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1. A satellite of mass M has an orbital period of 24 hours at an altitude of R. The orbital period of another 
satellite of mass 2M at an altitude of 3R is closest to: 

A) 48 hours 

B) 12 hours 

C) 24 hours 

D) 68 hours 

 

2. The motor effect occurs when: 

A) A current carrying conductor experiences a force in a magnetic field 

B) A motor is briefly prevented from spinning 

C) A stationary charge experiences a force in a magnetic field 

D) The effect of a current carrying conductor on a magnetic field causes attraction between the conductor 
and field. 

 

3. The aim of the Michelson Morley experiment was to: 

A) Prove the existence of the aether. 

B) Measure the speed of the Earth relative to the aether. 

C) Determine the interference pattern between two lasers. 

D) establish a null result. 

 

4. Given that the range of wavelengths for UV light is between 400nm and 10nm, then the maximum energy 
of a photon of UV light is closest to: 

A) 1.98 x 10-17 J 

B) 4.97 x 10-19 J 

C) 3.00 x 108 J 

D) 6.63 x 10-34 Js 
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5. Heinrich Hertz is best remembered for: 

A) Predicting the speed of electromagnetic waves. 

B) Providing an alternative view to the existence of the ether. 

C) Experimentally discovering Maxwell’s electromagnetic waves. 

D) Providing the most accurate estimate for the speed of light. 

 

6. A current carrying conductor of length L lies in a uniform magnetic field as shown. The current through the 
conductor is I and the magnetic field strength is B. 

 

The magnitude of the force on the conductor is best given by: 

A) ILB 

B) ILB sin θ 

C) ILB sin 45 

D) 0 

 

7. An observer on a high speed train travelling with a speed of 0.8 c notices two doors on the train open at 
the same time. In addition they also see the platform outside the train move from left to right. What would 
an observer on a platform outside the train see? 

A) Both doors open simultaneously and the train moves from left to right. 

B) Both doors do not open simultaneously and the train moves from left to right. 

C) Both doors do not open simultaneously and the train moves from right to left. 

D) Both doors open simultaneously and the train moves from right to left. 

 

I 

θ0 

B 

L 
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8. A cannon fires a ball from the top of a cliff at various angles as shown. For all situations the ball has been 
fired with the same speed.

 

It is true to say that  

A) Angle IV will result in the greatest final speed just before it hits the ground. 

B) Angle III will result in the greatest final speed. 

C) Angle II will result in the ball having the same horizontal speed as in Angle I. 

D) Angle II will result in the longest time of flight. 

 

9. “I occasionally enclosed the spark B in a dark case so as to more easily make the observations; and in so 
doing I observed that the maximum spark-length became decidedly smaller in the case than it was before.” 

The process being referred to, in the quote above is: 

A) Photoelectric effect 

B) Interference 

C) Blackbody radiation 

D) The aether 

  

I 
II 

III IV 
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10. The following is a setup of the experiment used to investigate the phenomenon known as the 
photoelectric effect.  

 

The aim of this particular experiment would be: 

A) to determine the maximum kinetic energy of the electrons leaving the emitter. 

B) to determine whether the intensity of the incident radiation was independent of the metal used. 

C) to determine the stopping frequency of the power supply. 

D) to determine the effect of temperature on photoemission. 

 

11. Which of the following factors would least improve the efficiency of a transformer? 

A) Choosing a “softer” iron core 

B) Reducing the number of turns in the secondary coil 

C) Laminating the core. 

D) using AC instead of DC current. 

 

12. When electricity is transmitted from the power station to households, it is transmitted at:  

A) a high DC voltage and low current. 

B) a low DC voltage and high current. 

C) a high AC voltage and high current. 

D) a high AC voltage and low current. 

  

G 
V 

EM radiation 
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13. A Spaceship on a particular mission is required to take off from two planets; Buzz and Fuzz. The 
properties of each planet are shown below: 

 Mass Radius 

Buzz M 2R 

Fuzz 2M R 

 

It is true to say that: 

A) the escape velocity required at Buzz is twice that of the velocity required to escape Fuzz. 

B) the escape velocity required at Fuzz is twice that of the velocity required to escape Buzz. 

C) the escape velocity from both planets are equal. 

D) the escape velocity required at Buzz is 1.4 that of the velocity required to escape Fuzz. 

 

13.  

 

A wire passes through a magnet as shown in the above sketch. As the switch on the power pack is turned on 
the wire moves: 

A) up and out of the magnet 

B) it doesn’t move 

C) down 

D) sideways 

 

 

 

N S 

+ - 
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14. The following table shows the work functions of various metals used to investigate the photoelectric 
effect. 

Metal Work Function (eV) 

Platinum 6.35 

Gold 5.10 

Aluminium 4.08 

Calcium 2.90 

Potassium 2.30 

Sodium 2.28 
 

Radiation of wavelength 490nm and intensity of 5mW/m2 is incident upon the emitter. The material of the 
emitter is varied during the experiment. Which of the following observations are to be expected? 

A) If Sodium was replaced with Potassium then a higher photocurrent would result. 

B) A large photocurrent would be detected for all metals used. 

C) No stopping voltage is required for the metals of Potassium and Sodium. 

D) Platinum produced significantly higher photocurrent than Gold. 

 

16. A DC motor is spinning with constant speed. Which of the following is true? 

A) replacing the bar magnets with a radial magnet will likely lead to a decrease in speed. 

B) the Back EMF is approximately equal and opposite to the EMF of the power supply. 

C) the rate of change of flux across the armature is a constant. 

D) the supply EMF is constantly changing direction. 

 

17. A spacecraft during a mission utilises the gravitational field of a planet. During a gravity assist manoeuvre 
which of the following factors remain unchanged? 

A) the speed of the craft relative to the planet 

B) the planet’s speed 

C) the speed of the craft relative to the Sun 

D) the direction of the craft. 
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18. A spacecraft in the shape of a rectangular prism with rest dimensions shown below is observed to be 
travelling at 0.9c. The volume and mass of the craft as calculated by a passenger on board the craft are 
1911m3 and 1251kg respectively. What would the observer outside the craft calculate the new volume and 
mass of the craft to be? 

 

 Volume (m3) Mass (kg) 

A) 1911 1251 

B) 833 1251 

C) 833 2870 

D) 1911 2870 

 

 

19. Which of the following is true for the occupants of a space station orbiting the Earth? 

A) the net force on the occupants must be zero. 

B) the acceleration due to gravity for the astronauts is zero. 

C) the magnitude of the acceleration of the astronauts is always changing.  

D) the acceleration of the astronauts is the same as that of the space station. 

 

20. The intensity vs wavelength curves emitted by “Black Body radiators” was best explained by which idea? 

A) The energy of electromagnetic radiation could only be emitted and absorbed in discrete bundles. 

B) Energy was proportional to frequency. 

C) Ultraviolet radiation was made of particles. 

D) Electrons could leave the surface of a material once exposed to radiation. 

 

  

21m 

7m 

13m Motion of craft as observed by an outsider. 
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Part B – 60 Marks     Student Number ……………………………………………………………….  

Answer the questions in the spaces provided. 

Show all relevant working in questions involving calculations. 

 

21. a) Describe a first-hand investigation you can do (or did) to determine the acceleration due to gravity on 
Earth. Include a diagram in your answer.        [4] 

 

 

 

 

 

 

 

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

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

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

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

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

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

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

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

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

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

b) How would you assess the accuracy of the result of your investigation?   [1] 

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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c) How would you increase the reliability of the data you collected?    [1] 

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

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

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

 

 

d) How would you assess the reliability of the data collected?     [1] 

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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22. A typical graph of the g-force of astronauts experienced from lift off to orbital insertion is shown below.  

 

 

Account for the shape of this graph with specific reference to points and/or the regions designated by the 
letters A, B, C and D.             [5] 

 

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

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

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

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

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

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

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

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

 

 

  

D 

A 

C 

B 
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23. Compare and Contrast the operation of a DC motor with an AC generator. Include diagram/s in your 
answer.             [5] 

 

 

 

 

 

 

 

 

 

 

 

 

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

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

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

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

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

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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24. The diagram below is a representation of an experiment performed by Heinrich Hertz. 

 

 

a) Identify the nature of the radiation at P.       [1] 

 

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

 

b) Label on the above diagram the emitter and the receiver.     [1] 

 

c) Describe the effect of adding a sheet of glass in between the transmitter and receiver.  [1] 

 

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

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

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

 

d) Which scientist was able to later explain what happened in (c)?    [1] 

 

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

 

  

P 
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25. Clarify the assertion that the change in GPE of a spacecraft has more physical meaning than the actual 
GPE of that craft at any point in space and time.       [3] 

 

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

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

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

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

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

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

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

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

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

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

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

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

26. A metal ring conductor is free to swing into a magnetic field directed out of the page as shown. 

 

a) Predict the path of the current in the metal ring at the instant shown justifying your answer. [2] 

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

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

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

Question cont’d over the page… 
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b) Describe what would happen as the ring is left to swing. Explain and account for all observations and 
assume that on the first swing the ring reaches the left edge of the field.     [2] 

 

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

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

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

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

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

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

 

c) The ring is replaced with the metal shown below. Describe and account for any differences in the new 
motion of the metal shape and account for any differences.      [2] 

 

 

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

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

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

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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27. a) By equating Centripetal Force with Gravity, show mathematically that the velocity of a satellite is 
independent of its mass.          [2] 

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

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

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

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

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

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

 

b) A student is heard to say: 

“since the velocity of a satellite for any given orbit is independent of mass, in order to get two satellites of 
different masses into the same orbit they each require the same amount of fuel.” 

Assess the accuracy of this statement.         [4] 

 

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

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

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

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

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

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

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

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

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

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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28. On the planet Zara the acceleration due to gravity is one-tenth that of Earth’s. A person on Zara throws a 
stone of mass 700g at an angle of 300 on a horizontal surface. The final vertical velocity of the stone is 20m/s.  

a) Calculate the initial velocity of the stone. You may assume the person has zero height. 

[2] 

 

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

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

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

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

 

b) Hence find the time of flight.           [2] 

 

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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29. A student conducted an experiment to investigate the properties of the photoelectric effect. She 
obtained the following results. 

 

 

a) Plot the data on the grid provided below and fully label 
the axes.     [3] 

 

b) Estimate the threshold frequency and the work function of the material.    [2] 

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

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

c) Explain the significance of the shape of the graph to our understanding of the photoelectric effect.  

[3] 

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

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

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

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

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

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

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

0 0.5 1 1.5 2 2.5 3

Frequency (x1014) Hz KEmax (eV) 
5.29 0.38 
6.95 1.02 
7.73 1.25 
8.10 1.55 
9.85 2.24 

11.80 3.12 
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30. When considering the ideas of motion, space and time, two main scientists come to mind; Isaac Newton 
and Albert Einstein. 

Compare and contrast Newton’s ideas and Einstein’s contributions to our understanding of motion, space 
and time, as well as the impact of their ideas to society.       [5] 

 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

…………………………………………………………………………………………………………………………………………………………………………. 
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SECTION 2 Medical Physics (25 marks) - write answers in the answer booklet provided. 

1. The table below shows the speed of sound in and density of several different tissues. 

Tissue Speed of sound in 
tissue (m/s) Density (kg/m3) Acoustic Impedance 

(X 106 Rayls) 

Blood 1575 1055 1.66 

Water (aqueous humour) 1480 1000 1.48 

Fat 1450 950 1.38 

Eye (lens) 1650 1040 1.72 

Eye (vitreous humour) 1525 1010  

Bone (axial) 2800 1900 5.32 
 

The cross sectional diagram of the eye is shown below: 

 

 

 

 

 

 

 

 

 

 

 

a) Using the above table calculate the acoustic impedance of vitreous humour.   [2] 

 

b) Hence calculate the percentage reflection of ultrasound at the lens/vitreous humour boundary. 

[2] 

c) Justify the use of ultrasound to image an organ such as the eye.    [3] 

 

 

 

Ultrasound  

transmitted here. 
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2.  

 

The following image was taken during a colleenoscopy (sorry I meant to write colonoscopy ), in other 
words an examination of the colon or large intestine. Describe how optic fibres are used to produce an image 
such as the one shown.           [3] 

3. Justify the use of a contrast agent such as a Barium meal when performing X ray examinations. 

[3] 

4. Compare and contrast the use of PET and CT scans in medical diagnosis.   [6] 

 

5. “An understanding of the nature of light and other forms of electromagnet radiation was crucial in the 
development of imaging technologies such as MRI, X rays and others.” 

Evaluate this statement.          [6] 



22 
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Multiple Choice Answer Sheet  Student number…………………………………………………………………… 

 

 A B C D 

1 
    

2 
    

3 
    

4 
    

5 
    

6 
    

7 
    

8 
    

9 
    

10 
    

11 
    

12 
    

13 
    

14 
    

15 
    

16 
    

17 
    

18 
    

19 
    

20 
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1. The motor effect occurs when: 

A) A current carrying conductor experiences a force in a magnetic field 

B) A motor is briefly prevented from spinning 

C) A stationary charge experiences a force in a magnetic field 

D) The effect of a current carrying conductor on a magnetic field causes attraction between the conductor 
and field. 

 

2. A satellite of mass M has an orbital period of 24 hours at an altitude of R. The orbital period of another 
satellite of mass 2M at an altitude of 3R is closest to: 

A) 48 hours 

B) 12 hours 

C) 24 hours 

D) 68 hours 

 

3. The aim of the Michelson Morley experiment was to: 

A) Prove the existence of the aether. 

B) Measure the speed of the Earth relative to the aether. 

C) Determine the interference pattern between two lasers. 

D) establish a null result. 

 

4. Given that the range of wavelengths for UV light is between 400nm and 10nm, then the maximum energy 
of a photon of UV light is closest to: 

A) 1.98 x 10-17 J 

B) 4.97 x 10-19 J 

C) 3.00 x 108 J 

D) 6.63 x 10-34 Js 
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5. Heinrich Hertz is best remembered for: 

A) Predicting the speed of electromagnetic waves. 

B) Providing an alternative view to the existence of the ether. 

C) Experimentally discovering Maxwell’s electromagnetic waves. 

D) Providing the most accurate estimate for the speed of light. 

 

6. A current carrying conductor of length L lies in a uniform magnetic field as shown. The current through the 
conductor is I and the magnetic field strength is B. 

 

The magnitude of the force on the conductor is best given by: 

A) ILB 

B) ILB sin θ 

C) ILB sin 45 

D) 0 

 

7. An observer on a high speed train travelling with a speed of 0.8 c notices two doors on the train open at 
the same time. In addition they also see the platform outside the train move from left to right. What would 
an observer on a platform outside the train see? 

A) Both doors open simultaneously and the train moves from left to right. 

B) Both doors do not open simultaneously and the train moves from left to right. 

C) Both doors do not open simultaneously and the train moves from right to left. 

D) Both doors open simultaneously and the train moves from right to left. 

 

I 

θ0 

B 

L 
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8. A cannon fires a ball from the top of a cliff at various angles as shown. For all situations the ball has been 
fired with the same speed.

 

It is true to say that  

A) Angle IV will result in the greatest final speed just before it hits the ground. 

B) Angle III will result in the greatest final speed. 

C) Angle II will result in the ball having the same horizontal speed as in Angle I. 

D) Angle II will result in the longest time of flight. 

 

9. “I occasionally enclosed the spark B in a dark case so as to more easily make the observations; and in so 
doing I observed that the maximum spark-length became decidedly smaller in the case than it was before.” 

The process being referred to, in the quote above is: 

A) Photoelectric effect 

B) Interference 

C) Blackbody radiation 

D) The aether 

  

I 
II 

III IV 
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10. The following is a setup of the experiment used to investigate the phenomenon known as the 
photoelectric effect.  

 

The aim of this particular experiment would be: 

A) to determine the stopping frequency of the power supply. 

B) to determine whether the intensity of the incident radiation was independent of the metal used. 

C) to determine the maximum kinetic energy of the electrons leaving the emitter. 

D) to determine the effect of temperature on photoemission. 

 

11. Which of the following factors would least improve the efficiency of a transformer? 

A) Choosing a softer iron core 

B) Reducing the number of turns in the secondary coil 

C) Laminating the core. 

D) using an AC instead of a DC current. 

 

12. When electricity is transmitted from the power station to households, it is transmitted at:  

A) a high DC voltage and low current. 

B) a low DC voltage and high current. 

C) a high AC voltage and high current. 

D) a high AC voltage and low current. 

  

G 
V 

EM radiation 
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13. A Spaceship on a particular mission is required to take off from two planets; Buzz and Fuzz. Some of the 
properties of each planet are shown below: 

 Mass Radius 

Buzz M 2R 

Fuzz 2M R 

 

It is true to say that: 

A) the escape velocity required at Buzz is twice that of the velocity required to escape Fuzz. 

B) the escape velocity required at Fuzz is twice that of the velocity required to escape Buzz. 

C) the escape velocity from both planets are equal. 

D) the escape velocity required at Buzz is 1.4 that of the velocity required to escape Fuzz. 

 

13.  

 

A wire passes through a magnet as shown in the above sketch. As the switch on the power pack is turned on 
the wire moves: 

A) down 

B) it doesn’t move 

C) up and out of the magnet 

D) sideways 

 

 

 

N S 

+ - 
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14. The following table shows the work functions of various metals used to investigate the photoelectric 
effect. 

Metal Work Function (eV) 

Platinum 6.35 

Gold 5.10 

Aluminium 4.08 

Calcium 2.90 

Potassium 2.30 

Sodium 2.28 
 

Radiation of wavelength 490nm and intensity of 5mW/m2 is incident upon the emitter. The material of the 
emitter is varied during the experiment. Which of the following observations are to be expected? 

A) If Sodium was replaced with Potassium then a higher photocurrent would result. 

B) A large photocurrent would be detected for all metals used. 

C) No stopping voltage is required for metals other than Potassium and Sodium. 

D) Platinum produced significantly higher photocurrent than Gold. 

 

16. A DC motor is spinning with constant speed. Which of the following is true? 

A) replacing the bar magnets with a radial magnet will likely lead to a decrease in speed. 

B) the Back EMF is approximately equal and opposite to the EMF of the power supply. 

C) the rate of change of flux across the armature is a constant. 

D) the supply EMF is constantly changing direction. 

 

17. A spacecraft during a mission utilises the gravitational field of a planet. During a gravity assist manoeuvre 
which of the following factors remain unchanged? 

A) the speed of the craft relative to the planet 

B) the planet’s speed 

C) the speed of the craft relative to the Sun 

D) the direction of the craft. 
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18. A spacecraft in the shape of a rectangular prism with rest dimensions shown below is observed to be 
travelling at 0.9c. The volume and mass of the craft as calculated by a passenger on board the craft are 
1911m3 and 1251kg respectively. What would the observer outside the craft calculate the new volume and 
mass of the craft to be? 

 

 Volume (m3) Mass (kg) 

A) 1911 1251 

B) 833 1251 

C) 833 2870 

D) 1911 2870 

 

 

19. Which of the following is true for the occupants of a space station orbiting the Earth? 

A) the net force on the occupants must be zero. 

B) the acceleration due to gravity for the astronauts is zero. 

C) the magnitude of the acceleration of the astronauts is always changing.  

D) the acceleration of the astronauts is the same as that of the space station. 

 

20. The intensity vs wavelength curves emitted by Black Body radiators was best explained by which idea? 

A) The energy of electromagnetic radiation could only be emitted and absorbed in discrete bundles. 

B) Energy was proportional to frequency. 

C) Ultraviolet radiation was made of particles. 

D) Electrons could leave the surface of a material once exposed to radiation. 

 

  

21m 

7m 

13m Motion of craft as observed by an outsider. 
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Part B – 55 Marks     Student Number ……………………………………………………………….  

Answer the questions in the spaces provided. 

Show all relevant working in questions involving calculations. 

 

21. a) Describe a first-hand investigation you can do (or did) to determine the acceleration due to gravity on 
Earth. Include a diagram in your answer.        [5] 

 

 

 

 

 

 

 

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

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

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

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

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

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

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

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

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

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

b) How would you assess the accuracy of the result of your investigation?   [1] 

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

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

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

 

 

 

Eg. Pendulum experiment or dropping a picket fence through a set of photogates. 

- Student must include a clearly labelled diagram. 
- Student must clearly explain how g was measured using a graph. 
- Mention of the use of the gradient and how it relates to relevant formulae required. 

Compare with known values of g eg. From text. 
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c) How would you increase the reliability of the data you collected?    [1] 

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

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

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

 

 

d) How would you assess the reliability of the data collected?     [1] 

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

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

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

 

  

Repeat the experiment several times 

Determine the spread of scores around an average value and look for 
similarities in the data obtained. 
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22. A typical graph of the g-force of astronauts experienced from lift off to orbital insertion is shown below.  

 

 

Account for the shape of this graph with specific reference to points and/or the regions designated by the 
letters A, B, C and D.             [5] 

 

 

Student: Mark Awarded 

- Accounts for the value of g=1 at rest via some type of 
equation eg. G force = 𝑎𝑎+𝑔𝑔

9.8
 

- Accounts for the increasing function and non-linearity of the 
curve by making reference to decreasing mass of the craft 
due to loss of fuel. 

- Accounts for the drop in g-level down to a value of 0 by 
referring to loss of a fuel stage. 

- Makes reference to all objects in freefall during insertion point 
explaining the value of g level = 0. 

5 

D 

A 

C 

B 
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- Does not account for the value of g at any point via some type 
of equation eg. G force = 𝑎𝑎+𝑔𝑔

9.8
 or 

- Accounts for the above but does not account for the 
increasing function and non-linearity of the curve by making 
reference to decreasing mass of the craft due to loss of fuel. 

- Accounts for the drop in g-level down to a value of 0 by 
referring to loss of a fuel stage. 

- Makes reference to all objects in freefall during insertion point 
explaining the value of g level = 0. 

4 

- Does not account for the value of g at any point via some type 
of equation eg. G force = 𝑎𝑎+𝑔𝑔

9.8
  

- Does not account for the increasing function and non-linearity 
of the curve by making reference to decreasing mass of the 
craft due to loss of fuel. 

- Accounts for the drop in g-level down to a value of 0 by 
referring to loss of a fuel stage. 

- Does not make reference to all objects in freefall during 
insertion point explaining the value of g level = 0. 

3 

- Shows little understanding of what g forces are. 
- Fails to explain adequately the shape of certain points on the 

graph. 
1-2 
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23. Compare and Contrast the operation of a DC motor with an AC generator. Include diagram/s in your 
answer.             [5] 

 

 

Student: Mark Awarded 

- Includes at least 3 differences between the two. Eg. Inputs 
and outputs, commutators, direction of voltage. 

- Includes at least 1 similarity eg. Similar structure. 
- Diagrams are clear and fully labelled. 
- No contradictions present. 

5 

- Includes at least 2 differences between the two. Eg. Inputs 
and outputs, commutators, direction of voltage. 

- Includes at least 1 similarity eg. Similar structure. 
- Diagrams are clear and fully labelled. 
- No contradictions present. 

 
Or above criteria for 5 marks are met but 1 contradiction 
present. 

4 

- Includes at least 2 differences between the two. Eg. Inputs 
and outputs, commutators, direction of voltage. 

- No similarities 
- Diagrams are not clear or not fully labelled. 
- Contradictions present. 

 

3 

- Shows little understanding of the operation of each device. 
- Contradictions are present. 
- Diagrams are poorly drawn. 

1-2 
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24. The diagram below is a representation of an experiment performed by Heinrich Hertz. 

 

 

a) Identify the nature of the radiation at P.       [1] 

 

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

 

b) Label on the above diagram the emitter and the receiver.     [1] 

 

c) Describe the effect of adding a sheet of glass in between the transmitter and receiver.  [1] 

 

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

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

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

 

d) Which scientist was able to later explain what happened in (c)?    [1] 

 

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

 

  

P 

Radio waves, EMR etc.. 

Emitter 

Receiver 

Glass blocks out UV and so the necessary spark gap became smaller. 

Einstein 
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25. Clarify the assertion that the change in GPE of a spacecraft has more physical meaning than the actual 
GPE of that craft at any point in space and time. Give specific references to mission planning and spacecraft 
manoeuvres.            [3] 

 

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

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

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

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

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

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

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

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

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

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

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

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

26. A metal ring conductor is free to swing into a magnetic field directed out of the page as shown. 

 

a) Predict the path of the current in the metal ring as it enters the field. Justify your answer. [2] 

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

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

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

Question cont’d over the page… 

Students answers must include: 

- GPE in itself has limited physical meaning. 
- Changes in GPE have more physical meaning since it gives an indication 

of the amount of fuel required for any particular journey. The more fuel 
carried on board means the more energy is required to accelerate the 
craft to the required speeds. 

- Mission planners must take energy changes into account  when planning 
trips. 

- Clockwise 
- Change in flux produces field lines out of the loop. 
- According to Lenz’s Law the current induced will be in such a direction as to 

oppose this change. 
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b) Describe what would happen as the ring is left to swing. Explain and account for all observations (when 
the ring is in the field then out of the field again etc) and assume that on the first swing the ring reaches the 
left edge of the field.     [3] 

 

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

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

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

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

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

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

 

c) The ring is replaced with the metal shown below. Describe and account for any differences in the new 
motion of the metal shape and account for any differences.      [2] 

 

 

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

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

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

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

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

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

  

As ring approaches: 

As before so ring experiences retarding force. 

Whilst in field: 

No change in flux so no retarding force. 

As ring leaves: 

Current induced is no anti-clockwise and ring experiences retarding force. 

Thus the ring will slow down and eventually come to a stop. 

The ring is now an open circuit so no measurable current will be induced. 

The metal ring in this case will slow down only due to friction effects and will take a 
greater time for it to come to a stop. 
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27. a) By equating Centripetal Force with Gravity, show mathematically that the velocity of a satellite is 
independent of its mass.          [2] 

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

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

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

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

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

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

 

b) A student is heard to say: 

“since the velocity of a satellite for any given orbit is independent of mass, in order to get two satellites of 
different masses into the same orbit they each require the same amount of fuel.” 

Assess the accuracy of this statement.         [4] 

 

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

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

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

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

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

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

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

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

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

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

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

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

 

  

𝐹𝐹 =
𝐺𝐺𝑚𝑚𝑠𝑠𝑚𝑚𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝

𝑟𝑟2
 

F= 𝑚𝑚𝑠𝑠𝑣𝑣2

𝑟𝑟
 

𝑚𝑚𝑠𝑠𝑣𝑣2

𝑟𝑟
=
𝐺𝐺𝑚𝑚𝑠𝑠𝑚𝑚𝑝𝑝𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝

𝑟𝑟2
 

Leads to 𝑣𝑣 = �𝐺𝐺𝑚𝑚𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑟𝑟
  

Which is independent of the mass of the satellite. Students must clearly show the cancellation of the mass 
of the satellite. 

 

This statement is inaccurate [1] 

The required velocity of an orbiting satellite is indeed independent of its mass but satellites with 
different masses will require different amounts of fuel in order for the satellites to reach the required 
altitudes as well as the required velocity. [1] 

During take off a heavier satellite will require more fuel than a lighter one in order to achieve the same 
velocities and this is true at every part of its journey. [1] 

According to Newton’s second law 

𝑎𝑎 = 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝
𝑚𝑚

 [1] 

And for satellites with higher mass a larger net force is required and hence more fuel. 
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28. On the planet Zara the acceleration due to gravity is one-tenth that of Earth’s. A person on Zara throws a 
stone of mass 700g at an angle of 300 on a horizontal surface. The final vertical velocity of the stone is 20m/s.  

a) Calculate the initial velocity of the stone. You may assume the person has zero height and take into 
account the symmetrical nature of the stone’s motion.       [2] 

 

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

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

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

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

 

b) Hence find the time of flight.           [2] 

 

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

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

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

 

  

Due to symmetry 

Final angle of impact is also 30 degrees, therefore, using trigonometry final velocity of stone is 20/sin30 = 
40m/s 

Initial velocity is 40m/s at 30 degrees to the horizontal. 

Time to max height make v = 0 for vertical motion: 

v = u – gt 

0 = 20 – (9.8/10)t 

t = 20.41 seconds 

therefore time of flight is 40.8 seconds. 
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29. A student conducted an experiment to investigate the properties of the photoelectric effect. She 
obtained the following results. 

 

 

 

 

 

a) Plot the data on the grid provided below and fully label the axes.     [3] 

 

b) Estimate the threshold frequency and the work function of the material.    [2] 

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

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

c) Explain the significance of the shape of the graph to our understanding of the photoelectric effect.  

[3] 

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

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

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

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10 12

Frequency (x1014) Hz KEmax (eV) 
5.29 0.38 
6.95 1.02 
7.73 1.25 
8.10 1.55 
9.85 2.24 

11.80 3.12 

The threshold frequency is 4.85 x 1014Hz and the work function is 2.1 eV 

According to Einstein 

KEmax = hf – Work function 

Which is linear… 
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…………………………………………………………………………………………………………………………………………………………………………. 

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

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

30. A student is heard to say: 

“Einstein’s ideas about space, time and the motion of objects at near speeds of light are a fairy tale as they 
contradict common sense and there is no real evidence to support it. ” 

Evaluate this statement.           [5] 

Student: Mark Awarded 

- Includes VJ 
- Acknowledges that Einstein’s ideas do appear to contradict 

common sense as relativistic effects are not observed or 
detected at everyday speeds. 

- Provides at least 2 examples of evidence supporting Einstein’s 
theories. Eg. Atomic clocks and Muons. 

 

5 

- Includes VJ 
- No Acknowledgement that Einstein’s ideas do appear to 

contradict common sense as relativistic effects are not 
observed or detected at everyday speeds. 

- Provides at least 2 examples of evidence supporting Einstein’s 
theories. Eg. Atomic clocks and Muons. 

 

4 

- Includes VJ 
- No Acknowledgement that Einstein’s ideas do appear to 

contradict common sense as relativistic effects are not 
observed or detected at everyday speeds. 

- Provides only 1 example of evidence supporting Einstein’s 
theories. Eg. Atomic clocks and Muons. 
 

3 

- Includes VJ 
- No Acknowledgement that Einstein’s ideas do appear to 

contradict common sense as relativistic effects are not 
observed or detected at everyday speeds. 

- Provides no examples of evidence supporting Einstein’s 
theories. Or the evidence provided is inaccurate. 

1-2 
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SECTION 2 Medical Physics (25 marks) - write answers in the answer booklet provided. 

1. The table below shows the speed of sound in and density of several different tissues. 

Tissue Speed of sound in 
tissue (m/s) Density (kg/m3) Acoustic Impedance 

(X 106 Rayls) 

Blood 1575 1055 1.66 

Water (aqueous humour) 1480 1000 1.48 

Fat 1450 950 1.38 

Eye (lens) 1650 1040 1.72 

Eye (vitreous humour) 1525 1010  

Bone (axial) 2800 1900 5.32 
 

The cross sectional diagram of the eye is shown below: 

 

 

 

 

 

 

 

 

 

 

 

a) Using the above table calculate the acoustic impedance of vitreous humour.   [2] 

 

 

 

b) Hence calculate the percentage reflection of ultrasound at the lens/vitreous humour boundary. 

 

 

 

Ultrasound  

transmitted here. 

Z = pv 

= 1010 x 1525   [1] 

= 1.54 x 106 Rayls  [1] 

𝐼𝐼𝑟𝑟
𝐼𝐼𝑜𝑜

= [𝑍𝑍2−𝑍𝑍1]2

[𝑍𝑍2−𝑍𝑍1]2
  

= 
[1.72−1.54]2

[1.72+1.54]2
 [1] 

= 0.0030486 

=0.3% reflection [1] 
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c) Justify the use of ultrasound to image an organ such as the eye.    [3] 

Students must make reference to previous result in (b) and mention that due to the small amount of reflection 
taking place at the boundary means the ultrasound signal has enough intensity to image the rest of the eye. 
[2] 

Students can mention the safety of using ultrasound (non ionising). [1] 

 

2.  

 

The following image was taken during a colleenoscopy (sorry I meant to write colonoscopy ), in other 
words an examination of the colon or large intestine. Describe how optic fibres are used to produce an image 
such as the one shown.           [3] 

Students must make reference to coherent and incoherent bundles and each of their applications. [2] 

Students must make reference to total internal reflection being used as a method of propagation of light 
through the fibres. [1] 

3. Justify the use of a contrast agent such as a Barium meal when performing X ray examinations. 

Barium meals are often used to image the intestines. The absorption of X rays by neighbouring tissues in this 
region is too similar to generate contrast. Hence a contrast agent is introduced to ensure that different 
tissues are absorbing X rays in very different amounts and thus creates contrast and a clear outline of the 
organ of interest. 

[3] 

4. Compare and contrast the use of PET and CT scans in medical diagnosis.   [6] 

Students must  

 - refer to the use of gamma rays in PET and X rays in CT scans. 

- mention that both produce and subject the patient to ionising radiation. 
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- both relatively expensive procedures 

- both not portable 

- Students must mention structure for CT and function for PET. 

- both often used together these days. 

5. “An understanding of the nature of light and other forms of electromagnet radiation was crucial in the 
development of imaging technologies such as MRI, X rays and others.” 

Evaluate this statement.          [6] 

Student: Mark Awarded 

- Includes VJ 
- Gives at least 3 applications of 

the use of EMR in medical 
imaging eg. Computer screens, 
Radio waves in MRI, TIR in 
endoscopes. 

- Explains the importance of 
understanding EMR in the 
applications mentioned. 

6 

- Includes VJ 
- Gives at most 2 applications of 

the use of EMR in medical 
imaging eg. Computer screens, 
Radio waves in MRI. 

- Explains the importance of 
understanding EMR in the 
applications mentioned. 

5 

- Includes VJ 
- Gives at most 2 applications of 

the use of EMR in medical 
imaging eg. Computer screens, 
Radio waves in MRI. 

- Fails to explain the importance 
of understanding EMR in the 
applications mentioned. 

4 

- Includes VJ 
- Gives few examples of the 

application of EMR in medical 
imaging. 

- Fails to explain the importance 
of understanding EMR in the 
applications mentioned. 

1-3 
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Multiple Choice Answer Sheet  Student number…………………………………………………………………… 

 

 A B C D 

1 
    

2 
    

3 
    

4 
    

5 
    

6 
    

7 
    

8 
    

9 
    

10 
    

11 
    

12 
    

13 
    

14 
    

15 
    

16 
    

17 
    

18 
    

19 
    

20 
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