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Section A 4, A block of weight # is at rest on a horizontal ground as shown.

There are 33 questions. Questions marked with * involve knowledge of the extension component.

1. Solid substances X and Y of equal mass are heated by heaters of power 2P and P respectively. The graph
shows how the temperature & of each substance varies with the heating time ¢.

6/°C 4
60 . . .
50 The force acting on the block by the ground is R. Which of the following statements is/are correct ?
I
s
40 vin X (1) R and W are opposite in direction.
30 ’ 2) R and W are equal in magnitude.
20 ’ ‘ 3) R and W is an action-and-reaction pair.
10 A. (1) only
b : B. (1) and (2) only
0 1 ¢t/ min
2345678 C.  (2)and (3)only
D (1), (2)and (3)
What is the ratio of the specific latent heat of fusion of X to that of ¥ ?
A. ) 5. A block is sliding down a rough incline with constant velocity as shown. Which arrow indicates the
B 3.4 direction of the resultant force acting on the block by the incline ? Neglect air resistance.
C. 4:3
D. 2:3 A.
2. Metal blocks X and Y are identical in size and shape. X is of a higher temperature than ¥. Which of the
following statements must be correct ?
(1) Energy will flow from X'to Y if they are in thermal contact.
(2) X is a better conductor of heat compared to Y.
(3) The total internal energy of X is higher than that of Y. C.
A. (1) only
B (3) only
C. (1) and (2) only
D (2) and (3) only
*3. For an ideal gas, kinetic theory deduces that pV = % Nme? . Which physical quantity below can be
represented by 3:}_7— ? | 6. Which statement below about a raindrop falling at a constant terminal velocity is correct ?
c 2
A. the total mass of the gas &
B. the volume of one mole of the gas : raindrop falling at
C. the density of the gas a constant velocity
D. the number of gas molecules per unit volume
A. No work is done on the raindrop by the gravitational force.
B. As the raindrop falls, all its gravitational potential energy loss is converted into kinetic
energy gain.
C. The only force acting on the raindrop is its weight.
D. No net force is acting on the raindrop.
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7. At time ¢ = 0, a small sphere is projected up along a smooth incline with a certain initial velocity. It 10. Which of the followipg can be transferred by mechanical waves from one place to another along the
travels a distance L and becomes momentarily at rest after a time 27. The corresponding velocity-time direction of propagation ?
graph is shown below.
velocity 4 m mass
) momentum
3) energy
A. (1) and (2) only
B. (1) and (3) only
. C. (2) and (3) only
0 o7 e D. (1), (2) and (3)
What is the distance travelled by the sphere from sr=0to =77
1 ! 11.
A. - L displacement
4
A
B. % L
3 /\
¢ e ol 2 10 18 > time / ms
. Ip
5
. . 238 - : 234 ; 4
5 A stationary uranium nucleus “53U decays to give a thorium nucleus “59Th and an o particle ;He. The displacement-time graph of a particle on a travelling wave is as shown. Find the frequency of the
Z38U _ 234Th 4 4H wave.
92 90 2he
A. 55.6 Hz
Which of the following correctly describes the situation about the 234Th nucleus and the « particle just B. 625 Hz
after the decay ? C. 111 Hz
itude of D. 125 Hz
magnituce o kinetic energy KE
momentum p
A p(Th) = p(a) KE(Th) < KE(a) ‘ 12. Earthquakes propagate in the form of waves. The quake centre produces both longitudinal waves
B. p(Th) > p(e) KE(Th) > KE(«) ; (P-wave) and transverse waves (S-wave) which travel with speeds 9.6 km s™ and 6.4 km s™' respectively
C. p(Th) = p(a) KE(Th) > KE(a) on the Earth’s crust. In an earthquake, a monitoring station detects the arrival of the P-wave pulse at
D. p(Th) = p(a) KE(Th) = KE(c) 7:02 a.m. while the S-wave pulse arrives 2 minutes later at 7:04 a.m. Estimate the time that this
earthquake occurs.
*9, A particle is moving clockwise (top view) in a horizontal circle with uniform speed. Which top view ]
diagram below correctly shows the net force acting on the particle at various positions ? fg 222 a.m.
. 56 am.
C. 6:58 am.
A B D. 6:59 am.
@ —
C. D.
no net
force
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13. 15. In the set-up below, different stationary wave patterns are formed on an elastic string by adjusting the

P N 0 frequency f of the vibrator.
53¢ stand
vibrator
M glass block
30
S R
The figure shows the cross-section of a rectangular glass block PORS. A light ray is incident from air Which statements are correct when f increases ?
at M on face PS and the refracted ray strikes face PQ at N. Find the critical angle for the glass-air ‘
interface. (1) The number of antinodes increases.
) The speed of the waves on the string increases.
A 37° (3) The frequency of the waves produced in air by the string increases.
B. 440
C. 53¢ A. (1) and (2) only
D. 60° B (1) and (3) only
C. (2) and (3) only
D (1), (2) and (3)
14. In a ripple tank, circular water waves of wavelengths 4, and 4, (A, > 1;) are produced by two vibrators
Sy and S; respectively. The figure represents the two circular waves propagating on the water surface at ' .
a certain moment. 16. In Young’s double slit experiment employing monochromatic light, how will the interference pattern

change if the separation a of the double slit is reduced ?

Which of the following statements is correct ? 1 The pattern will become brighter.

A The particle at P is al t crest positi (2) The number of fringes that can be observed will increase.
' © particie at 115 always at crest position. he fri ti f the pattern will become larger.
B. At P, the two waves always reinforce to give a larger amplitude. ) The tringe separation o P g
C. The principle of superposition cannot be applied at P as 4, = 1. A (1) only
D. The principle of superposition can be applied at P but the two waves do not always B. (3) only
reinforce at that location. C. (1) and (2) only
D. (2) and (3) only
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*17. second-order
bright fringe
monochromatic
light beam
40°
diffraction
grating second-order
bright fringe

When a monochromatic light beam is incident normally on a diffraction grating with 300 lines per mm,
a pattern of bright fringes is formed. The angle between the two second-order bright fringes is 40°. Find
the frequency of the light.

A. 1.4 x 10" Hz
B. 2.6 x 10" Hz
C. 2.8 x 10" Hz
D. 5.3 x 10" Hz
18. In the figure below, PO and OS are light rays refracted from a lens L. Both light rays come from a point
object situated on the left of L.
L
P Y

principal axis
0 \
S

Which of the following deductions is/are correct ?

(1) The image of the object must be virtual.
(2) The object must lie along the straight line containing OS.
(3) L must be a concave lens.
A. (1) only
B. (3) only
C. (1) and (2) only
D. (2) and (3) only
19. Typical wavelengths of X-rays and microwaves are in the ratio 10”7 : 1. The value of n could be
A. -10.
B. -4,
C. +4.
D. +10.
20. Submarines employ ultrasound instead of microwaves to detect obstacles in the sea. This is because
A. wavelengths of ultrasound are shorter than those of microwaves.
B. ultrasound travels faster than microwaves in the sea.
C. microwaves are easily absorbed by sea water.
D. microwaves diffract too much in the sea.

2021-DSE-PHY 1A-8 8

21. Three isolated identical metal spheres X, Y and Z carry charges +2Q, -4 and +50 respectively. Yis
first moved to touch X and then Yis brought in contact with Z. When ¥ and Z are separated, find the
charge on each sphere.

CowE

X

0
~¢
+0
-0

X@®

Y

+1.5Q

+0.50
+0
+20

z

+1.50

+0.50
+Q
+20

e

VAC,

i *22. When a point charge +Q is placed at X as shown, the strength of the electric field at ¥ is Eq.

If W and Z are each placed with a point charge of +Q, what will be the electric field strength at ¥ ?

Note: sin 45° = cos 45° = g
A. ? Ey
B. Eo
C. V2 Eq
D. 2 Eo
23. Four identical resistors P, O, R and S are connected to a battery of negligible internal resistance as shown.

R

.

SOwp

2021-DSE-PHY 1A-9

11W
I5W
19W
21w

If the power dissipated by R is 1 W, find the total power output of the battery.
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24.

25.

26.

The figure shows a metallic cube of side length x. How is its resistance R between any two opposite
faces related to x ?

oo}
R
HRNRRIH

oSow
X3
2

In the figure below, POR is a straight line with PQ =10 cm and QR = 5 cm. A long straight wire carrying
a current of 0.3 A (directed into the paper) is placed at P. When another long straight wire carrying a
current / is placed at Q, the resultant magnetic field at R becomes zero. Determine the direction and
magnitude of /.

direction of 7 magnitude of /

into the paper 0.1A
into the paper 09 A
out of the paper 0.1A
out of the paper 09 A

Oowr

When a copper rod PQ moves with a constant velocity across a uniform magnetic field as shown, an
e.m.f. is induced across the rod.

uniform magnetic
field (into the paper)

X x

Which of the following statements is/are correct ?

(1 The magnitude of the induced e.m.f. depends on the length of the rod.
(2) Rod PQ acts like a cell providing an e.m.f. with P being its positive terminal.
(3) There is a force acting on the rod to oppose its motion.

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

oCowx
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27. A light bulb is connected in series with a device Y and a cell as shown. Assume that the internal resistance
of the cell is negligible and its e.m.f. remains unchanged.
L
&
It is found that the brightness of the light bulb decreases with time. Which deductions must be correct ?
(1) The current in ¥ decreases with time.
(2) The voltage across Y decreases with time.
3) The power supplied by the cell decreases with time.
A. (1) and (2) only
B. (1) and (3) only
C. (2) and (3) only
D. (1), (2)and (3)
*28. The graph shows the waveform of a sinusoidal alternating p.d. applied across a 10 ) resistor.
pd./V A
2 ____________
0.01 /\ -
0 0.02 “time / s
Find the root-mean-square current in this 10 Q resistor and the average power dissipated by it.
root-mean-square current / A average power / W
A. 0.14 0.2
B. 0.14 0.4
C. 0.2 0.2
D. 0.2 04
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29. The figure shows three mutually perpendicular coils (1), (2) and (3) placed near a conducting wire
carrying an a.c. along the z-axis direction. In which coil(s) would e.m.f. be induced ?

z

conducting wire
carrying an a.c. T
2)
/ y
x
A, (1) only
B. (3) only
C. (1) and (2) only
D. (2) and (3) only
*30.
P o ‘, oX
720 40
0 Y
480 30
Ro oZ

The above figure represents a multi-tapped transformer. The number of turns between the various
‘tapping points’ are indicated as shown. Which connections should be used for stepping down a voltage
from240 Vo 6 V?

A radioactive nuclide plutonium-239 (ZSEPU) becomes a stable lead-207 isotope (ngPb) after a series

of a and f decays. Find the number of § decays in the process.

A, 3
B. 4
C. 5
D. 6
32. The activity of a radioactive sample is measured to be 18 MBq. What is its activity 3 half-lives before ?
A. 6 MBq
B. 54 MBgq
C. 72 MBq
D. 144 MBq
33. Which of the following may contain sources of ionizing radiations ?
(1) sea water
2) a rock sample

(3) human body

(1) only

(2) only

(2) and (3) only
(1), (2) and (3)

TOow»

END OF SECTION A

primary coil secondary coil
A. PO XY
B. PO YZ
C. PR XY
D. PR Yz
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List of data, formulae and relationships AL E- energy transfer during heating Dl Fe 0,0,
: =mc AT , : = Coulomb’s law
X and cooling dne,r
ala
1 _ T A2, E=1IAm e?efgy transfer during change D2 E- o . electric field strength due to
molar gas constant R=831Jmol' K of state dngyr a point charge
Avogadro constant Na=6.02 x 102 mol™! v lectri
acceleration due to gravity g=9.81 m s72(close to the Earth) A3.  pV =nRT equation of state for an ideal gas D3, E=— electric field between parallel plates
- : tational cant 667 101 N 12 ke? d (numerically)
universal gravitational constan =6.67x 10" m* kg™ _ N
1
speed of light in vacuum ¢=3.00x10°m s , A4, pV = 3 Nmc?  kinetic theory equation D4. R= % resistance and resistivity
charge of electron ge=1.60x10"7°C |
3RT
electron rest mass me=9.11 x 10! kg A5, Ex= N molecular kinetic energy D5. R=Ri+R resistors in series
permittivity of free space g =18.85x10712CI N~ m™? A
. - 7 . ! . 1 1 1
perm.eablhty of.free space Ho=4nx 107"Hm ' ' D6, —=—+— resistors in parallel
atomic mass unit u=1661 % 102 kg (1 u is equivalent to 931 MeV) R R R
astronomical unit AU=150 X 10! m _ A Ap 5 o
light year ly=9.46 X 10 m Bl. FﬁmE_—A—t— force D7. P=[V=1I°R power in acircuit
parsec pc=3.09 X 10*m=3261ly =206265 AU ‘ force on a moving charee |
Stefan constant =567 %X 10*Wm?K™* B2, moment = F X d moment of a force D8.  F=BQvsin @ magnetic ﬁrzlod g charge n &
Planck constant h=6.63x10734] s ;
B3. Ep=mgh gravitational potential energy D9. F=Blsing ‘orceona current-carrying
Rectili ) Mat . conductor in a magnetic field
ectilinear motion athematics B4, FEyx = lmvz Kinetic energy D10. B= tol magnetic field due to a long
For uniformly accelerated motion : Equation of a straight line y=mx+c 2 2mr straight wire
v = u-+at Arc length =rf B5. P=Ffy mechanical power D11. B= Ko N g;?g:g;;c field inside a long
_ 2 Surface area of cylinder = 2nrh+ 2m? 2
s = ut+ 5 at . B6. a=——=@%r centripetal acceleration D12, €= AP induced e.m.f.
5 249 Volume of cylinder = mr*h 7 At
V= U as
Surface area of sphere = 4 B7. F= Gmlzmz Newton’s law of gravitation DI3. % SR ratio of secondary voltage to
F Vp Np primary voltage in a transformer
Volume of sphere = -’
For small angles, sin 8= tan 6~ @ (in radians) D frinee separation in
Cl. Ay= ——a— dou%le-sﬁt interference El. N= Nge™ law of radioactive decay
Astronomy and Space Science Energy and Use of Energy ] n?2
GMin & C2. dsinf=nl diffraction grating equation E2. ¢ =— half-life and decay constant
U=- gravitational potential energy E=— illuminance 2 k
r 4 c3 L, 1.1 equation for a single lens F3. A=IN activity and the number of
P =cAT* Stefan’s law g = ;(-—————A(TH - Tc) rate of energy transfer by conduction v . undecayed nuclei
t d
—Al ~ A ~ é/i Doppler effect P F4. AE = Amcz mass-energy relationship
Hl ¢ 1A U= —c-i— thermal transmittance U-value
P= %pAVB maximum power by wind turbine
Atomic World Medical Physics i
2 o . . 1.224 . . .
— MV =Hhf —¢ Einstein’s photoelectric equation =~ —d——- Rayleigh criterion (resolving power)
1| mgl | 136 1
E,=—— ede | _ 150y power =-— power of a lens
n? 8h2£g n? ' f
energy level equation for hydrogen atom | 7 = 10 10g_l_ intensity level (dB)
1
h h = tic imped
A=s—=— de Broglie formula Z=pe 5 acoustic tmpedance
p  my I, (Z,-2)) . , . ‘
= —— = —*——"- intensity reflection coefficient
1.224 , o : ly  (Z,+2y)
O =~ Rayleigh criterion (resolving power)
d I=1I,e™™ transmitted intensity through a medium
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Answers written in the margins will not be marked.

Section B: Answer ALL questions. Parts marked with * involve knowledge of the extension component. Write your
answers in the spaces provided.

I. A 150 W immersion heater is used to keep the water in a large beaker boiling under standard atmospheric
pressure. In 5 minutes, 16 g of water boils away. Neglect any heat loss to surroundings.

(a) Find the specific latent heat of vaporization of water, /.

A student puts a small metal sphere in the boiling water. After a few minutes, the sphere is quickly transferred
to a polystyrene cup containing 100 g of water at a temperature of 20 °C. The cup of water is stirred gently and
its highest temperature attained is 22 °C.

Given: specific heat capacity of water = 4200 J kg™! °C!

(b) Estimate the heat capacity C of the metal sphere. (2 marks)

(¢) In fact the sphere has carried with it some boiling water to the cup of water. Referring to this fact, explain
whether the true value of C is higher or lower than the value calculated in (b). (2 marks)

Answers written in the margins will not be marked.
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(d) In order to reduce the error contributed by the polystyrene cup, another student suggests repeating the
measurements using a copper cup of similar shape and size. Explain whether the suggestion is justified.
(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

2. Adiver makes a sound by tapping a metal cylinder at sea level. Within a time of 0.04 s, the sound goes vertically
to the seabed 30 m below and echoes back to the sea level.

(a) Estimate the speed of sound in sea water. (2 marks)

___________ - sea level (1.0 atm, 27 °C)

metal cylinder of
compressed gas

Figure 2.1 (0.012 m’, 18.5 atm)

. seabed (4.0 atm, 20 °C)

The metal cylinder of volume 0.012 m® contains compressed gas under a pressure of 18.5 atm is initially at sea
level, where the pressure is 1.0 atm and the temperature is 27 °C. The diver then brings the cylinder to the
seabed where the pressure is 4.0 atm and the temperature is 20 °C. Assume that the volume of the cylinder
remains unchanged. Given: atmospheric pressure 1.0 atm = 1.01 x 10° Pa

*(b)(1) Show that at the seabed the pressure in the cylinder becomes 18.1 atm.

Answers written in the margins will not be marked.
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*(¢)The diver then inflates identical balloons each to a volume of 0.015 m?® by using the cylinder of compressed
gas at the seabed. Assume that the balloons are inflated slowly so that the temperature of the gas remains
unchanged and the final pressure in the balloon equals that at the seabed.

k metal |
/ \ cylinder

balloon being inflated at the
seabed by compressed gas

NOT drawn to scale

balloon inflated to 0.015 m?
(pressure equals that
at the seabed)

Figure 2.2

(i) Show that the gas pressure in the cylinder decreases by 5.0 atm after inflating one balloon. (2 marks)

2021-DSE-PHY 1B-5
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3. A volleyball player serves by hitting the ball from rest at a height of 1.0 m above the end line of the court. The
initial speed of the ball is 13.4 m s™' making an angle of 55° with the horizontal. It moves in a vertical plane
perpendicular to the end line and finally reaches point C on the opposite end line as shown in Figure 3.1. Neglect
the size of the ball and air resistance. (g=9.81 ms™)

[l
T
' NOT drawn to scale
1
|
¥
: i
. t
Figure 3.1 '
134ms™! :
]
o
volleyball 55 net
el v
1.0 m
4 S e A R R R NS S C
18 m .
end line end line

(a) (1) The mass of the volleyball is 0.22 kg. Find the work done on the ball by the player. (2 marks)

Answers written in the margins will not be marked.
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(b} The length of the court AC is 18 m and the net is positioned midway between 4 and C. It takes time ¢ for
the ball to reach point B which is vertically above the net.

(i) State whether the ball is ascending, flying horizontally or descending at B.

(c) Another player suggests that the volleyball can reach point C in a shorter time if it is served with a similar
initial speed but at a smaller angle with the horizontal (e.g. 13.2 m s™ at an angle of 35°). Without doing
any calculation, explain whether this suggestion is justified. (2 marks)

(d) Volleyball players have to jump and land frequently in a game. Referring to principles of mechanics,
explain why volleyball courts with wood rather than concrete flooring. may help to protect the players from
injuries. (2 marks)

Answers written in the margins will not be marked.
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4. Atrolley is connected to a hanger of mass 20 g by a light inextensible string as shown in Figure 4.1. Four slotted
weights, each of mass 20 g, are loaded onto the trolley. The experiment is designed to investigate the relationship
between the net force acting on the system (trolley and slotted weights with hanger) and its acceleration. The
acceleration a is measured after the trolley is released on the smooth horizontal runway.

slotted weights

trolley

string smooth

/) light pulley

smooth
horizontal runway

Figﬁre 4.1

D

hanger (20 g)

sy
ey

The experiment is repeated by transferring the slotted weights one by one from the trolley to the hanger so as to
increase the mass hanging, m.

no. of weights
transferred to the hanger 0 ! 2 3 4
mass hanging 0.020 0.040 0.060 0.080 0.100
m/kg

The results obtained are used for plotting a graph of a against m as shown below. Neglect both air resistance
and the frictional forces acting on the trolley. (g=9.81 ms™)

5 a against m
alms™

2.5 4

2.0

1.5

1.0

0.5

v

0 0.020 0.040 0.060 0.080 0.100 m/kg

Answers written in the margins will not be marked.
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(a) (i) After the trolley is released, indicate in the figures below (1) the horizontal force(s) acting on the loaded
trolley, and (2} the force(s) acting on the hanger. (2 marks)

; slotted weights

hanger

]

(i1) Is the tension in the string equal to, greater than or smaller than the weight of the mass hanging when
the system is released ? Explain. (2 marks)

(iii) By considering the motion of the whole system, or otherwise, write an equation relating m2, a and
mass M of the trolley. (1 mark)

Answers written in the margins will not be marked.
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5. A rocket carrying an artificial satellite is launched vertically from the Earth. When the rocket is at a certain
height from the Earth’s surface, it expels 2.60 x 10° kg of gas per second with a certain speed v towards the
Earth’s centre. As a result, an average thrust of 5.20 x 10° N is produced. Neglect air resistance.

(a) (i) Assuming that the speed of the rocket is negligible, estimate v. (2 marks)

(ii) At a certain instant, the total mass of the rocket and the artificial satellite is 3.60 x 10° kg while the
acceleration due to gravity at the rocket’s position is 8.56 m s, Estimate the acceleration a of the rocket
at this position. (2 marks)

Would the rocket’s
(2 marks)

(iii) Suppose the rocket keeps expelling gas at the same rate for a few seconds.
acceleration increase, decrease or remain unchanged in that duration ? Explain.

Answers written in the margins will not be marked.

2021-DSE-PHY 1B-10 10

Answers written in the margins will not be marked

=

Answers written in the margins will not be marked

*(b) The artificial satellite is put in the geostationary orbit of radius » around the Earth. It appears to be always

stationary above an observer at the equator. o
(i) State the period of this satellite. (1 mark)
(ii) Show that » is approximately 42000 km. (g=9.81 m s72) (2 marks)

Given: radius of the Earth = 6.37 x 10°m

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

6. {a) When red light of wavelength 1 = 675 nm is incident at an angle of 30° from air to glass as shown in
Figure 6.1, refraction occurs such that its wavelength in glass becomes A' = 450 nm while the angle of
refraction is & .

air
_ red light B
Figure 6.1 ~
glass
A
(i) What is the frequency of the red light in glass ? (2 marks)
(ii) Find & . (2 marks)

(iii) If the red light is replaced by blue light, & will decrease. Compare the refractive index of glass for the
red light and blue light. ‘ (1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

6. (b) Figure 6.2 shows a system for projecting a transparent photographic slide O onto a screen. The slide and
the screen are | m apart. A beam of white light illuminates the slide. The position of lens L is adjusted
until a sharp image of O magnified linearly to 9 times is formed on the screen.

NOT drawn to scale
lens L
e
abeam of ———>
white light ——> |>
—_—>
slide O
(transparent)
Figure 6.2 sereen
0 L
a beam of
white light >,
—_—>
1
' I m
screen
(1) State the nature of this magnified image. (1 mark)
(i) Find the separation between O and L. (1 mark)

Answers written in the margins will not be marked.
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o

e

Answers written in the margins will not be marked.

(iit) Draw a ray diagram to show how the image of slide O is formed on the screen. Locate the focus F of
lens L on your diagram and find the focal length of L. (Slide O and the principal axis of the lens have
been drawn for you.) (5 marks)

i i . : principal
N1 A ‘ axis

Focal length of L =

(iv) When a black-and-white slide is projected onto the screen, the image has colour edges. Explain briefly.

(Hint: the lens is made of glass.) (2 marks)
Answers written in the margins will not be marked.
2021-DSE-PHY 1B-15 15 Go onto the next page>
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Answers written in the margins will not be marked.

7. Read the following passage about eddy currents and answer the questions that follow.

Eddy currents are induced by changing magnetic fields, They flow in closed loops in conductors like
swirling eddies in a stream, perpendicular to the direction of the magnetic field. They are commonly applied
in braking lmoWn as ‘eddy braking’.

The heating effect of eddy currents is used in induction heating devices, such as induction cookers. The
resistance felt by the eddy currents in a conductor causes Joule heating. However, for applications like
motors and transformers, this heat is considered as a waste of energy and as such, eddy currents need to be
| minimized.

Eddy currents can be removed by cracks or slits in the conductor, which prevent the current loops from
circulating. This means that eddy currents can be used in detecting defects in materials. The magnetic field
produced by the eddy currents is measured, where a change in the field reveals the presence of an irregularity

in the material.

(a) (i) InFigure 7.1, a permanent magnet with north pole facing downwards is held stationary. A metal sheet
moves past the magnet (the direction of movement is not shown) and eddy currents are induced as
shown. Briefly explain why eddy currents are induced and state whether the metal sheet is moving

forward, backward, towards the left or towards the right. (2 marks)
stationary
backward magnet
left e, }3
7 P right
Figure 7.1 forward
oving
metal sheet
(ii) State the energy changes in the process in which the metal sheet is slowing down to stop. (2 marks)

Answers written in the margins will not be marked.
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(iit) Although eddy braking has the advantage of being contactless, traditional frictional braking cannot be
totally replaced by eddy braking. Why ?

(b) An induction cooker of rating ‘220 V, 2000 W’ operates for 15 minutes. How much should be paid if
1 kW h of electrical energy costs $1.1 ? (2 marks)

(d) Eddy currents can be used to detect defects in materials, When there is a crack in a material, how would
the magnetic field due to eddy currents change ? Explain briefly. (2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

8.
R(1kQ) (;;»i%mA
) s
: S (10 k)
Figure 8.1 D . C
€
\ 9\,] » ¥
II Q
Hl hd d

Figure 8.1 shows a circuit for measuring the resistance of resistor . connected across P and Q. The resistance
of resistor S is 10 k€2. The internal resistance of the 9 V cell and that of the ammeter are negligible.

(a) When the switch is closed, the ammeter reads 8.5 mA.

(i)  What is the p.d. between 4 and B ? (2 marks)
(i) Find the current passing through resistor S. (2 marks)
(iii) Indicate on Figure 8.1 the direction of current in each of the three branches via C. (2 marks)
(iv) Deduce the p.d. across resistor X. Hence, find the resistance of X, (3 marks)
(b) State the purpose of connecting resistor R in series with the ammeter. (1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Potassium-40 (}5K) is a natural radioisotope of potassium.

(a) (i) What kind of decay does ‘ng undergo if it decays to 38(:a ?

(ii) As banana is rich in potassium, a student claims that the radiation emitted by 40K after eating a few
bananas can be detected outside the human body. Explain whether this claim is justified. (1 mark)

*(b) A banana typically contains 0.45 g potassium in which 0.012% by mass is 19K while the rest is BK.
Given: half-life of $9K = 1.25 x 10° years
1 year = 3.16 x 107 seconds
molar mass of j9K =40.0 g

(i) Estimate the number of moles of $3K in a banana.

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.

Answers written in the margins will not be marked.
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Section A : Astronomy and Space Science

Q.1: Multiple-choice questions

1.1 Referring to the figure below, an object at P is given a speed vp such that

vi<vp <1y

where vy is the speed for the circular orbit passing through P and v; is the escape velocity from P.

Which statement about the subsequent motion of the object is INCORRECT ?

1.2 Planets X and ¥ orbit a star in different circular orbits. What is the ratio of their orbital radii

of their periods is

A.

It will follow an elliptical flight path. A B C D
It will travel with constant speed along its flight path. O O O O
It will be farthest from the Earth at a point on the opposite

side of the Earth.

Its flight path will not intersect the circular orbit except at

point P.

radins X . .
——— if the ratio
radius ¥

period X' =89

period ¥
1 A B C D
4 O O O O
4
1
16v2
16v2

1.3 Which of the following observations made by Galileo is/are consistent with the heliocentric model but not with
the geocentric model of the universe ?

¢)) retrograde motion of Mars

(2) moons revolving around Jupiter

) changing phases of Venus
A. (1) only A B C D
B. (2) only
C. (1) and (2) only O O O O
D. (2) and (3) only

2021-DSE-PHY 2-2 2
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1.4 Which statement about apparent magnitude and absolute magnitude is INCORRECT ?

The absolute magnitude of a star can be larger than its apparent magnitude.

The absolute magnitude of a star can be smaller than its apparent magnitude.

If the absolute magnitude of a star equals the apparent magnitude of another star, the energy received
per unit time per unit area from these two stars must be equal.

If the apparent magnitude of a star equals the apparent magnitude of another star, the energy received
per unit time per unit area from these two stars must be equal.

A B C D
O O O O

1.5 Stars X and Y are of equal apparent brightness. Parallax of star X is twice that of star ¥. What is the ratio

luminosity of star X

9

luminosity of star ¥ ~

B C D
O O O

N N
O »

1.6  The figure shows a snapshot of a group of galaxies.

Which of the following statements is/are correct ?

&

2)
€)

Uowpe

For observers in Galaxy 1, the absorption lines of Galaxy 4 shows a greater red shift than those of
Galaxy 2.

For observers in Galaxy 2, Galaxy 4 is moving away at a higher speed than Galaxy 1 is.

For observers in Galaxy 3, Galaxy 1 and Galaxy 4 are moving away at roughly the same speed.

(1) only A B C D
(1) and (2) only

(2) and (3) only O O O O
(1), (2) and 3)

2021-DSE-PHY 2-3 3 Go on to the next page>




1.7 What information of a star can be deduced from its absorption spectrum ?

(1) its spectral class
(2) its radial velocity
3) the chemical composition of its core
A. (1) and (2) only A B C D
B. (1) and (3) only
C. (2) and (3) only O O O O
D. (1), (2) and (3)
1.3
A
power per unit blackbody
area Iier b radiation curve
wavelengt / for a stationary
source
St »
visible light wavelength
Which of the following statements about the Doppler shift of the blackbody radiation from a source moving
away from the Earth is/are correct ?
H The peak of the blackbody radiation curve observed shifts to the right.
2) The temperature of the source inferred from the observation is cooler than the actual value.
3) The colour of the source observed looks different from that of a stationary source.
A, (1) only A B C D
B. (1) and (2) only
C. (1) and (3) only O O O O
D. (1), (2) and (3)
2021-DSE-PHY 24 4
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Q.1: Structured question

In our galaxy, there is a strong radio wave emitting source known as Sgr A* which is located at a distance 7940 pc
away from the Earth. A star X'is found orbiting around Sgr A* in an elliptical orbit with a period of 16.0 years.

(a) (1)  The semi-major axis of the orbit, g, of star X is known to have an angular size of 0.125". Determine the
value of a in units of AU. : (1 mark)

2,3
(ii)  Hence use Kepler’s third law for elliptical orbits, T? = 47;; , to show that the mass of Sgr A* is about

3.82 x10° times the mass of the Sun. ' (2 marks)

(b) As shown in Figure 1.1, an observer on Earth is aligned with the semi-major axis of the elliptical orbit ABCD
of star X. The variation of the radial velocity v: of X along the line of sight is shown in the graph below: v; is
taken to be positive for an object receding from the observer while a negative v, implies an approaching object.
The possible locations of Sgr A* are positions 1 or 2.

& Sar X

observing along

the line of sight
-< ___________________________ "‘B - ==

observer on Earth

EREEEE TR

—_—
positive direction of v;

Q _——————

Figure 1.1

3000 =

—3000 =

1994 2002 2010
year

radial velocity of star X (km s™)
<

(i)  Give one method to determine v;. State the difference in observation for positive and negative values of
Vr in your proposed method. (2 marks)

(if)  State where star Xis located, 4, B, C or D, around the year 2002, Hence determine the location of Sgr A*
(position 1 or position 2). Explain your choice. (2 marks)

(c) For a spherical celestial body of mass M and radius R, the escape velocity from its surface is given by
V= 1,&%1‘1 , where G is the universal gravitational constant. Scientists believe that Sgr A* is a black hole,

which is supposed to have an extremely strong gravitational field on its surface that even light cannot escape.
Using the above equation and the result of (a)(ii), estimate the radius of this black hole (assume spherical mass
distribution) in units of AU. Given: GMs = 1.33 x10?° N m? kg™', where Ms is the mass of the Sun. (3 marks)
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Section B : Atomic World

Q.2: Multiple-choice questions

2.1 The path of an a particle approaching a massive nucleus at V is shown below. At point P the a particle is closest

to the nucleus. 2.4  The graph shows the variation of the maximum kinetic energy K of the photoelectrons emitted from a certain
\{/ ‘ metal with the reciprocal of the wavelength 1/4 of the incident.light.
' oy KA

Which statement below is correct ?

A. At P the kinetic energy of the a particle is at a maximum.
B. At P the total energy of the a particle is at a minimum.
C. If the nucleus has a larger atomic number, the distance between P and N would be larger. ¢ 1
D.  Ifthe «a particle has a larger initial kinetic energy, the distance between P and N would be larger. 0o 7 > —/—1—
A B C D
O O O O How would the graph change if incident light of lower intensity is shone on another metal having a smaller
work function ?
2.2 The figure shows an electron diffraction tube that can reveal the nature of electrons. slope of the graph intercept on horizontal axis
vacuum bright rings g unc;xangeg largl}sr A B C D
. unchange smaller
, C. smaller larger O O O O
: observer D. larger smaller
g >
fluorescent screen ! 75
| Es —0.54 eV
! Ey -0.85¢eV
. . E; -1.5eV
Electrons liberated from a heated filament F are accelerated by a high voltage V7, between F and anode 4. The
electrons then pass through a thin graphite film G and form bright and dark concentric rings on a fluorescent E ~3.4eV
screen as shown. Which descriptions about this experiment are correct ?
@) It demonstrates the wave nature of fast-moving electrons.
@ Electrons are diffracted by the graphite film.
3) If V, increases slightly, the radii of the rings would increase.
E -13.6eV
A. (1) and (2) only A B C D
B: (1) and (3) only
C. (2) and (3) only O O O O
D. (1), (2) and (3) 7 The figure shows the five lowest energy levels of a hydrogen atom. If electron transition from £y to E; emits a

photon of blue light, which electron transition below would emit red light ?
. . ) o Given: the visible spectrum is about 400 nm to 750 nm
2.3 When monochromatic lights of wavelengths A and 24 are incident on a metal surface, the maximum kinetic

e.nergies of the photoelectrons emitted are in the ratio of 3:1. Find the longest wavelength of monochromatic A. Esto E, A B C D
light that can trigger photoemission for such metal. B. Eqto Es
o BwE o O O O
A, 2 A B c D D. E>to s
2 o O O O
B. 34
E
2
D 42
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2.6 When an electron of mass m and charge e is accelerated from rest by a voltage V, its de Broglie wavelength A is

given by A=

kilovolt (kV), then A is approximately equal to

A.

, where /% is the Planck constant. If A is expressed in nanometre (nm) and ¥ in

2meV

9_.%. A B C D
fz O O O O

N

0.4

T

1.2

N

2.7 Which statements about optical microscope and transmission electron microscope (TEM) are correct ?

(D
@
3)

A
B.
C
D

2.8 A nano material

M
2)
3)

oCow»

The higher resolving power of TEM is enabled by the much shorter wavelength of its electron beam
than that of visible light employed in an optical microscope.

The current-carrying coils in a TEM provide magnetic fields for converging the electron beam, which
is similar to the lenses in an optical microscope for converging light.

The angular resolution of both microscopes are limited by the Rayleigh’s criterion.

(1) and (2) only A B

(1) and (3) only

(2) and (3) only o O O O
(1), (2) and (3)

has a higher volume to surface area ratio than the same substance in bulk form.
has at least one dimension less than 1 nm.
is chemically more reactive than the same substance in bulk form.

(1) only A B

(3) only

(1) and (2) only O O O O
(2) and (3) only

2021-DSE-PHY 2-8 8
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Q.2: Structured question

(a) Rutherford’s planetary model of the atom failed to account for the stability of atoms. Why ? (1 mark)

(b) The emission spectrum of hydrogen atoms only has four visible spectral lines (4 to D) as shown in Figure 2.1.

4 B C D

Figure 2.1

increasing wavelength

All these lines belong to a series that corresponds to transitions to the first excited state (» = 2). In this series
there are no spectral lines beyond 4. The wavelengths A (in nm) of all the spectral lines in the series are given
empirically by the formula below.

2
A=364.6 —zn-———z— where n=3,4,5, -+
no=2
(i)  Which spectral line (4, B, C or D) comes from the electron transition between energy levels n =5
andn=27 (1 mark)
(i)  Find the wavelength of the spectral line in (b)(i) and state the colour of this line. (2 marks)

(iiiy  The remaining numerous invisible spectral lines in the series beyond line D are getting closer and closer
until they finally converge to a limit of 364.6 nm. Suppose a photon of wavelength shorter than 364.6 nm
collides with a hydrogen atom in the first excited state (» = 2). State what would happen to the incident
photon, the hydrogen atom and its orbital electron. (3 marks)

(iv)  Initially a group of hydrogen atoms are in the third excited state (» = 4). Illustrate with the aid of an
energy level diagram ALL possible electron transitions that would produce emission lines. Mark a
letter *V’ against the transition(s) that give(s) rise to visible spectral lines. (3 marks)

2021-DSE-PHY 2-9 9 | Goontothe next page>




Section C : Energy and Use of Energy

Q.3: Multiple-choice questions

3.1 Alight power of 1 W delivered by a green light source corresponds to a luminous flux of 683 Im. Taking into
account the sensitivity of human eye, a light power of 1 W delivered by a filament lamp emitting white light
only gives about half of this luminous flux. If the end-use energy efficiency of the filament lamp is about 3%,
estimate its efficacy. :

A.

B
C.
D

40 Im W-! A B C D
20 Im W!

10 Im W1 O O O O
51m W!

3.2 A wind turbine generator can extract energy from moving air. However, the kinetic energy of wind cannot be
fully transformed into electrical energy because

6y)
@)
)

Sow

3.3 Even on a clear day, the atmosphere absorbs at least 26.8% of solar power. Find the maximum power output
of a solar panel of area 5 m* which has an efficiency of 15%. Given: solar constant = 1366 W m™

Cowpr

3.4 The figure shows a concrete building of dimensions 35 m x 40 m x 50 m.
.. It is given that the Overall Thermal Transfer Value (OTTV) of a building
should not exceed 24 W m™2. Find the maximum number of windows,
each of size 2 m x 3 m, that can be installed on the walls of the building if
the equivalent temperature difference between the interior and the exterior
of the building is 10 °C. :
Given: U-value of the concrete of the building =2.0 W m=2 K™! 50 m

wind velocity cannot be zero after passing through the turbine.
there is loss in transformation of energy in the generator.
wind may not always blow in the direction normal to the turbine.

(1) and (2) only A B C D
(1) and (3) only

(2) and (3) only O O O O
(1), (2) and (3)

&

275 W A C

B D
750 W O O O O

1560 W
4250 W

U-value of the glass of the windows = 5.7 W m~2 K~
40 m
35m
A. 960 A B C D
B. 598
c 160 o O O O
D. 120
2021-DSE-PHY 2-10 10

Walls X and ¥ having the same area are made of the same material, with ¥ thicker than X. If the temperature
difference between the two faces of each wall is the same, X and ¥ have the same

(D thermal conductivity.

2) thermal transmittance (U-value).

3) rate of heat transfer by conduction.

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

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

3.6 The energy label below indicates the information of a certain air-conditioner.

energy consumption of 420 kW h
for 1200 hours operation per year

cooling capacity

2.54 kW
Find the COP (coefficient of performance) of this air-conditioner.
A. 1.12 A B C D
B. 1.38
c. 726 o O O O
D. 8.89

2021-DSE-PHY 2-11 11 [ Goontothenext page>




3.7  The figure below shows a hydroelectric power plant. Q.3: Structured guestion

water level of

upper reservoir Some information of electric vehicles 4 and B is tabulated below:

B generator
turbi electric battery capacity / kW h maximum driving range / km mass / kg
oM water level of vehicle
lower reservoir A 95 326 2500
B 66 414 1620

(a)  Although the battery capacity of 4 is higher, its maximum driving range is shorter than that of B. State a
possible reason and explain why. . (1 mark)

Which factors below can affect the maximum power output of the plant ? (b) (i)  Suppose a charging voltage of 220 V is provided, estimate the minimum charging current required for

(1) The height difference between the water levels in the upper and lower reservoirs, charging the battery of vehicle 4 from completely discharged to fully charged in 12 hours. (2 marks)

(2) The distance between the turbine and the water level of the lower reservoir, d. (i)

3) The rate of water flowing through the turbine Explain why in practice the charging current required is larger than that found in (b)(i). (1 mark)

The table below shows more information about the electric vehicles:

A (1) and (2) only A B C D
B. (1) and (3) only
C. (2) and (3) only O O O O : electric time required to accelerate cak power / kKW
D. (1), (2)and (3) | vehicle from 0 to 100 km h™ /s peatp
A 5.5 300
B 6.5 150

3.8 For the fission reaction of a U-235 nucleus shown below, the mass defect is 0.1855u.

(¢)  Referring to all the information given, estimate
2320 4 dn - 247r + 33Te + 3}n
‘ (i)  the energy efficiency of vehicle 4. You may assume that the vehicle is operating at its peak power.

How much energy (in J) would be produced when 1 kg of U-235 completely undergoes such fission ? (2 marks)

Given: molar mass of U-235=235¢

1.49 x 10719 J of energy is released for a mass defect of 1 u : (i) the average output power from the battery of vehicle B if its average speed is 70 km h~! in the maximum
driving range test. (2 marks)
1000 23 _10 A B C D . .
A 235 X 6.02 x10% x 0.1855 x 1.49 X 10 (d)  Discuss in which of the driving modes below the regenerative braking system has the highest effectiveness:
1 O O O O (2 marks)
B. —— % 6.02 X 10?3 x 0.1855 x 1.49 x 10710 . . o
235 Mode 1 | driving at a few km per hour in often stop-and-go traffic conditions
C. 1%%% x 6.02 X 1023 x 0.1855 % 1.49 x 10~1° Mode 2 | driving in a city with smooth traffic regulated by traffic lights
1000 ' - Mode 3 | driving on a highway
D. X 6.02 x 10%% x 1.49 x 107%0 B

235
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Section D : Medical Physics

Q.4: Multiple-choice questions

4.1  Which part of the ear discerns frequency ?

semi-circular canals

ossicles

A. eardrum
B. semi-circular canals
C. ossicles
D. cochlea

4.2 Each optical fibre in an endoscope consists of a core enclosed by a cladding. The core and the cladding are
made of two different transparent materials. Which descriptions about an optical fibre are correct ?

) The refractive index of the cladding is smaller than that of the core.
2) The core-cladding boundary gives a smaller critical angle compared to a core-air boundary.
3) Without cladding, some of the light rays would pass between optical fibres at points of contact.

A. (1) and (2) only A B C

D
(1) and (3) only ’ O O O O

B
C.  (2)and(3)only
D (1), (2) and (3)

4.3 Which descriptions about A-scan and B-scan of ultrasound imaging are correct ?
1) B-scan is more useful for locating tumours.

_(2)  B-scan is employed for viewing the movement of an organ in real time.
(3) B-scan has a higher resolution.

A. (1) and (2) only A B C D
B. (1) and (3) only
C. (2) and (3) only O O O O
D. (1), (2) and (3)

2021-DSE-PHY 2-14 14

4.4 When diagnosing brain injuries, doctors use computed tomography (CT) scans to locate positions of internal
bleeding. With reference to this context, which reasons given below for NOT using the respective imaging
methods are correct 7 :

(1)  X-ray radiography: due to its insufficient resolution.
(2)  Ultrasound scanning: as ultrasound cannot penetrate through the skuil.
(3)  Endoscopy: as there is no cavity in the brain for inserting an endoscope.

A. (1) and (2) only ) A B C D
B. (1) and (3) only

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

4.5 A narrow beam of ultrasound of intensity /o travels through three media of different acoustic impedances 71, Z;
and Z; as shown,

V4 1 | Zz Z3

v

Assume that attenuation and absorption of ultrasound are negligible. What is the intensity of the ultrasound
reflected from the interface between the media of acoustic impedances Z; and 73 ?

A 1_(22—21)2 (Z3-2,) 1 A B c D
' (Zy+2))* |(Z3+2y)* O O O @)

2
(Zy - 7)) (Z3-2,)° L

B. 3 5
(ZZ+ZI) (Z3+Zz)
(Z,-7)° 1_(23—22)2 I
© (Z;>_+Zl>2{ 23+2,)
(Z,-2) (Z3-2))°
1- 1- I
P { (ZZ"‘ZI)Z}{ (Z3 +Zz)2}

4.6 The intensity of an X-ray beam is decreased by 25% after passing through a metal plate of thickness 0.01 m.
Find the corresponding half-value thickness for this X-ray beam.

A. 0.005m A B C D
B. 0.020 m
C. 0.024 m O O O O
D 0.042 m
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4.7 Radionuclide imaging uses only yradiations as

(1
@)
€)

oW

v can be deflected by a magnetic field to incident on the patient at any angle.

¥ has low ionizing power and causes less harm to cells.
¥ has high penetrating power and is detectable outside the body.

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

4.8 The radiation weighting factor of different radiations for calculating the effective dose are listed below:

o radiation 0
P radiation
yradiation

X-rays

— — e R

« is given a much larger radiation weighting factor because it

oowy»

has a low penetrating power.

has a strong ionizing power. ,

has a relatively larger mass since it is a helium nucleus.
is particle in nature.
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Q.4: Structured question
(a) Roger is suffering from eye defects and he has to wear the spectacles shown in Figure 4.1. The upper and lower

halves of each lens are of powers —~1.0 D and +2.0 D respectively.

~1.0D

Figure 4.1
+2.0D

With the spectacles, Roger’s near point can be corrected to 25 cm from his eyes while his far point is corrected
to infinity. Assume that the lenses are very close to his eyes.

(i)  State which half of the lens enables Roger to see distant objects clearly. Find the far point distance of his
unaided eyes. ' (2 marks)

(ii) Figure 4.2 shows a point object O placed at 25 ¢m in front of the corrective lens which is represented by
a dotted line.

|
i
Figure 4.2 m

|

1
corrective lens

(1)  Copy Figure 4.2 to your answer book and complete the path of the ray from O to show how it
reaches the retina. Indicate the near point N of Roger’s unaided eyes in your diagram. Assume that
refraction in the eye is due to the eye lens only. (2 marks)

(2)  Calculate the distance of N from his eyes. (2 marks)

(b)  An ultrasound transducer is used to scan an eye as shown in Figure 4.3. The pulses reflected from interfaces
A4, B, C and D are recorded in the A-scan display below.

ABC D
[ ]
1 |
11 | |
) ) \ |
transducer A7IAJ \ .
Figure 4.3 e U __l________ _____ Qp'tlc - VA .,,,..g.l‘,..ﬁ —
= s B 0 5 10 15 20 25 30 time/ps

(i) Estimate the thickness of the eye lens along the optic axis.
Given: velocity of ultrasound in the eye lens = 1520 m s7". (2 marks)

(ii) Explain which frequency of ultrasound, 3 MHz or 15 MHz, is preferred for scanning the eye. (1 mark)

(iii) Apart from forming images in a diagnostic scan, name ONE medical application of ultrasound. (1 mark)

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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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 :

v = utat
[

s = ut+—at
2

v = y*+2as

R=831JTmol" K!

Na=6.02 x 102 mol™!

g=9.81 m s (close to the Earth)
G=6.67x 107! Nm? kg™
¢=3.00x103ms™!
ge=160%x10"C

me=9.11x 10 kg
&5=28.85x1072C?N'm?
Mo=4nx 107" Hm!

u=1661X%X 10%kg

AU=1.50 X 101'm

ly=9.46 X 10°m

pc=3.09 X 108 m=3.261ly =206265 AU
c=567X 10 Wm2K™
h=6.63x107*]s

(1 u is equivalent to 931 MeV)

Mathematics

Equation of a straight line y=mx+¢
Arc length =rd

Surface area of cylinder = 2urh + 217
Volume of cylinder = nrth
Surface area of sphere = 4mr?
Volume of sphere = §W3

For small angles, sin = tan 8~ @ (in radians)

Astronomy and Space Science Energy and Use of Energy
GMm P o
U=- gravitational potential energy E= i illuminance
¥
- 4 ) A(Ty — T,
p=oAT Stefan’s law Q = K—L—H——_—Ql rate of energy transfer by conduction
Afl v |AA t
e & & ] Doppler effect p
Sl ¢ |4h U=— thermal transmittance U-value
d
P= —;— ,oAv3 maximum power by wind turbine
Atomic World Medical Physics
1 2 L . . 1.224 . I .
5 MV  =hf —¢ Einstein’s photoelectric equation 6=~ Rayleigh criterion (resolving power)
1 [ megt | 136 1 £
Ey=——i—ode = 2= eV power = — power of a lens
n? 8h2€g n?
energy level equation for hydrogen atom | 7 = 19 10gi intensity level (dB)
Iy
h h = ic i
A=—m=— de Broglie formula Z=p ; P acoustic impedance
my -
p =—L= S__2____122_ intensity reflection coefficient
1221 o . Iy (Z,+2y)
O~ — Rayleigh criterion (resolving power)
d I=1,e™™ transmitted intensity through a medium
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Al.

A2,

A3,

A4

AS.

BI1.

B2.

B3.

B4.

BS.

B6.

B7.

Cl.

C2.

C3.

E=mc AT

E=1Am

pV =nRT
17

pV =—Nmc
3

_ 3RT

“ o,

Femly_Ap
At At

moment=F X d
Ep = mgh

Ex = —mv*
T
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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

Dl1.

D2.

D3.

D4.

Ds.

Dé6.

D7.

D8.

D9.

D10.

DI11.

D12.

D13.

El.
E2.
E3.

E4.

19

dneyr
E= Q

dmeyr
=L

d

~ol
rR=2

A
R=R+R
1 | 1
— e o e
R R R,
P=1V=I’R
F=BQvsin 6
F=Bllsm#
g tol

2nr
B_#ON[

[
g:Nég

At
Ve s
Vo Ny
N:Noefk’

n2
t1:—
3 k
A=kN
AE = Amc?*

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 paraliel

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




