
Paper 1 Q1

(Q x – R t) is an angle � dimensionless

� [Q] [x] = [R] [t] = 1

Ans: D

Paper 1 Q2

ρ = M / V

where V = L π d2 / 4

∆ρ/ρ = ∆M/M + ∆L/L + 2 ∆d/d

Ans: A

Paper 1 Q3

Average = 9.8 ± 0.1

(Max – Min) / 2 ≤ 0.3

Ans: C

Paper 1 Q4

resultant 
1.5 m s-1

1.3 m s-1

θ

Ans: C

Paper 1 Q5

Velocity constant  � Acceleration = 0

Ans: B

Paper 1 Q6

Acceleration is g except when ball is in contact with 

ground.

Ans: C



Paper 1 Q7

v2 = u2 + 2 a s

� 0 = 102 + 2 a (10)

� 0 = 302 + 2 a D30

Ans: D

Paper 1 Q8

ux = 0 sx = 20 m � sx = ux t

uy = 0 ay = 9.8 m s-2 sy = h � sy = uy t + ½ ay t2

Ans: A

Paper 1 Q9

Constant velocity � acceleration = 0

Ans: A

F

W

W

F

Paper 1 Q10

Ans: A

Paper 1 Q11

Fdrive

N

W

Ans: D

Paper 1 Q12

Momentum of system is conserved.

Kinetic energy of system decreased.

Ans: C



Paper 1 Q13

Ans: D

W

YX

W

Y

X

45o

30o

Paper 1 Q14

Sum moments about right pivot:

FX 0.80 + (-5.0 x 0.50) = 0

Ans: B

FX FY

Paper 1 Q15

Pressure at depth p = h ρ g + P

Force on plane = p S

Ans: C

Paper 1 Q16

Ans: D

F

xe

Paper 1 Q17

Total change in energy = Work done on system

gain in KE of A&B + gain in GPE of A – loss in GPE of B = 0

Ans: C

Paper 1 Q18

Total change in energy = Work done on system

+ gain in KE – loss in GPE = work done by friction (negative)

Ans: B



Paper 1 Q19

In 1 s:

Loss in GPE of water = E = m g h

Electrical energy produced = E’ = 0.90 E

No of light bulbs = E’ / 100

Ans: B

Paper 1 Q20

Energy gain = E = ½ m v2

Time taken = E / P

Ans: C

Paper 2 Q2 Paper 2 Q2

A

V

Paper 2 Q2a

Acceleration has no horizontal component

� Horizontal velocity will not change.

Paper 2 Q2b

ux = 7.0 m s-1 sx = 3.6 m

� sx = ux t 

� t = 0.51 s



Paper 2 Q2c

↓ + : uy = ?    sy = 1.5 m   ay = 9.81 m s-2 t = 0.51 s

� sy = uy t + ½ ay t2

� uy = 0.44 m s-1

Paper 2 Q2d

↓ + : uy = 0.44 m s-1 vy = ?    ay = 9.81 m s-2 t = 0.51 s

� vy = uy + ay t

vx = ux = 7.0 m s-1

v = √(vx
2 + vy

2)

θ = tan-1 (vy / vx)

Final velocity = 8.9 m s-1 at angle of 38o below horizontal

Paper 2 Q3a

Conservation of Momentum:

� + : 0 = 7.00 v1 + 0.0100 x 600

� v1 = - 0.857 m s-1

Paper 2 Q3b

Force by shoulder on rifle F = dp / dt

momentum of rifle after firing = 7.00 x (-0.857) 

= -6.00 kg m s-1

dp = 0 – (-6.00) = 6.00 kg m s-1

� F = 60.0 N �

� Force on shoulder by rifle = 60.0 N 

Paper 2 Q3c

Rubber pad allows more space for rifle to recoil

� Time for deceleration is longer

� Force on shoulder smaller

Paper 2 Q3d



Paper 2 Q3di

by C.O.M.

0.0100 x 600 = 0.0100 vB + 2.00 vH

KE conserved in elastic collision

½ 0.0100 x 6002 = ½ 0.0100 vB
2 + ½ 2.00 vH

2

Paper 2 Q3dii

relative speed of approach = relative speed of separation

600 = vH – vB

Paper 2 Q3diii

Bullet may ricochet / rebound with a high speed,

injuring firer or people around.

Paper 2 Q4a

Body initial at rest

Sum of forces equals to zero

Sum of torque equals to zero

Paper 2 Q4b Paper 2 Q4b

Taking moments about pivot:

CW moment due to W = ACW moment due to T

Because T is almost horizontal, perpendicular distance to 

pivot is very much smaller than that of W.

Thus T is many times larger than W.



Paper 2 Q4b

P

Paper 2 Q4b

Force of base of spine on spine

Paper 2 Q4b

P

T

W
θ

Paper 2 Q7a

Rate of change of velocity

Resultant force on a body is directly proportional to

its rate of change of momentum 

in the direction of the force

Paper 2 Q7b

W

T

Paper 2 Q7b

WB

T

WA

N
T



Paper 2 Q7b

For A : (�+)   ΣF = m a   � T = mA a

For B : (↓+)     ΣF = m a   � W + (–T) = mB a

Solving simultaneously,  a = 6.13 m s-2

Paper 2 Q7b

For A : (�+)   ΣF = m a   � T = mA a

For B : (↓ +)     ΣF = m a   � W + (–T) = mB a

Solving simultaneously,  T = 1.84 N

Paper 2 Q7b

u = 0    v = ?   a = 6.13 m s-2 s = 0.50 m

Using v2 = u2 + 2 a s,

v = 2.48 m s-1

Paper 2 Q7b

u = 0    v = 2.48   a = 6.13 m s-2 t = ?

Using v = u + a t,

t = 0.403 s

Paper 2 Q7b

For A : (�+)   ΣF = m a   � T + (– C) = 0

For B : (↑+)     ΣF = m a   � W + (–T) = 0

Solving simultaneously,  C = 4.91 N

C = k x  � x = 0.0136 m

C

Paper 2 Q7b

By conservation of energy:

work done on system = Total change in energy of system

For A: ∆K = – ½ mA u2

For B: ∆K = – ½ mB u2

∆G = – mB g x 

For spring:   ∆E = ½ k x2

work done by external forces = 0

Solving:   x = 0.131 m

For A: ∆K = 0

For B: ∆K = 0

∆G = – mB g (0.50 + x) 

For spring:   ∆E = ½ k x2



Paper 2 Q7b

A will move leftwards (and B upwards) 

back to (their respective) initial positions.

The entire cycle of motion will repeat itself.
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1 (a) Estimate the number of breaths taken during an average human life span, showing 
clearly how you arrived at your estimate.  

 
  A person takes an average of 25 breaths per minute.  
  The average human life span is 70 years. 
  Hence number of breaths taken during an average human life span 
  = (70 x 365 x 24 x 60) (25) = 9 x 108 
 
  Note: 

  1. Accepted answer in the order of 10
8
 – 10

9 
(1 s.f. will suffice for estimates but no 

marks deducted for more than 1 s.f. in this case)
 

2. No marks awarded if no logical reasoning is given at all 
 
  

number of breaths =                [2] 
 
 
 (b) (i) The rate of heat energy loss through an insulated rod is given by the equation  
 

   ( )
E T

A
t x

λ
∆

=  , where 

    
   E is the loss in heat energy, 
   t  the time taken for the loss,  
   ∆T is the temperatures difference between the hotter and colder ends of the rod,  
   x is the length of the rod, 
   A is the cross-sectional area of the rod, and 
   λ is a constant for a given material of the rod; it is also known as the thermal 

conductivity of the material.    
   
   Given that the unit of λ is kg m s-3 K-1, show that the above equation is 

dimensionally homogeneous.  [3] 
    

   [ ]
E

t
 = [force][displacement]/[time] 

    = [mass][acceleration][displacement]/[time] 
     = (kg . m s-2 . m) / s = kg m2 s-3 
    

   [ ( )]
T

A
x

λ
∆

 = (kg m s-3 K-1 . m2 . K) / m 

       = kg m2 s-3 
    

   Since [ ]
E

t
 = [ ( )]

T
A

x
λ

∆
, the equation is dimensionally homogeneous. 

  
   Note: 

   1. Do not equate units of [ ]
E

t
 and [ ( )]

T
A

x
λ

∆
 first; you need to PROVE that they 

are the same
  

   2.
 
Do not equate physical quantities with units 
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(ii) A lagged copper rod has length (20.0 ± 0.3) cm and diameter (11.0 ± 0.1) mm. 
When steady state is attained, the temperature of one end of the rod is 120.0 oC 
and the other end is 0.0 oC. The temperature at each end of the rod is measured 
with an uncertainty of 0.5 oC.  

 
1. Determine the temperature difference between the two ends of the rod, with 

its associated uncertainty.  
 

T1 = (0.0 ± 0.5) oC 
T2 = (120.0 ± 0.5) oC 
 

T2 – T1 = (120 ± 1) oC 
 
Note : 

1. Uncertainty in temperature difference expressed in 1 s.f. = 1 
o

C, not 1.0 
o

C 

2. Actual temp difference rounded off to nearest 
o

C = 120 
o

C, not 120.0 
o

C 
temperature difference =               oC [1] 

 
 
2.  Given that the rate of heat flow through the copper rod is determined to be 

(22 ± 1) W, calculate the thermal conductivity of copper, expressing your 
answer with its associated uncertainty.  

   

 Rate of heat flow = 
E

t
 = (22 ± 1) W  

 
 Area of rod, A = πr

2 
 

 
2 2

2 1

(22)(0.200)
385.83

( ) (0.0055 )(120)

E
x

t

r T T
λ

π π
= = =

−
 kg m s-3 K-1 

 

2 1

2 1

( )
2( )

( )

E

T Tx rt
E x r T T

t

λ
λ

∆ ∆ −∆ ∆ ∆
= + + +

−
 

        

1 0.3 0.1 1
2( )

22 20.0 11.0 120

0.0870

= + + +

=

 

  
 ∆λ = 33.6 = 30 kg m s-3 K-1  (1 s.f.)  
 
  Hence λ = (390 ± 30) kg m s-3 K-1 
 

thermal conductivity of copper =               kg m s-3 K-1 [3] 
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5 A 3.00 kg mass with an initial velocity of 1.00 m s-1 slides down a frictionless 30.0° incline as 
shown in Fig. 5.1. While sliding, it comes into contact with an unstretched spring of negligible 
mass with a spring constant of 400 N m-1. 

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The initial separation between the mass and the unstretched spring is d. The mass slides an 

additional 0.200 m as it is brought momentarily to rest by compression of spring. The 
gravitational potential energy is taken to be zero at the level shown in the Fig. 5.1. 

 
 
 (a) Find the restoring force in the spring when it is compressed by 0.200 m. 
 

   

F = k x= (400) (0.20) = 80.0 N       
 

 
restoring force =               N [1] 

 
 
 
 (b) Find the energy stored in the spring when it is compressed by 0.200 m. 
 

 
EPE = ½ F x or  
EPE = ½ k x2  
        = ½ (400) (0.20)2  
         = 8.00 J  
 

 
energy stored =               J [2] 

 
 
 

GPE = 0 

30.0° 

1.00 m s-1 

d 

unstretched 
spring 

Fig 5.1 
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(c) Find the initial kinetic energy and gravitational potential energy of the mass in terms of 
d when necessary. 

 

EK = ½ m v2 = ½ (3.00) (1.00)2  = 1.50 J                
 
EP = m g d sin 300  
= (3.00)(9.81) d sin 300  
= 14.7d J                                     

 
initial kinetic energy =               J 

 
initial gravitational potential energy =              J [3] 

 
 
 
  (d)   Find the initial separation d between the mass and the unstretched spring. 
 

Initial (EP + EK)  =  Final (EP + EK) 
Initial (GPE + EPE + KE)  =  Final (GPE + EPE + KE)                         
14.715 d + 0 + 1.50  =  - (3.00) (9.81) (0.20) sin 300 + 8.00 + 0           
        d  = 0.242 m                                                           
 

 
d =                m [3] 
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6 Solids can be classified as crystalline, polymeric or amorphous. All these materials are 
widely used in engineering and industry. In the question, we will look at how materials deform 
when subjected to loads of varying amounts. 

 
When a load F is applied to the end of a wire of unstretched length l and cross sectional A, it 
extends by a length e. Some technical terms used in the subject of elasticity of wires include: 

 

Tensile stress = force per unit area = 
F

A
 

Tensile strain = extension per unit length = 
e

l
 

Young Modulus E = 
Stress

Strain
 = 

Fl

Ae
 

 
 (a) Determine the base units of E, the Young Modulus. 

 

  
2 2 2 1

[ ] [ ] [ ] [ ]
Fl F ma

E kg m s m kg s m
Ae A A

− − − −= = = = =  

 

   base units of E =               [2] 
 

A specimen fibre of glass has the same dimensions as a specimen of copper wire. The 
length of each specimen is 1.50 m and the radius of each is 0.15 mm. Both specimens are 
loaded slowly until they break. The force-extension graphs of both specimens are shown in 
Fig. 6.1. 

 
. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

B 

extension/ mm 

te
n

s
io

n
a

l 
fo

rc
e

/ 
N

 

Fig. 6.1 

X 
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(b) (i) State Hooke’s law. 
  

Within the proportionality limit, the magnitude of the applied force is proportional to the 
amount of extension or compression it produces.    

 
    
 
  (ii) Label, on Fig. 6.1, the point of limit of proportionality for material A with X.       [1] 
 
    
  (iii) Glass is known to be a brittle material. Suggest, with a reason, which material is 

likely to be glass. 
 

Material B could be glass. Brittle material is unlikely to undergo extended 
stretching beyond its limit of proportionality before its breaking point 
   [2] 

 
  (iv) Suggest what happens to material A after it is loaded beyond 14 mm. 
  

Material A extends without an increase in applied force beyond 14 mm. This 
happens when the deformation is too great. The area of the material becomes 
smaller due to the extension. 

    [2] 
 
 (c) Using the graphs and data given, determine 
 
  (i) the Young modulus E of B. 
 
 

   
10 1 2

3 2 3

(6.0)(1.50)
7.96 10

(0.15 10 ) (1.6 10 )

Fl
E kg m s

Ae π
− −

− −
= = = ×

× ×
 

   Accept (7.16 – 8.76) x 1010 kg m-1 s-2 
 
 

Young modulus E =               [2] 
 
 

  (ii) the approximate value of work done to stretch material A to its breaking point. 
 

Work done = Area under the force-extension graph 

           =
1 1

(12)(0.002) (12 14.4)(0.0036) 14.8(0.0148) 0.278
2 2

J+ + + =  

     Accept (0.264 J - 0.292 J) 
 
    

work done =               J [2] 
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 (d) In a separate experiment, three rods were set up as shown in Fig. 6.2 for the loading 
test. All rods are of the same dimensions as in the previous experiment. Rods X and Y 
are made of material B and Rod Z is made of material A. Rod Z is at the midpoint of 
the support rod. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 (d) State, with a reason, which rod(s) will break first as the load increases slowly. 
 

At any time, rod z will experience 2 times the tensional force compare to both X and Y. 
The largest force material A can withstand before breaking is 15 N, and the largest 
force material B can withstand before breaking is 8.2 N. Therefore rod Z will break 
first when the applied load is 15 N. 

 
  
 

Fig. 6.2 
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