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Question Typical evidence that will be 
awarded one mark (if applicable) Typical evidence that will be awarded two marks  2(c) ONE reason provided. BOTH reasons provided. 

One reason involves the difference in the distance from the centre of the Earth between the two positions due 
to the equatorial bulge – this leads to a variation in the gravitational field strength. The equator is further away 
from the centre of the Earth than the poles leading to a difference of about 0.05 m s–2. 
The second reason is due to the rotation of the Earth. The person on the equator experiences a centripetal 
acceleration. Given that the scales read the normal (or reaction) force N, in this case N = m(g–ac). Therefore 
there is a slight reduction (of the order of the first effect). 
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Question Evidence 1-4 marks 5-6 marks 7-8 marks 3(a)(i) The centre of mass will continue in the same direction 
regardless of the explosion. There is no external force 
applied to alter the motion of the centre of mass. 

(ii) 
 

Assume a spherical asteroid. Take r = 0.725 × 106 m (half the 
"diameter" of Texas).Mass of the asteroid = 4/3 π r3 ρ 

           = 4.8 × 1021 kg 
Mass of each half     =  2.4 × 1021 kg 
Assume all of the bomb energy is converted into KE of the 
lumps in the y direction – velocity (v) in the y direction given 

by  
  

1

2
mv

2
= E (assume half the Ek goes to each lump) 

0.5 × 2.4 × 1021 v2  = 2.5 × 1018 
v  =  0.046 m s–1 
In 4 hours, 4 × 3600 s, the y distance moving by each half 
will be 657 m  (700 m) 
The distance needed to be moved is much larger than this so 
we are doomed! 

(iii) Assume that both halves are spherical  
The radius of each spherical lump is given by   
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This is 12 cm s–2. The maximum speed of separation from 
the blast is only  
4.6 cm s–1. In other words the self gravitation would almost 
immediately overwhelm the force from the blast and bring 
the asteroid back together. The asteroid might "heave" but it 
would not split apart. 

Shows some 
understanding 
of at least one 
of the following 
aspects of the 
physics of the 
situation 
outlined – for 
example centre 
of mass, 
momentum, 
acceleration, 
energy 
considerations. 

Shows clear 
understanding 
of some 
relevant aspects 
of the physics of 
the situation 
outlined—for 
example centre 
of mass, 
momentum, 
acceleration, 
energy 
considerations. 

Shows insight 
in relation to all 
relevant aspects 
of the physics of 
the situation 
outlined. 
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Question Evidence 1-4 marks 5-6 marks 7-8 marks 

 (4 a)
 

Surrounded on all sides by equal quantities of mass all the 
gravitational forces will balance and sum to zero. 

Thorough 
understanding 
of these 
applications 
of physics.  
 
OR 
 
Partially 
correct 
mathematical 
solution to the 
given 
problems. 
 
AND/OR 
 
Partial 
understanding 
of these 
applications 
of physics. 
 

(Partially) 
correct 
mathematical 
solution to the 
given 
problems. 
 
AND/OR 
 
Reasonably 
thorough 
understanding 
of these 
applications 
of physics. 
 
 

Correct 
mathematical 
solution to the 
given 
problems. 
 
 
AND 
 
Thorough 
understanding 
of these 
applications 
of physics. 

(b) 
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(c) The gravitational attraction from a point mass decreases 
according to 1/r2, where r is the distance from the point 
mass.  
The Earth can be regarded as a point mass, with all of its 
mass in the centre. 

(d) The Earth has not got uniform density. The outer layers of 
low density material do not produce the expected fall off 
in field strength as we descend because we are 
simultaneously approaching the core region of much 
higher density. The two effects cancel out, producing a 
region of uniform field strength. The core region is of 
uniform density. 

theonlinephysicstutor.com

facebook.com/TheOnlinePhysicsutor

theonlinephysicstutor.com

facebook.com/TheOnlinePhysicsutor



 

Question 
number 

 
Acceptable answers 

 
Additional guidance Mark 5(a)  A description that makes reference to the following points: 

• g is directly proportional to r up to R0 (1) 
• and then g decreases with increasing r (1) 
• where g is proportional to the inverse of the square of r (1) 

  
 
 
 
3 

(b)  • Force on object = mg (local g) (1) 
• Force is proportional to displacement (1) 
• Force acts in the opposite direction to the displacement (1) 
• Therefore we can say F = -kx, so the condition for SHM is met 

and the prediction is correct (1) 

  
 

 
 
4 

(c)(i)  Either 
• When x = R0, F = GMm/R0

2 (1) 
• F = GMmR0/R0

3 so k = mω2 = GMm/R0
3 (1) 

• Use of T=2π/ω (1) 
• T2 = 4π2/ω2 = 4π2 R0

3/GM 
So 𝑇𝑇 = 2𝜋𝜋√(𝑅𝑅!!  /𝐺𝐺𝐺𝐺) (1) 

OR 
• From graph F=-(g/Ro)r (1) 
• From which ω =√(𝑔𝑔/𝑅𝑅!  ) (1) 
• Use of T=2π/ω (1) 
• So 𝑇𝑇 = 2𝜋𝜋√(𝑅𝑅! /𝑔𝑔) (1) 
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Question 
number 

 
Acceptable answers 

 
Additional guidance Mark 

(c)(ii)  
 

 

Either 
Centripetal force = mv2/R0 = GMm/R0

2 (1) 
• 4π2 R0

2/ T2R0 = GM/R0
2 (1) 

• T2 = 4π2/ω2 = 4π2 R0
3/GM 

 So 𝑇𝑇 = 2𝜋𝜋√(𝑅𝑅!!  /𝐺𝐺𝐺𝐺) (1) 
OR 
• mg = mv2/R0 = m ω2R0 (1) 
• So ω = √(𝑔𝑔/𝑅𝑅!) (1) 
• T = 2π/ω = 2𝜋𝜋√(𝑅𝑅!/𝑔𝑔) (1) 
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(Total for Question 5  = 14  marks)  
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