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Question Suggested Solution Marks 
1(a) Loss in GPE = Gain in KE 

 

 
 

B1 

1(b) 

 
Using expressions in (a),  

 
In order for the normal force on the beads to be radially inward, the 
centripetal force required (shown above) must exceed the radial 
component of weight.  
Thus, 

 

 
 
 
 
 
 
 
 
 
 

B1 
 
 

C1 
 
 

M1 
 
 

A0 
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Question Suggested Solution Marks 
1(c) Let the normal force be N. 

By Newton’s 2nd Law, 

  
This normal force (hoop on beads) is radially inwards (when the beads 
are moving fast). By Newton’s 3rd Law, the beads exert on the hoop a 
normal force radially outwards of the same magnitude.  
The sum of the upward components of N from the two beads is 

. 
If this vertical force on the hoop is greater than the weight of the hoop, 
the hoop will be lifted off the ground. Thus, we require 

 
To find the maximum value of the denominator, 

  

Hence, at its maximum, , which implies 

. 

The maximum value of the ratio is then . 
Note: Initially, the beads move slowly, the required centripetal force (∝ 
v2) is small. The radial component of weight (= mgcosθ) is more than 
enough to supply the centripetal force. Hence, the normal force is radially 
outwards, and mgcosθ − N is the centripetal force. As the beads speed 
up, the centripetal force required exceeds mgcosθ (which decreases with 
θ). The normal force will then be radially inwards, such that mgcosθ + N 
is the centripetal force. Since the hoop exerts on the beads an inward 
normal force, by Newton’s 3rd Law, the beads exert on the hoop and 
outward normal force, which has an upward component. If this upward 
force component is greater than the weight of the hoop, the hoop will be 
lifted off the ground. 

 
 
 
 
 

B1 
 

C1 
 
 
 
 
 
 

B1 
 

B1 
 
 
 
 
 
 

B1 
 

B1 
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Question Suggested Solution Marks 
 
 
 
 
 
 
 
 

  

2(a) 
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Question Suggested Solution Marks 
2(b) 

 

 

 
 
 
 
 
 
 

  

3(a)(i) So that there is a net pressure and thus a net force pointing to the right 
to provide the centripetal force. 

 

3(a)(ii) 
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Question Suggested Solution Marks 
3(b)(i) 

 

 

3(b)(ii) 

 

 

3(b)(iii) 

 

 

 
 

 

4(a) 
The first law of thermodynamics states that the increase in internal 
energy of a system is equal to the sum of the heat supplied to the system 
and the work done on the system. 

 

4(b)(i) From the First Law of Thermodynamics,  

For the isothermal process A to B,  
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Question Suggested Solution Marks 
4(b)(ii) From the First Law of Thermodynamics,  

For the adiabatic process B to C,  

,  

similarly,  
 

 

 

4(c)(i) Work done on the steam from A to B is = 
                            

          
Similarly, the work done on the steam from C to D is = 
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4(c)(ii) 

 
 
For one complete Carnot cycle, the net work done on the steam is 

 where  

                      
 

∴ the net work done by the steam is =  

                      
 
For the adiabatic processes B to C and D to A,  
 

                                     
 

But, , and , 
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Question Suggested Solution Marks 

Hence,    

 
 

 
 

5(a) 

Conservation of momentum:  

Conservation of energy:  

 
B1 

 
B1 

5(b)(i) 
Rearranging the above equations: 

 

 
 
(1)+(2) to eliminate λ′, and rearranging: 

  
 
Solving the quadratic equation for v: 

 

 
 
 
 
 
 
 
 

M1 
 
 
 
 
 

M1 
 
 
 
 

A0 

5(b)(ii) 

 

Since   

 

 
 
 

M1 
 
 

A1 
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Question Suggested Solution Marks 
5(b)(iii) 

Conservation of energy:  
Rearranging, 

 

 
 
 

M1 
 
 

M1 
 
 

A0 

 
 

 

 
 
 

 

6(a)(i) weight must be larger than tension 
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Question Suggested Solution Marks 
6(a)(ii) 

 

 

6(b)(i) 

 

 

6(b)(ii) 

 

 

6(c) 
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Question Suggested Solution Marks 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

7(a)(i) 
An inertial frame of reference refers to one in which Newton’s first law of 
motion is valid.  
 
The frame is either at rest or moving at a constant velocity. 

 

7(a)(ii) 
The velocity of P as observed by Q and  

is given by the vector equation  
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Question Suggested Solution Marks 
7(b)(i) 

 
 

Correct direction of vector diagram and ϕ < θ correctly labelled. 

 

7(b)(ii) 
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Question Suggested Solution Marks 
7(b)(iii) 

 

 

7(c)(i) 
An elastic collision is one in which the total kinetic energy of the system 
of colliding bodies is conserved before and after the collision. 

 

7(c)(ii)  

7(c)(iii) α will take on a smaller value. 

vM
’
 will take on a smaller value because vCM will have a magnitude closer 

to vM. Hence, using cosine rule, α will take on a smaller value. 
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Question Suggested Solution Marks 
8(a) At : 𝑃

 
Flux density due to conductor with full solid circular cross-section:  
 

 𝐵
𝑠𝑜𝑙𝑖𝑑

2π𝑟( ) = µ
0
𝐽 π𝑎2( )

 

                          𝐵
𝑠𝑜𝑙𝑖𝑑

=
µ

0
𝐽 𝑎2( )
2𝑟

 
 
 
 
 
 
The horizontal components of  and  cancels off and 𝐵

𝑙𝑜𝑤𝑒𝑟
𝐵

𝑢𝑝𝑝𝑒𝑟
hence we only need to consider vertical components. 
 
 Flux density at  due to the conductor with odd shaped 𝑃
cross-section:  
 

                     𝐵
𝑜𝑑𝑑

= 𝐵
𝑠𝑜𝑙𝑖𝑑

− 𝐵
𝑢𝑝𝑝𝑒𝑟

− 𝐵
𝑙𝑜𝑤𝑒𝑟

 

​ where​𝐵
𝑜𝑑𝑑

=
µ

0
𝐽 𝑎2( )
2𝑟 − 2

µ
0
𝐽 π𝑎2

4( )
2π 𝑟2+ 𝑎2

4( )
⎛

⎝

⎞

⎠
cos 𝑐𝑜𝑠 θ 

                         cos 𝑐𝑜𝑠 θ = 𝑟

𝑟2+ 𝑎2

4( )
 

𝐵
𝑜𝑑𝑑

=
µ

0
𝐽 𝑎2( )
2𝑟 − 2

µ
0
𝐽 π𝑎2

4( )𝑟

2π 𝑟2+ 𝑎2

4( )( ) =
µ

0
𝐽 𝑎2( )
2𝑟 − 2

µ
0
𝐽𝑎2𝑟

8 𝑟2+ 𝑎2

4( )( ) =
µ

0
𝐽 𝑎2( )
2𝑟 −

µ
0
𝐽𝑎

4𝑟2+((
 
 

 𝐵
𝑜𝑑𝑑

= µ
0
𝐽𝑎2 1

2𝑟 − 𝑟

4𝑟2+𝑎2( )( )( ) = µ
0
𝐽𝑎2 4𝑟2+𝑎2−2𝑟2

2𝑟 4𝑟2+𝑎2( )( ) = µ
0
𝐽𝑎2 2𝑟2+𝑎2

2𝑟 4𝑟2+𝑎2( )( )
 

Current through the odd shaped cross-section, ​𝐼 = 𝐽 π𝑎2

2( )
​ ⇒​                 𝐽 = 2𝐼

π𝑎2

 

Hence,  ​   𝐵
𝑜𝑑𝑑

= µ
0

2𝐼

π𝑎2( )𝑎2 2𝑟2+𝑎2

2𝑟 4𝑟2+𝑎2( )( ) =
µ

0
𝐼

π𝑟( ) 2𝑟2+𝑎2

4𝑟2+𝑎2( )
upwards.     
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Question Suggested Solution Marks 
8(b)(i) μ = NIA  

   = 25 x 15 x 10-3 x 0.054 x 0.085       
   = 1.72 x 10-3 A m2                      

 

8(b)(ii) τ = μB = 1.72 x 10-3 x 0.35         
           = 6.02 x 10-4 N m        

 

8(c)(i)1 

 

 

8(c)(i)2 

 

 

8(c)(ii)1 

 
Differentiating both sides with respect to t, 

 

where  and . 

 

8(c)(ii)2 
Differentiating  with respect to t twice, 

. 

Hence,  satisfies the differential equation. 

 

8(c)(ii)3a At t = 0, the charge on the inductor is . 
Using the Kirchhoff’s voltage law equation, 

 
Thus, 

 

Hence, . 

 

8(c)(ii)3b 

At t = 0, the current in the inductor is . 
Thus, 

. 
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Question Suggested Solution Marks 
8(c)(ii)4 

To prevent the current from flowing in the opposite direction (hence the 
discharging of the capacitor). 

 

8(c)(ii)5a Since the diode prevents the current flowing in the opposite direction 
(which will lead to the discharging of the capacitor), only positive current 

needs to be considered. Since , we consider 

.  
Thus, 

​ , 
and 

​ .  

 

8(c)(ii)5b 

 

 

 
 

 

9(a)  where ​ ​ ​  𝑣2 = 𝑣
𝑟
 𝑟ω ( ) • 𝑣

𝑟
 𝑟ω ( ) = 𝑣

𝑟
2 + 𝑟2ω2 𝑣

𝑟
= 𝑑𝑟

𝑑𝑡

 
 𝐸

𝑇
= 𝑘. 𝑒.  + 𝑔. 𝑝. 𝑒.

 
​ ​ ​ ​ ​      = 1

2 𝑚 𝑣
𝑟
2 + 𝑟2ω2( ) − 𝐺𝑀𝑚

𝑟

​  
 

 ​ ​        = 1
2 𝑚𝑣

𝑟
2 + 1

2 𝑚𝑟2ω2 − 𝐺𝑀𝑚
𝑟

 
Since angular momentum, ,​ ​ ​  𝐿 = 𝑚𝑟2ω ω = 𝐿

𝑚𝑟2

 

 ​ ​ ​ (shown) 𝐸
𝑇

= 1
2 𝑚 𝑑𝑟

𝑑𝑡( )2
+ 𝐿2

2𝑚𝑟2 − 𝐺𝑀𝑚
𝑟
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Question Suggested Solution Marks 
9(b)(i) From  𝐸

𝑇
= 1

2 𝑚𝑣
𝑟
2 + 𝐿2

2𝑚𝑟2 − 𝐺𝑀𝑚
𝑟 =− 𝐸

 ​ ​ ​ ​ ​  1
2 𝑚𝑣

𝑟
2 =− 𝐸 − 𝐿2

2𝑚𝑟2 + 𝐺𝑀𝑚
𝑟 = 0

Multiplying throughout by − r2 and rearranging terms gives 

   ​ ​ ​ ​  𝐸𝑟2 − 𝐺𝑀𝑚𝑟 + 𝐿2

2𝑚 = 0

Solving for r gives 

 ​ ​  𝑟 =
𝐺𝑀𝑚± 𝐺𝑀𝑚( )2−4𝐸 𝐿2

2𝑚( )
2𝐸 = 𝐺𝑀𝑚

2𝐸 ± 𝐺𝑀𝑚
2𝐸( )2

− 𝐿2

2𝑚𝐸( )
 ​ ​  𝑟

𝑚𝑖𝑛
= 𝐺𝑀𝑚

2𝐸 − 𝐺𝑀𝑚
2𝐸( )2

− 𝐿2

2𝑚𝐸( )
 𝑟

𝑚𝑎𝑥
= 𝐺𝑀𝑚

2𝐸 + 𝐺𝑀𝑚
2𝐸( )2

− 𝐿2

2𝑚𝐸( )

 

9(b)(ii)  ​ ​  2𝑎 = 𝑟
𝑚𝑖𝑛

+ 𝑟
𝑚𝑎𝑥

 ​ ⇒​         = 𝐺𝑀𝑚
𝐸 𝐸 = 𝐺𝑀𝑚

2𝑎
The total energy of P, ​ ​ ​  𝐸

𝑇
=− 𝐸

 ​ ​  𝐸
𝑇

=− 𝐺𝑀𝑚
2𝑎

 

9(b)(iii) From  𝑈
𝑒𝑓𝑓

= 𝐿2

2𝑚𝑟2 − 𝐺𝑀𝑚
𝑟

 ​ ​  
𝑑𝑈

𝑒𝑓𝑓

𝑑𝑟 =− 𝐿2

𝑚𝑟3 + 𝐺𝑀𝑚

𝑟2

 ​ ​ ​ ​ ​  𝑑𝑈
𝑒𝑓𝑓

𝑑𝑟 = 0

  𝐿2

𝑚𝑟3 = 𝐺𝑀𝑚

𝑟2

​ ​ (shown)​  𝑟 = 𝐿2

𝐺𝑀𝑚2 = 𝑟
0
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Question Suggested Solution Marks 
9(c) From Pythagoras theorem:​ ​ ​  2𝑎 − 𝑝( )2 = 𝑝2 + 𝑆𝑆'( )2

Where ​ ​ ​𝑆𝑆' = 𝑟
𝑚𝑎𝑥

− 𝑟
𝑚𝑖𝑛

= 2 𝐺𝑀𝑚
2𝐸( )2

− 𝐿2

2𝑚𝐸( )
​  ​ ​ ​ ​ ​  𝑆𝑆'( )2 = 𝐺𝑀𝑚

𝐸( )2
− 2𝐿2

𝑚𝐸( )
  4𝑎2 − 4𝑎𝑝 + 𝑝2 = 𝑝2 + 𝐺𝑀𝑚

𝐸( )2
− 2𝐿2

𝑚𝐸( )
 ​  4𝑎2 − 𝐺𝑀𝑚

𝐸( )2
+ 2𝐿2

𝑚𝐸( ) = 4𝑎𝑝

 

​  𝑝 =
4𝑎2− 𝐺𝑀𝑚

𝐸( )2
+ 2𝐿2

𝑚𝐸( )
4𝑎

     =
𝐺𝑀𝑚

𝐸( )2
− 𝐺𝑀𝑚

𝐸( )2
+ 2𝐿2

𝑚𝐸( )
2𝐺𝑀𝑚

𝐸

 ​ ​       = 2𝐿2

𝑚𝐸( ) × 𝐸
2𝐺𝑀𝑚( ) = 𝐿2

𝐺𝑀𝑚2

Since ​ ​  𝑟
0

= 𝐿2

𝐺𝑀𝑚2

Hence  𝑝 = 𝑟
0

 

9(d)(i) From Kepler’s 3rd law,​  𝑇2 = 4π2𝑎3

𝐺𝑀
 

  𝑀 = 4π2𝑎3

𝐺𝑇2

 
 au = 1.448 625 x 1014 m​ ​  𝑎 = 119.5+1812

2 = 965. 75
 

 ​ ​  𝑀 = 4π2  1.448 625 × 1014( )
3

6.67×10−11 15.2×365×24×3600( )2

 
 kg  𝑀 = 7. 83×1036

 

 

9(d)(ii) From energy conservation,​  
 

 1
2 𝑚𝑣2 − 𝐺𝑀𝑚

𝑟 =− 𝐺𝑀𝑚
2𝑎

 
 𝑣2 = 2𝐺𝑀

𝑟 − 𝐺𝑀
𝑎

         = 6. 67×10−11×7. 83×1036( ) 2

119.5×1.50×1011 − 1

1.448 625 × 1014( )
 

  𝑣2 = 5. 47×1013

 
 m s-1. 𝑣 = 7. 39×106
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