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Question 
Number Answer Max 

Mark 

 
1(a) 

 

The (net) force acting on an object is (directly) proportional to the rate of 

change of momentum and takes place in the direction of the force. 

  

[B2] 
 

(b) According to Newton’s third law: When two objects interact, the force 
acting on one of objects is equal but opposite to the force acting on the 
other object.   

The time t of ‘contact’ for the objects is the same and since Ftp =Δ ,  

the gain in momentum for one object is equal to the loss of momentum for 
the other object.  

 

 
[B1] 
[B1] 

 
[B1] 

 

(c)(i) u= 32 (m s-1)     v = - 2/3 × 32 = - 21.33 (m s-1)     t = 0.50 s   
41027.4)3233.21(800 ×−=−−=Δp kg m s-1     

[C1] 
[A1] 

(ii) tpF ΔΔ= /   / 50.0/1027.4 4×=F     

F ≈ 8.5 × 104 (N)      
Direction: Opposite to the initial velocity / away from the wall  

[C1] 
[A1] 
[B1] 

(iii) )2931038.1/()104.3100.1(/ 2325 ×××××== −−kTpVN     

N = 8.41 × 1023        

mass = 014.0)1002.6/1041.8 2323 ×××   

mass = 0.0196 (kg) ≈ 0.020 kg 

[C1] 
[C1] 

 
[A1] 

 
2(a) 

 
It is the force (of attraction) per unit mass.  

 
[B1] 

(b)(i) The gravitational field strength g is not constant.    
The student’s value would be greater than the actual value (because the  
average magnitude of g is less than 9.81 m s-1). 

[B1] 
 

[B1] 

(ii) KE = 
22/1 mv          

Trv /2π=          
33 105.8/10)64006800(2 ××+××= πv  / v = 9.76 × 103 (m s-1) 

KE = 
23 )1076.9(15002/1 ×××  

KE = 7.1(4) × 1010 (J)  

 
[C1] 
[C1] 

 
[A1] 

 

(iii) A geostationary satellite stays above the same point on the Earth and as 
such can be used for radio communications. (the term communications to 
be included and spelled correctly to gain the mark).    
The satellite is not in geostationary orbit     

because its period is less than 1 day / 8.6 × 104 s. 
 

[B1] 
[M1] 
[A1] 

 

(c)(i) r has been increased by a factor of 3 from the centre of planet.  

)4(4.4)3/40( 2 ==g  (N kg-1)  

[C1] 
[A1] 

 

(ii) GgrM /2=          
1127 1067.6/)]100.2[40( −×××=M        

M = 2.4 × 1026 (kg)  

 
[C1] 
[A1] 

(iii) ρπρ 33/4 rVM ==  
232 // rrrGMg ∝=          (Hence g ∝ r) 

[M1] 
[A1] 
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Question 
Number 

Answer Max 
Mark 

 
3(a) 

 
The acceleration of the oscillator is directly proportional to the 
displacement (the term displacement to be included and spelled 
correctly to gain the mark). 
with the acceleration always directed to a fixed / equilibrium point  

 
[B1] 

 
[B1] 

 

b(i) 1. Measure the time t for N oscillations.    
 frequency f = N/t      
  
2. Measure the amplitude A of the oscillations using the ruler. 
  

  maximum speed is calculated using: Afv )2(max π=   

[M1] 
[A1] 
[M1] 
[A1] 

 

(ii) The maximum speed is doubled     

because the frequency is the same and Av ∝max   
[B1] 
[B1] 

 

(iii) F = (-) kx      and     F = ma 
Therefore  ma = (-) kx 

2 /k mω =  

2 ( / )T m kπ=  

 
[M1] 

 
[M1] 

 
4(a)(i) 

 
Internal energy is the total kinetic and potential energies of all the 
atoms 
moving randomly within the substance / system / body.  

 
[B1] 
[B1] 

 

(ii) Specific heat capacity of a substance is the heat required to change 
the temperature of a unit mass by 1K / 1oC.   

 
[B1] 

 

(b)(i) θΔ= mcE  / 2939200.2 ××=E      
51039.5 ×=E (J)        

E ≈ 540 kJ         
 

[C1] 
[A1] 
[A0] 

(ii) number of moles = )1.74(027.0/0.2 =      

number of atoms =  AN)027.0/0.2(  /   number of atoms =4.46 × 1025  

average energy = 5.39 × 105/4.46 × 1025      

average energy = 1.2(1) × 10-20 (J)      
 

[C1] 
[C1] 
[C1] 
[A0] 

(iii) energy per mole per K = (1.2 × 10-20 × 6.02 × 1023)/293   
energy per mole per K = 24.7 J mol-1 K-1       
 

[C1] 
[A1] 

 

(c) Time Delay: The block has to come to a “uniform” temperature. 
Energy is conducted from heater to block in a finite but short time. 
Thermometer is a finite distance from heater  

 
 

[2] 

 Maximum Temperature: The surroundings of the block are at room 
temperature so energy is transferred by conduction, convection and 
radiation from the block to the surroundings, so the block does not 
reach the “theoretical” maximum temperature expected. 

 
 

[2] 
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Number 

Answer Max 
Mark 

 
5(a) 

 
Any two from: 
Collisions between atoms is elastic 
Time between collisions is negligible compared with time of collisions 
Motion of atoms is random 
There are a very large number of atoms 
  

 
 
 

[B1×2] 
 

(b) Tmv ∝22/1  

ratio = (109/4000)1/2  
ratio = 500 

 
[C1] 
[A1] 

 

(c) They collide randomly and hence have a range of speeds. [B1] 

(d)(i) )]100.3[107.1/40001038.12(3.656 282723 ×××××××=Δ −−λ  

Δλ ≈ 1.8 × 10-2 (nm) 

[C1] 
[A1] 

 

(d)(ii) Carbon atoms are more massive (and Δλ ∝ 1/mass) [B1] 

Paper Total [60] 
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