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Marking Scheme Q1 (10 points) 

Part A (3.0 pt)                      If the final answer is written then the complete point will be achieved 

A-1 
𝑆0 = 𝜎𝑇S

4. (
𝑅S

𝑑
)
2

 (0.4pt), 
[Realizing energy conservation (0.1pt)] 
Numerical value of 𝑆0 = 1.35 × 103 W/m2 (0.2pt)  
[more than 4 significant figures (0.1pt)] 

0.6 pt 

A-2 
𝑇E = (

𝑆0

4𝜎
)

1

4
= √

𝑅S

2𝑑
𝑇S (0.4pt), 

[realizing energy balance (0.1pt)] 
Numerical value of 𝑇E = 278  K (0.2pt) 
[more than 4 significant figures (0.1pt)] 

0.6 pt 

A-3 𝑓(𝑥) = 5(1 − 𝑒−𝑥) − 𝑥 0.4 pt 
A-4 𝑥m = {4.96,4.97} (0.3 pt), 

[more than 4 significant figures (0.2pt)] 
Numerical value of 𝑏 =  [2.89,2.90] × 106 nm.K (0.1 pt) 
[more than 4 significant figures (0.1pt)] 

0.4 pt 

A-5 𝜆max
Sun = [5.01, 5.02] × 102 nm(0.1 pt), 
𝜆max
Earth = 1.04 × 104 nm(0.1 pt) 

[more than 4 significant figures (0.1pt)] 

0.2 pt 

A-6 
𝛾 = (

𝑑

𝑅S
)
2

× (
𝑇E

𝑇S
)
5

= (
𝜆S

𝜆E
)
5

× (
𝑑

𝑅S
)
2

  (0.6 pt), 

[realizing �̃�S = (
𝑅S

𝑑
)
2
𝑢S(𝜆)(0.3pt)]  

Numerical value of 𝛾 = [1.20,1.21] × 10−2 (0.2 pt) 
[more than 4 significant figures (0.1pt)] 

0.8 pt 

 

Part B (7.0 pt) 

B-1 
𝑇𝐴 = (

(1−𝑟A)
𝑆0
4

𝜎
)

1

4

                                 

 𝑇E = (
(1−𝑟A)

𝑆0
2

𝜎
)

1

4

 

Two correct expressions (0.8 pt) 
[One correct expression (0.6 pt)] 
[no correct expression: for each energy balance relation (0.2pt)] 
Numerical value of 𝑇A =  2.58 × 102 K  (0.1 pt) 
Numerical value of 𝑇E = 3.07 × 102 K  (0.1 pt) 
[more than 4 significant figures (0.1pt)] 

1.0 pt 

B-2 𝛼 = 𝑟A +
(1−𝑟A)

2𝑟E

1−𝑟A𝑟E
   (1.4pt) 

[�̃�0=𝑟A𝑆0 (0.1 pt) 

�̃�1 = (1 − 𝑟A)
2𝑟E𝑆0 =

(1−𝑟A)
2

𝑟A
 𝑟E�̃�0  (0.3 pt)    

1.6 pt 
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�̃�𝑛 =
�̃�𝑛−1

1−𝑟𝐴
𝑟A𝑟E  × (1 − 𝑟A) = 𝑟A𝑟E�̃�𝑛−1 = (𝑟A𝑟E)

𝑛−1�̃�1   (0.5 pt) 

�̃� = ∑ �̃�𝑛
∞
𝑛=0 = �̃�0 + �̃�1∑ (𝑟A𝑟E)

𝑛−1∞
𝑛=1       (0.3 pt)] 

Numerical value of 𝛼 = 3.13 × 10−1 (0.2pt) 
[more than 4 significant figures (0.1pt)] 

B-3 
𝑇E = [

(1−𝛼)

2𝜎(2−𝜖)
𝑆0]

1

4   (0.6pt) 

Numerical value of 𝜖 = [8.07, 8.11] × 10−1 (0.4pt) 
[wrong numerical value: correct expression for 𝜖 (0.2pt)] 
[more than 4 significant figures (0.3pt)] 

1.0 pt 

B-4 𝑑𝑇E

𝑑𝜖
= 

1

4
[
(1−𝛼)𝑆0

2𝜎(2−𝜖)
]

1

4 1

(2−𝜖)
 (0.6 pt), 

Numerical value of 𝛿𝑇E = [4.87,4.92] × 10−1 K (0.2pt) 
[more than 4 significant figures (0.1pt)] 

0.8 pt 

B-5 
𝜖 = 

𝜎𝑇E
4−(1−𝛼)

𝑆0
4
 

𝜎(𝑇E
4−𝑇A

4)
    (0.6pt) 

 

𝑘 =
(2𝑇A

4−𝑇E
4)×[𝜎𝑇E

4−(1−𝛼)
𝑆0
4
 ]

(𝑇E
4−𝑇A

4)×(𝑇E−𝑇A)
      (0.6pt) 

[Correct relations for balance of energy (0.3+0.3 pt)] 
Numerical value of 𝜖 = [8.47,8.52] × 10−1 (0.2pt) 
Numerical value of 𝑘 = [3.57,3.66] × 10−1   W/m2K  (0.2pt) 
[more than 4 significant figures for each one (0.1pt)] 

1.6 pt 

B-6 (a) (0.4+0.4) 

{
 
 

 
 𝜖 [

1

𝑇E−𝑇A
+

4𝑇E
3

2𝑇A
4−𝑇E

4]
𝑑𝑇E
𝑑𝜖
 = 1 + 𝜖 [

8𝑇A
3

2𝑇A
4−𝑇E

4 +
1

𝑇E−𝑇A
]
𝑑𝑇A
𝑑𝜖

1 + 𝜖 [
4𝑇E

3

𝑇E
4−𝑇A

4 −
4𝜎𝑇E

3

𝜎𝑇E
4−(1−𝛼)

𝑆0
4

]
𝑑𝑇E
𝑑𝜖
 =

4𝑇A
3

𝑇E
4−𝑇A

4 𝜖
𝑑𝑇A
𝑑𝜖

 (0.6 pt) 

 
(b) 𝛿𝑇E = [5.21 , 5.28] × 10−1K (0.2pt) 
[more than 4 significant figures for each one (0.1pt)] 

1.0 pt 

 

 

 


