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Section A: Attempt all questions (70 marks) 

For all multiple choice questions, circle the letter corresponding to the correct answer. 
 

1) State whether each of the following statements is true or false  

a) In simple harmonic motion (SHM), the restoring force is directly proportional 

to the displacement of the body.     ………………….                            (1 mark) 
b) In SHM, the displacement is maximum when the velocity is maximum.        

         ………………………..                                                                            (1 mark)  

c) In a simple pendulum, the period of oscillation depends on the mass of the 

bob. ………………….                                                                          (1 mark) 
                                                                                                    

d) The total mechanical energy in SHM depends on the frequency of oscillation.   

………………………..                                                                          (1 mark) 
 

2)  Select and circle the letter of the correct alternative that best completes the 

statement. 

I) Quarks are the constituents of…………….                       

a) all particles  

b) all leptons  

c) all hadrons  

d) only strange particles 

                                                                                   (1 mark)            
II) Which was the first particle discovered that is still today believed to be 

elementary, that is to say not made up of further constituents?  

a) Gluon 

b) Electron 

c) Proton  

d) Photon  

                                                                                          (1 mark) 
III) Any baryon is a combination of………………….   

a) three quarks 

b) two quarks and an antiquark  

c)  one quark and two antiquarks 

d)  one quark and one antiquark 

                                                                                         (1 mark)  
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IV) What is the force that binds protons and neutrons in a nucleus?  

a) Electromagnetic force  

b) Gravitational force  

c) Strong nuclear force 

d) Weak nuclear force  

                                                                                              (1 mark) 
V) Which is an exchange particle for the weak nuclear force?  

a) Gluon  

b) Photon 

c) Graviton  

d) W bosons  

                                                                                          (1 mark) 
3) With regards to electric field and gravitational field, use an arrow and match the 

terms in the table below with their descriptions.  

Term Description 

 a) Electric potential i) Electric force per unit electric charge at a point. 

 b) Gravitational           

potential 

ii) Surface where electric potential is constant. 

c) Equipotential 

surface 

iii) Work done to bring a unit mass to a point 

from infinity. 

d) Electric field 

strength 

iv) Work done to bring a unit electric charge to a 

point from infinity. 

                                                                                                 (4 marks) 
4) Choose the option that best answers the question or completes the statement  

   The following is a simplified diagram of double slit experiment (figure 1)  

    used to demonstrate the interference of light.  

                          
                                         Figure 1 
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I) Which of the following phenomena is evidence of the particle nature of light?  

a) Diffraction  

b) Compton effect  

c) Interference  

d)  Polarization  

                                                                                                  (1 mark)  
II)  Which statement is true about electromagnetic waves?   

a) The velocity is parallel to electric field  

b) They are transverse waves  

c) They require medium for propagation   

d) They have the same wavelength   

                                                                                          (1 mark)  
III)  For constructive interference to occur at a point, the phase difference 

between two coherent light waves must be   

a) 0 rad  

b)  𝜋𝜋
2   rad 

c) 𝜋𝜋 rad 

d)  2𝜋𝜋 rad  

                                                                                            (1 mark) 
IV)  For destructive interference to occur at point P, the path difference Δ 

between two interfering waves must be  

a)  𝑛𝑛𝑛𝑛 where n is an integer  

b)  𝑛𝑛 𝜆𝜆
2 

c) (2𝑛𝑛 + 1) 𝜆𝜆
2 

d) (2𝑛𝑛 + 1)𝜆𝜆 

                                                                                            (1 mark) 
V) In Young double-slit experiment, when light passes through two narrow slits 

and creates an interference pattern on a screen. What happens when the 

slit separation is decreased? 
a) The fringe width decreases   
b) The fringe width remains the same  
c) The fringe width increases  
d) The fringes disappear. 

                                                                                               (1 mark)   
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5) Identify the correct alternative that best answers the question or completes the 

statement below. 

I) A ray of light after refraction through a lens emerges parallel to the principal 

axis of the lens. The incident ray passes through …..  
a) its optical centre                                   

b) its first focus 

c)  its second focus                           

d) its centre of curvature of the first surface. 

                                                                                                        (1 mark) 
II) Where must an object be placed in front of a converging lens in order to 

obtain a virtual image?  
a) At the focal point                                   

b) Between the focal point and the centre of curvature  

c) Between infinity and focal point 

d) Between the focal point and the lens 

                                                                                                      (1 mark) 
III) A diverging lens produces an image of a real object. The image is  

a) virtual, larger than the object and upright  

b) virtual, smaller than the object and upright   

c) virtual, smaller than the object and inverted  

d) real, smaller than the object and inverted  

                                                                                              (1 mark) 
IV) What is the condition for minimum deviation of light ray in a prism? 

a) The angle of incidence is equal to the prism angle  

b) The angle of incidence is greater than the angle of emergence 

c) The angle of incidence is equal to the angle of emergence 

d) The angle of incidence is less than the angle of emergence 

                                                                                                         (1 mark) 
6) Choose the correct answer from the proposed alternatives.   

I) Which of the following is a renewable energy source?  

a) Natural gas  

b) Coil  

c) Geothermal energy  

d) Nuclear energy   

                                                                                             (1 mark) 
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II)  What is the main challenge with biomass energy? 

a) It is intermittent and depends on weather conditions  

b) It is not available in sufficient amounts  

c) It can be more expensive than fossil fuels  

d) It produces a high amount of 𝐶𝐶𝐶𝐶2 when burned  

                                                                                                   (1 mark) 

III) What is the function of a turbine in a hydropower plant? 

a) Convert mechanical energy of moving water into heat energy 

b) Convert kinetic energy of moving water into mechanical energy 

c) Convert mechanical energy of moving water into electrical energy 

d) Convert electrical energy into mechanical energy 

                                                                                                      (1 mark) 
IV) What is the primary function of photovoltaic (PV) cell? 

a) To convert mechanical energy into electrical energy  

b) To convert electrical energy into light energy  

c) To convert solar energy into electrical energy  

d) To store electrical energy for later use. 

                                                                                               (1 mark) 
7) Match the elements in column A with the ones in column B according to their 

meanings.   

Column A Column B 

a) Base transceiver station 

(BTS) 

i) The amplitude and the frequency of the carrier 

signal remains constant  

b) Frequency modulation  ii) Used for relaying signals between mobile phones 

and network 

c) Satellite communication iii) Routes calls and connects mobile devices to the 

network.  

d) Mobile switching center iv) Transmits radio signals for long-distance 

communication 

e) Phase modulation  v) The frequency of the carrier signal is altered   at 

a rate equal to the frequency of the audio 

frequency but the amplitude remains constant  

                                                                                                                 (5 marks) 
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8) Choose the alternative that best answers the question or completes the 

 statement   

I) What spin can a baryon have? 

a) 0 

b) 1/2  

c) 1 

d) 2 

                                                                                          (1 mark) 
II)  Bose-Einstein statistics can be applied to …………. 

a) electrons  

b) fermions  

c) photons 

d) protons  

                                                                                          (1 mark) 

III) Which of the following is not conserved in a nuclear reaction? 

a) Nucleon number  

b) Electric charge  

c) Baryon number  

d) Mass 

                                                                                                                  (1 mark)  

IV) What is the role of gluons in the binding quarks? 

a) They carry the color charge and mediate the strong force between 

quarks  

b) They carry the color charges and bind the quarks through the electric 

force  

c) They carry anti-blue color charges and bind quarks through 

electromagnetic interaction  

d) They carry anti-red color charges and bind quarks through 

electromagnetic interaction 

                                                                                                    (1 mark)     
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9) State whether each of the following statement is true or false? 

a) Atmospheric pressure is directly related to air density, an increase of water 

vapour leads to a slight increase in total atmospheric pressure. 

……………………………………….                                                         (1 mark)                                    
b) Soil texture has an important role in nutrient management because it 

influences nutrient retention……………………….                                (1 mark)  
c) Clayey soil is soil texture that has the highest water-holding capacity due to 

its fine particles ………………………………….                                      (1 mark)  
d) Ice wedging is a physical weathering process that occurs when water seeps 

into cracks in rocks freezes and expands as it turns into ice. It plays a critical 

role in breaking down rocks. ………………….                                      (1 mark) 
 

10) Choose the option that best answers the question or completes the statement.    

I) If the distance between two masses is doubled, the gravitational force 

between them  

a) is doubled  

b) is reduced to half  

c) becomes four times  

d) is reduced to a quarter   

                                                                                                     (1 mark) 
II) The time period of a satellite orbiting Earth in a circular orbit is 

INDEPENDENT of:                                                                                              
a) Radius of the orbit                          

b) The mass of the satellite 

c) Both the mass and radius of the orbit   

d) Neither the mass nor the radius of its orbit 

                                                                                                   (1 mark) 
 
 
 
 
 
 
 
 



2024-2025-NESA (National Examination and School Inspection Authority) PHY 04-Page 10 of 24 

III) A satellite travels around the Sun in an elliptical orbit as shown in figure 2 as 

the satellite travels from X to Y, which of the following is true about its     

speed and angular momentum?                                                           (1 mark) 

                                        
                                            Figure 2  

Option  Speed  Angular momentum  

a) Increases  Increases  

b) Decreases  Decreases  

c) Increases  Remains constant  

d) Decreases  Remains constant  

 

IV) Which of the following is true regarding gravitational potential energy and 

gravitational potential? 

a) Gravitational potential energy depends on the mass of the object and the 

gravitational potential, while the gravitational potential depends only on the 

mass of the source. 

b) Gravitational potential energy is independent of the mass of the object 

whereas the gravitational potential depends on the object’s mass 

c) Both gravitational potential energy and the gravitational potential depend 

on the distance from the centre of the object. 

d) Gravitational potential energy is independent of distance from the centre of 

the object whereas the gravitational potential depends on the distance from 

the centre of the object.  

                                                                (1 mark) 
V) If 𝐹𝐹1 is the magnitude of the force exerted by the Earth on a satellite in orbit 

about the Earth and 𝐹𝐹2 is the magnitude of the force exerted by the satellite 

on the Eartyh, then which of the following is true? 

A) 𝐹𝐹1 is much greater than 𝐹𝐹2 
B) 𝐹𝐹1 is equal to 𝐹𝐹2 
C) 𝐹𝐹1 is slightly  greater than 𝐹𝐹2 
D) 𝐹𝐹2 is much greater than 𝐹𝐹1 

                                                                                                            (1 mark) 
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11) Choose the option that best answers the question.  

I) The critical angle for total internal reflection from a medium to vacuum is 30°.  

A)  The refractive index of the medium is  

a) 1 

b) 1.5 

c) 1.6 

d) 2 

                                                                                                          (2 marks) 
B) Use your result from A) to find the speed of light in the medium.    

a) 1.5x108 m/s  

b) 2x108 m/s  

c) 3x108 m/s  

d) 6x108 m/s  

                                                               (1 mark) 
II) An optical fiber has a refractive index of n1=1.45 for the core and n2 =1.42 for 

the cladding. What is the critical angle at the core-cladding interface?  
a) 45 ° 

b) 57.4 ° 

c) 78.3° 

d) 84.5 ° 

                                                                                              (2 marks) 
III) You are comparing the use of multimode fiber and single mode fiber for a long 

distance communication link. Based on performance, which would you 

recommend for a system requiring minimal signal distortion over long 

distance? 

a) Multimode graded index optical fiber  

b) Single mode fiber  

c) Multimode step index optical fiber   

d) Special purpose optical fiber  

                                                                                                    (1 mark)   

12) Choose the option that answers the question.  

I) State whether each of the following statements is True or False 
a) Work is a vector quantity because it depends on both the force and the 

displacement directions …………………                                          (1 mark) 
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b) According to the work-energy theorem, the work done by all forces acting 

on a body is equal to the kinetic energy of the body. …………….     (1 mark)               
II) A 77 kg diver drops from a board 10 m above the water surface taken as  

    reference level of gravitational potential energy. Assume that there is no air 

    friction.  

A) Its potential energy before dropping is  
a) zero         

b) 770 J             

c) 3776.85 J 

d) 7553.7J               

                                                                        (1 mark) 
B) Its kinetic energy at the water surface: 

a) zero         

b) 770 J             

c) 3776.85 J 

d) 7553.7J                

                                                                        (1 mark) 
C) The velocity at the water surface is: 

a) zero          

b) 10 m/s               

c) 7.1 m/s 

d) 14.0 m/s         

                                                                                                   (1 mark) 
13) Choose the option that answers the question or completes the statement. 

    I) Calculate the following:  

A) The electric potential due to an electric charge of 4×10−7C at a point P 

located 0.09 m away from it.  

a) 0.292 x102 V                                                                      
b)  3.24 x102 V 
c) 4x104 V     
d) 44.4x104 V 

                                                                                        (1 mark)  
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B) the magnitude of the electric field created by an electric charge of 4x10-7 C    

   at a point P located 0.09 m away from it.    

a) 3.6 x10-8 N/C 

b) 4x10-7 N/C        

c) 3.24 x102 N/C  

d) 4.4x105 N/C 

                                                                                  (2 marks)  
II) A point electric charge causes an electric flux of 6 × 103 Nm2C-1 to pass 

through a spherical Gaussian surface of 9 cm radius centered on the  

 electric charge.  

A) If the radius of the Gaussian surface increases, what will happen to  

the electric flux through the surface?                                      

a) It will increase  

b) It will remain the same  

c) It will decrease  

d) It will be zero 

                                                                (1 mark)                                  
B) What is the value of electric charge enclosed by the above Gaussian  

surface?                                                                                
a) 1.48x10-15 C 
b) 4.78x10-9C 
c) 5.31 × 10−8 C 
d) 6.78x1014C  

                                                                         (1 mark) 

14) State whether each of the following statements is True or False.  

a) Ultrasound scan and mammography are two medical imaging techniques 

used in Medicine that do not use radiation. 

…………………………………………..                                                 (1 mark) 
b) Implementing a hospital–wide policy that mandates the use of personal 

protective equipment such as lead aprons and thyroid shields, during all 

radiological procedures minimizes unnecessary radiation exposure. 

…………………………………………                                                      (1 mark)                                                                                                 
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c) A patient is experiencing severe joint pain and swelling in his/her knee. 

Imaging technique you would recommend is magnetic resonance imaging  

 ………………………………….                                                             (1 mark) 
d) When handling radioactive materials, it is acceptable to eat or drink in the 

laboratory if there are no signs of contamination. ……………….......  (1 mark) 
e) When designing therapeutic radiopharmaceuticals, aligning the physical 

half-life of the radionuclide with the biological half-life of the targeting vector 

optimizes treatment efficacy by ensuring sufficient radiation delivery to 

tumor issues while minimizing exposure to surrounding healthy tissues. 

     ……………………………………………..                                            (1 mark)   
15) Choose the option that best answers the questions. 

An electron is accelerated from rest through an electric potential difference    

    of 200 V. 

I) Calculate the kinetic energy 𝐸𝐸𝑘𝑘 of this electron  

a) 8x10-22 J  

b) 1.8x10-28 J 

c) 32x10-18 J 

d) 1.14 X10-15J 

                                                     (2 marks) 
II) Use the relation between the linear momentum and the kinetic energy of a 

moving body to calculate the momentum 𝑃𝑃 of the electron.  

a) 1.46x10-29 kgm/s  

b) 7.63 x10-24 kgm/s  

c) 3.82x10-23 kgm/s  

d) 4.55x10-23 kgm/s  

                                                                                               (2 marks) 
III) Calculate the Broglie wavelength λ of the electron  

a) 1.46x10-11 m 

b) 1.74x10-11 m  

c) 8.69x10-11 m 

d) 3.68x10-5 m 

                                                                                          (1 mark) 
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Section B: Attempt any three questions (30 marks) 

16) An X-ray tube (figure 3) is operating with an anode potential of 10 𝑘𝑘𝑘𝑘 and a 

current of 15.0 mA.  

 
                                                         Figure 3 

a) Explain how the:  

i) intensity of X-rays from such a tube may be increased.                  (1 mark) 
ii) penetrating power of X- rays from such a tube may be increased. 

                                                                                                (1 mark) 
b) i) Estimate the electric charge transferred to the anode per second.  (2 marks) 

      ii) Calculate the number of electrons hitting the anode per second. 
(2 marks) 

c) Determine the velocity with which the electrons strike the target.     (2 marks) 
d) State two real life applications of X-rays.                                          (2 marks) 
 

17) A fixed mass of an ideal gas is used as the working substance in an engine. The 

graph, not to scale, (figure 4) shows the variation of the pressure 𝑃𝑃 of  the fluid 

with volume 𝑉𝑉. 

 

Figure 4 
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a)  For the cycle, identify an isochoric (isovolumetric) changes.             (2 marks)                                         
b) The temperature at point X is 310 K. Calculate the temperature at point Y    

                                                     (2 marks) 
c) The shaded area WXYZ is 610 J. The total thermal energy transferred out of 

the gas in one cycle is 1.3 kJ. 
i) State what is represented by the shaded area WXYZ.  

Justify your answer.                                                                  (2 marks) 
ii) Determine the efficiency of cycle WXYZ.                                    (2 marks) 

     d) The work done on the gas during the adiabatic compression XY is 210 J.  

         Determine the change in internal energy during the change from X to Y. 

                                                                                                                 (2 marks) 

18) Choose the correct option that best answers the multiple choice questions.  

I) Figure 5 represents the waveform of a sound wave. The wave is 

travelling at constant speed  

 

                                                               Figure 5 

            A) State:  

 a) the letter corresponding to the amplitude of the sound wave.   (1 mark) 

  b) the letter corresponding to the wavelength of the sound wave. (1 mark) 

           B) State what happens to the amplitude and the wavelength of the  

                 sound wave if the loudness of the sound is increased at constant 

                 pitch. 

                 Amplitude: ……………………………………………………………        (1 mark) 

                Wavelength …………………………………………………….........        (1 mark)   

 

                                                                          



2024-2025-NESA (National Examination and School Inspection Authority) PHY 04-Page 16 of 24 

a)  For the cycle, identify an isochoric (isovolumetric) changes.             (2 marks)                                         
b) The temperature at point X is 310 K. Calculate the temperature at point Y    

                                                     (2 marks) 
c) The shaded area WXYZ is 610 J. The total thermal energy transferred out of 

the gas in one cycle is 1.3 kJ. 
i) State what is represented by the shaded area WXYZ.  

Justify your answer.                                                                  (2 marks) 
ii) Determine the efficiency of cycle WXYZ.                                    (2 marks) 

     d) The work done on the gas during the adiabatic compression XY is 210 J.  

         Determine the change in internal energy during the change from X to Y. 

                                                                                                                 (2 marks) 

18) Choose the correct option that best answers the multiple choice questions.  

I) Figure 5 represents the waveform of a sound wave. The wave is 

travelling at constant speed  

 

                                                               Figure 5 

            A) State:  

 a) the letter corresponding to the amplitude of the sound wave.   (1 mark) 

  b) the letter corresponding to the wavelength of the sound wave. (1 mark) 

           B) State what happens to the amplitude and the wavelength of the  

                 sound wave if the loudness of the sound is increased at constant 

                 pitch. 

                 Amplitude: ……………………………………………………………        (1 mark) 

                Wavelength …………………………………………………….........        (1 mark)   
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II) A sound wave resonates in a pipe closed on one end as shown in figure 6. 

 
Figure 6 

             The length of the pipe is 2.1 m and the speed of sound in air is 340 m/s  

A) What is the wavelength of the sound wave?      
a) 0.6 m              
b) 1.05m               
c) 1.2 m               
d) 161.9 m                                                                               (1 mark) 

 
 

              B) What is the fundamental frequency?                                 

a) 14.289 Hz    
b) 40.476 Hz           
c) 80.95 Hz           
d) 283.3 Hz  

                                                                         (1 mark) 
III) Design an experiment to measure how sound waves travel through 

          different materials. What materials would you choose and why?      (4 marks) 
                                                                                                                  
19) Consider the following figures and answer related questions.  

I) A cell, a resistor, a key and an ammeter are arranged as shown in the 

circuit diagrams A, B and C of figure 7 

         
                                         Figure 7 

         The current recorded in the ammeter will be: 

a) maximum in A                  

b) maximum in B      

c) maximum in C    

d) the same in all the cases.                                                           

                                                                                                     (1 mark) 
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II) Three electric circuits A, B and C are given below (figure 8 ) 

 
                                      Figure 8 

 

      In the above circuits, heat produced per second in the resistor or  

      combination of resistors connected to a 12 V battery will be 

a) maximum in case A        

b) maximum in case B        

c) maximum in case C 

d) same in all the cases    

    (2 marks) 
III) The factors that influence the resistance of a metallic conductor are  

a) the material of which the conductor is made 

b) the length of the conductor  

c) the thickness of the conductor  

 

Choose the option that best answer the question  

A) a) and b)           B) b) and c)       C) a) and c)    D) a), b), c)                                                                                                                    

                                                                                                                  (1 mark) 
IV) Use Kirchhoff’s laws to find the three electric currents flowing through the 

electric circuit shown in figure 9.     
 

                                    

                                                               Figure 9          
                                                                                                          (6 marks) 
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      20) A) Select the correct option that answers the following question. 

I) If the number of protons and neutrons of an element is 13 and 14      

  respectively, what is the atomic number (Z) and mass number (A)? 

a) 13;13                  

b) 13;27                 

c) 14;13                   

d)  27;14                                                                                     (1 mark) 
                                                                                           

II) Which of the following is true for the atomic model of Rutherford?  
a) Electrons orbit the nucleus in discrete, quantized energy levels. 

b) Electrons are randomly distributed in the atom. 

c) The nucleus of an atom is positively charged and occupies most of the 

atom's mass. 

d) The atom consists of a uniform cloud of positive charge. 

                                                                                                                  (1 mark) 

III) An electron in the hydrogen atom is in the n = 4 energy level. When this 

               electron makes a transition to a lower energy level n=2 the wavelength of  

               the photon emitted belongs to: 

a) Lyman series.                                 

b) Balmer series   

c) Paschen series                                

d) Lyman and Balmer series  

                                                                                                        (1 mark) 

IV) What does Bohr’s assumption that electrons can only occupy specific 

quantized orbits imply for the atom?  

a) Electrons can lose any amount of energy 

b) The atom emits a continuous spectrum of radiation  

c) Electrons can jump between arbitrary orbits. 

d) The atom emits a discrete spectrum of radiation 

                                                                                                         (1 mark) 
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B) Some quantum numbers and energy levels in a hydrogen atom are given in  

   the figure 10. 

 
Figure 10 

a) If a spark promotes the electron in a hydrogen atom into an orbit with n=6  

         Calculate its energy in joules.                                                           (2 marks) 

b) In the Bohr model for the hydrogen atom, what is the wavelenght of the 

 light produced by an electron falling from the energy level 𝑛𝑛 = 4 to the  

      energy level 𝑛𝑛 = 3.                                                                      (2 marks) 

c) Find the radius of the electron’s orbit when the Hydrogen atom is in its 6th  

  energy level.  

  The radius of the first orbit (𝑛𝑛 = 1) of hydrogen atom is 𝑎𝑎0 = 5.29 × 10−11𝑚𝑚   

  (Bohr’s radius).                                                                              (2 marks)                    

                                                             

Space in which to answer the three chosen questions from Section B. 

……………………………………………………………………………………………………………

………………………………………………………………………………………………….............

................................................................................................................................ 

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………
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………………………………………………………………………………………………….............

................................................................................................................................ 

……………………………………………………………………………………………………………

……………………………………………………………………………………………………………
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