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Mark-scheme answers

Apollo | Original source crops | 2

Physics HL | Paper 1A | May 2025 TZ1 | Q9 | 1 marks

– 3 – 2225 – 6707M 

1. B 16. C 31. D 46. –

2. B 17. B 32. A 47. –

3. A 18. B 33. C 48. –

4. C 19. D 34. A 49. –

5. C 20. C 35. A 50. –

6. A 21. C 36. A 51. –

7. B 22. C 37. A 52. –

8. B 23. D 38. D 53. –

9. B 24. B 39. C 54. –

10. A 25. A 40. D 55. –

11. D 26. A 41. – 56. –

12. C 27. D 42. – 57. –

13. C 28. A 43. – 58. –

14. D 29. C 44. – 59. –

15. B 30. B 45. – 60. –

Physics HL | Paper 1A | May 2025 TZ3 | Q9 | 1 marks

– 3 – 2225 – 6719M 

1. B 16. C 31. C 46. –

2. C 17. A 32. C 47. –

3. C 18. A 33. D 48. –

4. D 19. B 34. B 49. –

5. D 20. C 35. C 50. –

6. D 21. C 36. D 51. –

7. B 22. B 37. A 52. –

8. A 23. B 38. A 53. –

9. B 24. D 39. D 54. –

10. A 25. B 40. A 55. –

11. A 26. B 41. – 56. –

12. C 27. A 42. – 57. –

13. C 28. D 43. – 58. –

14. D 29. D 44. – 59. –

15. A 30. B 45. – 60. –



Physics HL | Paper 2 | May 2025 TZ2 | Q6 | 6 marks

Apollo | Original source crop | 3

– 13 – 2225 – 6715M 

Question Answers Notes Total 

6. a 𝛾𝛾 = 1
√1−0.602

𝑶𝑶𝑶𝑶  5
4
𝑂𝑂𝑂𝑂 1.25  

4 50 40 yr
5

t t tγ ′ ′= ⇒ = × = 

Award MP1 if seen isolated or within an 
equation. 
Award [2] if 40 <<yr>> is seen as the 
answer without working 

[2] 

b i 45 degree line starting at (30, 50) and ending on Earth’s time axis (at A)  [1]

– 14 – 2225 – 6715M 

b ii Alternative 1 

Line from A parallel to S space axis intersects S time axis at B: ct = 125 ly  
Knowing scale on S time axis gives S time at B of 40+40+20 = 100 yr  
Time of travel is 100 – 40 = 60 yr  

Alternative 2 
Distance separating P and Earth in S is 30 24 ly

γ
=  

0.60 24cT cT= +  
24 60 yr

0.40
T

c
= =  

Accept 55 to 65 years for those using 
Alt 1 

MP1 for Alt. 3 can be explicit from graph 
in (b) i 

[3]



Physics HL | Paper 2 | May 2025 TZ2 | Q6 | 6 marks

Apollo | Original source crop | 4

– 15 – 2225 – 6715M 

Alternative 3 
Travel time for signal for Earth is 30 years so event A has time coordinate 
50 30 80 yr+ =   

S time for A is 5( ) 80 100 ly
4

vct ct x
c

γ′ = − = × =  

Time of travel is 100 – 40 = 60 yr  
Alternative 4 

Calculate time elapsed between signal emitted and signal received as: 

30t∆ =  

30x∆ = −  

Use of Lorentz transformation to get ' 60t∆ =  

If candidates use positive x∆ and a 
negative velocity, award [2] 

– 16 – 2225 – 6715M 

Question Answers Notes Total 

7. a i Mention of core temperature and density  
Core temperature implies high kinetic energy/high speed  
OR 
needed to overcome repulsion/e.m. force  
Density needed to increase frequency/number/probability of collisions  

Ignore reference to mass. 
Do not award MP1 if radius and/or 
surface temperature are mentioned. 

[3] 

a ii <<Inwards>>   gravitational force/pressure/   

<<Outwards>>   thermal/gas/radiation pressure/force  

[2] 

b 1 2

4

2 ( )
2 1.007276 2.013550 0.000549

4.53 10 u

H H em M M m

−

∆ = − + =

× − −

= ×

  

44.53 10 931.5 0.422 0.42 MeVQ −= × × = ≈   

Accept 6.8 x 10-14 J  as final answer. 
Award [1] for final answer of 0.93 MeV, 
if positron ignored. 
Award [1] for final answer of 1.5 x10-13 J 
if positron ignored.

[2] 

c i Hydrogen mass to be lost  
0.1 x 1.5 x 1030 OR 1.5 x 1029 kg  
Number of reactions per second  3.8×1026

4.3×10−12
 𝑂𝑂𝑂𝑂 8.8 × 1037 𝑠𝑠−1 

OR  
Time for one reaction 4.3×10−12

3.8×1026
 𝑂𝑂𝑂𝑂 1.1 × 10−38 𝑠𝑠 

OR  
Total mass (4H or He-4) in each reaction is 4 × 1.67 × 10−27 𝑘𝑘𝑘𝑘     

𝑇𝑇  = 0.1×1.5×1030

8.8×1037×4×1.67×10−27
𝑂𝑂𝑂𝑂 2.5 × 1017 𝑠𝑠 𝐎𝐎𝐎𝐎 8.1 × 109 𝑎𝑎  

Award MP1 if seen isolated or in a 
calculation. 
Award MP2 if 4 x mass of H seen 
isolated or in calculation. 
Allow ECF from MP2 if they use H 
instead of 4H as the mass in each 
reaction. 

[3]



Physics HL | Paper 2 | May 2025 TZ3 | Q2 | 5 marks

Apollo | Original source crop | 5

– 7 – 2225 – 6721M 

Question Answers Notes Total 

2. a line through origin of gradient 0.5 (by eye) 

✔

1 

2. b two lines of gradient -1 and 1 from E (by eye) 

✔

1 

– 8 – 2225 – 6721M 

2. c «simultaneous for» the passenger ✔

because line joining TB and TF is parallel to x’ axis «so identify the same time 

coordinate» ✔

Accept equivalent description based 
on non-simultaneous for the observer. 

2 

2. d 6 «m» ✔ 1 

– 9 – 2225 – 6721M 

Question Answers Notes Total 

3. a ALT 1 

Use of pV = nRT to get TB = 1200 «K» 

AND  

PC =« 

5 5
6 33 3

5 5
23 3

(2 10 )(1 10 )

(1 10 )

A A

C

P V

V

−

−

× ×
=

×
=» 43089 «Pa» ✔

TC = 4.3x104x1200/ 2.0x105 

OR  
TC = 258 «K»  ✔ 2 

ALT 2 

PC =« 

5
3

5
3

A A

C

P V

V
   = 

2
33

2
2 3

(2 10× )(16 10× − )

(1×10− )
=» 43089 «Pa» ✔

Use of pCVC = nRTC = (43089)(1x10-2) = (0.2)(8.31) TC  

OR  
TC = 259 «K» ✔

Must see full substitution OR answer to 
3 (or more) significant figures. 



Mark-scheme answers

Apollo | Original source crops | 6

Physics HL | Paper 1A | Nov 2025 TZ1 | Q8 | 1 marks

– 3 – 8825 – 6707M 

1. B 16. D 31. C 46. –

2. A 17. B 32. C 47. –

3. A 18. B 33. A 48. –

4. A 19. C 34. B 49. –

5. D 20. C 35. D 50. –

6. D 21. C 36. C 51. –

7. A 22. A 37. B 52. –

8. D 23. B 38. B 53. –

9. D 24. C 39. D 54. –

10. D 25. A 40. C 55. –

11. B 26. D 41. – 56. –

12. D 27. B 42. – 57. –

13. A 28. C 43. – 58. –

14. D 29. B 44. – 59. –

15. A 30. A 45. – 60. –

Physics HL | Paper 1A | Nov 2025 TZ1 | Q9 | 1 marks

– 3 – 8825 – 6707M 

1. B 16. D 31. C 46. –

2. A 17. B 32. C 47. –

3. A 18. B 33. A 48. –

4. A 19. C 34. B 49. –

5. D 20. C 35. D 50. –

6. D 21. C 36. C 51. –

7. A 22. A 37. B 52. –

8. D 23. B 38. B 53. –

9. D 24. C 39. D 54. –

10. D 25. A 40. C 55. –

11. B 26. D 41. – 56. –

12. D 27. B 42. – 57. –

13. A 28. C 43. – 58. –

14. D 29. B 44. – 59. –

15. A 30. A 45. – 60. –

Physics HL | Paper 1A | Nov 2025 TZ3 | Q8 | 1 marks

– 3 – 8825 – 6719M 

1. A 16. C 31. C 46. –

2. C 17. B 32. B 47. –

3. B 18. A 33. B 48. –

4. C 19. A 34. D 49. –

5. B 20. A 35. D 50. –

6. D 21. B 36. D 51. –

7. B 22. C 37. C 52. –

8. B 23. A 38. D 53. –

9. A 24. C 39. A 54. –

10. D 25. D 40. B 55. –

11. D 26. A 41. – 56. –

12. C 27. C 42. – 57. –

13. B 28. C 43. – 58. –

14. A 29. B 44. – 59. –

15. C 30. D 45. – 60. –

Physics HL | Paper 1A | Nov 2025 TZ3 | Q9 | 1 marks

– 3 – 8825 – 6719M 

1. A 16. C 31. C 46. –

2. C 17. B 32. B 47. –

3. B 18. A 33. B 48. –

4. C 19. A 34. D 49. –

5. B 20. A 35. D 50. –

6. D 21. B 36. D 51. –

7. B 22. C 37. C 52. –

8. B 23. A 38. D 53. –

9. A 24. C 39. A 54. –

10. D 25. D 40. B 55. –

11. D 26. A 41. – 56. –

12. C 27. C 42. – 57. –

13. B 28. C 43. – 58. –

14. A 29. B 44. – 59. –

15. C 30. D 45. – 60. –

Physics HL | Paper 1A | Specimen 2025 | Q9 | 1 marks

 – 2 – SPEC/4/PHYSI/HPM/ENG/TZ0/XX/M 

 

 
 
 1.   C   16.   C   31.   C   46.   –   
 
 2.   C   17.   C   32.   A   47.   –   
 
 3.   A   18.   D   33.   B   48.   –   
 
 4.   D   19.   C   34.   A   49.   –   
 
 5.   D   20.   C   35.   D   50.   –   
 
 6.   B   21.   B   36.   C   51.   –   
 
 7.   C   22.   D   37.   A   52.   –   
 
 8.   D   23.   D   38.   B   53.   –   
 
 9.   A   24.   A   39.   B   54.   –   
 
 10.   D   25.   D   40.   B   55.   –   
 
 11.   A   26.   B   41.   –   56.   –   
 
 12.   D   27.   B   42.   –   57.   –   
 
 13.   A   28.   D   43.   –   58.   –   
 
 14.   B   29.   B   44.   –   59.   –   
 
 15.   A   30.   C   45.   –   60.   –   
 
 



Physics HL | Paper 2 | Specimen 2025 | Q2 | 6 marks

Apollo | Original source crop | 7

 – 4 – SPEC/4/PHYSI/HP2/ENG/TZ0/XX/M 
 
 

 

Question Answers Notes Total 

2. a  
γ = = =

− 2

1 5 1.67
31 0.80

 
 1 

2. b i 
x xγ′∆ = ∆ − ∆ = × =« » »5( ) 1200 2000 m

3
«v t  

Allow ecf from 1a. 

Allow use of 
γ

= 0LL . 

1 

2. b ii 
xγ′∆ = ∆ − ∆ = − ×

×2 8
5 0.80( ) (0 1200)
3

«
3 1

»
0

vt t
c

 

»5. s« μ» «3t ′∆ = −  

Allow use of γ∆ = ∆ 0t t . 2 

2. c  Because ' 0∆ <t   

F occurred first   

2nd MP only awarded if correct 
interpretation of 1st MP. 

2 

  

 – 5 – SPEC/4/PHYSI/HP2/ENG/TZ0/XX/M 
 
 

 

Question Answers Notes Total 

3. a  standing waves form «in the oven» by superposition / constructive interference 

energy transfer is greatest at the antinodes «of the standing wave pattern» 

 2 

3. b  λ = « »12.2 cm   

f
λ −

×
= =

×

8

1
3.0 1
2

« » 0
1. 2 10

c   

f = 2.46GHz   correct answer only including power of ten 

Allow λ ± 2  mm.  

Condone power of ten error in MP2 
only. 

3 

  


