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Physics SL | Paper 1A | May 2025 TZ1 | Q25 | 1 marks

25. Astar has a parallax angle of 1 x 107 arc-second at the orbit of the Earth.

What is the distance from the Sun to the star?

A. 0.01pc
B. 0.02pc
C. 50pc

D. 100pc
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22. Afusion reaction of one nucleus of hydrogen-2 and one nucleus of hydrogen-3 converts a mass
of 0.024 u into energy. A fission reaction of one nucleus of uranium-235 converts a mass of 0.48u
into energy.

energy released per unit mass of hydrogen o

What is energy released per unit mass of uranium
A. 0.050

B. 0.426

C. 235

D. 20.0
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25. Stars X and Y have the same surface temperature. Star X has a radius R and is a distance d from

Earth. The distance of star Y from Earth is % The apparent brightness of Y is double that of X.

What is the radius of star Y?

A B
2

B. Q R
2

C. R

D 2R
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8.  Star X has a surface temperature T, luminosity L and radius R.
The luminosity of star Y is 4L and the surface temperature is 2T.

What is the radius of star Y?

A =
2
R
B. ——
V2
C. 2R
D. 4R
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25. The HR diagram shows two stars, X and Y.

luminosity

surface temperature

Three statements are made about star X and star Y.

. Star X is hotter than star Y.
Il Star X has a larger radius than star Y.

[ll.  Star X is more luminous than star Y.
Which of the statements are correct?
A. landllonly
B. landlll only
C. lland lll only

D. L llandlll
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5. The following data are available for the Sun when it entered the main sequence.

Mass = 2.0 x 10*°kg
Radius = 7.0 x 10°m
Surface temperature = 5800K
Core temperature = 1.5 x 10K
Core density = 1.6 x 10° kgm™®

(@) (i) State and explain which of the above features make nuclear fusion in the
Sun possible. [3]

(i)  Outline how the Sun maintains its equilibrium state. [2]

(This question continues on the following page)
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— v —

(Question 5 continued)
The following sequence of nuclear fusion reactions takes place in the Sun.

(b)
Stage 1: (H+H—2?H+ Je" + v

Stage 2: (H+2H—>He +Jy

Stage 3: JHe+3He — 3 He+2x |H

The nuclear mass of ;H is 1.007276u and that of H is 2.013550 u. Estimate the

energy released in stage 1 of these reactions.

fcev—vuIl IV

[2]

(This question continues on the following page)
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— T fcev—

(Question 5 continued)

(c) The Sun will leave the main sequence when it has converted 10 % of its hydrogen
mass into helium. The total energy released in the reactions in (b) is 4.3 x 107"2J.
The current luminosity of the Sun is 3.8 x 10® W. When the Sun entered the main
sequence its hydrogen mass was 1.5 x 10%kg.

vI v

(i)  Show that the Sun will stay on the main sequence for about 8 x 10° years. [3]

(i) State one assumption that was made in getting the answer to (c)(i). [1

(iii)  Estimate the total mass lost by the Sun in this time. [2]
(d) The surface temperature of the Sun is 5800 K. Determine the peak wavelength in the

Sun’s spectrum. [2]

(This question continues on the following page)
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(Question 5 continued)
(e) The Sun rotates about its axis. P is a point on the Sun’s equator.

P

to Earth

—_—

A particular spectral line of hydrogen from a laboratory source has wavelength
656.2797 nm. The same spectral line emitted from P has wavelength 656.2753 nm
when measured on Earth.

(i)  Explain this observation. [2]

(i)  Calculate the period of revolution of the Sun. [3]
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Physics SL | Paper 1A | Nov 2025 TZ1 | Q25 | 1 marks

25. The stellar parallax method involves a measurement of...
A. the peak wavelength of radiation from a star.
B. the frequency shift of the lines in a stellar spectrum.
C. the position of a star in the sky at different times of year.

D. the intensity of radiation from a star at different wavelengths.
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24. The Sun and positions of four stars A, B, C and D are plotted on the grid of a Hertzsprung—Russell
(HR) diagram. Which star is a white dwarf?

10%
i @B
102 4 ®ecC
Sun
luminosity relative i ©
to the Sun 1
1072 °A
®D
1074

I I I I
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surface temperature/K
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25. Astaris found to have a parallax angle of 0.25 arc-seconds. What is the distance to the star in

light years?

A. 40

B. 13

C. 6.0x10"
D. 38x10"
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2.  Astudent investigates whether the Stefan—Boltzmann law, L = 4nc R*T*, applies to stars.
L = luminosity of the star, in W

o = Stefan—Boltzmann constant

R = radius of the star, in m

T = surface temperature of the star, in K

To verify the law, they obtain values from databases and manipulate the data as shown.

Star L R T % Iog(% log(T)
10 Lacertae | 3.92x10*" | 5.75x 10° | 3.62x 10* | 1.19 x 10" 12.1 4.56
c-Orionis A 1.60 x 10*" | 3.90 x 10° | 3.49 x 10* | 1.05x 10" 12.0 4.54
c-Orionis B 6.08 x 10%° | 3.48 x10° | 2.91 x 10* | 5.02 x 10" 1.7 4.46
Polaris B 1.50 x 10" | 9.60 x 10° | 6.90 x 10° 9.21
a-CentauriA | 5.77 x 10 | 8.49 x 10° | 5.79 x 10° | 8.00 x 10° 8.90 3.76
a-CentauriB | 1.92 x 10%* | 597 x 10° | 5.26 x 10* | 5.39 x 10° 8.73 3.72
e-Indi 8.08 x 10® | 4.95x10° | 4.65x 10> | 3.30 x 10° 8.52 3.67
Sun 3.85x 10 | 6.96 x 10° | 5.78 x 10° | 7.95x 10° 8.90 3.76

(@) Complete the table with the missing values for Polaris B.

(This question continues on the following page)
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— vUvLuT U cv

(Question 2 continued)

The student plots the variation with log T of log (% ) and draws the line of best fit.

log (LIR?)
20
10
/ log T
0 2 4 6
-10

The student uses a GDC (graphical display calculator) to determine the equation of the line
of best fitasy =3.99x - 6.15.

(b)  Explain how the gradient of the line of best fit relates to the Stefan—Boltzmann law. [2]

(This question continues on the following page)
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(Question 2 continued)
(c) Calculate the Stefan—Boltzmann constant obtained in this investigation. [2]
(d)  Outline a conclusion for the investigation. 1]

(e) Suggest a possible improvement of the investigation, related to the range of the
surface temperatures of the stars selected. [1]
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9.  Star X has a luminosity L and an apparent brightness b. Star X is at a distance d from Earth.
Star Y has the same apparent brightness as X but is four times more luminous.

What is the distance of Star Y from Earth?

A 4d
B. 2d
c. ¢
2
p. 4
4
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21. What is the sequence for the evolution of a main sequence star of about 2 solar masses?

A. Red super giant — supernova — neutron star
B. Red giant — planetary nebula — white dwarf
C. Red giant — supernova — white dwarf

D. Red super giant — planetary nebula — neutron star
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25. The Hertzsprung—Russell diagram shows two stars, X and Y.

A
luminosity X Y
° °
40000 10000 2500
temperature /K
What is rad!us of X 2
radius of Y
AL
16
B. .
4
C. 4
D 16
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5. The star 6 Vel Aiis a main sequence star that has a black-body spectrum as shown.

/ N
relative .
intensity / N\
| \\
/
I n ~
/ T
/
00 01 02 03 04 05 06 07 08 09
A110%m
(@) Show that the surface temperature of 6 Vel A is about 9000K. 1]

(b) The apparent brightness of 5 Vel Ais 2.2 x 10°Wm™2 and it is 6.2 x 10" km from Earth.

Estimate the radius of 6 Vel A. [3]

(This question continues on the following page)
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(Question 5 continued)

(c) The radius of the Sun, R, is 7.0 x 10°km.

Sketch, on the Hertzsprung-Russell diagram, the position of & Vel A.

AVIVIVIV AL VIVIVIV]

[2]
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