
 
 

 

 

 
 M3-1 

Marking Scheme Q3 (10 points) 

Part A (5.0 pt) 

A-1 

Φ(𝑥, 𝑦) = −
𝐺𝑀1

√(𝑥 +
𝑀2

(𝑀1 + 𝑀2)
𝑎)

2

+ 𝑦2

−
𝐺𝑀2

√(𝑥 −
𝑀1

(𝑀1 + 𝑀2)
𝑎)

2

+ 𝑦2

−
1

2

𝐺(𝑀1 + 𝑀2)

𝑎3
(𝑥2 + 𝑦2) 

[Gravitational part (0.5 pt)] 
[Centrifugal part (0.5 pt)] 

1.0 pt 

A-2 

[Correct behavior at infinity (0.1 pt)] 
[Three maximums (0.3 pt)]  
[Two vertical asymptotes (0.3 pt)] 

0.7 pt 

A-3 

𝑥0

𝑎
= 0.36 

[In case of obtaining correct equation but not solving it (0.2 pt)] 
[Obtaining the numerical result with one decimal figure (0.3 pt)] 

0.5 pt 

A-4 

𝑎̇ = −2𝛽𝑎 (
1

𝑀1
−

1

𝑀2
) (0.3 pt) 

 

𝑃̇ = −6𝜋√
𝑎3

𝐺𝑀
𝛽 (

1

𝑀1
−

1

𝑀2
) (0.3 pt) 

 
[Only correct approach (conservation of momentum) (0.2 pt)] 
 

0.6 pt 

A-5 
𝑇 =  (

𝐺𝑀1𝛽

8𝜋𝜎𝑟3
)

1
4

 

[Correct approach (Energy relation) (0.5 pt)] 
[Correct solution (0.5 pt)] 

1.0 pt 

A-6 

𝑎 = [
𝑃2𝐺(𝑀S+𝑀NS)

4𝜋2 ]

1

3
   (0.3 pt) 

𝑇 = (
500𝜋𝑀NS𝛽

𝜎𝑃2(𝑀S+𝑀NS)
)

1

4  (0.1 pt) 

 
𝑇 = 9 × 103  K (0.1 pt) 
[If the final answer for T is correct the complete pt will be given] 

0.5 pt 

A-7 

 

𝐸′ =
1

2
𝜇′𝑣′2 −

𝐺𝑀1
′𝑀2

𝑎
< 0    (0.2 pt) 

𝑣𝑚𝑎𝑥
′ = √2𝐺(𝑀1

′+𝑀2)

𝑎
    (0.2 pt) 

 
𝑣′ = 𝑣    (0.2 pt) 
 
𝑀1

′
𝑚𝑖𝑛

=
𝑀1−𝑀2

2
    (0.1 pt) 

0.7 pt 

 



 
 

 

 

 
 M3-2 

 

Part B (5.0 pt) 

B-1 𝑔 = −
4𝜋𝐺𝜌c𝑟

3
 0.2 pt 

B-2 

ℎ1(𝜌, 𝑟) = 𝑟2𝜌𝛾−2 

    ℎ2(𝑟) = 4𝜋𝐺𝑟2

𝐾𝛾
 

[𝐹⃗ = −
𝐺𝑀(𝑟)𝜌

𝑟2 A Δ𝑟 − Δ𝑝𝐴 = 0  (0.3 pt)] 

0.6 pt 

B-3 𝑟0 = 𝐺−
1

2𝑝c

1

2𝜌c
−1 0.4 pt 

B-4 

𝐴1(𝑢, 𝑥) = 𝑥2𝑢𝛾−2   

𝐴2(𝑥) =
4𝜋𝑥2

𝛾
 

The answer would be correct up to a constant coefficient 

0.3 pt 

B-5 
𝑓(𝑥) = 𝐴 sin(√2𝜋𝑥) + 𝐵cos(√2𝜋𝑥)  (0.3 pt) 
𝐴 =

1

√2𝜋
 (0.2 pt)   &      𝐵 = 0  (0.1 pt) 

0.6 pt 

B-6 

𝑢′(0) = 0 (0.1 pt) 

lim
𝑥→0

𝑢′(𝑥)

𝑥
= 𝑢″(0) (0.4 pt) 

𝛾 = −
4𝜋

3𝑢″(0)
 (0.2 pt) 

𝛾~1.66  (0.1 pt) 
 

0.8 pt 

B-7 

𝜌̃ ≃ 𝜌(1 − 3𝜖) (0.6 pt)    
[𝜌̃ = 𝜌(1 + 𝜖)−3(0.4pt)] 
𝑔̃ ≃ 𝑔(1 − 2𝜖) (0.3 pt) 
[𝑔̃ = 𝑔(1 + 𝜖)−2(0.2pt)] 

0.9 pt 

B-8 𝑟̈̃ = 𝑔̃ − 𝑘𝛾𝜌̃𝛾−2
∂𝜌̃

∂𝑟̃
 

 
0.6 pt 

B-9 

𝜖̈ = −
4𝜋𝐺𝜌c

3
(3𝛾 − 4)𝜖      (0.4 pt)        

 

γmin =
4

3
      (0.1 pt) 

 

𝜔 = √
4𝜋𝐺𝜌c

3
(3𝛾 − 4)   (0.1 pt) 

  

0.6 pt 

 


