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Marking Scheme Q2 (10 points) 

Part A (5.6 pt) 

A-1   
(a) 𝐸⃗ (𝑥, 𝑦, 𝑧) =

−𝜆𝑥

4𝜖0𝑅2 𝑥̂ +
−𝜆𝑦

4𝜖0𝑅2 𝑦̂ +
𝜆𝑧

2𝜖0𝑅2 𝑧̂   (1.0 pt) 

[z-component (0.5 pt), x- and y- components (0.5 pt), wrong 
coefficient for each component (-0.1 pt), wrong sign for each 
component (-0.2 pt)] 

 
 

1.5 pt 

(b) 
𝜔𝑥 = 𝜔𝑦 = √

𝑄𝜆

4𝜖0𝑅2𝑚
    (0.5 pt) 

 
 

A-2 𝑎 = 
𝑄𝑢

2𝜖0𝑅2𝑚Ω2     (0.2 pt)  

𝑘 =  √
𝑄𝜆0

2𝜖0𝑅2𝑚
     (0.2 pt) 

0.4 pt 

A-3  

𝑞̈ = 𝑝𝑎Ω2 cos Ω𝑡  (1.0 pt) 

[each of the 3 approximations (0.3 pt), the final equation (0.1pt)] 

𝑞 = −𝑝𝑎 cosΩ𝑡 (0.8 pt)   

[general solution (0.4 pt), fixing the free parameters in the general 

solution each (0.2 pt)] 

 
 
 

1.8 pt 

A-4 𝑝̈(𝑡) = (𝑘2 −
𝑎2Ω2

2
) 𝑝   (1.2 pt) 

[Correct approach (0.6 pt), Correct result (0.6 pt)] 

Ω > √2
𝑘

𝑎
   (0.3 pt) 

 

1.5 pt 

A-5 𝑘 = 2 × 105 rad/s (0.2 pt) 
 
Ωmin ≃ 7 × 106 rad/s (0.2 pt) 
[ inappropriate number of significant figures (-0.1 pt)] 

0.4 pt 

 

 Part B (4.4 pt) 

B-1 Γ =
1

𝜏
 (0.5 pt) 

[Answers with different numerical coefficients should be considered as 
correct answers] 

0.5 pt 
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B-2 𝑠+ = 𝑠L + 𝛼𝜔L
𝑣

𝑐
   (0.5 pt) 

𝑠− = 𝑠L − 𝛼𝜔L
𝑣

𝑐
   (0.5 pt) 

[correct Doppler shift each (0.3 pt), final answer each (0.2 pt)]  

𝜋+ = 𝑠+ × (−ℏ𝑘+) (0.1 pt) 

𝜋− = 𝑠− × (+ℏ𝑘−) (0.1 pt) 

𝐹 = −(2𝛼ℏ𝑘L
2)𝑣  (0.5 pt) 

1.7 pt 

B-3 
{

𝑝 = 0
𝑝 = +2ℏ𝑘L

 (0.5 pt) 

[one correct answer (0.3 pt)] 

𝑃in =
ℏ2𝑘L

2

𝑚𝜏
   (0.5 pt) 

1.0 pt 

B-4  𝑃out = −2𝛼ℏ𝑘L
2𝑣2 (0.3 pt) 

𝑣2̅̅ ̅ =
ℏΓ

2𝛼𝑚
 (0.3 pt) 

𝑇 =
ℏΓ

2𝛼𝑘B
 (0.2 pt) 

[Answers with different numerical coefficients should be considered as 
correct answers] 

0.8 pt 

B-5 𝑇 = 2 × 10−4 K  (0.4 pt) 
[according to the coefficient used in the part B.4, the resulting temperature 
might be different.]  

0.4 pt 

 

 


