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Section A: Atomic World 

Q.1: Multiple-choice questions 

1.1 In the photoelectric experiment below, when monochromatic light is incident on the metal plate, photoelectrons 

are emitted and a photoelectric current is measured. 

 

 Which of the following statements must be correct? 

 A The kinetic energies of the photoelectrons are larger than the work function of the metal plate. 

 B The kinetic energies of the photoelectrons are equal to the energy of the incident photons minus the work 

function of the metal plate. 

 C The photoelectric current can be stopped by applying a stopping potential. 

 D Using light of higher frequency and equal intensity can increase the photoelectric current. 

C 

 

 

1.2 In the photoelectric effect experiment (Fig a), the metal plate is illuminated with monochromatic light of 

frequency f. The stopping potential Vs required to stop the photoelectric current for different f is then measured. 

The result is plotted in Figure b. 
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 Which of the following gives an estimation of Planck constant obtained from the graph (e is the charge of 

electron)? 

 A 
e

b
 

 B 
be

a
 

 C 
ae

b
 

 D 
a

be
 

D 

1.3 A metal surface is illuminated by a beam of monochromatic light and emits photoelectrons. When the intensity of 

the incident light increases while the frequency is kept unchanged, 

 (1) the number of photoelectrons emitted from the metal surface in each second increases. 

 (2) the energy of each incident photon increases. 

 (3) the average kinetic energy of the photoelectrons emitted from the metal surface increases. 

 A (1) only 

 B (2) only 

 C (1) and (3) only 

 D (2) and (3) only 

A 

1.4 The figure below (drawn to scale) shows some energy levels of a certain atom. 

 

 Transition X results in the emission of a photon of wavelength . Which transition would result in the emission of 

a photon of wavelength 2? 

 A Transition P 

 B Transition Q 

 C Transition R 

 D Transition S 

A 

 

A B C D 

 

A B C D 

 

A B C D 
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1.5 Particles X and Y have the same mass. The de Broglie wavelength of X is  while that of Y is 2. Which of the 

following statements is/are correct? 

 (1) If the momentum of Y is p, the momentum of X is 2p. 

 (2) If the kinetic energy of Y is E, the kinetic energy of X is 2E. 

 (3) If the speed of Y is v, the speed of X is 2v. 

 A (1) only 

 B (2) only 

 C (1) and (3) only 

 D (1), (2) and (3) 

C 

1.6 The transitions of electrons between three energy states in a hydrogen atom result in three spectral lines. The 

lowest and highest frequencies of these spectral lines are f1 and f2 respectively. What is the frequency of the third 

spectral line? 

 A f2 − f1 

 B 
2

21 ff +
 

 C 

1

21

11
−









−

ff
 

 D 
21

21

ff

ff

+
 

A 

1.7 In the figure below, the images of the two objects are formed by a microscope. The objects are not resolved. 

 

 Which of the following ways can make the two objects become resolved? 

 (1) Use lights of shorter wavelengths to illuminate the objects. 

 (2) Increase the distance between the aperture and the objects. 

 (3) Increase the size of the aperture. 

 A (1) and (2) only 

 B (1) and (3) only 

 C (2) and (3) only 

 D (1), (2) and (3) 

A B C D 

 

A B C D 

 

A B C D 
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B 

1.8 A transmission electron microscope (TEM) has an angular resolution of  (in rad) when the voltage of its electron 

gun is set at V. Suppose its resolving power is limited by diffraction only. To change the angular resolution of the 

microscope to 
2


, the voltage of its electron gun should be set to 

 A 
4

V
. 

 B 
2

V
. 

 C V2 . 

 D V4 . 

D 

 

A B C D 
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Q.2: Structured question 

A photocell is connected to a variable power supply. The metal plate in the photocell is illuminated by violet light of 

wavelength 400 nm. As the voltage V of the power supply varies, the photoelectric current I changes. A graph of I 

against V is plotted below. 

 

 (a) What is the maximum kinetic energy of the photoelectrons emitted from the metal plate? Express the answer 

in eV.    (1 mark) 

  ________________________________________________________________________________________ 

 (b) State the meaning of work function.    (1 mark) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

 (c) Find the work function of the metal plate in the photocell. Express the answer in eV.    (3 marks) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

 (d) Determine whether the photoelectric effect would occur if green light of wavelength 500 nm is incident on 

the metal plate.    (3 marks) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

 (e) If the intensity of the original light source is halved, sketch the corresponding curve on the same graph. 

    (2 marks) 

 

I 

V / V 
0 −0.75 
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Section B: Energy and Use of Energy 

Q.2: Multiple-choice questions 

2.1 An air conditioner is used to keep a room cool. Which of the following statements about the condensing coil the 

air conditioner is/are correct? 

 (1) It is located outside the room. 

 (2) It cools down the surrounding air. 

 (3) The refrigerant condenses when passing through it. 

 A (2) only 

 B (1) and (3) only 

 C (2) and (3) only 

 D (1), (2) and (3) 

B 

2.2 Which of the following statements about a microwave oven is/are correct? 

 (1) Eddy currents flow in the food when it absorbs the microwaves. 

 (2) Its major energy loss takes place in the magnetron tube. 

 (3) There is a significant energy loss due to the leakage of microwaves from the oven. 

 A (1) only 

 B (2) only 

 C (1) and (3) only 

 D (2) and (3) only 

B 

2.3 The figure below shows a flat surface on an artificial satellite. When sunlight makes an angle of 20 to the surface, 

the illuminance at X is E. What is the illuminance at X when sunlight makes an angle of 50 to the surface? 

 

 A 0.45E 

 B 0.68E 

 C 1.46E 

 D 2.24E 

D 

 

20 

50 

X 

surface 

A B C D 

 

A B C D 

 

A B C D 
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2.4 Lamp X emits green light while lamp Y emits red light. The two lamps have the same input power and efficacy. 

Which of the following statements must be correct? 

 (1) They appear to have the same brightness from the same distance. 

 (2) Y converts more electrical energy into visible light than X does. 

 (3) The total output power of Y is larger than that of X. 

 A (1) only 

 B (1) and (2) only 

 C (2) and (3) only 

 D (1), (2) and (3) 

B 

2.5 Under a certain temperature difference, the rate of energy transfer through a wall by conduction is W. If the 

thickness of the wall is doubled and the area is halved, what is the new rate of energy transfer through the wall by 

conduction under the same temperature difference? 

 A W
4

1
 

 B W
2

1
 

 C W 

 D 4W 

A 

2.6 The fuel efficiency of a fossil-fuel car is 11 km L−1. This means that the car can travel a distance of 11 km by 

consuming 1 L of petrol. The fuel efficiency of a hybrid car is 16 km L−1. 1 L of petrol costs $15. What is the 

difference in fuel cost between the two cars in travelling a distance of 50 km? 

 A $16.7 

 B $21.3 

 C $42.6 

 D $75 

B 

2.7 Wind turbine X with blade length L is blown normally by wind at a speed v and has an output power P. Wind 

turbine Y has a blade length of 
2

L
 and is blown normally by wind at a speed of 2v. If the wind turbines have the 

same overall efficiency, what is the output power of wind turbine Y? 

 A P 

 B 2P 

 C 4P 

 D 8P 

B 

 

 

A B C D 

 

A B C D 

 

A B C D 

 

A B C D 
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2.8 A solar water heater is shown below. 

 

 Which of the following features of the solar water heater enhance(s) its output power? 

 (1) The water pipe is painted black. 

 (2) The heater is placed on the roof. 

 (3) The water is kept flowing. 

 A (1) only 

 B (3) only 

 C (2) and (3) only 

 D (1), (2) and (3) 

D 

 

A B C D 
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Q.2: Structured question 

A lamp consisting of 6 CFLs is 2 m above a dining table as shown. Each CFL is rated at ‘18 W, 1000 lm’. X is a point 

on the table directly under the lamp. Assume that the lamp is a point source and is the only light source in the room. 

 

 (a) Find the efficacy of the lamp.    (2 marks) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

 (b) Pauline puts a book horizontally on the table at point Y. Neglect the size of the book.  

  (i) Find the illuminance on the book.    (3 marks) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  (ii) Without adding other light sources, suggest two methods that can increase the illuminance on the book.

    (2 marks) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

 (c) Spent CFLs should be recycled rather than disposed of directly. Explain briefly.    (1 mark) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

 (d) If the CFLs are replaced by incandescent lamps with the same luminous flux but efficacy of 20 lm W–1, what 

is difference in cost of electricity in using the lamps for 1200 hours? Each kW h of electricity costs $1.1. 

    (2 marks) 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

  ________________________________________________________________________________________ 

End of Paper 
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