg

(normal) reaction

  (iii)  The drag force is equal to the forward force; the net force is zero and therefore the 
acceleration is zero.

 b) (i) acceleration =   resistive force  __ mass   =   40 _ 
70

   = 0.57 m s–2

  (ii) v2 = u2 + 2as; 0 = 64 – (2 × 0.57 × s); s = 56 m

  (iii)  air resistance or bearing friction or effectiveness of brakes depends on speed; air resistance 
reduced as speed drops, estimate will be too low, stopping distance will be further

5. The net force on the car is 0.3 × 1000 = 300 N. There is an additional drag force of 500 N.  
T = 300 + 500 = 800 N.

6. T1 sin 60 = T2 sin 30 

 T1 cos 60 + T2 cos 30 = 3800

 T1 = 1900 N; T2 = 3300 N

839213_Solutions_Ch02.indd   1 12/17/14   4:09 PM
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7. a) power is 0.66 kW (read off from graph)

 b) power = frictional force × speed

  force =   660 _ 
2
   = 330 N

8. a) use the area under the graph as this is v × t 

 b) (i) 
drag force

weight

Earth’s surface

ball at t = 2.0s

  (ii) 

0 2 4 6 8 10
t/s

v/
m

 s
-1

0

5

10

15

20

25

   the acceleration of the ball is equal to the gradient of the graph gradient =   25 – 6 _ 
4.8 – 0

   

   = 4.0 m s–2

(iii) The net force on the ball is 2 N, the weight is 4.9 N, so the difference between these is the 
magnitude of the drag force = 2.9 N.

(iv) At 5.0 s the gradient is smaller and therefore the acceleration is less than at 2.0 s. The 
weight is constant and therefore the drag force is greater.

c) gain in kinetic energy =   1 _ 
2

   × 0.5 × 252 = 156 J

  loss in gravitational potential energy = 0.5×9.8×190 = 931 J

  change (loss) in energy = 931 – 156 = 775 J

9. a) (i) normal reaction/N

driving force/
thrust/OWTTE 

weight/gravity force/W
(do not accept gravity)

friction/drag/
air resistance

  (ii) zero

b) input power =   
output power

  __  
efficiency

   =   70 _ 
0.35

  

  = 200 kW

c) height gained in 1 s = 6.2 sin(6) = 0.648 (m)

  rate of change of PE = 8.5 × 103 × 9.81 × 0.648

    = 5.4 × 104 W 

d) F =  (  p _ v  )  =   1.6 × 104
 _ 6.2  

  = 2.6 kN

839213_Solutions_Ch02.indd   2 12/17/14   4:09 PM
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10. a) (i) momentum before = 800 × 5 = 4 000 N s

   momentum after = 2 000v

   conservation of momentum gives v = 2.0 m s–1

(ii) KE before = 400 × 25 = 10 000 J KE after = 1 000 × 4 = 4 000 J 
loss in KE = 6 000 J;

b) transformed / changed into heat (internal energy) and sound 

11. a) momentum of object = 2 × 103 × 6.0

  momentum after collision = 2.4 × 103 × v

  use conservation of momentum, 2 × 103 × 6.0 = 2.4 × 103 × v

  v = 5.0 m s–1

b) KE of object and bar + change in PE = 0.5 × 2.4 × 103 × 25 + 2.4 × 103 × 10 × 0.75 
use ∆E = Fd, 4.8 × 104 = F × 0.75 
F = 64 kN

12. a) time =   81  ___   
2.2 × 10–25 × 77 × 1018

   = 4.8 × 107 s

b) rate of change of momentum of the xenon atoms

 = 77 × 1018 × 2.2 × 10–25 × 3.0 × 104

 = 0.51 N

 = mass × acceleration

 where mass = (540 + 81) kg

 acceleration of spaceship =   0.51 _ 
621

   

 = 8.2 × 10–4 m s–2

c) a =   F _ m  

  since m is decreasing with time, then a will be increasing with time

d) change in speed = area under graph

 = (8.0 × 4.8) × 102 +   1 _ 
2
  (4.8 × 1.4) × 102

 final speed = (8.0 × 4.8) × 102 +   1 _ 
2

  (4.8 × 1.4) × 102 + 1.2 × 103 5.4 × 103 m s–1

13. a) centripetal force =   
 (350 × 2.62) 

  __ 
5.8

   = 410 N

  tension = 410 + (350 × 9.8) = 3800 N

b) idea of use of area under graph 

 distance =   1 _ 
2
   × 0.15 × 2.6 

  = 0.195 m

c) idea of momentum as mv

 total change (= 2.6 × 350) = 910 N s

839213_Solutions_Ch02.indd   3 12/17/14   4:09 PM
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IB Physics 
Assessment paper answers: 2 Mechanics  

1. A                      (1) 

2. A                     (1) 

3. D                     (1) 

4. C                     (1) 

5. B                     (1) 

6. D                     (1) 

7. D                     (1) 

8. C                     (1) 

9. A                     (1) 

10. B                     (1) 

Total: 10 marks 

 

1.  a)  

 

  Mark both together. 

VH: horizontal arrows equal in length; 

VV: two vertical arrows, the one at 1.0 m noticeably longer than the one at 

0.5 m;                   (2) 

If arrows correct, but wrong points award (1) only. 

 b) curve that goes through all data points; 

  stops at y = 1.8 m as this is the height of the wall; 

  from graph d = 1.5 (±0.1) m;            (3) 
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IB Physics 
Assessment paper answers: 2 Mechanics 

 
c) travels vertically 1.8 m in 0.6 s /1.25 m  in 0.5 s; 

  g = (2s / t2); 

  to give g = 10 (± 1) m s-2;             (3) 

   Award (2) marks maximum for any time shorter than 0.5 s. 

Total: 8 marks 
 
2. a) a straight line; through the origin;           (2) 

 b) any straight line; that fits within all the error bars;      (2) 

 

c) (i)  a systematic error is when every data point deviates from the  

“correct” value; 

by the same fixed amount as seen by intercept on graph;   (2) 

Accept answers that explain by giving an example of a possible systematic 

error (e.g. friction). 

  (ii)  0.3 N;                 (1) 

   Accept 0.25 N to 0.35 N; watch for use of wrong axis. 

Total: 7 marks 
 

3. a) (i)  attempt using principle of moments (even if in error); 

    F x 1.2 = 600 x 0.4; 

    therefore F = 200 N;             (3) 

  (ii)  resultant force = zero, therefore reaction = 600 – 200 = 400 N; 

    up;                  (2) 
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IB Physics 
Assessment paper answers: 2 Mechanics 

 
 b) (i)  correct use of Fhorizontal = 260 cos40 or 260 sin50; 

    to give Fhorizontal = 1992 N 200 N;         (2) 

  (ii)  realization that resultant force is zero (constant velocity); 

    so friction = Fhorizontal 200 N;          (2) 

Total: 9 marks 

 

4. a) mass x velocity;                (1) 

 b) (i)  momentum before = 800 x 5 = 4000 N s; 

    momentum after = 2000ν; 

    conservation of momentum gives ν = 2.0 m s-1;     (3) 

  (ii)  KE before = 400 x 25 = 10 000 J 

    KE after = 1000 x 4 = 4000 J; 

    loss in KE = 6000 J;             (2) 

Total: 6 marks 
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Answers to exam-style questions
Topic 2
Where appropriate, 1 ! = 1 mark
 1 D

 2 C

 3 C

 4 D

 5 A

 6 D 

 7 D

 8 A

 9 C

10 A
11 a i The equation applies to straight line motion with acceleration g. Neither condition is satis!ed here. !
  ii This equation is the result of energy conservation so it does apply since there are no frictional forces present. !

 b From v gh2=  we !nd h
v
g2

4.8
2 9.81

1.174 1.2 m
2 2

= =
×

= ≈ . !

 c i The kinetic energy at B is E mv
1
2

1
2

25 4.8 28.8 J2 2= = × × = . !

   The frictional force is f N mg= = = × × =µ µK K N0 45 25 9 81 110 36. . .  and so the work done by this 
force is the change in the kinetic energy of the block, and so d d110.36 28.8 0.261 0.26 m× = ⇒ = ≈ . !

  ii The deceleration is 
f 110.36

25
4.41m s 2

µ
= = − , !

   and so t0 4.8 4.41= − ×  giving 1.1 s for the time. !

 d The speed at B is independent of the mass. !

  
fd mv mgd mv d

v= ⇒ = ⇒ =1
2

1
2 2

2 2
2

µ
µK
K

, !

  and so the distance is also independent of the mass. !

12 a i v v cos 22 cos 35 18.0 18 m sx
1θ= = × ° = ≈ −  !

   v v sin 22 sin 35 12.6 13 m sy
1θ= = × ° = ≈ −  !

  ii Graph as shown. !

   

15

20

10

5

0
43210

t / s

vx / m s–1
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   Graph as shown. !

   

10

20

0

–10

–20

–30

4321
t / s

vy / m s–1

 b i At maximum height: v u gy0 2y y
2 2= = − . !

   
y

u

g2
y
2

=  !

   and so y
12.6
2 9.8

8.1m
2

=
×

=  !

   OR

   
v v gt0 siny θ= = −

 
t12.6 9.8 0− =  !

   so t 1.29 s=  !

   Hence y 12.6 1.29
1
2

9.8 1.29 8.1m2= × − × × =  !

  ii The force is the weight, i.e. F 0.20 9.8 1.96 2.0 N= × = ≈ . !

 c i mu mgh mv
1
2

1
2

2 2+ =  hence v u gh22= +  !

   v u gh2 22 2 9.8 32 33.3 32 m s2 2 1= + = + × × = ≈ −  !

  ii v v v v v v 33.3 18.0 28.0 m sx y y x x
2 2 2 2 2 2 2 1= + ⇒ = − − = − − = − −  !

   Now v u gtsiny y θ= −  so t28.0 12.6 9.8− = − ×  hence t 4.1 s=  !

 d i Smaller height. !
   Smaller range. !
   Steeper impact angle. !

   

y

x

  ii The angle is steeper because the horizontal velocity component tends to become zero. !
   Whereas the vertical tends to attain terminal speed and so a constant value. !
13 a i In 1 second the mass of air that will move down is R v( )2ρ π . !

   The change of its momentum in this second is R v v R v( )2 2 2ρ π ρπ= . !

   And from F
p
t

=
∆
∆

 this is the force. !
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  ii R v mg2 2ρπ =  !

   And so v
mg
R

0.30 9.8
1.2 0.25

3.53 3.5 m s2 2
1

ρπ π
= = ×

× ×
= ≈ − . !

 b The power is P Fv=  where F R v2 2ρπ=  is the force pushing down on the air and so P R v2 2ρπ= . !
  So P 1.2 0.25 3.53 2.936 3.0 W2 2π= × × × = ≈  !
 c i From F R v2 2ρπ=  the force is now 4 times as large, i.e. 4mg and so the net force on the helicopter is mg3 . !

   And so the acceleration is constant at 3g. Hence s g t t
s
g

1
2

3
2
3

0.90 s2= × × ⇒ = ≈ . !

  ii v gt
s
g

3
2
3

= =  !

   v 26 m s 1≈ −
 !

  iii The work done by the rotor is W Fd mgd4 4 0.30 9.8 12 141 J= = = × × × = . !
14 a i The area is the impulse i.e. 2.0×103 N s. !
  ii The average force is found from F t 2.0 10 N s3∆ = × . !

   And so F
2.0 10
0.20

1.0 10 N
3

4= × = × . !

   Hence the average acceleration is a
1.0 10

8.0
1.25 10 m s

4
3 2= × = × − . !

  iii The !nal speed is v at 1.25 10 0.20 250 m s3 1= = × × = − . !
   And so the average speed is 125 m s 1− . !

  iv s at
1
2

1
2

1.25 10 0.202 3 2= = × × ×  !

   s 25 m=  !

 b i The !nal speed is v at 1.25 10 0.203= = × × , !
   v 250 m s 1= − . !
  ii The kinetic energy is E mv

1
2

1
2

8.0 250K
2 2= = × ×  !

   E 2.5 10 JK
5= ×  !

  iii P
E
t

2.5 10
0.20

K
5

= = ×
 !

   P 1.25 10 W6= ×  !

15 a i It is zero (because the velocity is constant). !
  ii F mg fsin 0θ− − =  !

   F mg fsin 1.4 10 sin5.0 6004θ= + = × × ° +  !

   F 1820 N=  !

 b The power used by the engine in pushing the car is P Fv 1820 6.2 1.13 10 W4= = × = × , !
   P 11.3 kW= . !

  The e$ciency is then e
11.3
15

0.75= =  !

24
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 c i Initial speed zero. !
   Terminal speed. !

   

v

time

  ii Initial acceleration not zero. !
   And approaching zero. !

   

a

time

16 a i The change in momentum is p 0.090 (90 130)∆ = × − , !
   p 3.6 N s∆ = − . !
  ii This is also the negative change in the momentum of the block and so v1.20 3.6 N s=  

giving v 3.0 m s 1= − . !
  iii The initial kinetic energy is E mv

1
2

1
2

0.090 130 422.5 J2 2= = × × = . !

   The !nal kinetic energy is E
1
2

0.090 90
1
2

1.20 3.0 369.9 J2 2= × × + × × = .  The change is then 

E 369.9 422.5 52.6 53 J∆ = − = − ≈ − . !

 b We have conservation of energy and so m m h
1
2

3.0 9.82× × = × ×  and so h 0.459 m= . !

  But h L L cosθ= −  and so 0.459 0.80 (1 cos )θ= × −  !

  giving cos 0.426θ =  and so 64.77 65θ = ° ≈ ° !
 c i It is not because there is a net force on it. !

   

T

mg

  ii From the diagram, T mg m
v
L

cos
2

θ− = . !

   But v 0=  and so T mg cos 1.20 9.8 cos64.77 5.0 Nθ= = × × ° = . !

   T 5.0 N= . !
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    Topic 2.1a Kinematics Problems 

 
 
Conceptual Questions 
(These questions are not in an IB style but instead designed to check your understanding of the concept of this topic. You should 

try your best to appropriately communicate your answer using prose) 
 

1. Can an object have zero velocity and nonzero acceleration at the same time? Give examples. 

 
 

2. Can the velocity of an object be negative when its acceleration is positive? What about vice-versa? 

 
 

3. Can an object be increasing in speed as its acceleration decreases? If so, give an example. If not, 
explain. 

 

Chapter 2  Describing Motion: Kinematics in One Dimension  

© 2005 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved.  This material is protected under all copyright laws as they 
currently exist.  No portion of this material may be reproduced, in any form or by any means, without permission in writing from the 
publisher. 

14 

AB BC

AB BC 

km km
78.75 km h

 
km km

70 km h 90 km h

d dd d
v

d dt t
.  The average speed is 78.75 km/h.  

16. The sounds will not occur at equal time intervals because the longer any particular nut falls, the 
faster it will be going.  With equal distances between nuts, each successive nut, having fallen a 
longer time when its predecessor reaches the plate, will have a higher average velocity and thus 
travel the inter-nut distance in shorter periods of time.  Thus the sounds will occur with smaller and 
smaller intervals between sounds.  

To hear the sounds at equal intervals, the nuts would have to be tied at distances corresponding to 
equal time intervals.  Since for each nut the distance of fall and time of fall are related by 21

2i id gt , 

assume that 21
1 12d gt .  If we want 2 1 3 1 4 12 , 3 , 4 , t t t t t t , then 21

2 1 12 2 4d g t d , 
21

3 1 12 3 9d g t d , 21
4 1 12 4 16d g t d , etc.  

17. The elevator moving from the second floor to the fifth floor is NOT an example of constant 
acceleration.  The elevator accelerates upward each time it starts to move, and it accelerates 
downward each time it stops.  

Ignoring air resistance, a rock falling from a cliff would have a constant acceleration.  (If air 
resistance is included, then the acceleration will be decreasing as the rock falls.)  A dish resting on a 
table has an acceleration of 0, so the acceleration is constant.  

18. As an object rises WITH air resistance, the acceleration is larger in magnitude than g, because both 
gravity and air resistance will be causing a downward acceleration.  As the object FALLS with air 
resistance, the acceleration will be smaller in magnitude than g, because gravity and resistance will 
be opposing each other.  Because of the smaller acceleration being applied over the same distance, 
the return speed will be slower than the launch speed.  

19. If an object is at the instant of reversing direction (like an object thrown upward, at the top of its 
path), it instantaneously has a zero velocity and a non-zero acceleration at the same time.  A person 
at the exact bottom of a “bungee” cord plunge also has an instantaneous velocity of zero but a non-
zero (upward) acceleration at the same time.  

20. An object moving with a constant velocity has a non-zero velocity and a zero acceleration at the 
same time.  So a car driving at constant speed on a straight, level roadway would meet this condition.  

21. The object starts with a constant velocity in the positive direction. At about t = 17 s, when the object 
is at the 5 meter position, it begins to gain speed – it has a positive acceleration.  At about t = 27 s, 
when the object is at about the 12 m position, it begins to slow down – it has a negative acceleration.  
The object instantaneously stops at about t = 37 s, reaching its maximum distance from the origin of 
20 m.  The object then reverses direction, gaining speed while moving backwards.  At about t = 47 s, 
when the object is again at about the 12 m position, the object starts to slow down, and appears to 
stop at t = 50 s, 10 m from the starting point.  

22. Initially, the object moves in the positive direction with a constant acceleration, until about t = 45 s, 
when it has a velocity of about 37 m/s in the positive direction.  The acceleration then decreases, 
reaching an instantaneous acceleration of 0 at about t = 50 s, when the object has its maximum speed 
of about 38 m/s.  The object then begins to slow down, but continues to move in the positive 
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7. If an object is traveling to the north but slowing down, it has a northward velocity and a southward 
acceleration.  

8. The velocity of an object can be negative when its acceleration is positive.  If we define the positive 
direction to be to the right, then an object traveling to the left that is having a reduction in speed will 
have a negative velocity with a positive acceleration.  

If again we define the positive direction to be to the right, then an object traveling to the right that is 
having a reduction in speed will have a positive velocity and a negative acceleration.   

9. If north is defined as the positive direction, then an object traveling to the south and increasing in 
speed has both a negative velocity and a negative acceleration.  Or, if up is defined as the positive 
direction, then an object falling due to gravity has both a negative velocity and a negative 
acceleration.  

10. If the two cars emerge side by side, then the one moving faster is passing the other one.  Thus car A 
is passing car B.  With the acceleration data given for the problem, the ensuing motion would be that 
car A would pull away from car B for a time, but eventually car B would catch up to and pass car A.  

11. Assume that north is the positive direction.  If a car is moving south and gaining speed at an 
increasing rate, then the acceleration will be getting larger in magnitude.  However, since the 
acceleration is directed southwards, the acceleration is negative, and is getting more negative.  That 
is a decreasing acceleration as the speed increases.   

Another example would be an object falling WITH air resistance.  As the object falls, it gains speed, 
the air resistance increases.  As the air resistance increases, the acceleration of the falling object 
decreases, and it gains speed less quickly the longer it falls.  

12. Assuming that the catcher catches the ball at the same height at which it left the bat, then the ball will 
be traveling with a speed of 120 km/h when caught.  This is proven in problem 41.  

13. As a freely falling object speeds up, its acceleration due to gravity stays the same.  If air resistance is 
considered, then the acceleration of the object is due to both gravity and air resistance.  The total 
acceleration gets smaller as the object speeds up, until the object reaches a terminal velocity, at 
which time its total acceleration is zero.  Thereafter its speed remains constant.  

14. To estimate the height, throw the ball upward and time the flight from throwing to catching.  Then, 
ignoring air resistance, the time of rising would be half of the time of flight.  With that "half" time, 
assuming that the origin is at the top of the path and that downward is positive, knowing that the ball 
started from the top of the path with a speed of 0, use the equation 21

2y gt  with that time and the 
acceleration due to gravity to find the distance that the ball fell.  With the same "half" time, we know 
that at the top of the path, the speed is 0.  Taking the upward direction as positive, use the equation 

0 0 0      0    v v at v gt v gt  to find the throwing speed.  

15. The average speed is NOT 80 km/h.  Since the two distances traveled were the same, the times of 
travel were unequal.  The time to travel from A to B at 70 km/h is longer than the time to travel from 
B to C at 90 km/h.  Thus we cannot simply average the speed numbers.  To find the average speed, 
we need to calculate (total distance) / (total time).  We assume the distance from A to B and the 
distance from B to C are both d km.  The time to travel a distance d with a speed v is t = d / v. 

Giancoli  Physics: Principles with Applications, 6th Edition  

© 2005 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved.  This material is protected under all copyright laws as they 
currently exist.  No portion of this material may be reproduced, in any form or by any means, without permission in writing from the 
publisher. 

13 

7. If an object is traveling to the north but slowing down, it has a northward velocity and a southward 
acceleration.  

8. The velocity of an object can be negative when its acceleration is positive.  If we define the positive 
direction to be to the right, then an object traveling to the left that is having a reduction in speed will 
have a negative velocity with a positive acceleration.  

If again we define the positive direction to be to the right, then an object traveling to the right that is 
having a reduction in speed will have a positive velocity and a negative acceleration.   

9. If north is defined as the positive direction, then an object traveling to the south and increasing in 
speed has both a negative velocity and a negative acceleration.  Or, if up is defined as the positive 
direction, then an object falling due to gravity has both a negative velocity and a negative 
acceleration.  

10. If the two cars emerge side by side, then the one moving faster is passing the other one.  Thus car A 
is passing car B.  With the acceleration data given for the problem, the ensuing motion would be that 
car A would pull away from car B for a time, but eventually car B would catch up to and pass car A.  

11. Assume that north is the positive direction.  If a car is moving south and gaining speed at an 
increasing rate, then the acceleration will be getting larger in magnitude.  However, since the 
acceleration is directed southwards, the acceleration is negative, and is getting more negative.  That 
is a decreasing acceleration as the speed increases.   

Another example would be an object falling WITH air resistance.  As the object falls, it gains speed, 
the air resistance increases.  As the air resistance increases, the acceleration of the falling object 
decreases, and it gains speed less quickly the longer it falls.  

12. Assuming that the catcher catches the ball at the same height at which it left the bat, then the ball will 
be traveling with a speed of 120 km/h when caught.  This is proven in problem 41.  

13. As a freely falling object speeds up, its acceleration due to gravity stays the same.  If air resistance is 
considered, then the acceleration of the object is due to both gravity and air resistance.  The total 
acceleration gets smaller as the object speeds up, until the object reaches a terminal velocity, at 
which time its total acceleration is zero.  Thereafter its speed remains constant.  

14. To estimate the height, throw the ball upward and time the flight from throwing to catching.  Then, 
ignoring air resistance, the time of rising would be half of the time of flight.  With that "half" time, 
assuming that the origin is at the top of the path and that downward is positive, knowing that the ball 
started from the top of the path with a speed of 0, use the equation 21

2y gt  with that time and the 
acceleration due to gravity to find the distance that the ball fell.  With the same "half" time, we know 
that at the top of the path, the speed is 0.  Taking the upward direction as positive, use the equation 

0 0 0      0    v v at v gt v gt  to find the throwing speed.  

15. The average speed is NOT 80 km/h.  Since the two distances traveled were the same, the times of 
travel were unequal.  The time to travel from A to B at 70 km/h is longer than the time to travel from 
B to C at 90 km/h.  Thus we cannot simply average the speed numbers.  To find the average speed, 
we need to calculate (total distance) / (total time).  We assume the distance from A to B and the 
distance from B to C are both d km.  The time to travel a distance d with a speed v is t = d / v. 

26



	

 
    Topic 2.1b Kinematics Problems 

 
 
Calculation-based Questions 
 

1. A car accelerates from 13m/s to 25m/s in 6.0s. What was its acceleration? How far did it travel in 
this time? Assume constant acceleration. 

[2 marks] 

 
 

2. A car slows down from 23m/s to rest in a distance of 85m. What was the acceleration, assumed 
constant? 

[1 mark] 

 
 

3. Estimate how long it took King Kong to fall straight down from the top of the Empire State Building 
(380m high) and his velocity just before he touched the ground. Ignore air resistance. 

[2 marks] 

 
 

4. A stone is thrown vertically upward with a speed of 18.0m/s. How fast is it moving when it reaches 
a height of 11.0m and how long is required to reach this height? Why are there two answers? 

[3 marks] 
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21. By definition, the acceleration is 20 25 m s 13 m s
2.0 m s

6.0 s
v v

a
t

.  

The distance of travel can be found from Eq. 2-11b. 
22 21 1

0 0 2 213m s 6.0 s 2.0 m s 6.0 s 114 mx x v t at

  

22. The acceleration can be found from Eq. (2-11c). 
22 2

2 2 20
0 0

0

0 23 m s
2    3.1m s

2 2 85 m
v v

v v a x x a
x x

.  

23. Assume that the plane starts from rest.  The runway distance is found by solving Eq. 2-11c for 
0x x . 

22 2
2 2 20

0 0 0 2

33 m s 0
2    1.8 10 m

2 2 3.0 m s
v v

v v a x x x x
a

  

24. The sprinter starts from rest.  The average acceleration is found from Eq. 2-11c. 
22 2

2 2 2 20
0 0

0

11.5 m s 0
2    4.408 m s 4.41m s

2 2 15.0 m
v v

v v a x x a
x x

.   

The elapsed time is found by solving Eq. 2-11a for time. 
0

0 2

11.5 m s 0

    

2.61 s
4.408 m s

v v
v v at t

a

  

25. The words “slowing down uniformly” implies that the car has a constant acceleration.  The distance 
of travel is found form combining Eqs. 2-7 and 2-8.  

0
0

21.0 m s 0 m s
6.00 sec 63.0 m

2 2
v v

x x t .  

26. The final velocity of the car is zero.  The initial velocity is found from Eq. 2-11c with 0v  and 
solving for 0v . 

2 2 2 2
0 0 0 02    2 0 2 7.00 m s 92 m 36 m sv v a x x v v a x x

  
Graph of the acceleration 
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of travel is found form combining Eqs. 2-7 and 2-8.  

0
0
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2 2
v v

x x t .  

26. The final velocity of the car is zero.  The initial velocity is found from Eq. 2-11c with 0v  and 
solving for 0v . 
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33. Choose downward to be the positive direction, and take 0 0y  at the top of the cliff.  The initial 

velocity is 0 0v , and the acceleration is 29.80 m sa .  The displacement is found from equation 
(2-11b), with x replaced by y. 

22 21 1
0 0 2 2

    
0 0 9.80 m s 3.25 s    51.8 my y v t at y y

  
34. Choose downward to be the positive direction.  The initial velocity is 0 0v , the final velocity is 

1m s
85 km h 23.61m s

3.6 km h
v , and the acceleration is 29.80 m sa .  The time can be 

found by solving Eq. 2-11a for the time.   
0

0 2

23.61m s 0

    

2.4 s
9.80 m s

v v
v v at t

a

  

35. Choose downward to be the positive direction, and take 0 0y  to be at the top of the Empire State 

Building.  The initial velocity is 0 0v , and the acceleration is 29.80 m sa .   
(a) The elapsed time can be found from Eq. 2-11b, with x replaced by y. 

21
0 0 2 2

2 380 m2

      

8.806s 8.8 s
9.80 m s

y
y y v t at t

a
.  

(b)  The final velocity can be found from equation (2-11a). 
2

0 0 9.80 m s 8.806 s 86 m sv v at

  

36. Choose upward to be the positive direction, and take 0 0y  to be at the height where the ball was 

hit.  For the upward path, 0 22 m sv , 0v  at the top of the path, and 29.80 m sa . 
(a)  The displacement can be found from Eq. 2-11c, with x replaced by y . 

22 2
2 2 0

0 0 0 2

0 22 m s
2    0 25 m

2 2 9.80 m s
v v

v v a y y y y
a

 

(b) The time of flight can be found from Eq. 2-11b, with x replaced by y , using a displacement of 0  
for the displacement of the ball returning to the height from which it was hit. 

2 01 1
0 0 02 2 2

2 22 m s2
0      0      0 , 4.5 s

9.80 m s
v

y y v t at t v at t t
a

The result of t = 0 s is the time for the original displacement of zero (when the ball was hit), and 
the result of t = 4.5 s is the time to return to the original displacement.  Thus the answer is t = 
4.5 seconds.  

37. Choose upward to be the positive direction, and take 0 0y  to be the height from which the ball 

was thrown.  The acceleration is 29.80 m sa .  The displacement upon catching the ball is 0, 
assuming it was caught at the same height from which it was thrown.  The starting speed can be 
found from Eq. 2-11b, with x replaced by y. 

21
0 0 2

21
20 2 1 1

0 2 2

0   

9.80 m s 3.0 s 14.7 m s 15 m s

y y v t at

y y at
v at

t
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5. A stone is thrown vertically upward with a speed of 12.0m/s from the edge of a cliff 70.0m high. 
How long does it take to reach the bottom of the cliff and what is its speed before hitting? What 
was the total distance that it traveled? Ignore air resistance. 

[3 marks] 
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We could do this in general. 

    

221 1
2 2

2 22 21 1 1
2 2 2

2 21 1
2 2        

1 1

1 1 1 1            

2 1 2 1

y n gn y n g n

d n y n y n g n gn g n n

g n n n g n

  
The value of 2 1n  is always odd, in the sequence 1, 3, 5, 7, … 

 
41. Choose upward to be the positive direction, and take 0 0y  to be the height from which the ball is 

thrown.  The initial velocity is 0v , the acceleration is a g , and the final location for the round 
trip is 0y .  The velocity under those conditions can be found from Eq. 2-11c, with x replaced by 
y.   

2 2 2 2
0 0 02 0           v v ay v v v v

 

The two results represent two different velocities for the same displacement of 0.  The positive sign 
0v v  is the initial velocity, when the ball is moving upwards, and the negative sign 0v v  is 

the final velocity, when the ball is moving downwards.  Both of these velocities have the same 
magnitude, and so the ball has the same speed at the end of its flight as at the beginning.  

42. Choose upward to be the positive direction, and 0 0y to be the height from which the stone is 

thrown.  We have 0 18.0 m sv , 29.80 m sa ,  and 0 11.0 my y . 
(a) The velocity can be found from Eq, 2-11c, with x replaced by y. 

2 2
0 0

22 2
0

2 0   

2 18.0 m s 2 9.80 m s 11.0 m 10.4 m s

v v a y y

v v ay

   

Thus the speed is 10.4 m sv

  

(b) The time to reach that height can be found from equation (2-11b). 
2 21

0 0 2 2 2

2

2 18.0 m s 2 11.0 m

     

0   
9.80 m s 9.80 m s

3.673 2.245 0    2.90 s , 0.775 s

y y v t at t t

t t t

  

(c) There are two times at which the object reaches that height – once on the way up 0.775 st ,  

and once on the way down 2.90 st .  

43. The 10-cm (100 mm) apple has a diameter of about 6 mm as measured in the photograph.  Thus any 
distances measured from the picture need to be multiplied by 100 / 6.  Choose the downward 
direction to be positive.  Choose 0 0y  to be stem of the apple on the THIRD image from the top of 
the picture.  It is the first picture in which the stem of the apple is visible.  The velocity of the apple 
at that position is not 0, but it is not known either.  Call it 0v .  We will choose that the time at that 
point is 0t , and we call the time interval from one picture to the next to be T .  The acceleration 
of the apple is 29.8 m sa g .    
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to give 1
s

H
t T

v
, where 3.2 sT  is the total time elapsed from dropping the rock to hearing the 

sound.  Insert this expression for 1t  into the equation for H, and solve for H. 
2

2 21 1
2 22

5 2 4    

1 0  
2

4.239 10 1.092 50.18 0    46.0 m, 2.57 10 m
s s s

H g gT
H g T H H gT

v v v

H H H

 
If the larger answer is used in 1

s

H
t T

v
, a negative time of fall results, and so the physically 

correct answer is 46 mH .  

46. Choose upward to be the positive direction, and 0 0y

 

to be the location of the nozzle.  The 
initial velocity is 0v , the acceleration is 29.8 m sa , the final location is 1.5 my , and 
the time of flight is 2.0 st .  Using Eq. 2-11b and substituting y for x gives the following. 

22121
22 21

0 0 02

1.5 m 9.8 m s 2.0 s

    

9.1m s
2.0 s

y at
y y v t at v

t

  

47. Choose downward to be the positive direction, and 0 0y  to be at the top of the cliff.  The initial 

velocity is 0 12.0 m sv , the acceleration is 29.80 m sa , and the final location is 70.0 my .   
(a) Using Eq. 2-11b and substituting y for x, we have  

2 2 21
0 0 2

   

4.9 m s 12.0 m s 70 m 0    2.749 s , 5.198 sy y v t at t t t .  

The positive answer is the physical answer: 5.20 st . 

(b) Using Eq. 2-11a, we have 2
0 12.0 m s 9.80 m s 5.198 s 38.9 m sv v at . 

(c) The total distance traveled will be the distance up plus the distance down.  The distance down 
will be 70 m more than the distance up.  To find the distance up, use the fact that the speed at 
the top of the path will be 0.  Then using Eq. 2-11c:  

22 2
2 2 0

0 0 0 2

0 12.0 m s
2     0 7.35 m

2 2 9.80 m s
v v

v v a y y y y
a

. 

Thus the distance up is 7.35 m, the distance down is 77.35 m, and the total distance traveled is 
84.7 m .  

48. Choose upward to be the positive direction, and 0 0y  to be the level from which the ball was 
thrown.  The initial velocity is 0v , the instantaneous velocity is 13m sv , the acceleration is 

29.80 m sa , and the location of the window is 28 my .   
(a) Using Eq. 2-11c and substituting y for x, we have  

2 2
0 0

22 2
0 0

2  

2 13 m s 2 9.8 m s 28 m 27 m s

v v a y y

v v a y y

 

Choose the positive value because the initial direction is upward. 

28



	

 
      Topic 2.1b Kinematics Problems 
 
Calculation-based Questions 
 

1. The graph below shows the velocity of a train as a function of time. 

 
a. At what time was its velocity the greatest? 
b. During which periods, if any, was the velocity constant? 
c. During what periods, if any, was the acceleration constant? 
d. When was the magnitude of the acceleration the greatest?  

[4 marks] 
 
Esimtate the distance the object travelled  
e. during the first minute and; 
f. in the second minute 

[2 marks] 
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(b) At the top of its path, the velocity will be 0, and so we can use the initial velocity as found 
above, along with Eq. 2-11c. 

22 2
2 2 0

0 0 0 2

0 27 m s
2    0 37 m

2 2 9.8 m s
v v

v v a y y y y
a

 
(c) We want the time elapsed from throwing (speed 0 27 m sv ) to reaching the window (speed  

13 m sv ).  Using Eq. 2-11a, we have:  

0
0 2

13 m s 27 m s

    
1.4 s

9.80 m s
v v

v v at t
a

.  

(d)  We want the time elapsed from the window (speed 0 13m sv ) to reaching the street (speed  
27 m sv ).  Using Eq. 2-11a, we have: 

0
0 2

27 m s 13 m s

    

4.1 s
9.80 m s

v v
v v at t

a
.  

49.   Slightly different answers may be obtained since the data comes from reading the graph. 
(a) The greatest velocity is found at the highest point on the graph, which is at 48 st .  
(b) The indication of a constant velocity on a velocity-time graph is a slope of 0, which occurs from  

90 s  to  108 st t .  
(c) The indication of a constant acceleration on a velocity-time graph is a constant slope, which  

occurs from 0 s  to  38 st t , again from 65 s  to  83 st t , and again from 

90 s  to  108 st t .  
(d) The magnitude of the acceleration is greatest when the magnitude of the slope is greatest, which  

occurs from 65 s  to  83 st t .  

50. Slightly different answers may be obtained since the data comes from reading the graph.   
(a) The instantaneous velocity is given by the slope of the tangent line to the curve.  At 10.0 st ,  

the slope is approximately 3 m 0
10 0.3 m s

10.0 s 0
v .  

(b) At 30.0 st , the slope of the tangent line to the curve, and thus the instantaneous velocity, is  

approximately 
22 m 8 m

30 1.4 m s
35 s 25 s

v .  

(c)  The average velocity is given by 
5 m 0 m 1.5 m 0

.30 m s
5.0 s 0 s 5.0 s

x x
v .  

(d)  The average velocity is given by 
30 m 25 m 16 m 9 m

1.4 m s
30.0 s 25.0 s 5.0 s

x x
v .  

(e)  The average velocity is given by 
50 m 40 m 10 m 19.5 m

0.95 m s
50.0 s 40.0 s 10.0 s

x x
v .  

51. Slightly different answers may be obtained since the data comes from reading the graph.  
(a) The indication of a constant velocity on a position-time graph is a constant slope, which occurs  

from 0 s  to  18 st t .  
(b) The greatest velocity will occur when the slope is the highest positive value, which occurs at  
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about 27 st .  
(c) The indication of a 0 velocity on a position-time graph is a slope of 0, which occurs at about  

from 38 st .  

(d) The object moves in both directions.   When the slope is positive, from 0 st  to 38 st ,  

the object is moving in the positive direction.  When the slope is negative, from 38 st  to 
50 st , the object is moving in the negative direction.  

52. Slightly different answers may be obtained since the data comes from reading the graph.  We assume  
that the short, nearly horizontal portions of the graph are the times that shifting is occurring, and 
those times are not counted as being “in” a certain gear. 

(a) The average acceleration in 2nd gear is given by 22
2

2

24 m s 14 m s
2.5 m s

8 s 4 s
v

a
t

. 

The average acceleration in 4th gear is given by 24
4

4

44 m s 37 m s
0.64 m s

27 s 16 s
v

a
t

. 

(b) The distance traveled can be determined from a velocity-time graph by calculating the area  
between the graph and the 0v  axis, bounded by the times under consideration.  For this case, 
we will approximate the area as a rectangle. 

0 44 m s 37 m s
height 40.5 m s

2 2
fv v

v

 

width 27 s 16 s 11 st

 

Thus the distance traveled is 40.5 m s 11 s 450 md v t .  

53. Slightly different answers may be obtained since the data comes from reading the graph.  We assume  
that the short, nearly horizontal portions of the graph are the times that shifting is occurring, and  
those times are not counted as being “in” a certain gear. 

(a) The average acceleration in first gear is given by 214 m s 0 m s
4 m s

4 s 0 s
v

a
t

. 

(b) The average acceleration in third gear is given by 237 m s 24 m s
3 m s

14 s 9 s
v

a
t

. 

(c) The average acceleration in fifth gear is given by 252 m s 44 m s
0.35 m s

50 s 27 s
v

a
t

. 

(d) The average acceleration through the first four gears is given by  
244 m s 0 m s

1.6 m s
27 s 0 s

v
a

t
.  

54. Slightly different answers may be obtained since the data comes from reading the graph.   
(a) To estimate the distance the object traveled during the first minute, we need to find the area  

under the graph, from t = 0 s to t = 60 s.  Each "block" of the graph represents an "area" of 
10 m s 10 s 100 mx .  By counting and estimating, there are about 17.5 blocks under 

the 1st minute of the graph, and so the distance traveled during the 1st minute is about 1750 m . 
(b) For the second minute, there are about 5 blocks under the graph, and so the distance traveled  

during the second minute is about 500 m .   

Alternatively, average accelerations can be estimated for various portions of the graph, and then the  
uniform acceleration equations may be applied.  For instance, for part (a), break the motion up into  

29



	

 
 
 
 

2. The position of a rabbit along a straight tunnel as a function of time is plotted below. What is the 
instantaneous velocity 

a. at t = 10.0s and, 
b. at t = 30.0s? 

[2 marks] 

 
What is the average velocity 

c. between t = 0 and t =  5.0s, 
d. between t = 25.0s and t = 30.0s and, 
e. between t = 40.0s and t = 50.0s? 

[3 marks] 
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(b) At the top of its path, the velocity will be 0, and so we can use the initial velocity as found 
above, along with Eq. 2-11c. 

22 2
2 2 0

0 0 0 2

0 27 m s
2    0 37 m

2 2 9.8 m s
v v

v v a y y y y
a

 
(c) We want the time elapsed from throwing (speed 0 27 m sv ) to reaching the window (speed  

13 m sv ).  Using Eq. 2-11a, we have:  

0
0 2

13 m s 27 m s

    
1.4 s

9.80 m s
v v

v v at t
a

.  

(d)  We want the time elapsed from the window (speed 0 13m sv ) to reaching the street (speed  
27 m sv ).  Using Eq. 2-11a, we have: 

0
0 2

27 m s 13 m s

    

4.1 s
9.80 m s

v v
v v at t

a
.  

49.   Slightly different answers may be obtained since the data comes from reading the graph. 
(a) The greatest velocity is found at the highest point on the graph, which is at 48 st .  
(b) The indication of a constant velocity on a velocity-time graph is a slope of 0, which occurs from  

90 s  to  108 st t .  
(c) The indication of a constant acceleration on a velocity-time graph is a constant slope, which  

occurs from 0 s  to  38 st t , again from 65 s  to  83 st t , and again from 

90 s  to  108 st t .  
(d) The magnitude of the acceleration is greatest when the magnitude of the slope is greatest, which  

occurs from 65 s  to  83 st t .  

50. Slightly different answers may be obtained since the data comes from reading the graph.   
(a) The instantaneous velocity is given by the slope of the tangent line to the curve.  At 10.0 st ,  

the slope is approximately 3 m 0
10 0.3 m s

10.0 s 0
v .  

(b) At 30.0 st , the slope of the tangent line to the curve, and thus the instantaneous velocity, is  

approximately 
22 m 8 m

30 1.4 m s
35 s 25 s

v .  

(c)  The average velocity is given by 
5 m 0 m 1.5 m 0

.30 m s
5.0 s 0 s 5.0 s

x x
v .  

(d)  The average velocity is given by 
30 m 25 m 16 m 9 m

1.4 m s
30.0 s 25.0 s 5.0 s

x x
v .  

(e)  The average velocity is given by 
50 m 40 m 10 m 19.5 m

0.95 m s
50.0 s 40.0 s 10.0 s

x x
v .  

51. Slightly different answers may be obtained since the data comes from reading the graph.  
(a) The indication of a constant velocity on a position-time graph is a constant slope, which occurs  

from 0 s  to  18 st t .  
(b) The greatest velocity will occur when the slope is the highest positive value, which occurs at  

30



	

 
 
 
 
 
 

3. A certain type of automobile can accelerate approximately as shown in the velocity – time graph as 
shown below. (The short flat spots in the curve represent shifting of the gears.)  

 
 
Estimate the average acceleration when it is in 

a. first, 
b. third, 
c. fifth gear. 
d. What is its average acceleration through the first four gears? 

[4 marks] 
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about 27 st .  
(c) The indication of a 0 velocity on a position-time graph is a slope of 0, which occurs at about  

from 38 st .  

(d) The object moves in both directions.   When the slope is positive, from 0 st  to 38 st ,  

the object is moving in the positive direction.  When the slope is negative, from 38 st  to 
50 st , the object is moving in the negative direction.  

52. Slightly different answers may be obtained since the data comes from reading the graph.  We assume  
that the short, nearly horizontal portions of the graph are the times that shifting is occurring, and 
those times are not counted as being “in” a certain gear. 

(a) The average acceleration in 2nd gear is given by 22
2

2

24 m s 14 m s
2.5 m s

8 s 4 s
v

a
t

. 

The average acceleration in 4th gear is given by 24
4

4

44 m s 37 m s
0.64 m s

27 s 16 s
v

a
t

. 

(b) The distance traveled can be determined from a velocity-time graph by calculating the area  
between the graph and the 0v  axis, bounded by the times under consideration.  For this case, 
we will approximate the area as a rectangle. 

0 44 m s 37 m s
height 40.5 m s

2 2
fv v

v

 

width 27 s 16 s 11 st

 

Thus the distance traveled is 40.5 m s 11 s 450 md v t .  

53. Slightly different answers may be obtained since the data comes from reading the graph.  We assume  
that the short, nearly horizontal portions of the graph are the times that shifting is occurring, and  
those times are not counted as being “in” a certain gear. 

(a) The average acceleration in first gear is given by 214 m s 0 m s
4 m s

4 s 0 s
v

a
t

. 

(b) The average acceleration in third gear is given by 237 m s 24 m s
3 m s

14 s 9 s
v

a
t

. 

(c) The average acceleration in fifth gear is given by 252 m s 44 m s
0.35 m s

50 s 27 s
v

a
t

. 

(d) The average acceleration through the first four gears is given by  
244 m s 0 m s

1.6 m s
27 s 0 s

v
a

t
.  

54. Slightly different answers may be obtained since the data comes from reading the graph.   
(a) To estimate the distance the object traveled during the first minute, we need to find the area  

under the graph, from t = 0 s to t = 60 s.  Each "block" of the graph represents an "area" of 
10 m s 10 s 100 mx .  By counting and estimating, there are about 17.5 blocks under 

the 1st minute of the graph, and so the distance traveled during the 1st minute is about 1750 m . 
(b) For the second minute, there are about 5 blocks under the graph, and so the distance traveled  

during the second minute is about 500 m .   

Alternatively, average accelerations can be estimated for various portions of the graph, and then the  
uniform acceleration equations may be applied.  For instance, for part (a), break the motion up into  31



	

 
    Topic 2.1c Kinematics Problems 

 
 
Calculation-based Questions 
 

1. A car accelerates from 13m/s to 25m/s in 6.0s. What was its acceleration? How far did it travel in 
this time? Assume constant acceleration. 

[2 marks] 

 
 

2. A car slows down from 23m/s to rest in a distance of 85m. What was the acceleration, assumed 
constant? 

[1 mark] 

 
 

3. Estimate how long it took King Kong to fall straight down from the top of the Empire State Building 
(380m high) and his velocity just before he touched the ground. Ignore air resistance. 

[2 marks] 

 
 

4. A stone is thrown vertically upward with a speed of 18.0m/s. How fast is it moving when it reaches 
a height of 11.0m and how long is required to reach this height? Why are there two answers? 

[3 marks] 
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21. By definition, the acceleration is 20 25 m s 13 m s
2.0 m s

6.0 s
v v

a
t

.  

The distance of travel can be found from Eq. 2-11b. 
22 21 1

0 0 2 213m s 6.0 s 2.0 m s 6.0 s 114 mx x v t at

  

22. The acceleration can be found from Eq. (2-11c). 
22 2

2 2 20
0 0

0

0 23 m s
2    3.1m s

2 2 85 m
v v

v v a x x a
x x

.  

23. Assume that the plane starts from rest.  The runway distance is found by solving Eq. 2-11c for 
0x x . 

22 2
2 2 20

0 0 0 2

33 m s 0
2    1.8 10 m

2 2 3.0 m s
v v

v v a x x x x
a

  

24. The sprinter starts from rest.  The average acceleration is found from Eq. 2-11c. 
22 2

2 2 2 20
0 0

0

11.5 m s 0
2    4.408 m s 4.41m s

2 2 15.0 m
v v

v v a x x a
x x

.   

The elapsed time is found by solving Eq. 2-11a for time. 
0

0 2

11.5 m s 0

    

2.61 s
4.408 m s

v v
v v at t

a

  

25. The words “slowing down uniformly” implies that the car has a constant acceleration.  The distance 
of travel is found form combining Eqs. 2-7 and 2-8.  

0
0

21.0 m s 0 m s
6.00 sec 63.0 m

2 2
v v

x x t .  

26. The final velocity of the car is zero.  The initial velocity is found from Eq. 2-11c with 0v  and 
solving for 0v . 

2 2 2 2
0 0 0 02    2 0 2 7.00 m s 92 m 36 m sv v a x x v v a x x

  
Graph of the acceleration 

0

1

2

3

4

5

6
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t (s)

a 
(m

/s
2 )

0
5

10
15
20
25
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Graph of the velocity 
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21. By definition, the acceleration is 20 25 m s 13 m s
2.0 m s

6.0 s
v v

a
t

.  

The distance of travel can be found from Eq. 2-11b. 
22 21 1

0 0 2 213m s 6.0 s 2.0 m s 6.0 s 114 mx x v t at

  

22. The acceleration can be found from Eq. (2-11c). 
22 2

2 2 20
0 0

0

0 23 m s
2    3.1m s

2 2 85 m
v v

v v a x x a
x x

.  

23. Assume that the plane starts from rest.  The runway distance is found by solving Eq. 2-11c for 
0x x . 

22 2
2 2 20

0 0 0 2

33 m s 0
2    1.8 10 m

2 2 3.0 m s
v v

v v a x x x x
a

  

24. The sprinter starts from rest.  The average acceleration is found from Eq. 2-11c. 
22 2

2 2 2 20
0 0

0

11.5 m s 0
2    4.408 m s 4.41m s

2 2 15.0 m
v v

v v a x x a
x x

.   

The elapsed time is found by solving Eq. 2-11a for time. 
0

0 2

11.5 m s 0

    

2.61 s
4.408 m s

v v
v v at t

a

  

25. The words “slowing down uniformly” implies that the car has a constant acceleration.  The distance 
of travel is found form combining Eqs. 2-7 and 2-8.  

0
0

21.0 m s 0 m s
6.00 sec 63.0 m

2 2
v v

x x t .  

26. The final velocity of the car is zero.  The initial velocity is found from Eq. 2-11c with 0v  and 
solving for 0v . 

2 2 2 2
0 0 0 02    2 0 2 7.00 m s 92 m 36 m sv v a x x v v a x x

  
Graph of the acceleration 
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33. Choose downward to be the positive direction, and take 0 0y  at the top of the cliff.  The initial 

velocity is 0 0v , and the acceleration is 29.80 m sa .  The displacement is found from equation 
(2-11b), with x replaced by y. 

22 21 1
0 0 2 2

    
0 0 9.80 m s 3.25 s    51.8 my y v t at y y

  
34. Choose downward to be the positive direction.  The initial velocity is 0 0v , the final velocity is 

1m s
85 km h 23.61m s

3.6 km h
v , and the acceleration is 29.80 m sa .  The time can be 

found by solving Eq. 2-11a for the time.   
0

0 2

23.61m s 0

    

2.4 s
9.80 m s

v v
v v at t

a

  

35. Choose downward to be the positive direction, and take 0 0y  to be at the top of the Empire State 

Building.  The initial velocity is 0 0v , and the acceleration is 29.80 m sa .   
(a) The elapsed time can be found from Eq. 2-11b, with x replaced by y. 

21
0 0 2 2

2 380 m2

      

8.806s 8.8 s
9.80 m s

y
y y v t at t

a
.  

(b)  The final velocity can be found from equation (2-11a). 
2

0 0 9.80 m s 8.806 s 86 m sv v at

  

36. Choose upward to be the positive direction, and take 0 0y  to be at the height where the ball was 

hit.  For the upward path, 0 22 m sv , 0v  at the top of the path, and 29.80 m sa . 
(a)  The displacement can be found from Eq. 2-11c, with x replaced by y . 

22 2
2 2 0

0 0 0 2

0 22 m s
2    0 25 m

2 2 9.80 m s
v v

v v a y y y y
a

 

(b) The time of flight can be found from Eq. 2-11b, with x replaced by y , using a displacement of 0  
for the displacement of the ball returning to the height from which it was hit. 

2 01 1
0 0 02 2 2

2 22 m s2
0      0      0 , 4.5 s

9.80 m s
v

y y v t at t v at t t
a

The result of t = 0 s is the time for the original displacement of zero (when the ball was hit), and 
the result of t = 4.5 s is the time to return to the original displacement.  Thus the answer is t = 
4.5 seconds.  

37. Choose upward to be the positive direction, and take 0 0y  to be the height from which the ball 

was thrown.  The acceleration is 29.80 m sa .  The displacement upon catching the ball is 0, 
assuming it was caught at the same height from which it was thrown.  The starting speed can be 
found from Eq. 2-11b, with x replaced by y. 

21
0 0 2

21
20 2 1 1

0 2 2

0   

9.80 m s 3.0 s 14.7 m s 15 m s

y y v t at

y y at
v at

t

 

32



	

 
 

5. A stone is thrown vertically upward with a speed of 12.0m/s from the edge of a cliff 70.0m high. 
How long does it take to reach the bottom of the cliff and what is its speed before hitting? What 
was the total distance that it traveled? Ignore air resistance. 

[3 marks] 
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We could do this in general. 

    

221 1
2 2

2 22 21 1 1
2 2 2

2 21 1
2 2        

1 1

1 1 1 1            

2 1 2 1

y n gn y n g n

d n y n y n g n gn g n n

g n n n g n

  
The value of 2 1n  is always odd, in the sequence 1, 3, 5, 7, … 

 
41. Choose upward to be the positive direction, and take 0 0y  to be the height from which the ball is 

thrown.  The initial velocity is 0v , the acceleration is a g , and the final location for the round 
trip is 0y .  The velocity under those conditions can be found from Eq. 2-11c, with x replaced by 
y.   

2 2 2 2
0 0 02 0           v v ay v v v v

 

The two results represent two different velocities for the same displacement of 0.  The positive sign 
0v v  is the initial velocity, when the ball is moving upwards, and the negative sign 0v v  is 

the final velocity, when the ball is moving downwards.  Both of these velocities have the same 
magnitude, and so the ball has the same speed at the end of its flight as at the beginning.  

42. Choose upward to be the positive direction, and 0 0y to be the height from which the stone is 

thrown.  We have 0 18.0 m sv , 29.80 m sa ,  and 0 11.0 my y . 
(a) The velocity can be found from Eq, 2-11c, with x replaced by y. 

2 2
0 0

22 2
0

2 0   

2 18.0 m s 2 9.80 m s 11.0 m 10.4 m s

v v a y y

v v ay

   

Thus the speed is 10.4 m sv

  

(b) The time to reach that height can be found from equation (2-11b). 
2 21

0 0 2 2 2

2

2 18.0 m s 2 11.0 m

     

0   
9.80 m s 9.80 m s

3.673 2.245 0    2.90 s , 0.775 s

y y v t at t t

t t t

  

(c) There are two times at which the object reaches that height – once on the way up 0.775 st ,  

and once on the way down 2.90 st .  

43. The 10-cm (100 mm) apple has a diameter of about 6 mm as measured in the photograph.  Thus any 
distances measured from the picture need to be multiplied by 100 / 6.  Choose the downward 
direction to be positive.  Choose 0 0y  to be stem of the apple on the THIRD image from the top of 
the picture.  It is the first picture in which the stem of the apple is visible.  The velocity of the apple 
at that position is not 0, but it is not known either.  Call it 0v .  We will choose that the time at that 
point is 0t , and we call the time interval from one picture to the next to be T .  The acceleration 
of the apple is 29.8 m sa g .    
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to give 1
s

H
t T

v
, where 3.2 sT  is the total time elapsed from dropping the rock to hearing the 

sound.  Insert this expression for 1t  into the equation for H, and solve for H. 
2

2 21 1
2 22

5 2 4    

1 0  
2

4.239 10 1.092 50.18 0    46.0 m, 2.57 10 m
s s s

H g gT
H g T H H gT

v v v

H H H

 
If the larger answer is used in 1

s

H
t T

v
, a negative time of fall results, and so the physically 

correct answer is 46 mH .  

46. Choose upward to be the positive direction, and 0 0y

 

to be the location of the nozzle.  The 
initial velocity is 0v , the acceleration is 29.8 m sa , the final location is 1.5 my , and 
the time of flight is 2.0 st .  Using Eq. 2-11b and substituting y for x gives the following. 

22121
22 21

0 0 02

1.5 m 9.8 m s 2.0 s

    

9.1m s
2.0 s

y at
y y v t at v

t

  

47. Choose downward to be the positive direction, and 0 0y  to be at the top of the cliff.  The initial 

velocity is 0 12.0 m sv , the acceleration is 29.80 m sa , and the final location is 70.0 my .   
(a) Using Eq. 2-11b and substituting y for x, we have  

2 2 21
0 0 2

   

4.9 m s 12.0 m s 70 m 0    2.749 s , 5.198 sy y v t at t t t .  

The positive answer is the physical answer: 5.20 st . 

(b) Using Eq. 2-11a, we have 2
0 12.0 m s 9.80 m s 5.198 s 38.9 m sv v at . 

(c) The total distance traveled will be the distance up plus the distance down.  The distance down 
will be 70 m more than the distance up.  To find the distance up, use the fact that the speed at 
the top of the path will be 0.  Then using Eq. 2-11c:  

22 2
2 2 0

0 0 0 2

0 12.0 m s
2     0 7.35 m

2 2 9.80 m s
v v

v v a y y y y
a

. 

Thus the distance up is 7.35 m, the distance down is 77.35 m, and the total distance traveled is 
84.7 m .  

48. Choose upward to be the positive direction, and 0 0y  to be the level from which the ball was 
thrown.  The initial velocity is 0v , the instantaneous velocity is 13m sv , the acceleration is 

29.80 m sa , and the location of the window is 28 my .   
(a) Using Eq. 2-11c and substituting y for x, we have  

2 2
0 0

22 2
0 0

2  

2 13 m s 2 9.8 m s 28 m 27 m s

v v a y y

v v a y y

 

Choose the positive value because the initial direction is upward. 
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Topic 2.1d Projectile Motion Problems 
 
Conceptual Questions 
(These questions are not in an IB style but instead designed to check your understanding of the concept of this topic. You should 

try your best to appropriately communicate your answer using prose) 
 

1. Two cannon balls A and B are fired from the ground with identical initial speeds, but with θA larger 
than θB. (a) Which cannonball reaches a higher elevation? (b) which stays longer in the air? (c) 
Which travels farther? 

 
 

2. A projectile is launched at an angle of 30° to the horizontal with a speed of 30m/s. How does the 
horizontal component of its velocity 1.0s after launch compare with its horizontal component of 
velocity 2.0s after launch? 

 
 
Calculation Based 

3. A tiger leaps horizontally from a 6.5m high rock with a speed of 3.5m/s. How far from the base of 
the rock will she land? 

 

 
 

4. A diver running 1.8m/s dives out horizontally from the edge of a vertical cliff and 3.0s later reaches 
the water below. How high was the cliff and how far from its base did the diver hit the water? 

  
 

5. A football is kicked at ground level with a speed of 18.0m/s at an angle of 35.0° to the horizontal. 
How much later does it hit the ground? 
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6. A projectile is fired with an initial speed of 65.2m/s at an angle of 34.5° above the horizontal on a 
long flat firing range. Determine (a) the maximum height reached by the projectile, (b) the total 
time in the air, (c) the total horizontal distance covered (that is the range), and (d) the velocity of 
the projectile 1.50s after firing. 

 
 

7. A projectile is shot from the edge of a cliff 125m above ground level with an initial speed of 65.0m/s 
at an angle of 37.0° with the horizontal, as shown below. (a) Determine the time taken by the 
projectile to hit point P at ground level. (b) Determine the range X of the projectile as measured 
from the base of the cliff. At the instant just before the projectile hits point P, find (c) the horizontal 
and the vertical components of its velocity, (d) the magnitude of the velocity, and (e) the angle 
made by the velocity vector with the horizontal. (f) Find the maximum height above the cliff top 
reached by the projectile. 
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    Topic 2.2a Kinematics Problems 

 
 
Calculation-based Questions 
 

1. A net force of 265N accelerates a bike and rider at 2.30m/s2. What is the mass of the bike and the 
rider together?  

[1 mark] 

 
 

2. What is the weight of a 76kg astronaut 
a. on Earth 
b. on the Moon (g = 1.7m/s2) 
c. on Mars (g = 3.7m/s2) 
d. in outer space traveling with constant velocity? 

[4 marks] 

 
 

3. What is the average force required to stop a 1100-kg car in 8.0s if the car is travelling at 95km/h? 
[3 marks] 

 
 

4. What is the average force needed to accelerate a 7.00g pellet from rest to 125m/s over a distance 
of 0.800m along the barrel of the rifle? 

[2 marks] 
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The free body diagram below illustrates this.  The forces are 
1T GF

d
, the force on team 1 from the 

ground, F , the force on team 2 from the ground, and 
2T G

d
TRF
d

, the force on each team from the rope. 
 

 Thus the net force on the winning  

1T GF
d

2T GF
d

TRF
d

TRF
d

Small force 
from ground

Large force 
from ground 

Equal and opposite 
tension forces 

Team # 2 Team # 1
(winner)team  is in the 

winning direction.   
(

1T G TR-F F
d d )

 
 
16. (a) The magnitude is 40 N. 

(b) The direction is downward. 
(c) It is exerted on the person. 
(d) It is exerted by the bag of groceries. 

 
17. If you are at rest, the net force on you is zero.  Hence the ground exerts a force on you exactly equal 

to your weight.  The two forces acting on you sum to zero, and so you don’t accelerate.  If you squat 
down and then push with a larger force against the ground, the ground then pushes back on you with 
a larger force by Newton’s third law, and you can then rise into the air. 

 
18. In a whiplash situation, the car is violently pushed forward.  Since the victim’s back is against the 

seat of the car, the back moves forward with the car.  But the head has no direct horizontal force to 
push it, and so it “lags behind”.  The victim’s body is literally pushed forward, out from under their 
head – the head is not thrown backwards.  The neck muscles must eventually pull the head forward, 
and that causes the whiplash.  To avoid this, use the car’s headrests. 

 
19. The truck bed exerts a force of static friction on the crate, causing the crate to accelerate. 
 
20. On the way up, there are two forces on the block that are parallel to each other causing the 

deceleration – the component of weight parallel to the plane, and the force of friction on the block.  
Since the forces are parallel to each other, both pointing down the plane, they add, causing a larger 
magnitude force and a larger acceleration.  On the way down, those same two forces are opposite of 
each other, because the force of friction is now directed up the plane.  With these two forces being 
opposite of each other, their net force is smaller, and so the acceleration is smaller. 

 
21. Assume your weight is W.  If you weighed yourself on an inclined plane that is inclined at angle q, 

the bathroom scale would read the magnitude of the normal force between you and the plane, which 
would be W cosq.   

 
 
Solutions to Problems 
 
1. Use Newton’s second law to calculate the force. 

( )( )260.0 kg 1.25 m s 75.0 NF ma= = =ƒ  

 
2. Use Newton’s second law to calculate the mass. 

2

265 N
    115 kg

2.30 m s
F

F ma m
a

= ç = = =ƒƒ  

 

© 2005 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved.  This material is protected under all copyright laws as they 
currently exist.  No portion of this material may be reproduced, in any form or by any means, without permission in writing from the 
publisher. 

69 

Chapter 4  Dynamics: Newton’s Laws of Motion 
 

3. Use Newton’s second law to calculate the tension. 

( )( )2 3

T 960 kg 1.20 m s 1.15 10 NF F ma= = = = ìƒ  

 
4. In all cases, W , where g changes with location. mg=

 (a) ( )( )2 2

Earth Earth 76 kg 9.8 m s 7.4 10 Ng= = = ìW m  

 (b) ( )( )2 2

Moon Moon 76 kg 1.7 m s 1.3 10 Ng= = = ìW m  

 (c) ( )( )2 2

Mars Mars 76 kg 3.7 m s 2.8 10 Ng= = = ìW m  

 (d) ( )( )2

Space Space 76 kg 0 m s 0 Ng= = =W m  

 

mgd

NF
d

5. (a) The 20.0 kg box resting on the table has the free-body diagram shown.  Its weight 

is ( )( )220.0 kg 9.80 m s 196 Nmg = = .  Since the box is at rest, the net force on 

the box must be 0, and so the normal force must also be 196 N . 

(b) Free-body diagrams are shown for both boxes. 12F
d

 is the force on box 1 (the  

top box) due to box 2 (the bottom box), and is the normal force on box 1.   

is the force on box 2 due to box 1, and has the same magnitude as F
21F
d

12

d
 by 

Newton’s 3rd law.   is the force of the table on box 2.  That is the normal 

force on box 2.  Since both boxes are at rest, the net force on each box must 
be 0.  Write Newton’s 2

N2F
d

nd law in the vertical direction for each box, taking the 
upward direction to be positive. 

1m gd

N1 12=F F
d d

Top  box (#1) 

2m gd

N2F
d

21F
d

Bottom    box  
(#2) 

 
( )( )

N1 11

2

N1 1 12 21

0

10.0 kg 9.80 m s 98.0 N

F F m g

F m g F F

= - =

= = = = =

ƒ
 

( )( )
N2 21 22

2

N2 21 2

0

98.0 N 20.0 kg 9.80 m s 294 N

F F F m g

F F m g

= - - =

= + = + =

ƒ
 

 
6. Find the average acceleration from Eq. 2-2.  The average force on the car is found from Newton’s 

second law.  

( )

( )( )

20
0

2 3

0.278m s 0 26.4 m s
0     95km h 26.4 m s      3.30 m s

1km h 8.0 s

1100 kg 3.3 m s 3.6 10 N

avg

avg avg

v v
v v a

t

F ma

- -= = = = = = -

= = - = - ì

≈ ’
∆ ÷« ◊  

 The negative sign indicates the direction of the force, in the opposite direction to the initial velocity. 
 
7. The average force on the pellet is its mass times its average acceleration.  The average acceleration is  

found from Eq. 2-11c. For the pellet, 0 0v = , 125m s=v , and . 0 0.800 mx x- =

( )
( )

( )
( )( )

22 2
20

0

3 2

125 m s 0
9770 m s

2 2 0.800 m

7.00 10  kg 9770 m s 68.4 N

avg

avg avg

v v
a

x x

F ma -

--= = =
-

= = ì =
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3. Use Newton’s second law to calculate the tension. 

( )( )2 3

T 960 kg 1.20 m s 1.15 10 NF F ma= = = = ìƒ  

 
4. In all cases, W , where g changes with location. mg=

 (a) ( )( )2 2

Earth Earth 76 kg 9.8 m s 7.4 10 Ng= = = ìW m  

 (b) ( )( )2 2

Moon Moon 76 kg 1.7 m s 1.3 10 Ng= = = ìW m  

 (c) ( )( )2 2

Mars Mars 76 kg 3.7 m s 2.8 10 Ng= = = ìW m  

 (d) ( )( )2

Space Space 76 kg 0 m s 0 Ng= = =W m  

 

mgd

NF
d

5. (a) The 20.0 kg box resting on the table has the free-body diagram shown.  Its weight 

is ( )( )220.0 kg 9.80 m s 196 Nmg = = .  Since the box is at rest, the net force on 

the box must be 0, and so the normal force must also be 196 N . 

(b) Free-body diagrams are shown for both boxes. 12F
d

 is the force on box 1 (the  

top box) due to box 2 (the bottom box), and is the normal force on box 1.   

is the force on box 2 due to box 1, and has the same magnitude as F
21F
d

12

d
 by 

Newton’s 3rd law.   is the force of the table on box 2.  That is the normal 

force on box 2.  Since both boxes are at rest, the net force on each box must 
be 0.  Write Newton’s 2

N2F
d

nd law in the vertical direction for each box, taking the 
upward direction to be positive. 

1m gd

N1 12=F F
d d

Top  box (#1) 

2m gd

N2F
d

21F
d

Bottom    box  
(#2) 

 
( )( )

N1 11

2

N1 1 12 21

0

10.0 kg 9.80 m s 98.0 N

F F m g

F m g F F

= - =

= = = = =

ƒ
 

( )( )
N2 21 22

2

N2 21 2

0

98.0 N 20.0 kg 9.80 m s 294 N

F F F m g

F F m g

= - - =

= + = + =

ƒ
 

 
6. Find the average acceleration from Eq. 2-2.  The average force on the car is found from Newton’s 

second law.  

( )

( )( )

20
0

2 3

0.278m s 0 26.4 m s
0     95km h 26.4 m s      3.30 m s

1km h 8.0 s

1100 kg 3.3 m s 3.6 10 N

avg

avg avg

v v
v v a

t

F ma

- -= = = = = = -

= = - = - ì

≈ ’
∆ ÷« ◊  

 The negative sign indicates the direction of the force, in the opposite direction to the initial velocity. 
 
7. The average force on the pellet is its mass times its average acceleration.  The average acceleration is  

found from Eq. 2-11c. For the pellet, 0 0v = , 125m s=v , and . 0 0.800 mx x- =

( )
( )

( )
( )( )

22 2
20

0

3 2

125 m s 0
9770 m s

2 2 0.800 m

7.00 10  kg 9770 m s 68.4 N

avg

avg avg

v v
a

x x

F ma -

--= = =
-

= = ì =
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3. Use Newton’s second law to calculate the tension. 

( )( )2 3

T 960 kg 1.20 m s 1.15 10 NF F ma= = = = ìƒ  

 
4. In all cases, W , where g changes with location. mg=

 (a) ( )( )2 2

Earth Earth 76 kg 9.8 m s 7.4 10 Ng= = = ìW m  

 (b) ( )( )2 2

Moon Moon 76 kg 1.7 m s 1.3 10 Ng= = = ìW m  

 (c) ( )( )2 2

Mars Mars 76 kg 3.7 m s 2.8 10 Ng= = = ìW m  

 (d) ( )( )2

Space Space 76 kg 0 m s 0 Ng= = =W m  

 

mgd

NF
d

5. (a) The 20.0 kg box resting on the table has the free-body diagram shown.  Its weight 

is ( )( )220.0 kg 9.80 m s 196 Nmg = = .  Since the box is at rest, the net force on 

the box must be 0, and so the normal force must also be 196 N . 

(b) Free-body diagrams are shown for both boxes. 12F
d

 is the force on box 1 (the  

top box) due to box 2 (the bottom box), and is the normal force on box 1.   

is the force on box 2 due to box 1, and has the same magnitude as F
21F
d

12

d
 by 

Newton’s 3rd law.   is the force of the table on box 2.  That is the normal 

force on box 2.  Since both boxes are at rest, the net force on each box must 
be 0.  Write Newton’s 2

N2F
d

nd law in the vertical direction for each box, taking the 
upward direction to be positive. 

1m gd

N1 12=F F
d d

Top  box (#1) 

2m gd

N2F
d

21F
d

Bottom    box  
(#2) 

 
( )( )

N1 11

2

N1 1 12 21

0

10.0 kg 9.80 m s 98.0 N

F F m g

F m g F F

= - =

= = = = =

ƒ
 

( )( )
N2 21 22

2

N2 21 2

0

98.0 N 20.0 kg 9.80 m s 294 N

F F F m g

F F m g

= - - =

= + = + =

ƒ
 

 
6. Find the average acceleration from Eq. 2-2.  The average force on the car is found from Newton’s 

second law.  

( )

( )( )

20
0

2 3

0.278m s 0 26.4 m s
0     95km h 26.4 m s      3.30 m s

1km h 8.0 s

1100 kg 3.3 m s 3.6 10 N

avg

avg avg

v v
v v a

t

F ma

- -= = = = = = -

= = - = - ì

≈ ’
∆ ÷« ◊  

 The negative sign indicates the direction of the force, in the opposite direction to the initial velocity. 
 
7. The average force on the pellet is its mass times its average acceleration.  The average acceleration is  

found from Eq. 2-11c. For the pellet, 0 0v = , 125m s=v , and . 0 0.800 mx x- =

( )
( )

( )
( )( )

22 2
20

0

3 2

125 m s 0
9770 m s

2 2 0.800 m

7.00 10  kg 9770 m s 68.4 N

avg

avg avg

v v
a

x x

F ma -

--= = =
-

= = ì =
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5. A 0.140kg baseball traveling at 35.0m/s strikes the catcher’s mit, which, in bringing the ball to rest, 
recoils backward 11.0cm. What was the average force applied by the ball on the glove? 

[2 marks] 

 

Giancoli  Physics: Principles with Applications, 6th Edition 
 

8. We assume that the fishline is pulling vertically on the fish, and that the fish is not jerking 

mgd

TF
d

the line.  A free-body diagram for the fish is shown.  Write Newton’s 2nd law for the fish in 
the vertical direction, assuming that up is positive.  The tension is at its maximum. 

( )T T      F F mg ma F m g a= - = ç = + çƒ  

T
2 2

22 N
1.8 kg

9.8m s 2.5m s
F

m
g a

= = =
+ +

 

 Thus a mass of 1.8 kg is the maximum that the fishline will support with the given  
acceleration.  Since the line broke, the fish’s mass must be greater than 1.8 kg (about 4 lbs). 

 
9. The problem asks for the average force on the glove, which in a direct calculation would require 

knowledge about the mass of the glove and the acceleration of the glove.  But no information about 
the glove is given.  By Newton’s 3rd law, the force exerted by the ball on the glove is equal and 
opposite to the force exerted by the glove on the ball.  So calculate the average force on the ball, and 
then take the opposite of that result to find the average force on the glove.  The average force on the 
ball is its mass times its average acceleration.  Use Eq. 2-11c to find the acceleration of the ball, with 

, 0v = 0 35.0 m sv = , and .  The initial direction of the ball is the positive direction. 0 0.110 mx x- =

( )
( )
( )

( ) ( )

22 2
20

0

2 2

0 35.0 m s
5568 m s

2 2 0.110 m

0.140 kg 5568 m s 7.80 10 N

avg

avg avg

v v
a

x x

F ma

--= = = -
-

= = - = - ì

 

 Thus the average force on the glove was 780 N, in the direction of the initial velocity of the ball. 
 
10. Choose up to be the positive direction.  Write Newton’s 2nd law for the vertical  

mgd

TF
d

direction, and solve for the tension force. 
( )

( )( )
T T

2 2
T

  

1200 kg 9.80 m s 0.80 m s 1.3 10 N

F F mg ma F m g a

F

= - = ç = +

= + =

ƒ
4ì

 

 
11. Use Eq. 2-11b with  to find the acceleration. 0 0v =

( ) ( )
( )

2 201
0 0 2 22 2

2 2 402 m 1 " "
    19.6 m s 2.00 's

9.80 m s6.40 s

x x g
x x v t at a g

t
-

- = + ç = = = =≈ ’
∆ ÷« ◊

 

 The accelerating force is found by Newton’s 2nd law.   

( )( )2 3485 kg 19.6 m s 9.51 10 NF ma= = = ì  

 
12. Choose up to be the positive direction.  Write Newton’s 2nd law for the vertical direction,  

mgd

TF
dand solve for the acceleration. 

( ) ( )
T

2
2T

163 N 12.0 kg 9.80 m s
3.8 m s

12.0 kg

F F mg ma

F mg
a

m

= - =

--= = =

ƒ
 

 Since the acceleration is positive, the bucket has an upward acceleration. 
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    Topic 2.2b Kinematics Problems 

 
 
Conceptual Questions 
(These questions are not in an IB style but instead designed to check your understanding of the concept of this topic. You should 

try your best to appropriately communicate your answer using prose) 
 

1. Why does a child, sat in a toy wagon, seem to fall backward when you give the wagon a sharp pull 
forward? 
 
The child has inertia – the property of an object to resist change. As you pull the wagon forward, 
only the feet of the child are pulled forward and the rest of the body wants to stay in place. Hence, 
the child seem to fall backward. 
 
 
 

2. If the acceleration of an object is zero, are no forces acting on it? If only one force acts on the 
object, can the object have zero acceleration? Can it have zero velocity? Explain. 
 
The net force has to be zero if acceleration is zero. This does not mean that there are no forces 
acting on it, just that all forces acting on the object are balanced (cancel each other out). If only one 
force acts on the objects, this is the net force and the object accelerates.  
The velocity can be zero even if the net force (and hence, the acceleration) is not zero. However, this 
velocity has to change in the next instant. 
 
 
 

3. If you walk along a log floating on a lake, why does the log move in the opposite direction? 
 
The log is pushing you forward, but according to N3 you are also pushing the log backwards (in the 
opposite direction) 
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    Topic 2.2c Kinematics Problems 

 
 
Calculation-based Questions 
 

1. Arlene is to walk across a “high-wire” strung horizontally between two buildings 10.0m apart. The 
sag in the rope when she is at the mid-point is 10.0° as shown. If her mass is 50.0kg, what is the 
tension in the rope at this point? 

[2 marks] 

 

 
 

2. A box weighing 77.0N rests on a table. A rope tied to the box runs vertically upward over a pulley 
and a weight is hung from the other end. Determine the force that the table exerts on the box if the 
weight hanging on the other side of the pulley weighs 

a. 30.0N 
b. 60.0N 
c. 90.0N 

[4 marks] 
(Hint: You should sketch a free-body diagram for the general case) 
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mgd

batF
d

mgd

21. (a) Just as the ball is being hit, if we ignore air resistance, there are two  
main forces on the ball – the weight of the ball, and the force of the bat 
on the ball. 

 (b) As the ball flies toward the outfield, the only force on it is its weight, if  
air resistance is ignored. 

 

1F
d

2F
d

FF
dd

+ 21

22. The two forces must be oriented so that the northerly component of the first  
force is exactly equal to the southerly component of the second force.  Thus  
the second force must act southwesterly.  See the diagram. 

 
 
23. Consider the point in the rope directly below Arlene.  That point can 

be analyzed as having three forces on it – Arlene’s weight, the 
tension in the rope towards the right point of connection, and the 
tension in the rope towards the left point of connection.  Assuming 
the rope is massless, those two tensions will be of the same 
magnitude.  Since the point is not accelerating the sum of the forces must be zero.  In particular, 
consider the sum of the vertical forces on that point, with UP as the positive direction. 

10o10o 
mgd

TF
d

TF
d

( )( )
o o

T T

2
3

T o o

sin10.0 sin10.0 0  

50.0 kg 9.80 m s
1.41 10 N

2sin10.0 2sin10.0

F F F mg

mg
F

= + - = ç

= = = ì

ƒ
 

 
24. The net force in each case is found by vector addition with components. 
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 (a) F F  Net x 1 Net y 210.2 N     16.0 NF F= - = - = - = -

( ) ( )2 2 1 o
Net

16.0
10.2 16.0 19.0 N       tan 57.5

10.2
F q - -= - + - = = =

-
 

1F
d

2F
d

netF
d

q 

  The actual angle from the x-axis is then . o237.5

  2 oNet 19.0 N
0.703m s  at 237

27.0 kg
F

a
m

= = =  

 

 (b) F F  o o
Net x 1 Net y 2 1cos30 8.83 N     sin 30 10.9 NF F F= = = - =

( ) ( )2 2 1 o
Net

2 oNet

10.9
8.83 N 10.9 N 14.0 N         tan 51.0

8.83
14.0 N

0.520 m s  at 51.0
27.0 kg

F

F
a

m

q -= + = = =

= = =
 q 

1F
d

2F
d

netF
d

30o 

 
25. We draw free-body diagrams for each bucket.   

mgd

T1F
d

mgdT1F
d

T2F
d (a) Since the buckets are at rest, their acceleration is 0.  Write Newton’s  

2nd law for each bucket, calling UP the positive direction.  

 
( ) ( )

( ) ( )

1 T1

2
T1

2 T2 T1

2
T2 T1

0  

3.2 kg 9.8 m s 31 N

0  

2 2 3.2 kg 9.8 m s 63 N

F F mg

F mg

F F F mg

F F mg mg

= - = ç

= = =

= - - = ç

= + = = =

ƒ

ƒ
  

Top (# 2) Bottom (# 1)
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mgd

AF
d17. (a) There will be two forces on the skydivers – their combined weight, and the  d

upward force of air resistance, AF .  Choose up to be the positive direction.  Write 

Newton’s 2nd law for the skydivers. 

( )
A

2 2

    0.25   

0.75 0.75 9.8 m s 7.4 m s

F F mg ma mg mg ma

a g

= - = ç - = ç

= - = - = -

ƒ
 

  Due to the sign of the result, the direction of the acceleration is down. 
 (b) If they are descending at constant speed, then the net force on them must  

be zero, and so the force of air resistance must be equal to their weight.   

  ( )( )2 3

A 132 kg 9.80 m s 1.29 10 NF mg= = = ì  

 
18. (a) Use Eq. 2-11c to find the speed of the person just before striking the ground.  Take down to be  

the positive direction.  For the person, 0 0v = ,  , and 0 3.9 my y- = 29.8 m s=a . 

( ) ( ) ( )( )2 2 2

0 0 02     2 2 9.8 m s 3.9 m 8.743 8.7 m sv v a y y v a y y- = - ç = - = = =  

 (b) For the deceleration, use Eq. 2-11c to find the average deceleration, choosing down to be  
positive.   

( )
( )

( )

2 2

0 0 0

22
20

8.743m s       0     0.70 m     2   

8.743m s
54.6 m s

2 2 0.70 m

v v y y v v a y

v
a

y

= = - = - = -

--= = = -
D

0y ç
 

  The average force is found from Newton’s 2nd law. 

( )( )2 342 kg 54.6 m s 2.3 10 NF ma= = - = - ì .  

 The negative sign shows that the force is in the negative direction, which is upward. 
 
19. Free body diagrams for the box and the weight are shown below.  The 

tension exerts the same magnitude of force on both objects. 

1m gd 2m gd

TF
d

TF
d

NF
d

(a) If the weight of the hanging weight is less than the weight of the box, 
the objects will not move, and the tension will be the same as the 
weight of the hanging weight.  The acceleration of the box will also 
be zero, and so the sum of the forces on it will be zero.  For the box, 

N T 1 N 1 T 1 20    77.0N 30.0 N 47.0 NF F m g F m g F m g m g+ - = ç = - = - = - =  

(b) The same analysis as for part (a) applies here.   

N 1 2 77.0 N 60.0 N 17.0 NF m g m g= - = - =  

(c) Since the hanging weight has more weight than the box on the table, the box on the table will be  

lifted up off the table, and normal force of the table on the box will be 0 N . 
 

NF
d mgd

mgd

20.   (a) Just before the player leaves the ground on a jump, the forces on the player  
would be his weight and the force of the floor pushing up the player.  If the 
player is jumping straight up, then the force of the floor pushing on the 
player will be straight up – a normal force.  See the first diagram.  In this 
case, while they are touching the floor, NF mg> . 

 

(b) While the player is in the air, the only force on the player is their weight.   
See the second diagram. 
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3. A window washer pulls herself upward using a bucket-pulley system as 
shown. 
a. Sketch a free-body diagram showing the force of gravity and the 

force exerted by the rope (tension). 
b. How hard must she pull downward to raise herself slowly at 

constant speed? 
c. If she increases this force by 15%, what will her acceleration by?  

 
Assume the mass of the person and the bucket is 65kg. 

[4 marks] 

 
 

4. The diagram below shows a block (mass mA) on a smooth horizontal 
surface, connected by a thin cord that passes over a pulley to a 
second block (mB), which hangs vertically. 
 

a. Draw a free-body diagram for each block, showing the force 
of gravity on each, the force (tension) exerted by the cord, 
and any normal force. 

b. Apply Newton’s second law to find formulas for the 
acceleration of the system and for the tension in the cord. 
Ignore friction and the masses of the pulley and cord. 

[3 marks] 

Chapter 4  Dynamics: Newton’s Laws of Motion 

 

have the same mass m and the same acceleration a.  Note that 
T2R T2L 2TF= =F F
d d

 by Newton’s 3rd 

law. 

T1F
d

T2F
d

T2F
d

 
 
 
 

Write a Newton’s 2nd law expression for each car.   

1 1 2 2 2
     T T TF F F ma F F m= - = = =ƒ ƒ a  

 Substitute the expression for  ma  from the second expression into the first one. 

1 2 2 T1 T2 T1 T2
    2     2T T TF F ma F F F F F- = = ç = ç =  

 This can also be discussed in the sense that the tension between the locomotive and the first car is  
pulling 2 cars, while the tension between the cars is only pulling one car. 

 

29. The window washer pulls down on the rope with her hands with a tension force
T

F , 

so the rope pulls up on her hands with a tension force
T

F .  The tension in the rope is 

also applied at the other end of the rope, where it attaches to the bucket.  Thus there 

is another force 
T

F  pulling up on the bucket.  The bucket-washer combination thus 

has a net force of 
T

2F  upwards.  See the adjacent free-body diagram, showing only 

forces on the bucket-washer combination, not forces exerted by the combination 
(the pull down on the rope by the person) or internal forces (normal force of bucket 
on person). 

mgd

TF
d

TF
d

(a) Write Newton’s 2nd law in the vertical direction, with up as positive.  The net  
force must be zero if the bucket and washer have a constant speed. 

( )( )
T T T

2

T

0  2  

65 kg 9.8 m s
320 N

2 2

F F F mg F mg

mg
F

= + - = ç = ç

= = =

ƒ
 

(b) Now the force is increased by 15%, so ( )T
320 N 1.15 368 NF = = .  Again write Newton’s 2nd  

law, but with a non-zero acceleration. 

( ) ( )( )
T T

2

2T

  

2 368 N 65 kg 9.80 m s2
1.5m s

65 kg

F F F mg ma

F mg
a

m

= + - = ç

--= = =

ƒ
 

 
30. Since the sprinter exerts a force of 720 N on the ground at an angle  

mgd

NF
d

PF
d

22o 

of 22o below the horizontal, by Newton’s 3rd law the ground will exert a force 
of 720 N on the sprinter at an angle of 22o above the horizontal.  A free-body 
diagram for the sprinter is shown. 

 

 (a) The horizontal acceleration will be found from the net  
horizontal force. Using Newton’s 2nd law, we have the following. 

( ) oo

o P

P

2 1

720 N cos 22cos 22
cos 22     

65 kg

                                                    10.27 m s 1.0 10 m s

x x x

F
F F ma a

m
= = ç = =

= ö ì

ƒ
2
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(b)  Eq. 2-11a is used to find the final speed.  The starting speed is 0.       

( )( )2

0
    0 10.27 m s 0.32 s 3.286 m s 3.3m sv v at v at= + ç = + = = ö  

 

31. (a) See the free-body diagrams included. 
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 (b)  For block 1, since there is no motion in the vertical direction,  

we have 
N1 1

F m g= .  We write Newton’s 2
nd

 law for the x 

direction:  
1 T 1 1x xm a= =

ƒ
F Fƒ .  For block 2, we only need to 

consider vertical forces:  .  Since the 

two blocks are connected, the magnitudes of their accelerations 

will be the same, and so let  a a

2 2 T 2y yF m g F m a= - =

1 2x y a

2

= = .  Combine the two force 

equations from above, and solve for a by substitution. 

y 

N1
F
d

2
m gd

T
F
d

1
m gd

T
F
d

 x 

T 1 2 T 2 2 1 2

2 1

1 2 2 T 1

1 2 1 2

             

         

F m a m g F m a m g m a m a

m m
m a m a m g a g F m a g

m m m m

= - = ç - = ç

+ = ç = = =
+ +

2
m  

 

32. Consider a free-body diagram of the dice.  The car is moving to the right.  The 

acceleration of the dice is found from Eq. 2-11a. 

20

0

28 m s 0
      4.67 m s

6.0 s
x x

v v
v v a t a

t
- -= + = ç = = =  

Now write Newton’s 2
nd

 law for both the vertical (y) and horizontal (x) directions. 

T T T
cos 0          sin

cos
y x x

mg
F F mg F F Fq q

q
= - = ç = = =ƒ ƒ ma  

mgd

T
F
d

q 

Substitute the expression for the tension from the y equation into the x equation. 

T

2

1 1 o

2

sin sin tan     tan
cos

4.67 m s
tan tan 25

9.8 m s

x x

x

mg
ma F mg a g

a
g

q q q
q

q - -

= = = ç =

= = =

q
 

 

33. (a) In the free-body diagrams below, 
12
F
d

 = force on block 1 exerted by block 2, F  = force on  
21

d

block 2 exerted by block 1,  = force on block 2 exerted by block 3, and F  = force on block 

3 exerted by block 2.  The magnitudes of 

23
F
d

32

d

21
F
d

 and F
12

d
 are equal, and the magnitudes of F

23

d
 and 

 of the vertical forces on each blo

32
F
d

 are equal, by Newton’s 3  law. 

 

(b) All ck add up to zero, since there is no acceleration in the  

vertical direction.  Thus for each block, 

rd

 

1
m gd

N1
F
d

F
d

1 2
F
d

2
m gd

N2
F
d

2 1
F
d

2 3
F
d

3
m gd

N3
F
d

3 2
F
d

NF mg= .  For the horizontal direction, we have  
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    Topic 2.3a Work and Energy 

 
 
Conceptual Questions 
(These questions are not in an IB style but instead designed to check your understanding of the concept of this topic. You should 

try your best to appropriately communicate your answer using prose) 
 

1. You have two springs that are identical except that spring 1 is stiffer than spring 2 (k1 > k2). On 
which spring is more work done if (a) they are stretched using the same force, (b) stretched the 
same distance? 

 
 

2. When a rubber bouncy-ball is dropped, can it rebound to a height greater than its original height? 
Explain. 

 
 

3. Why is it easier to climb a mountain via a zigzag trail than to climb straight up? 

 
 

4. Water balloons are tossed from the roof of a building, all with the 
same speed but with different launch angles. Which one has the 
highest speed on impact? Ignore air resistance. 
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CHAPTER 6:  Work and Energy  

Answers to Questions  

1. Some types of physical labor, particularly if it involves lifting objects, such as shoveling dirt or 
carrying shingles up to a roof, are “work” in the physics sense of the word.  Or, pushing a lawn 
mower would be work corresponding to the physics definition.  When we use the word “work” for 
employment, such as “go to work” or “school work”, there is often no sense of physical labor or of 
moving something through a distance by a force.  

2. Since “centripetal” means “pointing to the center of curvature”, then a centripetal force will not do 
work on an object, because if an object is moving in a curved path, by definition the direction 
towards the center of curvature is always perpendicular to the direction of motion.  For a force to do 
work, the force must have a component in the direction of displacement.  So the centripetal force 
does no work.  

3. The normal force can do work on an object if the normal force has a component in the direction of 
displacement of an object.  If someone were to jump up in the air, then the floor pushing upward on 
the person (the normal force) would do positive work and increase the person’s kinetic energy.  
Likewise when they hit the floor coming back down, the force of the floor pushing upwards (the 
normal force) would do negative work and decrease the person’s kinetic energy.  

4. The woman does work by moving the water with her hands and feet, because she must exert a force 
to move the water some distance.  As she stops swimming and begins to float in the current, the 
current does work on her because she gains kinetic energy.  Once she is floating the same speed as 
the water, her kinetic energy does not change, and so no net work is being done on her.  

5. The kinetic force of friction opposes the relative motion between two objects.  As in the example 
suggested, as the tablecloth is pulled from under the dishes, the relative motion is for the dishes to be 
left behind as the tablecloth is pulled, and so the kinetic friction opposes that and moves the dishes in 
the same direction as the tablecloth.  This is a force that is in the direction of displacement, and so 
positive work is done.  Also note that the cloth is moving faster than the dishes in this case, so that 
the friction is kinetic, not static.  

6. While it is true that no work is being done on the wall by you, there is work being done inside your 
arm muscles.  Exerting a force via a muscle causes small continual motions in your muscles, which 
is work, and which causes you to tire.  An example of this is holding a heavy load at arm’s length.  
While at first you may hold the load steady, after a time your arm will begin to shake, which 
indicates the motion of muscles in your arm.  

7. (a) In this case, the same force is applied to both springs.  Spring 1 will stretch less, and so more  
work is done on spring 2. 

(b) In this case, both springs are stretched the same distance.  It takes more force to stretch spring 1,  
and so more work is done on spring 1.  

8. At point C the block’s speed will be less than 2 Bv .  The same amount of work was done on the 
block in going from A to B as from B to C since the force and the displacement are the same for each 
segment.  Thus the change in kinetic energy will be the same for each segment.  From A to B, the 
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21. The superball cannot rebound to a height greater than its original height when dropped.  If it did, it 
would violate conservation of energy.  When a ball collides with the floor, the KE of the ball is 
converted into elastic PE by deforming the ball, much like compressing a spring.  Then as the ball 
springs back to its original shape, that elastic PE is converted to back to KE.  But that process is 
“lossy” – not all of the elastic PE gets converted back to KE.  Some of the PE is lost, primarily to 
friction.  The superball rebounds higher than many other balls because it is less “lossy” in its 
rebound than many other materials.  

22. The work done to lift the suitcase is equal to the change in PE of the suitcase, which is the weight of 
the suitcase times the change in height (the height of the table).  
(a) Work does NOT depend on the path, as long as there are no non-conservative forces doing  

work.  
(b) Work does NOT depend on the time taken.  
(c) Work DOES depend on the height of the table – the higher the table, the more work it takes to  

lift the suitcase. 
(d) Work DOES depend on the weight of the suitcase – the more the suitcase weighs, the more  

work it takes to lift the suitcase.  

23. The power needed to lift the suitcase is the work required to lift the suitcase, divided by the time that 
it takes. 
(a) Since work does NOT depend on the path, the power will not depend on the path either,  

assuming the time is the same for all paths. 
(b) The power DOES depend on the time taken.  The more time taken, the lower the power needed. 
(c) The power needed DOES depend on the height of the table.  A higher table requires more work 

to lift the suitcase.  If we assume that the time to lift the suitcase is the same in both cases, then 
to lift to the higher table takes more power. 

 (d) The power DOES depend on the weight of the suitcase.  A heavier suitcase requires more force 
to lift, and so requires more work.  Thus the heavier the suitcase, the more power is needed to 
lift it (in the same amount of time).  

24. The climber does the same amount of work whether climbing straight up or via a zig-zag path, 
ignoring dissipative forces.  But if a longer zig-zag path is taken, it takes more time to do the work, 
and so the power output needed from the climber is less.  That will make the climb easier.  It is easier 
for the human body to generate a small amount of power for long periods of time rather than to 
generate a large power for a small period of time.  

25. Assuming that there are no dissipative forces to consider, for every meter that the load is raised, two 
meters of rope must be pulled up.  This is due to the rope passing over the bottom pulley.  The work 
done by the person pulling must be equal to the work done on the piano.  Since the force on the 
piano is twice that exerted by the person pulling, and since work is force times distance, the person 
must exert their smaller force over twice the distance that the larger pulley force moves the piano.   

Solutions to Problems  

1. The force and the displacement are both downwards, so the angle between them is 0o.   
2 o 3

G cos 265 kg 9.80 m s 2.80 m cos 0 7.27 10 JW mgd
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21. The superball cannot rebound to a height greater than its original height when dropped.  If it did, it 
would violate conservation of energy.  When a ball collides with the floor, the KE of the ball is 
converted into elastic PE by deforming the ball, much like compressing a spring.  Then as the ball 
springs back to its original shape, that elastic PE is converted to back to KE.  But that process is 
“lossy” – not all of the elastic PE gets converted back to KE.  Some of the PE is lost, primarily to 
friction.  The superball rebounds higher than many other balls because it is less “lossy” in its 
rebound than many other materials.  

22. The work done to lift the suitcase is equal to the change in PE of the suitcase, which is the weight of 
the suitcase times the change in height (the height of the table).  
(a) Work does NOT depend on the path, as long as there are no non-conservative forces doing  

work.  
(b) Work does NOT depend on the time taken.  
(c) Work DOES depend on the height of the table – the higher the table, the more work it takes to  

lift the suitcase. 
(d) Work DOES depend on the weight of the suitcase – the more the suitcase weighs, the more  

work it takes to lift the suitcase.  

23. The power needed to lift the suitcase is the work required to lift the suitcase, divided by the time that 
it takes. 
(a) Since work does NOT depend on the path, the power will not depend on the path either,  

assuming the time is the same for all paths. 
(b) The power DOES depend on the time taken.  The more time taken, the lower the power needed. 
(c) The power needed DOES depend on the height of the table.  A higher table requires more work 

to lift the suitcase.  If we assume that the time to lift the suitcase is the same in both cases, then 
to lift to the higher table takes more power. 

 (d) The power DOES depend on the weight of the suitcase.  A heavier suitcase requires more force 
to lift, and so requires more work.  Thus the heavier the suitcase, the more power is needed to 
lift it (in the same amount of time).  

24. The climber does the same amount of work whether climbing straight up or via a zig-zag path, 
ignoring dissipative forces.  But if a longer zig-zag path is taken, it takes more time to do the work, 
and so the power output needed from the climber is less.  That will make the climb easier.  It is easier 
for the human body to generate a small amount of power for long periods of time rather than to 
generate a large power for a small period of time.  

25. Assuming that there are no dissipative forces to consider, for every meter that the load is raised, two 
meters of rope must be pulled up.  This is due to the rope passing over the bottom pulley.  The work 
done by the person pulling must be equal to the work done on the piano.  Since the force on the 
piano is twice that exerted by the person pulling, and since work is force times distance, the person 
must exert their smaller force over twice the distance that the larger pulley force moves the piano.   

Solutions to Problems  

1. The force and the displacement are both downwards, so the angle between them is 0o.   
2 o 3

G cos 265 kg 9.80 m s 2.80 m cos 0 7.27 10 JW mgd

   

Since each balloon has the same initial kinetic energy, and each 
balloon undergoes the same overall change in gravitational PE, each 
balloon will have the same kinetic energy at the ground, and so each 
one has the same speed at impact. 
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    Topic 2.3b Work done by a constant force 

 
 
Calculation-based Questions 
 

1. How much work is done by the gravitational force when a 256kg pile driver falls 2.80m? 
[1 mark] 

 
 

2. A 1300-N crate rests on the floor. How much work is required to move it at a constant speed… 
a. 4.0m along the floor against a friction force of 230N, and 
b. 4.0m vertically? 

[2 mark] 

 
 

3. A box of mass 5.0kg is accelerated from rest across a floor at a rate of 2.0m/s2 for 7.0s. Find the net 
work done on the box. 

[2 marks] 
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21. The superball cannot rebound to a height greater than its original height when dropped.  If it did, it 
would violate conservation of energy.  When a ball collides with the floor, the KE of the ball is 
converted into elastic PE by deforming the ball, much like compressing a spring.  Then as the ball 
springs back to its original shape, that elastic PE is converted to back to KE.  But that process is 
“lossy” – not all of the elastic PE gets converted back to KE.  Some of the PE is lost, primarily to 
friction.  The superball rebounds higher than many other balls because it is less “lossy” in its 
rebound than many other materials.  

22. The work done to lift the suitcase is equal to the change in PE of the suitcase, which is the weight of 
the suitcase times the change in height (the height of the table).  
(a) Work does NOT depend on the path, as long as there are no non-conservative forces doing  

work.  
(b) Work does NOT depend on the time taken.  
(c) Work DOES depend on the height of the table – the higher the table, the more work it takes to  

lift the suitcase. 
(d) Work DOES depend on the weight of the suitcase – the more the suitcase weighs, the more  

work it takes to lift the suitcase.  

23. The power needed to lift the suitcase is the work required to lift the suitcase, divided by the time that 
it takes. 
(a) Since work does NOT depend on the path, the power will not depend on the path either,  

assuming the time is the same for all paths. 
(b) The power DOES depend on the time taken.  The more time taken, the lower the power needed. 
(c) The power needed DOES depend on the height of the table.  A higher table requires more work 

to lift the suitcase.  If we assume that the time to lift the suitcase is the same in both cases, then 
to lift to the higher table takes more power. 

 (d) The power DOES depend on the weight of the suitcase.  A heavier suitcase requires more force 
to lift, and so requires more work.  Thus the heavier the suitcase, the more power is needed to 
lift it (in the same amount of time).  

24. The climber does the same amount of work whether climbing straight up or via a zig-zag path, 
ignoring dissipative forces.  But if a longer zig-zag path is taken, it takes more time to do the work, 
and so the power output needed from the climber is less.  That will make the climb easier.  It is easier 
for the human body to generate a small amount of power for long periods of time rather than to 
generate a large power for a small period of time.  

25. Assuming that there are no dissipative forces to consider, for every meter that the load is raised, two 
meters of rope must be pulled up.  This is due to the rope passing over the bottom pulley.  The work 
done by the person pulling must be equal to the work done on the piano.  Since the force on the 
piano is twice that exerted by the person pulling, and since work is force times distance, the person 
must exert their smaller force over twice the distance that the larger pulley force moves the piano.   

Solutions to Problems  

1. The force and the displacement are both downwards, so the angle between them is 0o.   
2 o 3

G cos 265 kg 9.80 m s 2.80 m cos 0 7.27 10 JW mgd
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2. The minimum force required to lift the firefighter is equal to his weight.  The force and the 
displacement are both upwards, so the angle between them is 0o. 

2 o 4
climb climb cos cos 65.0 kg 9.80 m s 20.0m cos 0 1.27 10 JW F d mgd

  
3. (a) See the free-body diagram for the crate as it is being pulled.  Since the  

crate is not accelerating horizontally, P fr 230 NF F .  The work done to 
move it across the floor is the work done by the pulling force.  The angle 
between the pulling force and the direction of motion is 0o.     

o 2
P P cos 0 230 N 4.0 m 1 9.2 10 JW F d

  

(b) See the free-body diagram for the crate as it is being lifted.  Since the crate is not 
accelerating vertically, the pulling force is the same magnitude as the weight.  The 
angle between the pulling force and the direction of motion is 0o.   

o 3
P P cos 0 1300 N 4.0 m 5.2 10 JW F d mgd

   

4. Draw a free-body diagram for the crate as it is being pushed across the floor.   
Since it is not accelerating vertically, NF mg .   Since it is not accelerating 
horizontally, P fr Nk kF F F mg .  The work done to move it across the 
floor is the work done by the pushing force.  The angle between the pushing 
force and the direction of motion is 0o.     

o 2
push push

3

cos 0 1 0.50 160 kg 9.80 m s 10.3 m

       

8.1 10 J

kW F d mgd

  

5. Since the acceleration of the box is constant, use Eq. 2-11b to find the distance moved.  Assume that 
the box starts from rest. 

22 21 1
0 0 2 20 2.0 m s 7 s 49 mx x x v t at

 

Then the work done in moving the crate is  
o 2 2cos 0 5 kg 2.0 m s 49 m 4.9 10 JW F x ma x

  

6. The first book is already in position, so no work is required to position it.  The second book must be 
moved upwards by a distance d, by a force equal to its weight, mg.  The force and the displacement 
are in the same direction, so the work is mgd.  The third book will need to be moved a distance of 2d 
by the same size force, so the work is 2mgd,   This continues through all seven books, with each 
needing to be raised by an additional amount of d by a force of mg.  The total work done is  

2 3 4 5 6 7W mgd mgd mgd mgd mgd mgd mgd

 

2 1

   

28 28 1.7 kg 9.8m s 0.043 m 2.0 10 Jmgd .      

mg
NF

PFfrF

x

mg

PFy

mg
NF

PF

frF

x
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2. The minimum force required to lift the firefighter is equal to his weight.  The force and the 
displacement are both upwards, so the angle between them is 0o. 

2 o 4
climb climb cos cos 65.0 kg 9.80 m s 20.0m cos 0 1.27 10 JW F d mgd

  
3. (a) See the free-body diagram for the crate as it is being pulled.  Since the  

crate is not accelerating horizontally, P fr 230 NF F .  The work done to 
move it across the floor is the work done by the pulling force.  The angle 
between the pulling force and the direction of motion is 0o.     

o 2
P P cos 0 230 N 4.0 m 1 9.2 10 JW F d

  

(b) See the free-body diagram for the crate as it is being lifted.  Since the crate is not 
accelerating vertically, the pulling force is the same magnitude as the weight.  The 
angle between the pulling force and the direction of motion is 0o.   

o 3
P P cos 0 1300 N 4.0 m 5.2 10 JW F d mgd

   

4. Draw a free-body diagram for the crate as it is being pushed across the floor.   
Since it is not accelerating vertically, NF mg .   Since it is not accelerating 
horizontally, P fr Nk kF F F mg .  The work done to move it across the 
floor is the work done by the pushing force.  The angle between the pushing 
force and the direction of motion is 0o.     

o 2
push push

3

cos 0 1 0.50 160 kg 9.80 m s 10.3 m

       

8.1 10 J

kW F d mgd

  

5. Since the acceleration of the box is constant, use Eq. 2-11b to find the distance moved.  Assume that 
the box starts from rest. 

22 21 1
0 0 2 20 2.0 m s 7 s 49 mx x x v t at

 

Then the work done in moving the crate is  
o 2 2cos 0 5 kg 2.0 m s 49 m 4.9 10 JW F x ma x

  

6. The first book is already in position, so no work is required to position it.  The second book must be 
moved upwards by a distance d, by a force equal to its weight, mg.  The force and the displacement 
are in the same direction, so the work is mgd.  The third book will need to be moved a distance of 2d 
by the same size force, so the work is 2mgd,   This continues through all seven books, with each 
needing to be raised by an additional amount of d by a force of mg.  The total work done is  

2 3 4 5 6 7W mgd mgd mgd mgd mgd mgd mgd

 

2 1

   

28 28 1.7 kg 9.8m s 0.043 m 2.0 10 Jmgd .      

mg
NF

PFfrF

x

mg

PFy

mg
NF

PF

frF

x

44



 
 

4. A 330-kg piano slides 3.6m down a 28° incline and is kept 
from accelerating by a man who is pushing back on it 
parallel to the incline. The effective coefficient of friction 
μ is 0.40 and the force due to friction can be calculated 
by F = μN where is the normal force. 
Calculate: 

a. the force exerted by the man. 
b. the work done by the man on the piano. 
c. the work done by the friction force. 
d. the work done by the force of gravity. 
e. the net work done on the piano. 

 [10 marks] 
 

(Hint: Draw the free-body diagram. You will need to resolve forces parallel and perpendicular to the 
incline.) 
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7. Consider the diagram shown.  If we assume that the man pushes 
straight down on the end of the lever, then the work done by the 
man (the “input” work) is given by I I IW F h .  The object moves a 
shorter distance, as seen from the diagram, and so O O OW F h .  
Equate the two amounts of work.  

O I
O O I I

I O

   
F h

F h F h
F h

  
But by similar triangles, we see that I I

O O

h l
h l

, and so O I

I O

F l
F l

.  

8. The piano is moving with a constant velocity down the plane.  PF  is the  
force of the man pushing on the piano.  
(a) Write Newton’s 2nd law on each direction for the piano, with an  

acceleration of 0. 

N N

P fr

P fr

2 o o 2

cos 0    cos

sin 0  

sin sin cos

    

330 kg 9.80 m s sin 28 0.40cos 28 3.8 10 N

y

x

k

F F mg F mg

F mg F F

F mg F mg

 

(b) The work done by the man is the work done by PF .  The angle between PF  and the direction of  
motion is 180o. 

o 3
P P cos180 380 N 3.6 m 1.4 10 JW F d . 

(c) The angle between frF  and the direction of motion is 180o.   
o 2 o

fr fr

3

cos180 cos 0.40 330 kg 9.8 m s 3.6 m cos 28

    

4.1 10 J

kW F d mgd
. 

(d) The angle between the force of gravity and the direction of motion is 62o.  So the work done by  
gravity is  

o o 2 o 3cos 62 cos 62 330 kg 9.8 m s 3.6 m cos 62 5.5 10 JG GW F d mgd .  
(e) Since the piano is unaccelerated, the net force on the piano is 0, and so the net work done on the  

piano is also 0.  This can also be seen by adding the three work amounts calculated.  

Net P fr G 1400 J 4100 J 5500 J 0 JW W W W

  

9. (a) Write Newton’s 2nd law for the vertical direction, with up as positive. 

L L0.10    1.10yF F Mg Ma M g F Mg

 

(b) The lifting force and the displacement are in the same direction, so the work 
done by the lifting force in lifting the helicopter a vertical distance h is  

o
L L cos 0 1.10W F h Mgh .   

OF

IF

Il

Ol

Ih

Oh

y

 

x

 

mg

frF

PF

NF

LF

M g

45



 
    Topic 2.3c Mechanical Energy  

 
 
Calculation-based Questions 
 

1. If the KE of an arrow is doubled, by what factor has its speed increased? If its speed is doubled, by 
what factor does its KE increase? 

[2 marks] 

 
 

2. How much work must be done to stop a 1250-kg car travelling at 105km/h? 
[2 marks] 

 
 

3. A spring has a stiffness constant of, k, of 440N/m. How much must this spring be stretched to store 
25J of potential energy? 

[1 mark] 

 
 

4. By how much does the gravitational potential energy of a 64kg pole-vaulter change if his centre of 
mass rises about 4.0m during the jump? 

[1 mark] 

 
 

5. A sled is initially given a shove up a frictionless 28.0° incline. It reaches a maximum vertical height 
of 1.35m higher than where it started. What was the initial speed? 

[2 marks] 
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14. See the graph of force vs. distance.  The work done is 
the area under the graph.  It can be found from the 
formula for a trapezoid.   

1
2 13.0 m 5.0 m 24.0 N 216 JW

      

15. Find the velocity from the kinetic energy, using Eq. 6-3. 
21

21
2 26

2 6.21 10 J2

    

484 m s
5.31 10

KE
KE mv v

m

  

16. (a) Since 21
2KE mv , then 2v KE m  and so v KE .  Thus if the kinetic energy is  

doubled, the speed will be multiplied by a factor of 2 .  

(b) Since 21
2KE mv , then 2KE v .  Thus if the speed is doubled, the kinetic energy will be  

multiplied by a factor of 4 .  

17.  The work done on the electron is equal to the change in its kinetic energy.  
22 2 31 6 181 1 1

2 12 2 20 9.11 10 kg 1.90 10 m s 1.64 10 JW KE mv mv

  

18.  The work done on the car is equal to the change in its kinetic energy, and so  
2

2 2 51 1 1
2 12 2 2

1m s
0 1250 kg 105 km h 5.32 10 J

3.6 km h
W KE mv mv

  

19. The force exerted by the bow on the arrow is in the same direction as the displacement of the arrow.  
Thus ocos 0 110 N 0.78 m 85.8 JW Fd Fd .  But that work changes the KE of the 
arrow, by the work-energy theorem.  Thus  

2 2 21 1
2 1 2 1 2 12 2

2 85.8 J2

    

0 44 m s
0.088 kg

Fd
Fd W KE KE mv mv v v

m

  

20. The work done by the ball on the glove will be the opposite of the work done by the glove on the  
ball.  The work done on the ball is equal to the change in the kinetic energy of the ball. 

22 21 1 1
on ball 2 1 2 12 2 2ball

0 0.140 kg 32 m s 72 JW KE KE mv mv

 

So on glove 72 JW .  But o
on glove on glove cos 0W F d , because the force on the glove is in the same 

direction as the motion of the glove.   
2

on glove on glove

72 J
72 J 0.25 m    2.9 10 N

0.25 m
F F .    

0

5

10

15

20

25

0 2 4 6 8 10 12 14
x (m)

Fx
 (N

)
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14. See the graph of force vs. distance.  The work done is 
the area under the graph.  It can be found from the 
formula for a trapezoid.   

1
2 13.0 m 5.0 m 24.0 N 216 JW

      

15. Find the velocity from the kinetic energy, using Eq. 6-3. 
21

21
2 26

2 6.21 10 J2

    

484 m s
5.31 10

KE
KE mv v

m

  

16. (a) Since 21
2KE mv , then 2v KE m  and so v KE .  Thus if the kinetic energy is  

doubled, the speed will be multiplied by a factor of 2 .  

(b) Since 21
2KE mv , then 2KE v .  Thus if the speed is doubled, the kinetic energy will be  

multiplied by a factor of 4 .  

17.  The work done on the electron is equal to the change in its kinetic energy.  
22 2 31 6 181 1 1

2 12 2 20 9.11 10 kg 1.90 10 m s 1.64 10 JW KE mv mv

  

18.  The work done on the car is equal to the change in its kinetic energy, and so  
2

2 2 51 1 1
2 12 2 2

1m s
0 1250 kg 105 km h 5.32 10 J

3.6 km h
W KE mv mv

  

19. The force exerted by the bow on the arrow is in the same direction as the displacement of the arrow.  
Thus ocos 0 110 N 0.78 m 85.8 JW Fd Fd .  But that work changes the KE of the 
arrow, by the work-energy theorem.  Thus  

2 2 21 1
2 1 2 1 2 12 2

2 85.8 J2

    

0 44 m s
0.088 kg

Fd
Fd W KE KE mv mv v v

m

  

20. The work done by the ball on the glove will be the opposite of the work done by the glove on the  
ball.  The work done on the ball is equal to the change in the kinetic energy of the ball. 

22 21 1 1
on ball 2 1 2 12 2 2ball

0 0.140 kg 32 m s 72 JW KE KE mv mv

 

So on glove 72 JW .  But o
on glove on glove cos 0W F d , because the force on the glove is in the same 

direction as the motion of the glove.   
2

on glove on glove

72 J
72 J 0.25 m    2.9 10 N

0.25 m
F F .    

0

5
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20

25
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)
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G
2

80.0 J
4.41 m

1.85 kg 9.80 m s
W

d
mg

  
25. (a) From the free-body diagram for the load being lifted, write Newton’s 2nd law for  

the vertical direction, with up being positive. 

T

2 3
T

0.160  

1.16 1.16 285 kg 9.80 m s 3.24 10 N

F F mg ma mg

F mg

 
(b)   The net work done on the load is found from the net force.  

o 2
net net

3

cos 0 0.160 0.160 285 kg 9.80 m s 22.0 m

      

9.83 10 J

W F d mg d

 

(c) The work done by the cable on the load is  
o 2 4

cable T cos 0 1.160 1.16 285 kg 9.80 m s 22.0 m 7.13 10 JW F d mg d

 

(d) The work done by gravity on the load is 
o 2 4

G cos180 285 kg 9.80 m s 22.0 m 6.14 10 JW mgd mgd

  

(e) Use the work-energy theory to find the final speed, with an initial speed of 0. 
2 21 1

net 2 1 2 12 2

3
2

2 1

  

2 9.83 10 J2
0 8.31m s

285 kg
net

W KE KE mv mv

W
v v

m

  

26. The elastic PE is given by 21
elastic 2PE kx  where x is the distance of stretching or compressing of the 

spring from its natural length. 

elastic 2 25 J2
0.34 m

440 N m
PE

x
k

  

27.   Subtract the initial gravitational PE from the final gravitational PE. 
2

G 2 1 2 1 7.0 kg 9.8 m s 1.2 m 82 JPE mgy mgy mg y y

  

28. Subtract the initial gravitational PE from the final gravitational PE. 
2 3

grav 2 1 2 1 64 kg 9.8 m s 4.0 m 2.5 10 JPE mgy mgy mg y y

  

29. Assume that all of the kinetic energy of the car becomes PE of the compressed spring. 
2

2
2 2 41 1

2 2 22

1m s
1200 kg 65 km h

3.6 km h

    

8.1 10 N m
2.2 m

mv
mv kx k

x

  

30. (a) Relative to the ground, the PE is given by     
2

G book ground 2.10 kg 9.80 m s 2.20 m 45.3 JPE mg y y

  
TF

mg
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G
2

80.0 J
4.41 m

1.85 kg 9.80 m s
W

d
mg

  
25. (a) From the free-body diagram for the load being lifted, write Newton’s 2nd law for  

the vertical direction, with up being positive. 

T

2 3
T

0.160  

1.16 1.16 285 kg 9.80 m s 3.24 10 N

F F mg ma mg

F mg

 
(b)   The net work done on the load is found from the net force.  

o 2
net net

3

cos 0 0.160 0.160 285 kg 9.80 m s 22.0 m

      

9.83 10 J

W F d mg d

 

(c) The work done by the cable on the load is  
o 2 4

cable T cos 0 1.160 1.16 285 kg 9.80 m s 22.0 m 7.13 10 JW F d mg d

 

(d) The work done by gravity on the load is 
o 2 4

G cos180 285 kg 9.80 m s 22.0 m 6.14 10 JW mgd mgd

  

(e) Use the work-energy theory to find the final speed, with an initial speed of 0. 
2 21 1

net 2 1 2 12 2

3
2

2 1

  

2 9.83 10 J2
0 8.31m s

285 kg
net

W KE KE mv mv

W
v v

m

  

26. The elastic PE is given by 21
elastic 2PE kx  where x is the distance of stretching or compressing of the 

spring from its natural length. 

elastic 2 25 J2
0.34 m

440 N m
PE

x
k

  

27.   Subtract the initial gravitational PE from the final gravitational PE. 
2

G 2 1 2 1 7.0 kg 9.8 m s 1.2 m 82 JPE mgy mgy mg y y

  

28. Subtract the initial gravitational PE from the final gravitational PE. 
2 3

grav 2 1 2 1 64 kg 9.8 m s 4.0 m 2.5 10 JPE mgy mgy mg y y

  

29. Assume that all of the kinetic energy of the car becomes PE of the compressed spring. 
2

2
2 2 41 1

2 2 22

1m s
1200 kg 65 km h

3.6 km h

    

8.1 10 N m
2.2 m

mv
mv kx k

x

  

30. (a) Relative to the ground, the PE is given by     
2

G book ground 2.10 kg 9.80 m s 2.20 m 45.3 JPE mg y y

  
TF

mg

46



 
 
 
 
 

6. Two railroad cars, each of mass 7650kg and traveling 95km/h in opposite directions, collide head-
on and come to rest. How much thermal energy is produced in this collision? 

[2 marks] 

 
 

7. You drop a ball from a height of 2.0m, and it bounces back to a height of 1.5m. 
a. What fraction of its initial energy is lost during the bounce? 
b. What is the ball’s speed just as it leaves the ground after the bounce? 
c. Where did the energy go? 

[5 marks] 

 
 

8. How long will it take a 1750-W motor to lift a 315kg piano to a sixth-story window 16.0m above? 
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2
2 12 2 9.80 m s 185 m 60.2 m s 135 mi hv gy

  
35. The forces on the sled are gravity and the normal force.  The normal force is 

perpendicular to the direction of motion, and so does no work.  Thus the sled’s 
mechanical energy is conserved.  Subscript 1 represents the sled at the bottom 
of the hill, and subscript 2 represents the sled at the top of the hill.  The ground 
is the zero location for PE 0y .  We have 1 0y , 2 0v , and 2 1.35 my .  
Solve for v1, the speed at the bottom. 

2 2 21 1 1
1 1 2 2 1 22 2 2

2
1 2

    
0 0  

2 2 9.80 m s 1.35 m 5.14 m s

mv mgy mv mgy mv mgy

v gy

  

Notice that the angle is not used in the calculation.  

36. We assume that all the forces on the jumper are conservative, so that the mechanical energy of the 
jumper is conserved.  Subscript 1 represents the jumper at the bottom of the jump, and subscript 2 
represents the jumper at the top of the jump.  Call the ground the zero location for PE 0y .  We 

have 1 0y , 2 0.70 m sv , and 2 2.10 my .  Solve for v1, the speed at the bottom. 
2 2 2 21 1 1 1
1 1 2 2 1 2 22 2 2 2

22 2
1 2 2    

0  

2 0.70 m s 2 9.80 m s 2.10 m 6.45 m s

mv mgy mv mgy mv mv mgy

v v gy

  

37. (a) Since there are no dissipative forces present, the mechanical energy of the person – trampoline –  
Earth combination will be conserved.  The level of the unstretched trampoline is the zero level 
for both the elastic and gravitational PE.  Call up the positive direction.  Subscript 1 represents 
the jumper at the top of the jump, and subscript 2 represents the jumper upon arriving at the 
trampoline.  There is no elastic PE involved in this part of the problem.  We have 1 5.0 m sv , 

1 3.0 my , and 2 0y .  Solve for v2, the speed upon arriving at the trampoline. 
2 2 2 21 1 1 1

1 2 1 1 2 2 1 1 22 2 2 2

22 2
2 1 1        

0  

2 5.0 m s 2 9.8 m s 3.0 m 9.154 m s 9.2 m s

E E mv mgy mv mgy mv mgy mv

v v gy

 

The speed is the absolute value of 2v . 
(b) Now let subscript 3 represent the jumper at the maximum stretch of the trampoline.  We have 

2 9.154 m sv , 2 0y , 2 0x , 3 0v , and 3 3x y .  There is no elastic energy at position 2, 
but there is elastic energy at position 3.  Also, the gravitational PE at position 3 is negative, and 
so 3 0y .  A quadratic relationship results from the conservation of energy condition. 

2 2 2 21 1 1 1
2 3 2 2 2 3 3 32 2 2 2

2 2 2 21 1 1 1
2 3 3 3 3 22 2 2 2

2 2 21 1 2 2 2
22 2 2

3 1
2      

0 0 0    0  

4

2

E E mv mgy kx mv mgy kx

mv mgy ky ky mgy mv

mg m g k mv mg m g kmv
y

k k

 

22 22 2 4

4

65 kg 9.8m s 65 kg 9.8m s 6.2 10 N m 65 kg 9.154 m s
    

6.2 10 N m

 
mg

NF
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(b) The work done by the force on the pedals in one revolution is equal to the tangential force times  
the circumference of the circular path of the pedals.  That work is also equal to the energy 
change of the bicycle during that revolution.  Note that a vertical rise on the incline is related to 
the distance along the incline by rise distance sin . 

pedal tan 1 rev 1 rev1 rev
force

2 o
21 rev

tan

2 sin  

75 kg 9.8 m s 5.1 m sin 7.8sin
4.5 10 N

2 2 0.18 m

W F r PE mg y mgd

mgd
F

r

  

47. Use conservation of energy, where all of the kinetic energy is transformed to thermal energy. 
2

2 61 1
initial final thermal2 2

0.238m s

    

2 7650 kg 95km h 5.3 10 J
1km h

E E mv E

  

48. Apply the conservation of energy to the child, considering work done by gravity and work changed 
into thermal energy.  Subscript 1 represents the child at the top of the slide, and subscript 2 
represents the child at the bottom of the slide.  The ground is the zero location for PE 0y .  We 
have 1 0v , 1 3.5 my , 2 2.2 m sv , and 2 0y .  Solve for the work changed into thermal 
energy. 

2 21 1
1 2 1 1 2 2 thermal2 2

22 2 21 1
thermal 1 22 2      21.7 kg 9.8m s 3.5 m 21.7 kg 2.2 m s 6.9 10 J

E E mv mgy mv mgy W

W mgy mv

  

49. (a) See the free-body diagram for the ski.  Write Newton’s 2nd law for  
forces perpendicular to the direction of motion, noting that there is 
no acceleration perpendicular to the plane. 

N N

fr N

cos    cos  

cosk k

F F mg F mg

F F mg

 

Now use conservation of energy, including the non-conservative friction force.  Subscript 1 
represents the ski at the top of the slope, and subscript 2 represents the ski at the bottom of the 
slope.  The location of the ski at the bottom of the incline is the zero location for gravitational 
PE 0y .  We have 1 0v , 1 siny d , and 2 0y .  Write the conservation of energy 
condition, and solve for the final speed.  Note that fr N cosk kF F mg

 

2 21 1
NC 2 1 2 1 NC 1 22 2

o 2 2 21 1 1
fr 1 1 2 2 22 2 2

o o
2    

cos180    cos sin 

2 sin cos 2 9.80 m s 75 m sin 22 0.090cos 22   

20.69 m s 21m s

k

k

W KE PE mv mv mgy mgy W E E

F d mv mgy mv mgy mgd mgd mv

v gd

  

(b) Now, on the level ground, f kF mg , and there is no change in PE.  Let us again  
use conservation of energy, including the non-conservative friction force, to relate position 2 
with position 3.  Subscript 3 represents the ski at the end of the travel on the level, having 
traveled a distance 3d  on the level.  We have 2 20.69 m sv , 2 0y , 3 0v , and 3 0y . 

d 

mg

NF
frF
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o 2 21 1
NC 2 3 3 2 2 3 32 2

22
2 221

3 2 32    

cos180  

20.69 m s
0   242.7 m 2.4 10 m

2 2 9.80 m s 0.090

f

k
k

W E E F d mv mgy mv mgy

v
mgd mv d

g

  
50. (a) Apply energy conservation with no non-conservative work.  Subscript 1 represents the ball as it  

is dropped, and subscript 2 represents the ball as it reaches the ground.  The ground is the zero 
location for gravitational PE.  We have 1 0v , 1 13.0 my , and 2 0y .  Solve for 2v . 

2 2 21 1 1
1 2 1 1 2 2 1 22 2 2

2
2 1

          

2 2 9.80 m s 13.0 m 16.0 m s

E E mv mgy mv mgy mgy mv

v gy

 

(b) Apply energy conservation, but with non-conservative work due to friction included.  The work  
done by friction will be given by o

NC fr cos180W F d , since the force of friction is in the 
opposite direction as the motion.  The distance d  over which the frictional force acts will be the 
13.0 m distance of fall.  With the same parameters as above, and 2 8.00 m sv , solve for the 
force of friction. 

2 2 21 1 1
1 2 fr 1 1 2 2 fr 1 22 2 2

22
21 2

fr

          

8.00 m s
0.145 kg 9.80 m s 1.06 N

2 2 13.0 m

ncW E E F d mv mgy mv mgy F d mgy mv

y v
F m g

d d

  

51. (a) Calculate the energy of the ball at the two maximum heights, and subtract to find the amount of  
energy “lost”.  The energy at the two heights is all gravitational PE, since the ball has no KE at 
those maximum heights.  

lost initial final initial final

lost initial final initial final

initial initial initial

2.0 m 1.5 m
0.25 25%

2.0 m

E E E mgy mgy

E mgy mgy y y
E mgy y

 

(b) Due to energy conservation, the KE of the ball just as it leaves the ground is equal to its final 
PE.   

21
final ground final ground2

2
ground final      2 2 9.8m s 1.5 m 5.4 m s

PE KE mgy mv

v gy

 

(c) The energy “lost” was changed primarily into heat energy – the temperature of the ball and the 
ground would have increased slightly after the bounce.  Some of the energy may have been 
changed into acoustic energy (sound waves).  Some may have been lost due to non-elastic 
deformation of the ball or ground.  

52. Since the crate moves along the floor, there is no change in gravitational  
PE, so use the work-energy theorem:  net 2 1W KE KE .  There are two forces 
doing work:  PF , the pulling force, and fr Nk kF F mg , the frictional 
force.  1 0KE  since the crate starts from rest.  Note that the two forces doing 
work do work over different distances. 

o o
P P P fr fr fr frcos 0          cos180 kW F d W F d mgd

 

mg
NF

f rF
PF
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2 2
1 2 12 21 1

NC 1 2 fr 1 1 2 22 2

2 2 2

o

3

2        

2

980 kg 138.9 m s 55.56 m s 2 9.80 m s 3500 m
    

3500 m
2

sin10    

2062 N 2 10 N

f

m v v gy
W E E F d mv mgy mv mgy F

d

  

58. The work necessary to lift the piano is the work done by an upward force, equal in magnitude to the 
weight of the piano.  Thus ocos 0W Fd mgh .  The average power output required to lift the 
piano is the work done divided by the time to lift the piano.  

2315 kg 9.80 m s 16.0 m

    

28.2 s
1750 W

W mgh mgh
P t

t t P

  

59. The 18 hp is the power generated by the engine in creating a force on the ground to propel the car 

forward.  The relationship between the power and the force is given by 
W Fd d

P F Fv
t t t

.  

Thus the force to propel the car forward is found by F P v .  If the car has a constant velocity, then 
the total resistive force must be of the same magnitude as the engine force, so that the net force is 
zero.  Thus the total resistive force is also found by F P v .  

218 hp 746 W 1 hp
5.5 10 N

1m s
88km h

3.6 km h

P
F

v

  

60.  The power is given by Eq. 6-16.  The energy transformed is the change in kinetic energy of the car. 
2

2 21
2 12

4

1m s
1400 kg 95 km h

3.6 km henergy transformed
time 2 7.4 s   

6.6 10 W 88 hp

m v vKE
P

t t

  

61. (a)  
550ft lb s 4.45 N 1 m

1 hp 1 hp 746 N m s 746 W
1 hp 1 lb 3.28 ft

   

(b)  
1 hp

75 W 75 W 0.10 hp
746 W

  

62. (a) 61000 W 3600 s 1 J/s
1 kW h 1 kW h 3.6 10 J

1 kW 1 h 1 W

  

(b) 
1 kW 30 d 24 h

520 W 1 month 520 W 1 month 374 kW h
1000 W 1 month 1 d
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9. A car generates 18hp (1hp = 746W) when travelling at a steady 88km/h, what must the average 
force exerted on the car due to friction and air resistance? 

[2 marks] 
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Topic 2.4a Momentum Problems 
 
Conceptual Questions 
(These questions are not in an IB style but instead designed to check your understanding of the concept of this topic. You should 

try your best to appropriately communicate your answer using prose) 
 

1. When you release an inflated but untied balloon, why does it fly across the room? 

 
 

2. Cars used to be built as rigid as possible to withstand collisions. Today, though, cars are designed to 
have “crumple zones” that collapse upon impact. What is the advantage of this new design? 

 
 

3. Is it possible for an object to receive a larger impulse from a small force than from a large force? 
Explain. 

 
 

Calculation-based Questions 
 

4. A constant friction force of 25N acts on a 65kg skier for 20s. What is the skier’s change in velocity? 
[2 marks] 

 
 

5. A 0.145kg baseball pitched at 39.0m/s is hit on a horizontal line drive straight back at the pitcher at 
52.0m/s. If the contact time between the bat and the ball is 3.00x10-3s, calculate the average force 
between the bat and the ball during contact. 

[2 marks] 

 
 
 
 
 

 

© 2005 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. This material is protected under all copyright laws as they 
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the 
publisher. 

164 

CHAPTER 7:  Linear Momentum  

Answers to Questions  

1. For momentum to be conserved, the system under analysis must be “closed” – not have any forces 
on it from outside the system.  A coasting car has air friction and road friction on it, for example, 
which are “outside” forces and thus reduce the momentum of the car.  If the ground and the air were 
considered part of the system, and their velocities analyzed, then the momentum of the entire system 
would be conserved, but not necessarily the momentum of any single component, like the car.  

2. Consider this problem as a very light object hitting and sticking to a very heavy object.  The large 
object – small object combination (Earth + jumper) would have some momentum after the collision, 
but due to the very large mass of the Earth, the velocity of the combination is so small that it is not 
measurable.  Thus the jumper lands on the Earth, and nothing more happens.  

3. When you release an inflated but untied balloon at rest, the gas inside the balloon (at high pressure) 
rushes out the open end of the balloon.  That escaping gas and the balloon form a closed system, and 
so the momentum of the system is conserved.  The balloon and remaining gas acquires a momentum 
equal and opposite to the momentum of the escaping gas, and so move in the opposite direction to 
the escaping gas.  

4. If the rich man would have faced away from the shore and thrown the bag of coins directly away 
from the shore, he would have acquired a velocity towards the shore by conservation of momentum.  
Since the ice is frictionless, he would slide all the way to the shore.  

5. When a rocket expels gas in a given direction, it puts a force on that gas.  The momentum of the gas-
rocket system stays constant, and so if the gas is pushed to the left, the rocket will be pushed to the 
right due to Newton’s 3rd law.  So the rocket must carry some kind of material to be ejected (usually 
exhaust from some kind of engine) to change direction.  

6. The air bag greatly increases the amount of time over which the stopping force acts on the driver.  If 
a hard object like a steering wheel or windshield is what stops the driver, then a large force is exerted 
over a very short time.  If a soft object like an air bag stops the driver, then a much smaller force is 
exerted over a much longer time.  For instance, if the air bag is able to increase the time of stopping 
by a factor of 10, then the average force on the person will be decreased by a factor of 10.  This 
greatly reduces the possibility of serious injury or death.  

7. “Crumple zones” are similar to air bags in that they increase the time of interaction during a 
collision, and therefore lower the average force required for the change in momentum that the car 
undergoes in the collision.  

8. From Eq. 7-7 for a 1-D elastic collision, A B B Av v v v .  Let “A” represent the bat, and let “B” 
represent the ball.  The positive direction will be the (assumed horizontal) direction that the bat is 
moving when the ball is hit.  We assume the batter can swing the bat with equal strength in either 
case, so that Av  is the same in both pitching situations.  Because the bat is so much heavier than the 

ball, we assume that A Av v

 

– the speed of the bat doesn’t change significantly during the collision.  

Then the velocity of the baseball after being hit is 2B A A B A Bv v v v v v .  If 0Bv , the ball 

tossed up into the air by the batter, then 2B Av v

 

– the ball moves away with twice the speed of the 
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bat.  But if 0Bv , the pitched ball situation, we see that the magnitude of 2B Av v , and so the ball 
moves away with greater speed.  If, for example, the pitching speed of the ball was about twice the 
speed at which the batter could swing the bat, then we would have 4B Av v .  Thus the ball has 
greater speed after being struck, and thus it is easier to hit a home run.  This is similar to the 
“gravitational slingshot” effect discussed in problem 85.  

9. The impulse is the product of the force and the time duration that the force is applied.  So the 
impulse from a small force applied over a long time can be larger than the impulse applied by a large 
force over a small time.  

10. The momentum of an object can be expressed in terms of its kinetic energy, as follows. 
2 2 2 21

22 2p mv m v m mv m mv mKE . 
Thus if two objects have the same kinetic energy, then the one with more mass has the greater 
momentum.  

11. Consider two objects, each with the same magnitude of momentum, moving in opposite directions.  
They have a total momentum of 0.  If they collide and have a totally inelastic collision, in which they 
stick together, then their final common speed must be 0 so that momentum is conserved.  But since 
they are not moving after the collision, they have no kinetic energy, and so all of their kinetic energy 
has been lost.  

12. The turbine blades should be designed so that the water rebounds.  If the water rebounds, that means 
that a larger momentum change for the water has occurred than if it just came to a stop.  And if there 
is a larger momentum change for the water, there will also be a larger momentum change for the 
blades, making them spin faster.  

13. (a) The downward component of the momentum is unchanged.  The horizontal component of  
momentum changes from rightward to leftward.  Thus the change in momentum is to the left in 
the picture. 

(b) Since the force on the wall is opposite that on the ball, the force on the wall is to the right.  

14. (a) The momentum of the ball is not conserved during any part of the process, because there is an  
external force acting on the ball at all times – the force of gravity.  And there is an upward force 
on the ball during the collision.  So considering the ball as the system, there are always external 
forces on it, and so its momentum is not conserved. 

(b) With this definition of the system, all of the forces are internal, and so the momentum of the  
Earth-ball system is conserved during the entire process. 

 (c) The answer here is the same as for part (b).  

15. In order to maintain balance, your CM must be located directly above your feet.  If you have a heavy 
load in your arms, your CM will be out in front of your body and not above your feet.  So you lean 
backwards to get your CM directly above your feet.  Otherwise, you would fall over forwards.  

16. The 1-m length of pipe is uniform – it has the same density throughout, and so its CM is at its 
geometric center, which is its midpoint.  The arm and leg are not uniform – they are more dense 
where there is muscle, primarily in the parts that are closest to the body.  Thus the CM of the arm or 
leg is closer the body than the geometric center.  The CM is located closer to the more massive part 
of the arm or leg.  
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17. When you are lying flat on the floor, your CM is inside of the volume of your body.  When you sit 
up on the floor with your legs extended, your CM is outside of the volume of your body.       

18. The engine does not directly accelerate the car.  The engine puts a force on the driving wheels, 
making them rotate.  The wheels then push backwards on the roadway as they spin.  The Newton’s 
3rd law reaction to this force is the forward-pushing of the roadway on the wheels, which accelerates 
the car.  So it is the (external) road surface that accelerates the car.  

19. The motion of the center of mass of the rocket will follow the original parabolic path, both before 
and after explosion.  Each individual piece of the rocket will follow a separate path after the 
explosion, but since the explosion was internal to the system (consisting of the rocket), the center of 
mass of all the exploded pieces will follow the original path.   

Solutions to Problems  

1. 0.028 kg 8.4 m s 0.24 kg m sp mv

  

2. From Newton’s second law, tp F .  For a constant mass object, mp v .  Equate the two 
expressions for p . 

    

t
t m

m
F

F v v . 

If the skier moves to the right, then the speed will decrease, because the friction force is to the left.   
25 N 20 s

7.7 m s
65 kg

F t
v

m

 

The skier loses 7.7 m s  of speed.  

3. Choose the direction from the batter to the pitcher to be the positive direction. Calculate the average 
force from the change in momentum of the ball.   

3
3

  

52.0 m s 39.0 m s
0.145 kg 4.40 10 N, towards the pitcher

3.00 10 s

p F t m v

v
F m

t

  

4. The throwing of the package is a momentum-conserving action, if the water resistance is ignored.  
Let “A” represent the boat and child together, and let “B” represent the package.  Choose the 
direction that the package is thrown as the positive direction.  Apply conservation of momentum, 
with the initial velocity of both objects being 0. 

initial final      

6.40 kg 10.0 m s
0.901m s

26.0 kg 45.0 kg

A B A A B B

B B
A

A

p p m m v m v m v

m v
v

m

 

The boat and child move in the opposite direction as the thrown package. 

CM CM
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4. The throwing of the package is a momentum-conserving action, if the water resistance is ignored.  
Let “A” represent the boat and child together, and let “B” represent the package.  Choose the 
direction that the package is thrown as the positive direction.  Apply conservation of momentum, 
with the initial velocity of both objects being 0. 

initial final      

6.40 kg 10.0 m s
0.901m s

26.0 kg 45.0 kg

A B A A B B
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A
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m v
v

m

 

The boat and child move in the opposite direction as the thrown package. 

CM CM
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6. A child in a boat throws a 6.40kg package out horizontally with a speed of 10.0m/s. Calculate the 

velocity of the boat immediately after, assuming it was initially at rest. The mass of the child is 
26.0kg and that of the boat is 45.0kg. Ignore water resistance. 

[2 marks] 

 

 
 

7. A 12,600-kg railroad car travels alone on a level frictionless track with a constant speed of 18.0m/s. 
A 5350-kg load, initially at rest, is dropped onto the car. What will be the car’s new speed? 

[2 marks] 

 
 

8. A 9300-kg boxcar travelling at 15.0m/s strikes a second boxcar at rest. The two stick together and 
move off with a common speed of 6.0m/s. What is the mass of the second car? 

[2 marks] 
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5. The force on the gas can be found from its change in momentum.  
4 74.0 10 m s 1500 kg s 6.0 10 N downward

p v m m
F v

t t t

 
The force on the rocket is the Newton’s 3rd law pair (equal and opposite) to the force on the gas, and 

so is 76.0 10 N upward .  

6. The tackle will be analyzed as a one-dimensional momentum conserving situation.  Let “A” 
represent the halfback, and “B” represent the tackling cornerback. 

initial final      

95 kg 4.1m s 85 kg 5.5 m s
4.8 m s

95 kg 85 kg

A A B B A B

A A B B

A B

p p m v m v m m v

m v m v
v

m m

  

7. Consider the horizontal motion of the objects.  The momentum in the horizontal direction will be 
conserved.  Let “A” represent the car, and “B” represent the load.  The positive direction is the 
direction of the original motion of the car. 

initial final      

12, 600 kg 18.0 m s 0
12.6 m s

12, 600 kg 5350 kg

A A B B A B

A A B B

A B

p p m v m v m m v

m v m v
v

m m

  

8. Consider the motion in one dimension, with the positive direction being the direction of motion of 
the first car.  Let “A” represent the first car, and “B” represent the second car.  Momentum will be 
conserved in the collision.  Note that 0Bv . 

initial final

4      9300 kg 15.0 m s 6.0 m s
1.4 10 kg

6.0 m s

A A B B A B

A A
B

p p m v m v m m v

m v v
m

v

  

9. The force stopping the wind is exerted by the person, so the force on the person would be equal in 
magnitude and opposite in direction to the force stopping the wind.  Calculate the force from Eq. 7-2, 
in magnitude only. 

wind
wind2

wind wind wind wind
on on wind
person wind

2

40 kg s 1m s
1.50 m 0.50 m 30 kg s      100 km h 27.8 m s

m 3.6 km h

30 kg s 27.8 m s         

833 N 8 10 N

m
v

t

p m v m
F F v

t t t

 

The typical maximum frictional force is 2
fr 1.0 70 kg 9.8 m s 690 NsF mg , and so we 

see that on fr
person

F F

 

– the wind is literally strong enough to blow a person off his feet.  

10. Momentum will be conserved in the horizontal direction.  Let “A” represent the car, and “B” 
represent the snow.  For the horizontal motion, 0Bv  and B Av v .  Momentum conservation gives 
the following. 
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5. The force on the gas can be found from its change in momentum.  
4 74.0 10 m s 1500 kg s 6.0 10 N downward

p v m m
F v

t t t

 
The force on the rocket is the Newton’s 3rd law pair (equal and opposite) to the force on the gas, and 

so is 76.0 10 N upward .  

6. The tackle will be analyzed as a one-dimensional momentum conserving situation.  Let “A” 
represent the halfback, and “B” represent the tackling cornerback. 

initial final      

95 kg 4.1m s 85 kg 5.5 m s
4.8 m s

95 kg 85 kg

A A B B A B

A A B B

A B

p p m v m v m m v

m v m v
v

m m

  

7. Consider the horizontal motion of the objects.  The momentum in the horizontal direction will be 
conserved.  Let “A” represent the car, and “B” represent the load.  The positive direction is the 
direction of the original motion of the car. 

initial final      

12, 600 kg 18.0 m s 0
12.6 m s

12, 600 kg 5350 kg

A A B B A B

A A B B

A B

p p m v m v m m v

m v m v
v

m m

  

8. Consider the motion in one dimension, with the positive direction being the direction of motion of 
the first car.  Let “A” represent the first car, and “B” represent the second car.  Momentum will be 
conserved in the collision.  Note that 0Bv . 

initial final

4      9300 kg 15.0 m s 6.0 m s
1.4 10 kg

6.0 m s

A A B B A B

A A
B

p p m v m v m m v

m v v
m

v

  

9. The force stopping the wind is exerted by the person, so the force on the person would be equal in 
magnitude and opposite in direction to the force stopping the wind.  Calculate the force from Eq. 7-2, 
in magnitude only. 

wind
wind2

wind wind wind wind
on on wind
person wind

2

40 kg s 1m s
1.50 m 0.50 m 30 kg s      100 km h 27.8 m s

m 3.6 km h

30 kg s 27.8 m s         

833 N 8 10 N

m
v

t

p m v m
F F v

t t t

 

The typical maximum frictional force is 2
fr 1.0 70 kg 9.8 m s 690 NsF mg , and so we 

see that on fr
person

F F

 

– the wind is literally strong enough to blow a person off his feet.  

10. Momentum will be conserved in the horizontal direction.  Let “A” represent the car, and “B” 
represent the snow.  For the horizontal motion, 0Bv  and B Av v .  Momentum conservation gives 
the following. 
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9. Suppose the force acting on a tennis ball (mass 0.060kg) points in the +x direction and is given by 
the graph as a function of time. Use graphical methods to estimate 

a. the total impulse given the ball, and 
b. the velocity of the ball after being struck, assuming the ball is being served so it is nearly at 

rest initially. 
[2 marks] 
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(b) The deceleration is found from Newton’s 2nd law.    
5

2
1.389 10 N

    
93m s

1500 kg
F

F ma a
m

  
19. Call east the positive direction.  

(a) 2
original original
fullback fullback

95 kg 4.0 m s 3.8 10 kg m sp mv

  
(b) The impulse on the fullback is the change in the fullback’s momentum.    

2
fullback final final

fullback fullback

95 kg 0 4.0 m s 3.8 10 kg m sp m v v

  

(c) The impulse on the tackler is the opposite of the impulse on the fullback, so 23.8 10 kg m s

  

(d) The average force on the tackler is the impulse on the tackler divided by the time of interaction.    
2

23.8 10 kg m s
5.1 10 N

0.75 s
p

F
t

  

20. (a) The impulse given the ball is the area under the F vs. t graph.  Approximate the area as a  
triangle of “height” 250 N, and “width” 0.01 sec.    

1
2 250 N 0.01 s 1.25N sp

  

(b) The velocity can be found from the change in momentum.  Call the positive direction the  
direction of the ball’s travel after being served.    

i -2

1.25N s

    

0 21m s
6.0 10 kgf f i

p
p m v m v v v v

m

  

21. Find the velocity upon reaching the ground from energy conservation.  Assume that all of the initial 
potential energy at the maximum height maxh  is converted into kinetic energy.  Take down to be the 
positive direction, so the velocity at the ground is positive.   

21
max ground ground max2    2mgh mv v gh

 

When contacting the ground, the impulse on the person causes a change in momentum.  That 
relationship is used to find the time of the stopping interaction.  The force of the ground acting on the 
person is negative since it acts in the upward direction.   

ground
ground0    

mv
F t m v t

F

 

We assume that the stopping force is so large that we call it the total force on the person – we ignore 
gravity for the stopping motion.  The average acceleration of the person during stopping a F m

 

is used with Eq. 2-11b to find the displacement during stopping, stoph . 
2

ground ground21 1
0 0 stop ground2 2

2 2 2
ground ground ground stopmax1 1

stop max2 2

          

mv mvF
y y v t at h v

F m F

mv mv mv Fhgh m
h h

F F F F mg
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Topic 2.4b Momentum and Energy Problems 
 
Calculation-based Questions 
 

1. A 0.450kg ice puck, moving east with a speed of 3.00m/s, has a head on collision with a 0.900kg 
puck initially at rest. Assuming a perfectly elastic collision, what will be the speed and direction of 
each object after the collision? 

[4 marks] 

 
 

2. Two billiard balls of equal mass undergo a perfectly elastic head-on collision. If one ball’s initial 
speed was 2.00m/s, and the other’s was 3.00m/s in the opposite direction, what will be their 
speeds after the collision? 

[4 marks] 
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We assume that the person lands with both feet striking the ground simultaneously, so the stopping 
force is divided between both legs.  Thus the critical average stopping force is twice the breaking 
strength of a single leg. 

6 2 4 2
stop break stop

max 2

2 170 10 N m 2.5 10 m 0.60 m2
69 m

75 kg 9.8 m s

Fh F h
h

mg mg

  
22. Let A represent the 0.440-kg ball, and B represent the 0.220-kg ball.  We have A 3.30 m sv  and 

B 0v .  Use Eq. 7-7 to obtain a relationship between the velocities.   

A B A B B A A

    

v v v v v v v

  

Substitute this relationship into the momentum conservation equation for the collision.   
A A B B A A B B A A A A B A A

A B
A A

A B

B A A

      

0.220 kg
3.30 m s 1.10 m s east

0.660 kg

3.30 m s 1.10 m s 4.40 m s east

m v m v m v m v m v m v m v v

m m
v v

m m

v v v

  

23. Let A represent the 0.450-kg puck, and let B represent the 0.900-kg puck.  The initial direction of 
puck A is the positive direction.  We have A 3.00 m sv  and B 0v .  Use Eq. 7-7 to obtain a 
relationship between the velocities.   

A B A B B A A

    

v v v v v v v

  

Substitute this relationship into the momentum conservation equation for the collision.   
A A B B A A B B A A A A B A A

A B
A A

A B

B A A      

0.450 kg
3.00 m s 1.00 m s 1.00 m s west

1.350 kg

3.00 m s 1.00 m s 2.00 m s east

m v m v m v m v m v m v m v v

m m
v v

m m

v v v

  

24. Let A represent the ball moving at 2.00 m/s, and call that direction the positive direction.  Let B 
represent the ball moving at 3.00 m/s in the opposite direction.  So A 2.00 m sv  and 

B 3.00 m sv .  Use Eq. 7-7 to obtain a relationship between the velocities.   

A B A B B A

    

5.00 m sv v v v v v

 

Substitute this relationship into the momentum conservation equation for the collision, noting that 
A Bm m .   

A A B B A A B B A B A B

A A A A

B A      

1.00 m s 5.00 m s    2 6.00 m s    3.00 m s

5.00 m s 2.00 m s

m v m v m v m v v v v v

v v v v

v v

 

The two balls have exchanged velocities.  This will always be true for 1-D elastic collisions of 
objects of equal mass.  
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We assume that the person lands with both feet striking the ground simultaneously, so the stopping 
force is divided between both legs.  Thus the critical average stopping force is twice the breaking 
strength of a single leg. 

6 2 4 2
stop break stop

max 2

2 170 10 N m 2.5 10 m 0.60 m2
69 m

75 kg 9.8 m s

Fh F h
h

mg mg

  
22. Let A represent the 0.440-kg ball, and B represent the 0.220-kg ball.  We have A 3.30 m sv  and 

B 0v .  Use Eq. 7-7 to obtain a relationship between the velocities.   

A B A B B A A

    

v v v v v v v

  

Substitute this relationship into the momentum conservation equation for the collision.   
A A B B A A B B A A A A B A A

A B
A A

A B

B A A

      

0.220 kg
3.30 m s 1.10 m s east

0.660 kg

3.30 m s 1.10 m s 4.40 m s east

m v m v m v m v m v m v m v v

m m
v v

m m

v v v

  

23. Let A represent the 0.450-kg puck, and let B represent the 0.900-kg puck.  The initial direction of 
puck A is the positive direction.  We have A 3.00 m sv  and B 0v .  Use Eq. 7-7 to obtain a 
relationship between the velocities.   

A B A B B A A

    

v v v v v v v

  

Substitute this relationship into the momentum conservation equation for the collision.   
A A B B A A B B A A A A B A A

A B
A A

A B

B A A      

0.450 kg
3.00 m s 1.00 m s 1.00 m s west

1.350 kg

3.00 m s 1.00 m s 2.00 m s east

m v m v m v m v m v m v m v v

m m
v v

m m

v v v

  

24. Let A represent the ball moving at 2.00 m/s, and call that direction the positive direction.  Let B 
represent the ball moving at 3.00 m/s in the opposite direction.  So A 2.00 m sv  and 

B 3.00 m sv .  Use Eq. 7-7 to obtain a relationship between the velocities.   

A B A B B A

    

5.00 m sv v v v v v

 

Substitute this relationship into the momentum conservation equation for the collision, noting that 
A Bm m .   

A A B B A A B B A B A B

A A A A

B A      

1.00 m s 5.00 m s    2 6.00 m s    3.00 m s

5.00 m s 2.00 m s

m v m v m v m v v v v v

v v v v

v v

 

The two balls have exchanged velocities.  This will always be true for 1-D elastic collisions of 
objects of equal mass.  
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3. A 10,000kg railroad car, A travelling at a speed of 24.0m/s strikes an identical car, B, at rest. If the 
cars lock together as a result of the collision, calculate: 

a. the common speed after the collision. 
b. how much of the initial kinetic energy is transformed to thermal or other forms of energy. 

[4 marks] 
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Markscheme-Topic 2: Mechanics 

1. C 

2. A 

3. B 

4. B 

5. A 

6. A 

7. B 

8. C 

9. C 

10. C 

11. A 

12. C 

13. B 

14. D 

15. A 

16. A 

17. A 

18. D 

19. A 

20. B 

21. C 

22. D 

23. C 

24. D 

25. B 

26. B 

27. D 

28. B 

29. C 

30. D 

31. B 

32. C 

33. C 

34. A 

35.  B 

36.  B 

37.  C 

38.  A 

      1 
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39.  B 

40.  D 

41.  C 

42. D 

43. A 

44. C 

45. B 

46. D 

47. A 

48. A 

49. B 

50. A 

51. A 

52. B 

53. D 

54. C 

55. C 

56. C 

57. D 

58. A 

59. B 

60. C 

61. B 

62. C 

Short answer questions 

 1. Linear motion 

(a) change in velocity / rate of change of velocity; 
per unit time / with time; (ratio idea essential to award this mark) 2 

  

(b) (i) acceleration is constant / uniform; 1 

(ii)  

clear working to obtain v2 = u2 + 2as; 2 

 (c) (i) 1.96 =  ? 9.81 ? t2; 
t = 0.632s; 2 

(ii) time to fall (1.96 + 0.12)m is 0.651s; 
shutter open for 0.019s; 2 
If the candidate gives a one significant digit answer treat it as an SD-1. 
Award [0] if the candidate uses s =  at2 and s = 12cm. 

[9] 

( )
( ) ; and2

a
uvt

vu
st −

=
+

=

2
1

2
1

      2 
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2. (a) (i) h = ; 

to give h = 3.2 m; 2 

  

(ii) 0.80 s; 1 

(b) time to go from top of cliff to the sea = 3.0 – 1.6 = 1.4 s; 
recognize to use s = ut + at2 with correct substitution, 

s = 8.0 × 1.4 + 5.0 × (1.4)2; 
to give s = 21 m; 3 

Answers might find the speed with which the stone hits the sea 
from v = u + at, (42 m s–1) and then use v2 = u2 + 2as. 

[6] 

 3. (a) vV = 8.0 sin 60 = 6.9 m s–1; 

h = ; 

to give h = 2.4 m ; 3 

Award [1] if v = 8.0 m s–1 to get h = 3.2 m is used. 

  

(b) vH = 8.0 cos 60; 
range = vHt = 8.0 cos 60 × 3 = 12 m; 2 

Award [1] if v = 8.0 m s–1 to get R = 2.4 m is used. 
[5] 

 4. (a) use mv2 + mgh = mv2 or some statement that conservation of 
energy is used; 

= (15)2 + 700 = V2; 

to give V = 40ms−1 2 

  

(b) appreciate that the horizontal velocity remains unchanged; 

so that θ =  2 

 Accept alternative methods of solutions for (a) and (b) based on vertical 
component of velocity calculations and vector addition of components. 

[4] 

 5. (a) (i)  = 8.0 m s–1 1 

Accept use of other values leading to the same answer. 
  

g
v
2

2

2
1

g
v
2

2

2
1

2
1

2
1

2
1

;68
40
15cos 1 °=−

0.5
40

=xv

      3 

56



(ii) vy = 0 = u0y – 10 × 2.5; 
u0y = 25 m s–1; 2 
Accept use of other values leading to the same answer. 

  

(iii) the x and y components of displacement at 3.0 s are 24 m, 30 m; 
so the magnitude is  = 38 m 2 

  

(b) maximum height reached is less; 
asymmetric with shorter range; 2 

[7] 

6. (a) zero; 1 

  

(b) resultant vertical force from ropes = (2.15 ? 103 − weight) = 237N; 

equating their result to 2T sin50; 

ie 2T sin 50 = 237 

calculation to give T = 154.7N ? 150N; 3 

 Accept any value of tension from 130 N to 160 N. Award [2] for missing 
factor of 2 but otherwise correct ie 309 N. 

  

(c) correct substitution into F = ma; 

to give  2 

Watch for ecf. 

 NB Depending on value of g answer will vary from 1.0(3) ms−2 
 to 1.2(3) ms−2 all of which are acceptable. 

(d) statement that air friction increases with increased speed seen / implied; 
 in 10 seconds friction goes from 0 N to 237 N / force increases from zero 

until it equals the net upward accelerating force; 2 
[8] 

 
 7. 

  

22 3024 +

;ms21.1
1095.1

237 2
2

−=
×

=a

      4 
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[14] 

8.  

(a) nature of the surfaces; normal reaction; relative motion of the surfaces; [2 max] 
(b) friction is the frictional force between an object and a surface / two surfaces;  

static friction is (the frictional force) when the object/surfaces are at rest;  
dynamic friction is(the frictional force) when the object is sliding / one of the surfaces is sliding / moving 
with respect to the other;  
some additional comment e.g. friction varies from zero to maximum / maximum value of static friction 
always greater than kinetic friction; [3 max]  
Award [1 max] for an answer such as “friction force on an object at rest and friction force on a moving 
object”. Some appreciation that it is friction between two surfaces is required.  

[9] 

 

9. (a) mass × velocity; 1 

  

(b) (i) momentum before = 800 × 5 = 4 000 N s; 
momentum after = 2 000v; 
conservation of momentum gives v = 2.0 m s–1; 3 

  

(ii) KE before = 400 × 25 = 10 000 J   KE after = 1 000 × 4 = 4 000 J; 
loss in KE = 6 000 J; 2 

      5 
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(c) transformed / changed into; 
heat (internal energy) (and sound); 2 

Do not accept “deformation of trucks”. 
[8] 

10. (a) Note: for part (i) and (ii) the answers in brackets are those arrived at if 19.3 is 
used as the value for the height. 

(i) height raised = 30 sin 40 = 19 m; 
gain in PE = mgh = 700 × 19 = 1.3 × 104 J (1.4 × 104 J); 2 

  

(ii) 48 × 1.3 × 104 J = 6.2 × 105 J (6.7 × 105 J); 1 

  

(iii) the people stand still / don’t walk up the escalator  
their average weight is 700 N / ignore any gain in KE of the people; 1 max 

(b) power required =  = 10 kW (11kW); 

Eff = , Pin = ; 

Pin = 14 kW (16 kW); 3 
[7] 

11. (a) momentum of object = 2 × 103 × 6.0; 
momentum after collision = 2.4 × 103 × v; 
use conservation of momentum, 2 × 103 × 6.0 = 2.4 × 103 × v; 
to get v = 5.0 m s–1; 4 

Award [2 max] for mass after collision = 400 kg and 
v = 30 m s–1. 

  

(b) KE of object and bar + change in PE = 1.2 × 103 × 25 + 2.4 × 103 × 10 × 0.7533; 
use ∆E = Fd, 4.8 × 104 = F × 0.75; 
to give F = 64 kN; 

Award [2 max] if PE missed F = 40 kN. 

 or 

a = ; 

F – mg = ma; 
to give F = 64kN; 3 

Award [2 max] if mg missed. 
[7] 

 

60
)102.6( 5×

in

out

P
P

Eff
Pout

s
v
2

2

      6 
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Topic 2 (New) [90 marks]

1a.

An elastic climbing rope is tested by fixing one end of the rope to the top of a crane. The other
end of the rope is connected to a block which is initially at position A. The block is released from
rest. The mass of the rope is negligible.

The unextended length of the rope is 60.0 m. From position A to position B, the block falls freely.

At position B the rope starts to extend. Calculate the speed of the block at position B.

Markscheme
use of conservation of energy

OR

v  = u  + 2as

 

v = « » = 34.3 «ms »

 

[2 marks]

2 2

√2 × 60.0 × 9.81 –1

1b.

At position C the speed of the block reaches zero. The time taken for the block to fall between B
and C is 0.759 s. The mass of the block is 80.0 kg.

Determine the magnitude of the average resultant force acting on the block between B
and C.

[2 marks]

[2 marks]
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Markscheme
use of impulse F  × Δt = Δp

OR

use of F = ma with average acceleration

OR

F = 

 

3620«N»

 

Allow ECF from (a).

[2 marks]

ave

80.0×34.3
0.759

1c. Sketch on the diagram the average resultant force acting on the block between B and
C. The arrow on the diagram represents the weight of the block.

Markscheme
upwards

clearly longer than weight

 

For second marking point allow ECF from (b)(i) providing line is upwards.

[2 marks]

1d. Calculate the magnitude of the average force exerted by the rope on the block
between B and C.

[2 marks]

[2 marks]
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Markscheme
3620 + 80.0 × 9.81

4400 «N»

 

Allow ECF from (b)(i).

[2 marks]

1e.

For the rope and block, describe the energy changes that take place

between A and B.

Markscheme
(loss in) gravitational potential energy (of block) into kinetic energy (of block)

 

Must see names of energy (gravitational potential energy and kinetic energy) – Allow for
reasonable variations of terminology (eg energy of motion for KE).

[1 mark]

1f. between B and C.

Markscheme
(loss in) gravitational potential and kinetic energy of block into elastic potential energy of
rope

 

See note for 1(c)(i) for naming convention.

Must see either the block or the rope (or both) mentioned in connection with the appropriate
energies.

[1 mark]

1g. The length reached by the rope at C is 77.4 m. Suggest how energy considerations
could be used to determine the elastic constant of the rope.

[1 mark]

[1 mark]

[2 marks]
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Markscheme
k can be determined using EPE = kx

correct statement or equation showing

GPE at A = EPE at C

OR

(GPE + KE) at B = EPE at C

 

Candidate must clearly indicate the energy associated with either position A or B for MP2.

[2 marks]

1
2

2

2a.

A small ball of mass m is moving in a horizontal circle on the inside surface of a frictionless
hemispherical bowl.

The normal reaction force N makes an angle θ to the horizontal.

State the direction of the resultant force on the ball.

Markscheme
towards the centre «of the circle» / horizontally to the right

 

Do not accept towards the centre of the bowl

[1 mark]

On the diagram, construct an arrow of the correct length to represent the weight of the

[1 mark]
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2b. On the diagram, construct an arrow of the correct length to represent the weight of the
ball.

Markscheme
downward vertical arrow of any length

arrow of correct length

 

Judge the length of the vertical arrow by eye. The construction lines are not required. A
label is not required

eg: 

[2 marks]

2c. Show that the magnitude of the net force F on the ball is given by the
following equation.

                                         

F =
mg

tan θ

[2 marks]

[3 marks]

64



Markscheme
ALTERNATIVE 1

F = N cos θ
mg = N sin θ
dividing/substituting to get result

 

ALTERNATIVE 2

right angle triangle drawn with F, N and W/mg labelled

angle correctly labelled and arrows on forces in correct directions

correct use of trigonometry leading to the required relationship

 

tan θ = 

[3 marks]

=O
A

mg

F

2d. The radius of the bowl is 8.0 m and θ = 22°. Determine the speed of the ball.

Markscheme
 = m

r = R cos θ

v = 

v = 13.4/13 «ms »

 

Award [4] for a bald correct answer 

Award [3] for an answer of 13.9/14 «ms ». MP2 omitted

[4 marks]

mg

tanθ

v2

r

√ /√ /√gRcos2θ

sin θ

gRcosθ

tanθ
9.81×8.0cos22

tan22

–1

–1

2e. Outline whether this ball can move on a horizontal circular path of radius equal to
the radius of the bowl.

[4 marks]

[2 marks]
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Markscheme
there is no force to balance the weight/N is horizontal

so no / it is not possible

 

Must see correct justification to award MP2

[2 marks]

2f. A second identical ball is placed at the bottom of the bowl and the first ball is
displaced so that its height from the horizontal is equal to 8.0 m.

                                   

The first ball is released and eventually strikes the second ball. The two balls remain in contact.
Determine, in m, the maximum height reached by the two balls.

Markscheme
speed before collision v = «  =» 12.5 «ms »

«from conservation of momentum» common speed after collision is  initial speed «v  = 

 = 6.25 ms »

h = « » 2.0 «m»

 

Allow 12.5 from incorrect use of kinematics equations

Award [3] for a bald correct answer

Award [0] for mg(8) = 2mgh leading to h = 4 m if done in one step.

Allow ECF from MP1

Allow ECF from MP2

[3 marks]

√2gR –1

1
2 c

12.5
2

–1

=vc
2

2g

6.252

2×9.81

A girl on a sledge is moving down a snow slope at a uniform speed.

[3 marks]

66



3a.

A girl on a sledge is moving down a snow slope at a uniform speed.

Draw the free-body diagram for the sledge at the position shown on the snow slope.

Markscheme
arrow vertically downwards labelled weight «of sledge and/or girl»/ W/mg/gravitational
force/F /F  AND arrow perpendicular to the snow slope labelled reaction
force/R/normal contact force/N/F

friction force/F/f acting up slope «perpendicular to reaction force»

Do not allow G/g/“gravity”.

Do not award MP1 if a “driving force” is included.

Allow components of weight if correctly labelled.

Ignore point of application or shape of object.

Ignore “air resistance”.

Ignore any reference to “push of feet on sledge”.

Do not award MP2 for forces on sledge on horizontal ground

The arrows should contact the object

 

g gravitational

N

3b. After leaving the snow slope, the girl on the sledge moves over a horizontal region
of snow. Explain, with reference to the physical origin of the forces, why the vertical
forces on the girl must be in equilibrium as she moves over the horizontal region.

Markscheme
gravitational force/weight from the Earth «downwards»

reaction force from the sledge/snow/ground «upwards»

no vertical acceleration/remains in contact with the ground/does not move vertically as
there is no resultant vertical force

Allow naming of forces as in (a)

Allow vertical forces are balanced/equal in magnitude/cancel out

3c. When the sledge is moving on the horizontal region of the snow, the girl jumps off the
sledge. The girl has no horizontal velocity after the jump. The velocity of the sledge
immediately after the girl jumps off is 4.2 m s . The mass of the girl is 55 kg and the mass of
the sledge is 5.5 kg. Calculate the speed of the sledge immediately before the girl jumps from it.

–1

[2 marks]

[3 marks]

[2 marks]
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Markscheme
mention of conservation of momentum

OR

5.5 x 4.2 = (55 + 5.5) «v»

0.38 «m s »

Allow p=p′ or other algebraically equivalent statement

Award [0] for answers based on energy

 

–1

3d. The girl chooses to jump so that she lands on loosely-packed snow rather than frozen
ice. Outline why she chooses to land on the snow.

Markscheme
same change in momentum/impulse

the time taken «to stop» would be greater «with the snow»

 therefore F is smaller «with the snow»

OR

force is proportional to rate of change of momentum therefore F is smaller «with the snow»

Allow reverse argument for ice

F = Δp

Δt

3e.

The sledge, without the girl on it, now travels up a snow slope that makes an angle of 6.5˚ to the
horizontal. At the start of the slope, the speed of the sledge is 4.2 m s . The coefficient of
dynamic friction of the sledge on the snow is 0.11.

Show that the acceleration of the sledge is about –2 m s .

Markscheme
«friction force down slope» = µmg cos(6.5) = «5.9 N»

«component of weight down slope» = mg sin(6.5) «= 6.1 N»

«so a = » acceleration =  = 2.2 «m s »

Ignore negative signs

Allow use of g = 10 m s

–1

–2

F
m

12
5.5

–2

–2

3f. Calculate the distance along the slope at which the sledge stops moving. Assume that
the coefficient of dynamic friction is constant.

[3 marks]

[3 marks]

[2 marks]
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Markscheme
correct use of kinematics equation

distance = 4.4 or 4.0 «m»

Alternative 2

KE lost=work done against friction + GPE

distance = 4.4 or 4.0 «m»

Allow ECF from (e)(i)

Allow [1 max] for GPE missing leading to 8.2 «m»

3g. The coefficient of static friction between the sledge and the snow is 0.14. Outline,
with a calculation, the subsequent motion of the sledge. 

Markscheme
calculates a maximum value for the frictional force = « µR=» 7.5 «N»

sledge will not move as the maximum static friction force is greater than the component of
weight down the slope

Allow correct conclusion from incorrect MP1

Allow 7.5 > 6.1 so will not move

4a.

The diagram below shows part of a downhill ski course which starts at point A, 50 m above level
ground. Point B is 20 m above level ground.

A skier of mass 65 kg starts from rest at point A and during the ski course some of the
gravitational potential energy transferred to kinetic energy.

From A to B, 24 % of the gravitational potential energy transferred to kinetic energy.
Show that the velocity at B is 12 m s .–1

[2 marks]

[2 marks]
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Markscheme

 «m s »

 

Award GPE lost = 65 × 9.81 × 30 = «19130 J»

Must see the 11.9 value for MP2, not simply 12.

Allow g = 9.8 ms .

v2 = 0.24 gh1
2

v = 11.9 –1

–2

4b. Some of the gravitational potential energy transferred into internal energy of the skis,
slightly increasing their temperature. Distinguish between internal energy and
temperature.

Markscheme
internal energy is the total KE «and PE» of the molecules/particles/atoms in an object

temperature is a measure of the average KE of the molecules/particles/atoms

 

Award [1 max] if there is no mention of molecules/particles/atoms.

4c. The dot on the following diagram represents the skier as she passes point B.
Draw and label the vertical forces acting on the skier.

[2 marks]

[2 marks]
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Markscheme
arrow vertically downwards from dot labelled weight/W/mg/gravitational
force/F /F  AND arrow vertically upwards from dot labelled reaction force/R/normal
contact force/N/F

W > R

 

Do not allow gravity.
Do not award MP1 if additional ‘centripetal’ force arrow is added.
Arrows must connect to dot.
Ignore any horizontal arrow labelled friction.
Judge by eye for MP2. Arrows do not have to be correctly labelled or connect to dot for
MP2.

g gravitational

N

4d. The hill at point B has a circular shape with a radius of 20 m. Determine whether the
skier will lose contact with the ground at point B.

[3 marks]
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Markscheme
ALTERNATIVE 1
recognition that centripetal force is required /  seen

= 468 «N»

W/640 N (weight) is larger than the centripetal force required, so the skier does not lose
contact with the ground

 

ALTERNATIVE 2

recognition that centripetal acceleration is required /  seen

a = 7.2 «ms »

g is larger than the centripetal acceleration required, so the skier does not lose contact with
the ground

 

ALTERNATIVE 3

recognition that to lose contact with the ground centripetal force ≥ weight

calculation that v ≥ 14 «ms »

comment that 12 «ms » is less than 14 «ms » so the skier does not lose contact with the
ground

 

ALTERNATIVE 4

recognition that centripetal force is required /  seen

calculation that reaction force = 172 «N»

reaction force > 0 so the skier does not lose contact with the ground

 

 

Do not award a mark for the bald statement that the skier does not lose contact with the
ground.

mv2

r

v2

r

–2

–1

–1 –1

mv2

r

4e. The skier reaches point C with a speed of 8.2 m s . She stops after a distance of 24
m at point D.

Determine the coefficient of dynamic friction between the base of the skis and the snow.
Assume that the frictional force is constant and that air resistance can be neglected.

–1 [3 marks]
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Markscheme
ALTERNATIVE 1
0 = 8.2 + 2 × a × 24 therefore a = «−»1.40 «m s »

friction force = ma = 65 × 1.4 = 91 «N»

coefficient of friction =  = 0.14

 

ALTERNATIVE 2
KE = mv  = 0.5 x 65 x 8.2  = 2185 «J»

friction force = KE/distance = 2185/24 = 91 «N»

coefficient of friction =  = 0.14

 

Allow ECF from MP1.

2 −2

91
65×9.81

1
2

2 2

91
65×9.81

4f.

At the side of the course flexible safety nets are used. Another skier of mass 76 kg falls normally
into the safety net with speed 9.6 m s .

Calculate the impulse required from the net to stop the skier and state an appropriate
unit for your answer.

Markscheme
«76 × 9.6»= 730
Ns OR kg ms

–1

–1

4g. Explain, with reference to change in momentum, why a flexible safety net is less likely
to harm the skier than a rigid barrier.

Markscheme
safety net extends stopping time

F =  therefore F is smaller «with safety net»

OR

force is proportional to rate of change of momentum therefore F is smaller «with safety net»

 

Accept reverse argument.

Δp

Δt

A glider is an aircraft with no engine. To be launched, a glider is uniformly accelerated from rest

[2 marks]

[2 marks]
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5a.

A glider is an aircraft with no engine. To be launched, a glider is uniformly accelerated from rest
by a cable pulled by a motor that exerts a horizontal force on the glider throughout the launch.

The glider reaches its launch speed of 27.0 m s  after accelerating for 11.0 s. Assume
that the glider moves horizontally until it leaves the ground. Calculate the total distance
travelled by the glider before it leaves the ground.

Markscheme
correct use of kinematic equation/equations

148.5 or 149 or 150 «m»

 

Substitution(s) must be correct.

–1

5b. The glider and pilot have a total mass of 492 kg. During the acceleration the glider is
subject to an average resistive force of 160 N. Determine the average tension in the
cable as the glider accelerates.

Markscheme
a =  or 2.45 «m s »

F – 160 = 492 × 2.45

1370 «N»

 

Could be seen in part (a).
Award [0] for solution that uses a = 9.81 m s

27
11

–2

–2

5c. The cable is pulled by an electric motor. The motor has an overall efficiency of 23 %.
Determine the average power input to the motor.

[2 marks]

[3 marks]

[3 marks]
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Markscheme
ALTERNATIVE 1

«work done to launch glider» = 1370 x 149 «= 204 kJ»

«work done by motor» 

«power input to motor»  or 80.4 or 81 k«W»

 

ALTERNATIVE 2

use of average speed 13.5 m s

«useful power output» =  force x average speed «= 1370 x 13.5»

power input = « » 80 or 80.4 or 81 k«W»

 

ALTERNATIVE 3

work required from motor = KE + work done against friction «
» = 204 «kJ»

«energy input» 

power input  k«W»

 

Award [2 max] for an answer of 160 k«W».

= 204×100
23

= × = 80204×100
23

1
11

–1

1370 × 13.5 × =100
23

= 0.5 × 492 × 272 + (160 × 148.5)

= work required from motor×100
23

= = 80.3883000
11

5d. The cable is wound onto a cylinder of diameter 1.2 m. Calculate the angular velocity of
the cylinder at the instant when the glider has a speed of 27 m s . Include
an appropriate unit for your answer.

Markscheme
 « » 

rad s

 

Do not accept Hz.
Award [1 max] if unit is missing.

–1

ω = =v
r

= 4527
0.6

–1

After takeoff the cable is released and the unpowered glider moves horizontally

[2 marks]
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5e. After takeoff the cable is released and the unpowered glider moves horizontally
at constant speed. The wings of the glider provide a lift force. The diagram shows
the lift force acting on the glider and the direction of motion of the glider.

Draw the forces acting on the glider to complete the free-body diagram. The dotted lines show
the horizontal and vertical directions.

Markscheme

drag correctly labelled and in correct direction

weight correctly labelled and in correct direction AND no other incorrect force shown

 

Award [1 max] if forces do not touch the dot, but are otherwise OK.

5f. Explain, using appropriate laws of motion, how the forces acting on the glider
maintain it in level flight.

Markscheme
name Newton's first law

vertical/all forces are in equilibrium/balanced/add to zero
OR
vertical component of lift mentioned

as equal to weight

At a particular instant in the flight the glider is losing 1.00 m of vertical height for every

[2 marks]

[2 marks]
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5g. At a particular instant in the flight the glider is losing 1.00 m of vertical height for every
6.00 m that it goes forward horizontally. At this instant, the horizontal speed of the
glider is 12.5 m s . Calculate the velocity of the glider. Give your answer to an appropriate
number of significant figures.

Markscheme
any speed and any direction quoted together as the answer

quotes their answer(s) to 3 significant figures

speed = 12.7 m s  or direction = 9.46  or 0.165 rad «below the horizontal» or gradient of 

–1

–1 º

− 1
6

6a.

A company designs a spring system for loading ice blocks onto a truck. The ice block is placed
in a holder H in front of the spring and an electric motor compresses the spring by pushing H to
the left. When the spring is released the ice block is accelerated towards a
ramp ABC. When the spring is fully decompressed, the ice block loses contact with the spring at
A. The mass of the ice block is 55 kg.

Assume that the surface of the ramp is frictionless and that the masses of the spring and the
holder are negligible compared to the mass of the ice block.

(i) The block arrives at C with a speed of 0.90ms . Show that the elastic energy
stored in the spring is 670J.

(ii) Calculate the speed of the block at A.

−1

[3 marks]

[4 marks]
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Markscheme
(i)

OR
«E =»E +E

OR
669 J 
«E  = 669 ≈ 670J»

Award [1 max] for use of g=10Nkg , gives 682 J.

(ii)

If 682J used, answer is 5.0ms .

≪ Eel= ≫ mv2 + mgh1
2

el P K

≪ Eel= ≫ × 55 × 0.902+55 × 9.8 × 1.21
2

el

–1

× 55 × v2 = 670J1
2

v =≪ √ = ≫ 4.9ms−12×670
55

–1

6b. Describe the motion of the block

(i) from A to B with reference to Newton's first law.

(ii) from B to C with reference to Newton's second law.

Markscheme
(i)
no force/friction on the block, hence constant motion/velocity/speed

(ii)
force acts on block OR gravity/component of weight pulls down slope

velocity/speed decreases OR it is slowing down OR it decelerates

Do not allow a bald statement of “N2” or “F = ma” for MP1.
Treat references to energy as neutral.

On the axes, sketch a graph to show how the displacement of the block varies with

[3 marks]
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6c. On the axes, sketch a graph to show how the displacement of the block varies with
time from A to C. (You do not have to put numbers on the axes.)

Markscheme
straight line through origin for at least one-third of the total length of time axis covered by
candidate line

followed by curve with decreasing positive gradient

Ignore any attempt to include motion before A.

Gradient of curve must always be less than that of straight line.

6d. The spring decompression takes 0.42s. Determine the average force that the spring
exerts on the block.

Markscheme

F=642≈640N

Allow ECF from (a)(ii).

F ≪= ≫=Δp

Δt

55×4.9
0.42

The electric motor is connected to a source of potential difference 120V and draws a

[2 marks]

[2 marks]
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6e. The electric motor is connected to a source of potential difference 120V and draws a
current of 6.8A. The motor takes 1.5s to compress the spring.

Estimate the efficiency of the motor.

Markscheme
«energy supplied by motor =» 120 × 6.8 × 1.5 or 1224 J 
OR
«power supplied by motor =» 120 × 6.8 or 816 W
e = 0.55 or 0.547 or 55% or 54.7%

Allow ECF from earlier results.

[2 marks]
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