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PART A: Circle the letter of the BEST answer on the grid (20 marks) 
 

1.  How would an increase in the value of “g”, the acceleration due to gravity, affect the flight of a 
projectile launched with the same initial conditions? 

 
A. decreased range; decreased maximum height 
B. decreased range, same maximum height 
C. same range, decreased maximum height 
D. same range, same maximum height 

 

2.  The diagram below is a Hertzsprung-Russell diagram for the nearby stars. 

                 

The stars Vega and Proxima Centauri differ greatly in magnitude and colour and are consequently 
at opposite ends of the main sequence. 

How do astronomers explain this difference? 

 
A. The stars are fusing different elements for energy. 
B. The stars are located in different areas of the galaxy. 
C. Vega moved up the main sequence at a faster rate than Proxima Centauri. 
D. The original mass of Vega when formed was greater than the original mass of Proxima 

Centauri 

 

3.  According to Max Planck’s black body experiments, which characteristic of an object determined 
the wavelength of the peak radiation emitted by a hot object. 

 
A. The type of material the object is made of. 
B. The temperature of the object. 
C. The type of material and the temperature. 
D. The temperature of the object and its shape. 
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4.  An electrical generator is shown in the diagram below. The generator is turning clockwise. 

 

                             

The voltage between P and Q and the magnetic flux through the loop are both graphed as a 
function of time, with voltage versus time shown as a solid line and magnetic flux versus time 
shown as a dashed line. 
 

Which of the following graphs best shows the relationships for this electrical generator? 

 

  

 

5.  Which of the following could represent the kinetic energy, the gravitational potential energy and 
the total energy for an orbiting satellite in a stable circular orbit? 
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6.  An absorption spectrum from a star is shown. 

 
The dark lines in the spectrum indicate that: 
 
A. the star is moving away from us. 
B. atoms in the star’s atmosphere are absorbing light and not re-emitting it. 
C. several elements are present in the star’s atmosphere. 
D. only some atoms in the star’s atmosphere are contributing to the spectrum. 

 

7.  An ideal transformer with 120 Vac on the primary coil supplies power to the resistor R. If this 
resistor dissipates 35 W of power, what is the current in the primary and secondary coil? 

 

 

   

 

8.  Which planet would have the lowest escape velocity? 
 
 

 Planet name 
Planet mass  

(kg) 
Planet radius (km) 

A. Newton 5 x 1024 8000 

B. Einstein 8 x 1024 7800 

C. Bohr 5 x 1024 9500 

D. Hawkins 8 x 1024 10200 
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9.  Use the following information to answer Questions 9 and 10. 

As part of an experimental investigation, Physics students use a pendulum, as shown below, to 
indirectly measure the magnitude of Earth’s gravitational field at their location. 

                          

The students use a constant mass and a constant amplitude of swing, changing only the length of 
the pendulum and then measuring the time for five oscillations. They obtain four different time 
readings for four different lengths of the pendulum. 

 

By using the relationship                             where T is the period and l is the length of the pendulum, 
the students obtain four values for the magnitude of the Earth’s gravitational field. 

Which of the following best identifies the independent, dependent and controlled variables in the 
students’ investigation. 

 

 

 

 

10.  Which of the following best explains why the students measured the time for five oscillations 
rather than the time for one oscillation. 
 
A. One oscillation is too quick to see. 
B. Five oscillations reduce the effect of air resistance. 
C. Five oscillations reduce the uncertainty of the measured period. 
D. Five oscillations reduce the uncertainty of the measured length. 
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11.  Joanna is an observer in Spaceship A, watching Spaceship B fly past at a relative speed of 0.943c  
She measures the length of Spaceship B from her frame of reference to be 150 m. 
 

                                  

Which one of the following is closest to the proper length of Spaceship B? 

 
A. 50 m 
B. 150m 
C. 450m 
D. 900 m 

 

12.  The graph shows information about the emission of photoelectrons from a metal 

                  

Which choice correctly identifies the sections labelled W, X, Y and Z? 
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13.  The magnitude of the acceleration due to gravity at Earth’s surface is g. 
 
Planet Y has twice the mass and half the radius of Earth. Both planets are modelled as uniform 
spheres. 
 
Which one of the following best gives the magnitude of the acceleration due to gravity on the 
surface of Planet Y? 
 

A. 0.5 g 

B. 1 g 

C. 4 g 

D. 8 g 

 

14.  A hydrogen atom that has been raised to the n = 4 excited state quickly returns to its ground state. 
The arrow on the diagram represents one transition between energy levels.  

 

What is the wavelength of the photons that would be emitted when a hydrogen atom undergoes 
the transition from n=4 to n=1 as shown on the diagram? 
 

A. 1.028 x 107 m 
B. 2.04 x 10-18 m 
C. 9.72 x 10-8 m 
D. 3.08 x 10-7 m 

 

15.  de Broglie proposed that any mass which has momentum also has a wavelength. 
In keeping with this assumption, a student attempted to calculate the mass of a photon with a 
wavelength of 500 nm. 
 
The student’s result for the mass of this photon is closest to: 
  
A. 4.4 x 10-36 kg 
B. 6.7 x 10-3 kg 
C. 1.32 x 10-27 kg 
D. 3.0 x 10-8 kg 
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16.  An experiment is performed to measure the intensity of light transmitted through two polarising 
sheets. The initial orientation of the polarisers to each other is unknown. 

 

                    

Which of the following graphs would represent how the intensity could change as the second 
polariser is rotated through 180o? 

 

  

 

 

17.  A UV lamp emits a wavelength of 400 nm. Calculate the minimum number of photons required to 
transfer at least 31 eV of energy. 
 
A. 1 
B. 10 
C. 6.238 x 1019 
D. 6.238 x 1028 
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18.  The coil of an AC generator completes 50 revolutions per second. A graph of output volatge vs time 
for this generator is shown below. 

                                      

Which one of the following graphs best represents the output voltage if the rate of rotation is 
changed to 25 revolutions per second? 

 

 

 

 

 

19.  Electrons pass through a fine metal grid, forming a diffraction pattern. 
 
If the speed of the electrons was doubled using the same metal grid, what would be the effect on 
the fringe spacing? 
 
A. The spacing would increase. 
B. The spacing would decrease 
C. The spacing would not change. 
D. The spacing cannot be determined from the information given. 
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20.  A conducting rod is placed on a U shaped metal conductor containing a 9 Ohm resistor. The rod is 
moved to the right at a constant speed of 6.2 ms-1 through a 0.33 T magnetic field as shown. 

                     
What is the magnitude of the current induced in the rod? 
 
A. 62 mA. 
B. 68 mA. 
C. 91 mA. 
D. 186 mA. 
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PART A: Answer the multiple choice questions HERE. Circle the letter of the BEST answer. 

Do NOT detach this page from the rest of the exam. 

 

 

 

 

 

  

 

1 

 

A       B       C       D 

 

11 

 

A       B       C       D 

 

2 

 

A       B       C       D 

 

12 

 

A       B       C       D 

 

3 

 

A       B       C       D 

 

13 

 

A       B       C       D 

 

4 

 

A       B       C       D 

 

14 

 

A       B       C       D 

 

5 

 

A       B       C       D 

 

15 

 

A       B       C       D 

 

6 

 

A       B       C       D 

 

16 

 

A       B       C       D 

 

7 

 

A       B       C       D 

 

17 

 

A       B       C       D 

 

8 

 

A       B       C       D 

 

18 

 

A       B       C       D 

 

9 

 

A       B       C       D 

 

19 

 

A       B       C       D 

 

10 

 

A       B       C       D 

 

20 

 

A       B       C       D 
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PART B: Longer Answers (80 marks) 
          

21.   Mr Warner has been keeping Ms Martel busy chasing around his laser pointer. He knows that it 
produces a red spot that Ms Martel can’t resist but he wants to know the exact wavelength of the 
light.  
 
Describe a procedure that he could use to determine the wavelength of the laser if he has a 
diffraction grating with 5000 lines per centimetre and a tape measure. Be sure to include all 
necessary measurements but there is no need to discuss the calculations. 
 
………………………………………………………………………………………………………………………………………………………… 

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

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

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

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

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

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

3 

22.  Discuss the requirements of the planning necessary to ensure that a first-hand investigation will 
collect data which is both valid and reliable. 
 
………………………………………………………………………………………………………………………………………………………… 

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

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

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

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

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

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

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

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

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

4 

23.  Explain why Einstein’s description of the equivalence of energy and mass was critical for the 
acceptance of the Big Bang Theory. 
 

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

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

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

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

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

2 
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24.  The photograph below shows the two lenses of a pair of glasses in front of the same light source. 
The arm of the glasses is pivoted on the left-hand side so that the angle of the arm relative to the 
light source can be changed. The photograph shows the two lenses at four different positions. 
 

                          
 
In terms of the principles of physics involved, account for the lack of change in the light passing 
through the left-hand lens compared to the changing amount of light passing through the right-
hand lens as the angle of inclination is increased. 
 

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

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

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

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

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

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

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

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

4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25.  The diagram below shows a car travelling around a banked circular track. Without friction the car 
must travel at a speed of 10 ms-1 to maintain a constant radius. When friction is taken into account 
it can travel anywhere between 7 and 13 ms-1 and maintain a constant radius. 
 
 
 

                                     
 
Draw arrows on diagram above to indicate the forces including friction, acting on the car when it is 
travelling at 8 ms-1. 
 

2 
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26.  Outline Maxwell’s contribution to our understanding of the nature of light. 
 

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

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

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

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

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

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

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

 

3 

27.  The diagram shows how the momentum of an object changes as it approaches light speed. 
 

                           
a. Explain the difference between this graph and what would have been predicted by classical 

mechanics. 
 

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

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

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

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

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

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

 

b. Calculate the relativistic momentum of a proton travelling at 0.8 c. 

 

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

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

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
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28.  An electric field accelerates a proton from rest between two parallel plates. The proton exits into a 
region of uniform magnetic field strength of B = 0.1 T perpendicular to its path, as shown in the 
diagram below. 

                           
a. Calculate the radius (R) of the protons path in the magnetic field. 

 

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

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

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

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

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

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

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

………………………………………………………………………………………………………………………………………………………… 
 
b. Explain how the path would differ if an electron entered the magnetic field at the same velocity. 
 

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

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

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 
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29.  A stroboscopic photo was taken of a student competing in the long jump. The distance between 
the student in the first image and the last image is 2.2 m. The camera used to take the pictures 
took one frame every 0.1 s.  
 

 
 
a. Calculate the maximum height of the student above the ground.  

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

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

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

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

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

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

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

 
b. What was the magnitude of his velocity when he left the ground? 

 

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

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

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

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

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

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

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

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
 
 
 
 
2 
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30.  The diagram shows the three main steps in the proton-proton chain which produces about 90% of 
the energy from the sun. The table on the right lists the masses of the particles involved in these 
reactions in atomic mass units, (u) 
 
                 

 
 
a. Write a balanced nuclear equation for the reaction in step 3 of this cycle. 

 

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

b. Use the information to determine the energy produced in step 3 of this cycle. 

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

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
 
 
 
 
2 
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31.  Two planets X and Y travel anticlockwise in circular orbits around a star as shown in the diagram. 
The radii of the orbits X and Y are in the ratio 2:5. 
 
The planets are shown below at a time interval of 5 years. Initially they were aligned, making a 
straight line with the star. Five years later, planet X has rotated through 120o, as shown. 
 

 
Determine how long it takes planet Y to orbit the star. 
 
………………………………………………………………………………………………………………………………………………………… 

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

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

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

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

3 

32.  The diagram below demonstrates a possible mechanism for a braking system for trains.  
 

 
 
Explain how this mechanism would work if the metal disc is made of aluminum. 
 
………………………………………………………………………………………………………………………………………………………… 

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

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

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

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

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

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

4 
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33.  Assess the impact of Einstein’s work on our understanding of the nature of light. 
 
………………………………………………………………………………………………………………………………………………………… 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5 
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34.  The diagrams below show simple DC motor with a single rectangular coil. Side JK is  5.0 cm long 
and KL is 3.0  cm long. The magnetic field strength is 0.08 T and the current in the coil is 0.2 A. 
 

                                        Fig.2 
 
                       Fig.1 
a. In which direction will the coil rotate? ………………………………………………………………… 
b. Describe what happens to the force on side J-K as the coil rotates. 

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

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

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

c. Calculate the torque provided by the force on side JK at the position shown in fig. 2. 

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 
2 
 
 
 
 
 
3 
 
 
 

35.  The movie “The Current War” released in 2017 outlines the rivalry between Edison and 
Westinghouse who engage in a battle of technology and ideas that will determine whose electrical 
system will power the new century. Edison had established his supply of electricity with DC 
generators but ultimately Westinghouse won the day with the superior method of using AC 
generators.  
Explain why AC generators are much more efficient when it comes to widespread distribution of 
electrical energy. 

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

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

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

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

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

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

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

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

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

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

4 
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36.  A balance was used to investigate the relationship between the current and the force between 
parallel wires. The apparatus was set up as shown in the diagram. The bottom rod has a mass of 
0.50 kg and the top rod is fixed in place. When a current of 70 A was supplied to each rod the 
reading on the scales rose to 0.58 kg. 

 
 

a. If the current in the top rod flowed from left to right in which direction would the current in the 
bottom rod be flowing? 

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

b. Calculate the distance between the 2 rods. 

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

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
1 
 
 
 
 
2 

37.  A small sphere with a charge of 2.3 µC is suspended from a thread hanging between to charged 
plates as shown. 

 

What is the mass of the sphere? 

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

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

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

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

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

5 
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38.  As the Death Star approached Alderaan, the gravitational force between them increased. (For 
those of you who have been living under a rock, the Death star is an extremely massive, spherical 
space station that blew up the planet Alderaan in the first Star Wars movie).  
The size of the force between the objects at various distances is shown in the table below. 
 
      

Gravitational Force 
x 1015 (N) 

Distance (d) between the centres of 
mass of Alderaan and the Death Star    

x 108 (m) 

1/d2 
X 1017(m-2) 

20.0 1.00 10 

5.00 2.00 2.5 

2.22 3.00 1.11 

1.25 4.00 0.625 

0.80 5.00 0.04 

 
a. Plot a graph of F vs 1/d2. Placing Force on the vertical axis 

 

              
 
 
 
 

b. Given that the Death Star has a mass of 5.0 x1017 kg. Use the gradient of the graph to determine 
the mass of the Alderaan. 

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

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

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
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39.  Referring to the work of Bohr and Rutherford in atomic physics, discuss how scientists use 
experimental observation and physical principles to improve scientific models. 
 
………………………………………………………………………………………………………………………………………………………… 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

6 
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PART A: Circle the letter of the BEST answer on the grid (20 marks) 

1. How would an increase in the value of “g”, the acceleration due to gravity, affect the flight of a 
projectile launched with the same initial conditions? 

A. decreased range; decreased maximum height
B. decreased range, same maximum height
C. same range, decreased maximum height
D. same range, same maximum height

2. The diagram below is a Hertzsprung-Russell diagram for the nearby stars. 

The stars Vega and Proxima Centauri differ greatly in magnitude and colour and are consequently 
at opposite ends of the main sequence. 

How do astronomers explain this difference? 

A. The stars are fusing different elements for energy.
B. The stars are located in different areas of the galaxy.
C. Vega moved up the main sequence at a faster rate than Proxima Centauri.
D. The original mass of Vega when formed was greater than the original mass of Proxima

Centauri

3. According to Max Planck’s black body experiments, which characteristic of an object determined 
the wavelength of the peak radiation emitted by a hot object. 

A. The type of material the object is made of.
B. The temperature of the object.
C. The type of material and the temperature.
D. The temperature of the object and its shape.
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4. An electrical generator is shown in the diagram below. The generator is turning clockwise. 

The voltage between P and Q and the magnetic flux through the loop are both graphed as a 
function of time, with voltage versus time shown as a solid line and magnetic flux versus time 
shown as a dashed line. 

Which of the following graphs best shows the relationships for this electrical generator? 

5. Which of the following could represent the kinetic energy, the gravitational potential energy and 
the total energy for an orbiting satellite in a stable circular orbit? 
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6. An absorption spectrum from a star is shown. 

The dark lines in the spectrum indicate that: 

A. the star is moving away from us.
B. atoms in the star’s atmosphere are absorbing light and not re-emitting it.
C. several elements are present in the star’s atmosphere.
D. only some atoms in the star’s atmosphere are contributing to the spectrum.

7. An ideal transformer with 120 Vac on the primary coil supplies power to the resistor R. If this 
resistor dissipates 35 W of power, what is the current in the primary and secondary coil? 

8. Which planet would have the lowest escape velocity? 

Planet name 
Planet mass 

(kg) 
Planet radius (km) 

A. Newton 5 x 1024 8000 

B. Einstein 8 x 1024 7800 

C. Bohr 5 x 1024 9500 

D. Hawkins 8 x 1024 10200 
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9. Use the following information to answer Questions 9 and 10. 

As part of an experimental investigation, Physics students use a pendulum, as shown below, to 
indirectly measure the magnitude of Earth’s gravitational field at their location. 

The students use a constant mass and a constant amplitude of swing, changing only the length of 
the pendulum and then measuring the time for five oscillations. They obtain four different time 
readings for four different lengths of the pendulum. 

By using the relationship  where T is the period and l is the length of the pendulum, 
the students obtain four values for the magnitude of the Earth’s gravitational field. 

Which of the following best identifies the independent, dependent and controlled variables in the 
students’ investigation. 

10. Which of the following best explains why the students measured the time for five oscillations 
rather than the time for one oscillation. 

A. One oscillation is too quick to see.
B. Five oscillations reduce the effect of air resistance.
C. Five oscillations reduce the uncertainty of the measured period.
D. Five oscillations reduce the uncertainty of the measured length.
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11. Joanna is an observer in Spaceship A, watching Spaceship B fly past at a relative speed of 0.943c 
She measures the length of Spaceship B from her frame of reference to be 150 m. 

Which one of the following is closest to the proper length of Spaceship B? 

A. 50 m
B. 150m
C. 450m
D. 900 m

12. The graph shows information about the emission of photoelectrons from a metal 

Which choice correctly identifies the sections labelled W, X, Y and Z? 
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13. The magnitude of the acceleration due to gravity at Earth’s surface is g. 

Planet Y has twice the mass and half the radius of Earth. Both planets are modelled as uniform 
spheres. 

Which one of the following best gives the magnitude of the acceleration due to gravity on the 
surface of Planet Y? 

A. 0.5 g

B. 1 g

C. 4 g

D. 8 g

14. A hydrogen atom that has been raised to the n = 4 excited state quickly returns to its ground state. 
The arrow on the diagram represents one transition between energy levels.  

What is the wavelength of the photons that would be emitted when a hydrogen atom undergoes 
the transition from n=4 to n=1 as shown on the diagram? 

A. 1.028 x 107 m
B. 2.04 x 10-18 m
C. 9.72 x 10-8 m
D. 3.08 x 10-7 m

15. de Broglie proposed that any mass which has momentum also has a wavelength. 
In keeping with this assumption, a student attempted to calculate the mass of a photon with a 
wavelength of 500 nm. 

The student’s result for the mass of this photon is closest to: 

A. 4.4 x 10-36 kg
B. 6.7 x 10-3 kg
C. 1.32 x 10-27 kg
D. 3.0 x 10-8 kg
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16. An experiment is performed to measure the intensity of light transmitted through two polarising 
sheets. The initial orientation of the polarisers to each other is unknown. 

Which of the following graphs would represent how the intensity could change as the second 
polariser is rotated through 180o? 

17. A UV lamp emits a wavelength of 400 nm. Calculate the minimum number of photons required to 
transfer at least 31 eV of energy. 

A. 1
B. 10
C. 6.238 x 1019

D. 6.238 x 1028
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18. The coil of an AC generator completes 50 revolutions per second. A graph of output volatge vs time 
for this generator is shown below. 

Which one of the following graphs best represents the output voltage if the rate of rotation is 
changed to 25 revolutions per second? 

19. Electrons pass through a fine metal grid, forming a diffraction pattern. 

If the speed of the electrons was doubled using the same metal grid, what would be the effect on 
the fringe spacing? 

A. The spacing would increase.
B. The spacing would decrease
C. The spacing would not change.
D. The spacing cannot be determined from the information given.
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20. A conducting rod is placed on a U shaped metal conductor containing a 9 Ohm resistor. The rod is 
moved to the right at a constant speed of 6.2 ms-1 through a 0.33 T magnetic field as shown. 

What is the magnitude of the current induced in the rod? 

A. 62 mA.
B. 68 mA.
C. 91 mA.
D. 186 mA.
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PART A: Answer the multiple choice questions HERE. Circle the letter of the BEST answer. 

Do NOT detach this page from the rest of the exam. 

1 X  B  C  D 11 A  B  X  D 

2 A  B  C  X 12 A  B  C  X 

3 A  X  C  D 13 A  B  C  X 

4 X  B  C  D 14 A  B  X  D 

5 X  B  C  D 15 X  B  C  D 

6 A  B  X  D 16 A  B  X  D 

7 A  X  C  D 17 A  X  C  D 

8 A  B  X  D 18 A  B  C  X 

9 X  B  C  D 19 A  X  C  D 

10 A  B  X  D 20 A  X  C  D 
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PART B: Longer Answers (80 marks) 

21. Mr Warner has been keeping Ms Martel busy chasing around his laser pointer. He knows that it 
produces a red spot that Ms Martel can’t resist but he wants to know the exact wavelength of the 
light.  

Describe a procedure that he could use to determine the wavelength of the laser if he has a 
diffraction grating with 5000 lines per centimetre and a tape measure. Be sure to include all 
necessary measurements but there is no need to discuss the calculations. 

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

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

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

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

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

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

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

3 

22. Discuss the requirements of the planning necessary to ensure that a first-hand investigation will 
collect data which is both valid and reliable. 

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

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

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

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

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

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

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

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

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

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

4 

23. Explain why Einstein’s description of the equivalence of energy and mass was critical for the 
acceptance of the Big Bang Theory. 

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

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

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

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

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

2 

Fire laser through diffraction grating onto a flat surface eg wall. 

Measure distance from grating to wall and measure the distances between bright spots on the wall, then 

calculate using appropriate formula.  

Appropriate method with all measurements stated. (3 marks) 

Appropriate method with one thing missing  (2 marks) 

Some relevant info (1 mark) 

Most students received 3 marks for this question. They didn’t need to comment on distance between slits for 

full marks. 

Marking Criteria Marks 

• Validity and reliability both addressed in a clear, logical manner 4 

• Validity and reliability both addressed with some omission 3 

• An aspect of both is outlined OR 1 addressed well 2 

• An aspect of either is identified 1 

Sample answer 
For an investigation to be valid, it must be testing what it is said to be testing, so that the independent variable is 
the only factor that is being changed, causing a change to the dependent variable. All other factors/variables must 
be identified, accounted for, and controlled in the procedure. For an investigation to be reliable, its results must be 
able to be repeated by another person following the same procedure, which would normally mean that the 
procedure must also be valid to prevent changes to the dependent variable from unknown or unaccounted for 
factors. Repeating an investigation may be a test of its reliability, but not necessarily its validity, as the same 
unaccounted for factor may be having the same effect on the observed results. 

Explains the importance of E = mc2 to the conversion of energy to matter in the BB theory  (2 marks) 

Outlines BB theory or e= mc2  (1 mark) 

The BB theory describes a singularity which is a concentrated point of energy. When this expands and cools energy 

is converted to matter. Einsteins description of the equivalence of energy and matter through his equation e = mc2 

provides an acceptable mechanism for this process. 

Many students spoke about E= mc2 in reference to fusion/fission reactions but failed to comment on the 

conversion of energy to matter and linking this to the BB. 

1 mark: Control variables (validity) 

1 mark: Addresses aim – Independent 

variable and dependent variable. 

(validity) 

1 mark: repeated, outliers removed,

averaged (reliability) 

1 mark: Relates an increase in 

precision, accuracy &/or reliability to

the increase in validity. 

Few students received 4 marks as they 

needed to show a comprehensive 

understanding of validity 
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24. The photograph below shows the two lenses of a pair of glasses in front of the same light source. 
The arm of the glasses is pivoted on the left-hand side so that the angle of the arm relative to the 
light source can be changed. The photograph shows the two lenses at four different positions. 

In terms of the principles of physics involved, account for the lack of change in the light passing 
through the left-hand lens compared to the changing amount of light passing through the right-
hand lens as the angle of inclination is increased. 

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

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

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

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

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

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

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

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

4 

25. The diagram below shows a car travelling around a banked circular track. Without friction the car 
must travel at a speed of 10 ms-1 to maintain a constant radius. When friction is taken into account 
it can travel anywhere between 7 and 13 ms-1 and maintain a constant radius. 

Draw arrows on diagram above to indicate the forces including friction, acting on the car when it is 
travelling at 8 ms-1. 

2 

Light source must be polarised (1 mark) 

Right lens is polarised but left is not (1 mark) 

The intensity of light through right lens decreases as the angle between lens and light source changes (1 mark) 

Relates to malus law with equation (1mark) 

 

Many students failed to recognise the light source was polarised and so few received 4 marks. 
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26. Outline Maxwell’s contribution to our understanding of the nature of light. 

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

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

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

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

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

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

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

3 

27. The diagram shows how the momentum of an object changes as it approaches light speed. 

a. Explain the difference between this graph and what would have been predicted by classical
mechanics.

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

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

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

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

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

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

b. Calculate the relativistic momentum of a proton travelling at 0.8 c.

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

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

2 

2 

Unification of electricity and magnetism (1 mark) 

Predicted and described the propagation of electromagnetic waves (1 marK0 

Predicted the velocity (1 mark) 

 

Overall, this question was answered very poorly with many students not understanding who Maxwell was or his 

contribution. REVISE THIS FOR THE HSC 

Classical mechanics would predict a straight line as p = mv special relativity shows that as speeds approach that

of the speed of light the momentum dilates according to … 

Explains the differences (2 marks) 

Describes difference (1 mark)7 

Correct answer with units  6.8 x 10-19 kgms-1    (2 marks)

Correct equation with one correct substitution.  (1 mark) 

Quite a few students didn’t include units and so only received 1 mark 
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28. An electric field accelerates a proton from rest between two parallel plates. The proton exits into a 
region of uniform magnetic field strength of B = 0.1 T perpendicular to its path, as shown in the 
diagram below. 

a. Calculate the radius (R) of the protons path in the magnetic field.

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

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

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

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

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

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

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

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

b. Explain how the path would differ if an electron entered the magnetic field at the same velocity.

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

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

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

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

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

4 

3 
Explains differences (3 marks)

Describes differences (2 marks) 

Identifies a difference (1 mark) 

Would curve in opposite direction because it has an opposite charge. 

r = mv/qB  therefore radius would be smaller because the charge is the same but mass is much less. 

For full marks students needed to explain differences by talking about mass, charge and direction. Charge could 

be answered by showing an appropriate equation, showing a correct calculation for r or specially saying equal 

and opposite charge. 

Two methods for calculating: 

1. W = qv (1 mark), W = KE = ½ mv2 (1 mark for velocity), r = mv/qB (1 mark), r = 0.144m (1 mark) 

2. E = V/d, F=qE (1 mark), F=ma, v2 = u2 + 2aS (1 mark for velocity), r = mv/qB (1 mark), r = 0.144m (1 mark) 

 

This question was answered well. 
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29. A stroboscopic photo was taken of a student competing in the long jump. The distance between 
the student in the first image and the last image is 2.2 m. The camera used to take the pictures 
took one frame every 0.1 s.  

a. Calculate the maximum height of the student above the ground.

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

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

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

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

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

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

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

b. What was the magnitude of his velocity when he left the ground?

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

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

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

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

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

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

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

3 

2 

Time to max height = 0.35 s  (1 mark) 

v = u + at,   0 =  u + -9.8 x 0.35,  u = 3.43 s   (1 mark) 

v2 = u2  + 2as      0 = 3.432 -19.6 s         s = 0.784 m 

Ux = 2.2/0.7  = 3.14 m/s   (1 mark) 

v = 4.65 m/s   (1 mark)  
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30. The diagram shows the three main steps in the proton-proton chain which produces about 90% of 
the energy from the sun. The table on the right lists the masses of the particles involved in these 
reactions in atomic mass units, (u) 

a. Write a balanced nuclear equation for the reaction in step 3 of this cycle.

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

b. Use the information to determine the energy produced in step 3 of this cycle.

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

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

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

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

2 

2 
Mass difference = 0.013805 u   (1 mark) 

E = 0.013805 x 931.5  = 12.85 MeV  (1 mark)      (also accept  2.06 x 10-12 J) 
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31. Two planets X and Y travel anticlockwise in circular orbits around a star as shown in the diagram. 
The radii of the orbits X and Y are in the ratio 2:5. 

The planets are shown below at a time interval of 5 years. Initially they were aligned, making a 
straight line with the star. Five years later, planet X has rotated through 120o, as shown. 

Determine how long it takes planet Y to orbit the star. 

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

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

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

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

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

3 

32. The diagram below demonstrates a possible mechanism for a braking system for trains. 

Explain how this mechanism would work if the metal disc is made of aluminum. 

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

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

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

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

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

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

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

4 

In order to brake a current is applied to the coil creating a magnetic field. The rotating disc now experiences a 

changing flux which induces eddy currents in the disc. According to Lenz’s Law these currents will be such that 

they oppose the change that is causing them. In this case the motion of the wheel. As a result the magnetic field 

associated with the eddy currents interacts with field of the electromagnet producing an opposing forces that 

slows the wheel. 

Clear explanation linking cause and effect. Includes production of field, induction of eddy currents and relates the 

braking effect to Lenz’s law. (4 marks) (must mention applying the brake) 

Reasonable explanation with something missing (3 marks) 

Describes some features (2 marks) 

Describes a feature. (1 mark) 

Tx = 5/0.33 = 15 years   Tx
2/ Rx

3 = Ty
2/Ry

3  

Ty = 60 years 

Correct answer (3 marks) 

Mostly correct with one error (2 marks) 

One correct step (1 mark) 
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33. Assess the impact of Einstein’s work on our understanding of the nature of light. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5 

Einstein’ work had a very significant impact on our understanding of the nature of light.  

Prior to Einstein light was thought to be wave but Einstein’s work to explain the photoelectric effect 

reconceptualised light as a quantised particle. 

The photoelectric effect is the emission of electrons from the surface of a metal when exposed to light. It had 

been observed that only light above a certain frequency would cause this to happen. Einstein explained this by 

suggesting that light consisted of particles (photons)whose energy was proportional to their frequency and that 

electrons could only observe all or nothing from a single photon. 

Einstiens theory of special relativity postulated that the speed of light was constant. He was only able to show 

this mathematically and explain it with thought experiments but ultimately he was proven correct with 

significant experimental evidence. 

Overall Einstien work was critical in changing our understanding of light. 

Thorough assessment of how his work led to constant c and particle nature.  (5 marks) 

Describes how his work led to const c and particle nature (4 marks) 

Describes aspects of how his work changed our understanding (2-3 marks) 

Provides some relevant info (1 mark) 
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34. The diagrams below show simple DC motor with a single rectangular coil. Side JK is  5.0 cm long 
and KL is 3.0  cm long. The magnetic field strength is 0.08 T and the current in the coil is 0.2 A. 

 Fig.2 

 Fig.1 
a. In which direction will the coil rotate? ………………anticlockwise………………………………………………… 
b. Describe what happens to the force on side J-K as the coil rotates.

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

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

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

c. Calculate the torque provided by the force on side JK at the position shown in fig. 2.

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

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

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

1 
2 

3 

35. The movie “The Current War” released in 2017 outlines the rivalry between Edison and 
Westinghouse who engage in a battle of technology and ideas that will determine whose electrical 
system will power the new century. Edison had established his supply of electricity with DC 
generators but ultimately Westinghouse won the day with the superior method of using AC 
generators.  
Explain why AC generators are much more efficient when it comes to widespread distribution of 
electrical energy. 

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

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

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

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

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

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

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

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

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

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

4 

Ac can be transformed while DC cannot (1 mark) 
This allows the Voltage to be stepped up  (1 mark) 
Thus reducing I  P=VI (1 mark) 
Power loss is proportional to current P= I2R   (1 mark) 

 

Students needed to specify that DC cannot be transformed and must make clear reference to the 

increasing voltage leads to lower current 

Magnitude remains constant (1 mark) 

Changes direction every 180o (1mark) 

F =BIL 0.08x 0.2x 0.05 = 0.0008 N     T = Fxdcos30 = 0.0008 x 0.015 cos 30  = 1 x 10-5 Nm 

Correct answer with units (3 marks) 

Mostly correct with one error (2 marks) 

One correct step  (1 mark) 
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36. A balance was used to investigate the relationship between the current and the force between 
parallel wires. The apparatus was set up as shown in the diagram. The bottom rod has a mass of 
0.50 kg and the top rod is fixed in place. When a current of 70 A was supplied to each rod the 
reading on the scales rose to 0.58 kg. 

a. If the current in the top rod flowed from left to right in which direction would the current in the
bottom rod be flowing?

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

b. Calculate the distance between the 2 rods.

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

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

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

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

1 

2 

37. A small sphere with a charge of 2.3 µC is suspended from a thread hanging between to charged 
plates as shown. 

What is the mass of the sphere? 

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

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

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

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

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

5 

1 Mark right to left 

1 mark- F=0.08*9.8, 1 mark solved correctly 

𝐹

𝑙
=

𝜇0

2𝜋

𝐼×𝐼

𝑟
= 3.2 x10^-4m 

E=V/d (1 mark) 

qE=Tsin18 (2 marks) 

T=0.0149 (3 marks) 

Mg=tsin18 (4 marks) 

M=0.00144 kg (5 marks) 

Generally well answered 
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38. As the Death Star approached Alderaan, the gravitational force between them increased. (For 
those of you who have been living under a rock, the Death star is an extremely massive, spherical 
space station that blew up the planet Alderaan in the first Star Wars movie).  
The size of the force between the objects at various distances is shown in the table below. 

Gravitational Force 
x 1015 (N) 

Distance (d) between the centres of 
mass of Alderaan and the Death Star  

x 108 (m) 

1/d2 
X 1017(m-2)

20.0 1.00 10 

5.00 2.00 2.5 

2.22 3.00 1.11 

1.25 4.00 0.625 

0.80 5.00 0.04 

a. Plot a graph of F vs 1/d2. Placing Force on the vertical axis

b. Given that the Death Star has a mass of 5.0 x1017 kg. Use the gradient of the graph to determine
the mass of the Alderaan.

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

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

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

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

4 

2 

Correctly calculates mass  as  6 x 1024 kg   or 6 x 10-10 kg   (2 marks) 

Correctly calculates gradient  or relates gradient to gravitational forc equation (1 mark) 

Well answered 
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39. Referring to the work of Bohr and Rutherford in atomic physics, discuss how scientists use 
experimental observation and physical principles to improve scientific models. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

6 

Models are constructed to explain observations and create further predictions of behaviour. Bohr and 

Rutherford developed their respective models by using physical principals to explain experimental 

observations. 

Gieger/Marsden fired alpha particles at thin gold and detected motion with a fluorescent screen.  

Observations: most passed straight through some slight deflections and some bounced backward. 

Rutherford understanding the principals of electrostatic repulsion (and elastic collisions) explained these results by 

developing a model that consisted of a positively charged nucleus orbited by negatively charged electrons. The 

dense positive nucleus accounting for the electrostatic repulsion of the alpha particles. (pic would be good) 

Bohr could not account for the stability of the Rutherfords orbit because he understood the physical principal that 

moving charged particles radiate energy and should therefore lose energy. To explain this and improve upon 

Rutherford’s model he proposed that the electrons exist in discrete energy level which don’t radiate energy. These 

electrons still orbited a positive nucleus. (pic would be good)In order to explain the experimentally observed 

emission spectra  of hydrogen Bohr adopted the newly proposed physical principal of quantised energy to suggest 

that electrons move form one level to the next by absorbing/emitting a quanta of energy. 

Criteria Mark 

Provides accurate, detailed description of each model. Describes the experimental observations and 

relates how identified physical principles explained these and led to the development of the models. 

6 

Provides accurate description of each model, describes experimental observations and links these to 

the development of the model 

5 

Provides accurate description of a model. Identifies experimental observations and relates how an 

identified physical principle explained one of these models.  

OR Provides accurate description of each model, identifies experimental observations that relate to 

the development of each 

3-4 

Describes each model Or describes one and identifies observations 2 

Describes a model 1 

  

 

Students need to make sure they attribute the experiments to the correct people and also provide detail in their 

responses. 

Many students did not describe how Bohr’s model explained the spectra or describe how spectra are formed- This 

capped you at 4 marks 

Many students discussed Schrodinger and De Broglie who were not necessary  

Neither Scientists has experimental evidence for the neutron… or included it in their model 
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