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Structured Qn Revision 6 (ANS) 
Section B 
1.  The jump to Earth was made by a sky-diver from the edge 

of space, as shown in Figure A.  
The diver was in free-fall until he opened his parachute. 
The jump started from a height of 39 km above the surface 
and the parachute opened at a height of 3.0 km. During 
the free-tall, the gravitational field strength increased from 
9.7 N/kg to 9.8 N/ kg. The mass of the diver was 80 kg. 

 
Figure A 

(a) State what is meant by gravitational field strength.  [1] 
It is the gravitational force acting per unit mass. 

(b) Calculate the increase in weight of the during the free-fall.  [1] 

𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝒘𝒆𝒊𝒈𝒉𝒕 = 𝑾𝟑 𝒌𝒎 − 𝑾𝟑𝟗 𝒌𝒎 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝒘𝒆𝒊𝒈𝒉𝒕 = 𝒎 𝒈𝟑 𝒌𝒎 − 𝒎 𝒈𝟑𝟗 𝒌𝒎 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝒘𝒆𝒊𝒈𝒉𝒕 = (𝟖𝟎 × 𝟗. 𝟖) − (𝟖𝟎 × 𝟗. 𝟕) 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝒘𝒆𝒊𝒈𝒉𝒕 = 8 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝒘𝒆𝒊𝒈𝒉𝒕 = 𝟖. 𝟎 𝒐𝒓 𝟖. 𝟎𝟎 𝑵// 

(c) Estimate the loss in gravitational potential energy of the diver during the free-fall. [2] 

𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 = 𝑮𝒂𝒊𝒏 𝒊𝒏 𝑮𝑷𝑬 𝒊𝒇 𝒅𝒊𝒗𝒆𝒓 𝒊𝒔 𝒍𝒊𝒇𝒕𝒆𝒅 𝒇𝒓𝒐𝒎 𝟑 𝒌𝒎 𝒕𝒐 𝟑𝟗 𝒌𝒎 
𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 = 𝑾𝒐𝒓𝒌 𝒅𝒐𝒏𝒆 𝒊𝒇 𝒅𝒊𝒗𝒆𝒓 𝒊𝒔 𝒍𝒊𝒇𝒕𝒆𝒅 𝒇𝒓𝒐𝒎 𝟑 𝒌𝒎 𝒕𝒐 𝟑𝟗 𝒌𝒎 
𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 = 𝑾 × 𝒅 

But his weight decreases as he is lifted away from earth.  
Assuming his weight decreases linearly with height, his average weight can be used. 

𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 =
𝑾𝟑 𝒌𝒎 + 𝑾𝟑𝟗 𝒌𝒎

𝟐
× 𝒅 

𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 =
𝒎 𝒈𝟑 𝒌𝒎 + 𝒎 𝒈𝟑𝟗 𝒌𝒎

𝟐
× 𝒅 

𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 =
(𝟖𝟎 × 𝟗. 𝟖) + (𝟖𝟎 × 𝟗. 𝟕)

𝟐
× (𝟑𝟗 𝟎𝟎𝟎 − 𝟑 𝟎𝟎𝟎) 

𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 = 𝟐𝟖 𝟎𝟖𝟎 𝟎𝟎𝟎 
𝑳𝒐𝒔𝒔 𝒊𝒏 𝑮𝑷𝑬 = 𝟐. 𝟖 × 𝟏𝟎𝟕 𝒐𝒓 𝟐. 𝟖𝟏 × 𝟏𝟎𝟕 𝑱// 

Note: In reality, 𝑊 ∝  
 Thus, averaging the weight will only produce an estimate. 

(d) The effects of air resistance are very small at the start of the jump. 
If air resistance is neglected, state the energy change that occurs during the fall and 
explain, using ideas about energy, why the speed of the diver does not depend on his 
mass. [2] 
GPE is converted to KE {1}. 
Thus, m g h = ½ m v2 
Dividing both sides by m, we get 
g h = ½ v2   {1} 
Thus, v does not depend on mass. 
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2.  A golf club hits a stationary golf ball. Figure A shows three stages in the process. 
before impact  
during impact  
after impact  

Figure A 

(a) Explain how the principle of conservation of energy applies during the impact. [3] 

Before impact: KE of golf club 
After impact: KE of ball 
During impact: Collision. Thus, sound and heat produced. Some KE transferred. 

Hardly any change in GPE during impact. 
Loss in KE of golf club is equal to the sum of the gain in KE of golf ball and heat and 
sound produced. 

(b) The golf ball rises from the ground at A to 
a vertical height of 16 m at B, as shown in 
Figure B. 
The mass of the ball is 0.045 kg. The 
gravitational field strength g is 10 N/kg.  

 
Figure B 

(i) Calculate the increase in gravitational potential energy of the ball between A and 
B. [2] 

𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝑮𝑷𝑬 = 𝒎𝒈𝒉 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝑮𝑷𝑬 = 𝟎. 𝟎𝟒𝟓 × 𝟏𝟎 × 𝟏𝟔 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝑮𝑷𝑬 = 7.2 
𝑰𝒏𝒄𝒓𝒆𝒂𝒔𝒆 𝒊𝒏 𝑮𝑷𝑬 = 𝟕. 𝟐 𝒐𝒓 𝟕. 𝟐𝟎 𝑱// 

(ii) At B, the kinetic energy of the ball is 2.5 J. 
You may assume that there is no air resistance as the ball travels from A to B. 
Calculate the kinetic energy of the ball at A. [1] 

𝑲𝑬 𝒂𝒕 𝑨 = 𝑮𝑷𝑬 𝒂𝒕 𝑩 + 𝑲𝑬 𝒂𝒕 𝑩 
𝑲𝑬 𝒂𝒕 𝑨 = 𝟕. 𝟐 + 𝟐. 𝟓 
𝑲𝑬 𝒂𝒕 𝑨 = 𝟗. 𝟕 𝒐𝒓 𝟗. 𝟕𝟎 𝑱// 
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3.  (a) Define the centre of gravity of an object. [1] 

It is the point through which the entire weight of the body appears to act {1}. 

(b) The figure shows a simple balancing toy placed on 
the tip of a finger. 

(i) State the purpose of the ‘Weight’ on each 
side of the finger. [1]

It lowers the centre of gravity {1} of the toy to 
a point vertically below its pivot. 

OR 

It increases the stability of the toy {1}. 

 

(ii) Explain how the toy is able to return to its upright position even when it is 
displaced slightly. [1] 

Side views 

  
When the toy is displaced in any direction, its weight will produce a moment in the 
opposite direction, returning its CG to a point vertically below pivot A {1}. 

(iii) State a reason why the toy is more unstable if it is balanced on the 
finger using end B instead of end A. [1] 

The centre of gravity will be above the pivot / higher {1}. 
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4.  Figure A shows three cubes, A, B and C, of mass 35 kg, 5 kg and 20 kg respectively resting 
on a smooth horizontal surface initially. The cubes are in contact with each other. A 
horizontal force of 300 N is then exerted on cube A. 

 
Figure A 

(a) Calculate the acceleration of cube B and hence the resultant force acting on it.  [2] 

 
(b) Calculate the force exerted on cube A by cube B.  [2] 

 
(c) In Figure A, draw and label all the forces acting on cube C, as well as the reaction pairs 

for these forces. [2] 
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5.  An astronaut is outside her space capsule in a region where the effect of gravity can be 
neglected. She uses a gas gun to propel herself forward relative to the capsule. The gas gun 
fires gas from a muzzle of area 160 mm2 at a speed of 150 m/s. The density of the gas is 
0.8 kg/m3 and the mass of the astronaut, including her space suit, is 130 kg. 

(a) Explain why the gas gun causes the astronaut to be propelled forward.  [2] 

She fires the gas backwards. Thus, there is a force acting on the gas in the backward 
direction. 
For every action, there is an opposite reaction. Thus, there is a reaction force on the 
gas gun in the forward direction. 

(b) What is the mass of the gas leaving the gun per second?  [2] 

 
(c) Calculate the acceleration of the astronaut due to the gun.  [3] 
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6.  The figure shows a narrow laser beam 
directed towards a point A on a vertical wall. 
A semicircular glass block G is placed 
symmetrically across the path of the beam. 
The glass block is rotated about the centre, 
O, and the bright spot where the beam 
strikes the wall moves down from A to B and 
then disappears. 

(a) Account for the disappearance of the 
bright spot after B.  [1] 

 

 
(b) Given that OA = 1.50 m and AB = 1.68 m, determine 

(i) the critical angle, and [2] 

 
(ii) the refractive index of the glass block. [1] 

 
(c) Explain whether AB would be longer or shorter if a material of higher refractive index is 

used for the glass block.  [2] 
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