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I Question 1 — Mark Scheme

Question Answer Marks
12(a) total power of radiation emitted (by the star) B1
12(b) _ L c

And?
__3.83x10%
4xmx1.51x10"?
= 1340 W m™ A1
9702/42 Cambridge International AS & A Level — Mark Scheme February/March 2022
PUBLISHED
Question Answer Marks
12(c) E A1
m= 72
c
_3.83x10*
3.00x 102
=4.26x10° kg
12(d) | L =4nor?T* B1
3.83x10% = 4xnx5.67x107°x6.96x10%2xT* leadingto T =5770 K
12(e) 1 C1
My & =
(max) -|—
500x107" 9940
A 5770
A=2.90x 107m A1
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I Question 2 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme May/June 2022
| PUBLISHED
Question Answer Marks
10(a) wavelength of maximum intensity is inversely proportional to (thermodynamic) temperature B1
10(b)(I) | Amax =0.50 um for A and 0.65 um for B c1
T =5800 x (0.50/0.65) A1
=4500 K

10(b)(ii) | (star B has) greater peak / average wavelength B1
(star B looks) redder B1
10(c)(i) | apparent wavelength is greater B1

&gvelength is greater than known value
(due to) movement of star away (from observer) B1
10(c)(ii) | by examining the (lines in the) spectrum (of light from the star) B1
and comparing with known spectrum B1
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I Question 3 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme May/June 2022
PUBLISHED

Question Answer Marks
9(a)(i) | speed is (directly) proportional to distance M1
where speed is speed of recession of galaxy (from observer) and distance is distance of galaxy away from observer A1
9(a)(ii) | wavelengths (of spectral lines) are greater (than their known values) B1
redshift shows stars (in distant galaxies) moving away from Earth B1
9(b) (all) parts of Universe moving away from each other B1
more distant objects are moving away faster B1
matter must have been close together/very dense in the past B1
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I Question 4 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks
9(a) total power of radiation emitted (by the star) B1
9(b)(i) | F=L/(4nd?) C1
= 9.86 x 1027/ [47 x (8.14 x 10%)?] A1
=1.18 x 10" Wm=
9(b)(ii) |L=4nor’m™ C1
9.86 x 102" =4 x 1 x 5.67 x 108 x r? x 9830*
radius = 1.22 x 10°m A1l
9(c) wavelength of peak intensity determined (from spectrum of star) B1
wavelength of peak intensity from object of known temperature determined B1
Wien’s displacement law used B1
:)v;velength of peak intensity inversely proportional to temperature
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I Question 5 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks
9(a)(i) e energy of photon has a corresponding frequency B3
+ change in electron energy level emits a single photon
« photon energy = difference in energy levels
+ discrete frequencies must have come from discrete energy gaps
o discrete energy changes imply discrete energy levels
Any three points, 1 mark each
9(a)(ii) [ transition (to — 3.400 eV) from X corresponds to 658 nm line c1
Ei—-Ex=hcl4 C1
Ei1—(—3.400) = (6.683 = 107** x 3.00 = 10%)/ (658 « 109 x 1.60 = 1071) A1
and so Ey =-1.51 eV (full substitution and answer needed)
2(b)(i) redshift B1
9(b)(ii) | moving away (from observer) B1
9(b)(iil) | Adli=vic C1
e.g. for 858 nm line: A1 = 686 — 658
(=28nm) (other lines may be used)
28/658 = v/ (3.00 x 10%) (other lines may be used) C1
v=13x10"ms™" A1
S(c) v = Hyd C1
Hy =(1.3 x107)/(5.7 x 10%%) A1
=23 x10"%s
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I Question 6 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme February/March 2023
PUBLISHED
Question Answer Marks
10(a) brighter star could be closer (to Earth) B1
brighter star could have a greater luminosity (in the visible wavelengths) B1
10(b) object with known luminosity B1
10(c)(i) 660.9 656.3 ~ leading to 2.1x 10°m s~ B1
656.3 3.0x10°
10(c)(ii) | v=Hud C1
d=21x10%/23 x 107" A1
=91 x1023m
10(c)(iii) | wavelength has increased/ light is redshifted B1
star within galaxy is moving away / receding (from Earth) B1
Universe is expanding B1
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I Question 7 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme May/June 2023
PUBLISHED
Question Answer Marks
10(a) speed is (directly) proportional to distance M1
speed is speed of recession of galaxy from an observer, and distance is the distance of the galaxy from the observer A1l
10(b) F =L/(4nd?) c1
= (3.8 x 10%")/[4n x (1.8 x 10%)] A1
=9.3 x 1077 Wm2
10(c)(i) galaxy is moving away (from the Earth) B1
wavelength (of light from the galaxy) increased by the Doppler effect/ due to redshift B1
10(c)(ii) | Aaala=vic c1
v =[(492 - 486) x 3.00 x 10°]/486
(v=37x105ms™)
Ho =vid c1
= (3.7 x 10%)/ (1.8 x 10%) A1
=2.1x 10718 g
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I Question 8 — Mark Scheme

o9702/41 Cambridge International AS & A Level — Mark Scheme October/November 2023
PUBLISHED

Question Answer Marks
3(a)(i) N number of molecules (of the gas) B1
m: mass of one molecule (of the gas) B1
=c?>. mean square speed (of molecules) B1
3(a)(ii) pVv = NKT M1
NKT = aNm<c2> and Ex = 2m<c?*>leading to Ex = (3/2) kKT A1
3(b) 12 =< 3.34 < 10727 = 93002 = (3/2) < 1.38 < 1022 =< T Cc1
T=6980K A1
3(c)(i) L = F < 4na” (o]
L =252 x10°% <47 < (4.16 < 10'%)? A1

= 5.48 =< 1025 W

3(eXi) | L = AncrT® c1

548 < 10%° = 47t < 5.67 > 107% =< r? < 6980*

r=569 < 10 m A1

3(d) (very high pressure so) molecules are (very) close together (not just ‘nearer’) B1
forces between molecules are not negligible B1
or

volume of molecules not negligible compared with gas volume
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I Question 9 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme October/November 2023
PUBLISHED
Question Marks
10(a) temperature inversely proportional to wavelength M1
temperature is thermodynamic temperature of surface, and wavelength is the wavelength at which maximum emission rate A1
occurs

10(b)(i) | (astronomical) object of known luminosity B1
10(b)(ii) | star/galaxy is moving away from the student B1
10(b)(iii) | one tick placed in correct column in each row: B1

wavelength: too high
surface temperature: too low B1
distance: unchanged B1
radius: too high B1
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I Question 10 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme February/March 2024
PUBLISHED

Question Answer Marks
10(a)(ii) | F =L/4nd? c1

=(3.85 x 10%) / (4x = (1.50 x 1011)2)
=1.36 x 103 Wm2 A1
10(a)(iii) | line of same shape showing peak intensity at greater wavelength B1
line of same shape showing lower peak intensity B1
10(b)(i) | 5 lines in same pattern shifted to longer wavelengths B1
10(b)(ii) | Aili=vic c1

A2 =(21400/300000) < 656
=46.8 nm
wavelength =656 + 46.8 A1l
=703 nm

10(b)(iii) | (peak) wavelength too high so temperature too low B1
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I Question 11 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme May/June 2024
PUBLISHED

Question Answer Marks
10(a)(i) | total power B1
power radiated (by the star) B1

10(a)(ii) | standard candle has known luminosity B1
radiant flux intensity measured by observer B1

(distance calculated using) F = L /4nd? B1

10(b)(i) | luminosity = 4no T c1

= 4n % 5.67 x 10~ x (.96 x 10°)2 x 5780

=3.85x10%W A1
10(b)(ii) | AwaxT = constant c1
temperature = (5780  501)/624 A1l

=4640K
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I Question 12 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme October/November 2024
PUBLISHED
Question Answer Marks
10(a) redshift is the increase in observed wavelength / decrease in observed frequency (caused by Doppler effect) B3

redshift provides evidence that galaxies are moving apart
galaxies moving apart means Universe must be expanding
Any three points, 1 mark each

L]
+ radiation from distant galaxies is observed to be redshifted
L]
L]

10(b)(i) | F=L/4nc? c1
d =/(1.90 x 10%/[4n x 8.42 « 10-'9]) A1

=1.34 « 10%m
10(b)i) |Aili=viec c1

(726 — 658) /658 = v/(3.00 ~ 109)

v=3.1%x10"ms™ A1
10(c)(i) | line with positive gradient passing through the origin B1
straight line with positive gradient B1
10(c)(ii) | Hubble constant B1
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I Question 13 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme February/March 2025
PUBLISHED

Question Answer Marks

10(a)(i) | total power of radiation emitted (by the star) B1

10(a)(ii) | standard candle has known luminosity B1

measure the radiant flux intensity B1

use F =L/ (4nd?) to calculate d B1

10(b)(i) |v=2aR/T c1

v=23.00 = 108 « (656.2877 — 656.2831)/656.2831 c1

R =[3.00 x 10® x (656.2877 — 656.2831) /656.2831] « (2.07 = 10%) /27 =6.93 » 10®m A1

10(b)(ii) | £ is moving towards Earth M1

so observed wavelength is less than the emitted wavelength A1l

10(b)(iii) | L=4nor2T4 c1
3.8 x10%6 =47 « 5.67 » 107% » (6.93 » 10%)% « T*

T=15800K A1
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I Question 14 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme May/June 2025
PUBLISHED

Question Answer Marks

10(a) speed is (directly) proportional to distance M1

speed is speed of recession of galaxy from an observer, and distance is the distance of the galaxy from the observer A1

10(b)(i) | galaxy is receding from the Earth B1

observed wavelength is redshifted from emitted wavelength B1

10(b)(ii) | AA/Ai=vie c
(4.91-4.62)/4.62=v/(3.00 x 10%)

v=1.9%x10"ms™ A1

10(b)(iii) | wavelength (of maximum intensity) is inversely proportional to temperature B1

observed wavelength too high, so determined temperature too low B1

10(c) v=Hod c1

d=(1.9x107)/(2.3 x 107"%) A1

=8.3x10%m
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I Question 15 — Mark Scheme

9702/44 Cambridge International AS & A Level — Mark Scheme May/June 2025
_ PUBLISHED _
Question Answer Marks
11(a)(i) | (nuclear) fusion B1
1(a)(ii) | Am =[0.030377 — (3 x 0.002388)] u B1
(=0.023213u)
E = Am¢? C1
=0.023213 x 1.66 x 1072 x (3.00 x 1082 = 3.47 x 102 J A1
11(b)(i) | mass of 1 mol of helium-4 =4¢g C1
%rass of 1 helium atom=4u
N rate = (6.02 x 10%° x 7.34 x 10"")/ (4 x 107®) C1
or
N rate = (7.34 x 10'")/ (4 x 1.66 x 107%7)
luminosity =1.10 x 10% x 3.47 x 102 A1
=3.83 x 10 W
1M(b)(ii) | L=4rorPT C1
3.83 x 10% =451 x 5.67 x 107® x (6.96 x 10°)2 x T*
T=5770K A1
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I Question 16 — Mark Scheme

9702/41 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks
9(a) temperature inversely proportional to wavelength M1
temperature is thermodynamic temperature of surface of star and wavelength is the wavelength at which maximum A1

emission rate from star occurs

9(b) Any three points from: B3
s (surface) temperature of star X = 7000 K

or

star X has a higher temperature than the Sun
+ star X has a higher luminosity than the Sun

* luminosity of star X =2.7 =« 1027 W

radius of star X =1.3 « 10%m

9(c) light (from star X) is redshifted B1

wavelength of peak emission rate would be greater (using observed data) B1
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I Question 17 — Mark Scheme

9702/42 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks
9(a) difference between mass of nucleus and mass of (constituent) nucleons M1
when nucleons are separated to infinity A1
9(b) Am = (2 x 2.013553) — (4.001505) (u) C1
(=0.025601 u)
E=c2Am c1
energy from one He-4 nucleus= 0.025601 x 1.66 x 10-27 x (3.00 x 108)2 C1
(=3.82 x 10-12J)
energy to form 1.00 mol= 3.82 x 10-12 x 6.02 x 102 A1
=2.30x10")
9(c)(i) | L =1.09 x 10" x (3.00 x 108)2 c1
=981 = 1077W A1
8(c)(ii) |L=4nocr2T c1
981 x 107 =4n « 567 x 102 x (1.19 x 1092 x T*
T=9930K A1
9(d) standard candles have known luminasity B1
radiant flux intensity (from star) measured (on the Earth) B1
distance found from F= L/ (4nd?) B1
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I Question 18 — Mark Scheme

9702/44 Cambridge International AS & A Level — Mark Scheme October/November 2025
PUBLISHED
Question Answer Marks

10(a) recession of galaxy (from observer) causes emitted light to have B1
increase in observed wavelength / decrease in observed frequency B1

10(b) (distant) galaxies show redshift so galaxies are moving apart B1
galaxies moving apart means universe must be expanding B1

10(c) the speed of recession is proportional to the distance of the galaxies from each other B1
or
more distant galaxies are receding faster
Any two points from: B2
+ more distant galaxies represent further back in time
« along time ago, all matter in the universe must have been very close together
* along time ago, all matter in the universe must have been moving apart very fast
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Question 19

Given:
Ao =486 nm
A=502 nm
F=3.6x10"1 W m™2
Hy=2.2x10"18 g-1
(a)

(i) Show galaxy is receding [1]

Observed wavelength > emitted wavelength

502 > 486
Wavelength increased - redshift —» galaxy moving away.

v/ Galaxy is receding.

(ii) Speed of recession [2]

Use Doppler formula:
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AL 7

% C

A/1=51(%2—486= 16 nm

486 ~ 3.00x10°

v=12-%3.00x10°

v=9.88x10° m s~!

(b) Distance using Hubble’s Law [2]

- 2..2><10‘18
d=4.49%x10** m

(c) Luminosity [2]

F=_L
47d?
L=4rd?*F

L=47(4.49x10%4)2(3.6x10~19)
d?=2.02x10%
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L=47(2.02x10*)(3.6x10713)
L=9.15x10> W

(d)
(i) Surface temperature [2]
Wien’s Law:
AmaxT =2.9%1073
__2.9x1073
"~ 410%x107°
T=7070 K
(ii) Radius [3]
Stefan-Boltzmann:
L=4nR*cT*
}?2== L

AnoT?
T4 =(7070)* =2.50x10"
oT*=5.67x10"3%2.50%101°> =1.42x1083
AroT*=1.78x10°
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2 _9.15x10%
1.78x10°

R?=5.14x10%
R=7.17x10"" m
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Question 20

Given:

A1 =656.298 nm
A =656.342 nm

T=19%x10%s

(a) Why different? [2]

One edge moving towards observer - blueshift
Other edge moving away - redshift

Due to Doppler effect from rotation

(b) Equatorial speed [3]
A1 =656.342 — 656.298 =0.044 nm
Half shift corresponds to one side:

0.022 nm
0.022 _ y

656.3 ~ 3.00x10°
v=1.01x10* m s~!
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(c) Radius [3]
p=27R

T

R = (1.01x10%)(1.9x10°)

27
R=3.05%x10° m

(d) Redshift meaning [2]

Redshift means galaxy moving away
Therefore Universe is expanding
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I Question 21 — Mark Scheme

Given:

Am=0.028u
lu= 1.66X10‘27kg

Am=4.65x10""kg

(a) Luminosity [3]

E=mc?
E= (4.65)(10_29)(3.OO><108)2
E=4.19x10"12J

Total reactions per second:

9.0x10%7
L=(9.0x1037)(4.19x10-12)

L=3.77x10*°W

(b) Distance [2]

F=_"
47:%2
2
d° =15
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42 = _377x10%
47(4.5%1071)

d=8.17x10"m

(c) Temperature bias [3]

Observed wavelength is increased (redshift).
If redshift ignored -» wavelength assumed larger than actual.

From Wien:

Toc%
Larger wavelength —» smaller calculated temperature
v/ Temperature will be too low

End of Mark Scheme ¢ Waseem Ahmad, A Level Physics Teacher e examspath.com
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