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Section A : Astronomy and Space Science

Q.1: Multiple-choice questions

1.1 Arrange the celestial bodies below in descending order of diameter:

(1)  the Milky Way
(2)  our Local Group of galaxies
(3) aglobular cluster of stars

A DB A B C D
B. @MBG)
C. @6M O O O O
D. (1H®@A)

1.2 Which of the following astronomical phenomena CANNOT be explained by Ptolemy’s geocentric model ?

(1) Mercury can only be seen shortly before sunrise or shortly after sunset.
(2) A solar eclipse can be seen on Earth when sunlight is blocked by the Moon.
(3)  Annual stellar parallax of distant stars can be seen on Earth.

A. (1) only A B C D
B. (3) only

C. (1) and (2) only O O O O
D (2) and (3) only

1.3 The Tiangong space station orbits the Earth at an altitude of about 400 km above the Earth’s surface. What is
the gravitational acceleration of the scientist inside the space station ? Given that the radius of the Earth
is 6400 km and the gravitational acceleration on the Earth’s surface is g.

A. Zero A B C D
B. between zero and g, and closer to zero

C. between zero and g, and closer to g O O O O
D. g
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1.4

1.5

Please stick the barcode label here.

The escape velocity from planet P of radius » is v. What is the escape velocity from another planet O of
radius 2r and having the same mass as P ?

A v A B C D
e O O O O

B. ”

C. V2v

D. It depends on the mass of the object escaping from the

planet.

Two satellites, X and ¥, of the same mass are orbiting the Earth in circular orbits of radii Rx and Ry respectively
as shown.

Which of the following comparisons about the energies of the satellites is correct ?

total energy Kinetic energy
A. X>Y X<Y A B C D
B. X>Y X>Y
C. X<Y X<Y O O O O
D. X<Y X>Y
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1.6 Two planets X and Y are equal in mass. The orbit of X around star Sx and that of ¥ around star Sy are shown
below. Sx and Sy are massive stars having the same mass, and they are NOT shown in the figures.

planet X

. planet Y

/ \

Which statements about the orbital motion of the planets are correct ?

(1)
2
©))

Sawpx

Their periods are different.
Y has a shorter semi-minor axis.
The shortest distance between X and Sx is different from that between Y and Sy.

(1) and (2) only A
(1) and (3) only

B C D
(2) and (3) only O O O O

(1), (2) and (3)

1.7 The apparent magnitude and absolute magnitude of stars .X, ¥ and Z are tabulated below.

star | apparent magnitude | absolute magnitude
X -0.8 -3.4
Y 1.3 2.7
Z -2.7 -43

Arrange the stars in descending order of parallax as observed from Earth.

Sow>

YzXx A B (& D
YXz
rxz O O O O

ZXY

1.8 On the Hertzsprung-Russell (H-R) diagram, the Sun is one of the main sequence stars. Which of the statements
about the stars in the H-R diagram is/are correct ?

(1)
)
©))

Sow>

All supergiant stars are of lower surface temperature than the Sun.

All main sequence stars with surface temperature higher than the Sun have size larger than the Sun.
All white dwarf stars are less luminous than the Sun.

(1) only
(2) only

A B C D
(1) and (3) only O O O O

(2) and (3) only
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Q.1: Structured question

Star X of surface temperature 7% = 20000 K is a main sequence star which shines at a luminosity 1000 times that of
the Sun.

(a) Given that the surface temperature of the Sun is 5800 K, find the radius of X in terms of the solar radius Rs.
(2 marks)

(b)  Star Yin the main sequence has the same apparent magnitude as X. A student thought that with this information
one can determine whether the surface temperature of Y is equal to, greater than or smaller than 7%. Do you
agree ? Explain. (3 marks)

(c)  The wavelength of a hydrogen emission line measured in the laboratory is 486.1 nm. In the observed spectrum
of X, the same spectral line is detected at 485.7 nm. Determine the motion of X relative to the Earth and
estimate its minimum speed in km s~ (3 marks)

(d)  The Sun is at a distance of 50 pc from X. There is a planet Z orbiting X in a circular orbit of radius 10 AU.
Figure 1.1 (not drawn to scale) shows star X, planet Z, the Sun and some distant stars.

w
e distant stars

Figure 1.1 AUty I G *

not drawn to scale

Suppose that an observer on planet Z is able to use the parallax method to measure the distance between star X
and the Sun. Calculate the parallax angle p of the Sun for this observer in units of arcseconds. (2 marks)
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4.6  Two identical X-ray beams P and Q pass through the same thickness of body tissues as shown. There is a
mass N of thickness x embedded in tissue M in the path of beam P. The linear attenuation coefficients of

M and N are p and g4 respectively.

P N
: X-ray
0 : ' sensor
]

The X-ray sensor detects an intensity of / where beam Q falls on it. Deduce the corresponding intensity of

beam P.

A. Je H2* A B C D
B. 7 e—(/‘z_M)x O O O O
C_ ]e_(/tl+ﬂl)x

D. T X — [ X

4.7  With the aid of a contrast medium, the X-ray radiographic image shown below is obtained.

Which statement below is INCORRECT ?

A. The contrast medium absorbs X-rays and looks white on A B C D
the image.

B. The contrast medium enhances the tissue and structure O O O O
absorption differentials.

C. Elements of low atomic number are used for the contrast
medium.

D. Low energy X-rays are used to produce the image.

4.8 A tracer labelled with %1 is used in radionuclide imaging. '>°I has a physical half-life of 60 days. If the
effective half-life of this radioactive tracer is 16 days, estimate the biological half-life of this tracer when it is
introduced into the body.

A. 12 days A B C D
B. 22 days
C. 38 days O O O O
D. 44 days
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Q.4: Structured question

(a) Describe the differences between rods and cones in their functions in vision. (2 marks)

The table below shows the change of near point of a person with age. Given that, for all ages, the person can view
distant objects clearly while the separation between the eye lens and the retina is kept at 2.5 cm.

age / year near point / cm

20 10

30 14

40 25

50 40

60 80

70 100
®) @) What is the meaning of near point ? (1 mark)
(i)  The above table reveals that the power of the eyes decreases with age. State a reason why the power
decreases. (1 mark)
(iii)  What is meant by accommodation of the eyes ? (1 mark)

(iv) (I) Find the range of the power of the eyes, in dioptre D, between far point and near point of the person

at 20 years of age.
(II) By how much does this range decrease when the person reaches 70 years old ?
(3 marks)

(c) Suppose the person is now at 50 years of age. Figure 4.1 shows this person looking at point O of a newspaper
at 25 cm distance from the eyes. Should the rays from O converge at point 4, point B or point C to form an
image ? In order to see point O clearly, state the direction that the newspaper needs to move and the least
distance of movement needed. (2 marks)

Figure 4.1

END OF PAPER

Sources of materials used in this paper will be acknowledged in the HKDSE Question Papers booklet published by
the Hong Kong Examinations and Assessment Authority at a later stage.
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Answers written on this page will not be marked.
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List of data, formulae and relationships

Data

molar gas constant
Avogadro constant
acceleration due to gravity
universal gravitational constant
speed of light in vacuum
charge of electron
electron rest mass
permittivity of free space
permeability of free space
atomic mass unit
astronomical unit

light year

parsec

Stefan constant

Planck constant

Rectilinear motion

For uniformly accelerated motion :

R=28.31Jmol! K!

Na=6.02 x 10 mol™!

£=9.81 m s72(close to the Earth)
G=6.67x 107" N m? kg

¢=3.00x 108 ms!

ge=1.60 x 10°C

me=9.11 x 103 kg
&6=8.85x10"2C?N"'m?

Ho=4mx 107Hm™!

u=1.661 X 10% kg (1 u is equivalent to 931 MeV)
AU=1.50 X 10! m

ly=9.46 X 105 m

pc=3.09 X 10"m=3.261ly =206265 AU
c=567 X108 Wm2K™*
h=6.63x10]s

Mathematics

Equation of a straight line y=mx+c¢

¥ = Arc length =rd
1 W 1 — <h + 2
s = wila? Surface area of cylinder 2nrh + 2mr
5 3 2 Volume of cylinder = nrth
Ve = wu’+2as
Surface area of sphere = 4qr?
Volume of sphere = gm'3
For small angles, sin 8= tan #~ @ (in radians)
Astronomy and Space Science Energy and Use of Energy
M P i
U=~ GMm gravitational potential energy E= Il illuminance
P
= 4 j A(Ty - T,
= e SITan’s law 2 = /(M rate of energy transfer by conduction
Af| v |AA D ) t d
kAl PR P i d oppler effect "
ol e |4 U=— thermal transmittance U-value
d
P= %pAv3 maximum power by wind turbine
Atomic World Medical Physics
2 i, ) . 1.224 , - ) , ;
E Me Vo =hf —¢ Einstein’s photoelectric equation O~ 7 Rayleigh criterion (resolving power)
1 |m q4 13.6 . :
E =——1{—¢lel__""2eV power = — power of a lens
n? 8/1253 n?
energy level equation for hydrogen atom | [, = 10 logi intensity level (dB)
Iy
h h = ic i
A= a_n de Broglie formula é p; . g BEANSHCed A
my -
1]7 n = I—r = % intensity reflection coefficient
2 Zy,+Z
0= Rayleigh criterion (resolving power) 0o (2 Y
d I=]pe™™ transmitted intensity through a medium

2023-DSE-PHY 2-19

19




Al.

A2.

A3.

Ad.

AS.

BI1.

B2.

B3.

B4.

BS.

B6.

B7.

ClL.

C2.

C3.

E=mc AT
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energy transfer during heating
and cooling

energy transfer during change
of state

equation of state for an ideal gas

kinetic theory equation

molecular kinetic energy

force
moment of a force

gravitational potential energy

kinetic energy

mechanical power

centripetal acceleration

Newton’s law of gravitation

fringe separation in
double-slit interference

diffraction grating equation

equation for a single lens

DI. F= 5
4meyr
D2, E-—2
dngyr
D3, E<V
d
D4, R:ﬂl
A
DS5. R=Ri+R,
D6. l=L+—1—
R R R,
D7. P=1V=1I°R
D8. F =BQvsin 6
D9. F=BIllsin@
p1o. p=2ol
27y
p11. B=*N
!
p12. 6= N22
At
/
p13. U5 & al?
VP NP
El. N=Noe™
7k
E3. A=#kN
E4. AE =Amc?
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Coulomb’s law

electric field strength due to
a point charge

electric field between parallel plates
(numerically)

resistance and resistivity

resistors in series

resistors in parallel

power in a circuit

force on a moving charge in a
magnetic field

force on a current-carrying
conductor in a magnetic field

magnetic field due to a long
straight wire

magnetic field inside a long
solenoid

induced e.m.f.

ratio of secondary voltage to
primary voltage in a transformer

law of radioactive decay

half-life and decay constant

activity and the number of
undecayed nuclei

mass-energy relationship



