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Question 34 (4 marks)  

The wavelengths of the Lyman series of light emitted from a hydrogen atom are shown in the 
table below. 

4 

 
Transition  

 
1 1

 Wavelength ( ) 1/Wavelength     
( 10 ) 2 1 0.75 122 8.2 3 1 0.88 103 9.7 4 1 0.93 97 10.3 5 1 0.96 95 10.5 6 1 0.97 94 10.7 

 
 Construct a graph on the grid below, using appropriate data from the table, and thus 

determine an experimental value for Rydberg’s constant. 
 

 
 

 ………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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Question 35 (7 marks)  

Early experiments determined that cathode rays were beams of small, negatively charged 
particles, later known as electrons. One of these experiments was the paddlewheel experiment, 
shown below. 
 

 
 

Other experiments that confirmed different properties of electrons, like mass and charge, 
include those done by Millikan and Thomson.  

7 

Explain how the paddlewheel experiment and EITHER the Millikan OR Thomson experiment 
confirmed properties of the electron. You must include a diagram and a quantitative 
explanation as part of your response.  
 

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

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

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

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

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

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

More space for answer provided on next page. 

 



5 
 

Answer space for Qu 35 continues. 
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…………………………………………………………………………………………………… 
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Question 36 (5 marks)  

A DC motor was turned on. After some time it reached its maximum rotational speed of      
100 RPM (revolutions per minute).  
During this time, the RPM and torque were measured at various points and plotted on a graph.  
 

 

5 

Explain, with reference to data in the graph, why the torque decreases as the rotational speed 
of the DC motor increases. 
 

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

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

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

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

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

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

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

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

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

…………………………………………………………………………………………………… 
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Question 37 (6 marks)  

A ball is hit at a speed of 35 ms-1 from ground level inside a stadium with a roof that is 40 m 
above the ground.  
At the top of the flight of the ball, it just touches the roof, and continues on its path, with no 
impact upon its trajectory. The projectile lands at the same level from which it was launched. 

  

6 

Determine the angle at which the ball must be hit so that it just touches the roof, and thus 
calculate the range of the ball when it lands.  
 

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

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

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

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

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

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

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

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

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

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

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

…………………………………………………………………………………………………… 
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Question 38 (4 marks)  

A student made the following claim about the structure of the hydrogen-1 isotope.  
 
“The atom is made of two fundamental particles. The atom has one electron, bound to the 
nucleus through the weak nuclear force. The atom has one proton, comprised of three quarks 
(udd), held together by the strong nuclear force.” 
 
Assess the students’ claim.  
 
 
…………………………………………………………………………………………………… 

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

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

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

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

…………………………………………………………………………………………………… 
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…………………………………………………………………………………………………… 
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Question 29 (6 marks)  

An object is launched vertically from the Earth’s surface. After launch, the object has no 
engine or fuel providing any further force of propulsion.  
 
The line on the graph below represents the gravitational potential energy of the object at a 
range of heights above the Earth’s surface.  
 
 

 

 
 
 

 

 

(a) Draw the line representing the kinetic energy of the object for the same range of 
heights. 
 

2 
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(b) Derive the equation for escape velocity: =  , and thus show the escape velocity 

of Earth is 11.2 km s-1. 
 
………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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Question 30 (9 marks)  

Nuclear fission, shown below, is used in nuclear power reactors to generate electricity.         
The mass of each particle is shown in the diagram. 
 

 
 
Nuclear fusion occurs in stars and provides the heat and light energy produced by stars.           
A diagram of part of this process is shown below. 

 
 
The binding energy graph below is related to both fission and fusion processes. 

 
 

Question over page  

9 
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Analyse, qualitatively and quantitatively, the processes that occur in fission and fusion to 
release energy in nuclear reactors and stars. 
 

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

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

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

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

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

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

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

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

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

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

More space for answer provided on next page. 
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Answer space for Qu 30 continues. 
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…………………………………………………………………………………………………… 
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Question 31 (3 marks)  

The energy levels of helium are shown below. 
 

 

3 

 
Calculate the wavelength of light produced by the transition of an electron from level 5 to 
level 2. 
 
………………………………………………………………………………………………… 

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

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

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

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

………………………………………………………………………………………………… 
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Question 32 (4 marks)  

Experiments and observations are used to provide evidence for different models of light. 4 

The diagrams below show two experiments that support the wave model of light.  
 

Diagram A – double slit experiment 
 

 
Diagram B – polarisation experiment 

 
 

 

Explain how these experiments support the wave model of light.  
 
………………………………………………………………………………………………… 

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

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

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

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

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

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

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

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

………………………………………………………………………………………………… 
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Question 33 (3 marks)  

The solid line on the graph below shows how the intensity of radiation from a black body 
varies with wavelength at a particular temperature. 
 

3 

 
 
Use this example to explain how a new scientific model is developed. 
  
………………………………………………………………………………………………… 

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

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

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

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

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

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

………………………………………………………………………………………………… 
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Question 21 (2 marks)  

A single coil rotating in a magnetic field is shown below.  
 

  

2 

Identify TWO ways that the maximum torque on the coil in the diagram could be increased.  
 

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

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

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

…………………………………………………………………………………………………… 
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Question 22 (2 marks)  

A green laser of wavelength 532 nm illuminates a double slit. The slits are 100 μm apart. The 
position of the central bright band is labelled as P0. The first two bright bands to the right are 
labelled as P1 and P2. 

 

2 

Calculate the angle between P0 and P2 from the double slit. 
 

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

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

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

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

 

 

Question 23 (3 marks)  

Outline Maxwell’s contributions to electromagnetic theory. 3 

 

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

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

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

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

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

…………………………………………………………………………………………………… 
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Question 24 (3 marks)  

An experiment is set up with two parallel copper rods, A and B, of length 0.75 m as shown 
below. Rod A is 2.0 mm above Rod B. Rod A is fixed in place and unable to move. Rod B is 
resting on the electronic balance and is free to move. 

 
 

The electronic balance is zeroed so it reads 0 g with Rod B resting on the balance. No current 
is flowing through either rod.  
A current of 5.6 A is now passed through both rods, with the current flowing in opposite 
directions in the two rods.   

3 

Determine the mass shown on the electronic balance, in grams, when the current is flowing 
through both rods.  
 

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

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

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

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

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

…………………………………………………………………………………………………… 
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Question 25 (4 marks)  

In developing his theory of the expanding universe, Hubble collected spectra for various 
galaxies that were at known distances from Earth. 

4 

Explain how Hubble’s analysis of spectra showed evidence for the expanding universe theory. 
 

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

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

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

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

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

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

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

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

 

 

 

 
 

Question 26 (3 marks)  

Outline ONE similarity and ONE difference between the motion of a satellite in orbit, and a 
charged particle moving perpendicular to a magnetic field. 
 

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

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

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

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

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

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

3 
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Question 27 (7 marks)  

The photoelectric effect has a number of observable properties that cannot be explained by 
classical physics theory.  

 

(a) Analyse how the concept of a cut-off frequency of light in the photoelectric effect 
applies to both the wave and particle models of light.  
 
………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

 
 
 

4 

(b) In an experiment using the photoelectric effect apparatus, the stopping voltage for 
photoelectrons emitted was measured.  

Justify how the stopping voltage of the emitted photoelectrons would change if the 
intensity of the incoming light was doubled. 
 
………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

 

3 
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Question 28 (5 marks)  

A single square loop of conducting wire was moved through a uniform magnetic field, at 
constant speed, as shown below. 
 
                              A                                        B                                          C 
                 Entering field                         Within field                          Exiting field 

  

5 

Analyse how the magnitude and direction of the current will change as the loop passes from 
outside the magnetic field on the left side (A), within the field (B), and passing out of the field 
on the right side (C). 
 

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

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

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

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

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

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

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

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

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

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

…………………………………………………………………………………………………… 
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Section I 
20 marks 
 
Attempt Questions 1-20 
Allow about 35 minutes for this section 
 
Use the multiple-choice answer sheet for Questions 1-20 
 
 
1.  A satellite is moved from a low Earth orbit (LEO) to a geostationary orbit (GEO). 

 

The satellite will now be able to: 

 A. image the surface of the entire Earth. 

 B. take more detailed images of the Earth.  

 C. continuously monitor the same location on Earth.  

 D. move over the surface of the Earth and therefore scan a larger area of the 
Earth.  

 
  



4 
 

2.  An experimental setup designed to measure the speed of light is shown below. 

 

Which statement best describes the experiment? 

 A. A historical method of measuring the speed of light using distance and time. 

 B. A contemporary method of measuring the speed of light using distance and 
time.  

 C. A historical method of measuring the speed of light using frequency and 
wavelength.  

 D. A contemporary method of measuring the speed of light using frequency and 
wavelength. 

 
  



5 
 

3.  The diagram below shows a key experiment in the development of the atomic model. 

 

Which statement correctly identifies the development, and the scientist who 
proposed the development of the model? 

  Scientist Development of the model 

 A. Thomson Existence of the nucleus. 

 B. Rutherford Existence of the proton. 

 C. Rutherford Existence of the nucleus. 

 D. De Broglie That electrons could behave as waves. 

 
4.  Two points are labelled on a rotating disk as shown below. 

 

What is the relationship between the linear (v) and angular ( ) speed at                
points 1 and 2? 

  Angular speed ( ) Linear speed (v) 

 A.  1 <  2 v 1 = v 2 

 B.  1 =  2 v 1 = v 2 

 C.  1 =  2 v 1 < v 2 

 D.  1 <  2 v 1 < v 2 
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5.  The following graph shows the radiation emitted from a black body at a range of 
wavelengths. 

 

How would the peak intensity and wavelength of maximum intensity of the curve 
change if the blackbody temperature was increased? 

 A. Both peak intensity and wavelength of maximum intensity would increase. 

 B. Both peak intensity and wavelength of maximum intensity would decrease. 

 C. Peak intensity would increase, wavelength of maximum intensity would 
decrease. 

 D. Peak intensity would decrease, wavelength of maximum intensity would 
increase. 
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6.  The following Hertzsprung-Russell diagram shows stars at various stages in their life 
cycle. 

 

Which of the following is a possible evolutionary sequence for a star? 

 A. N → P → L 

 B. M → O → L 

 C. M → N → P 

 D. L → M → O 
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7.  An AC generator is operated so that the coil has a constant rotational speed. The 
output voltage is represented on the graph below. 

 

The rotation speed of the coil is halved. Which of the following graphs represents the 
new output voltage? 

A. 

 

C. 

 
B. 

 

D. 

 
 

 

 

8.  A proton moving parallel to a constant electric field is accelerating at 1.15 x 106 km s-1. 

What is the strength of the electric field? 

 A. 1.9 x 10-21 NC-1 

 B. 1.9 x 10-18 NC-1 

 C. 12 x 10-3 NC-1 

 D. 12 NC-1 
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9.  The spectra of three stars, X, Y and Z, moving away from the Earth are shown. 

 

What is the correct ranking of the THREE stars density (D) and translational    
velocity (v)? 

 

 A.  
 

  

B. 

  
 

  

C. 

  
 

  

D. 
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10.  A laser was shone onto a double slit which produced an interference pattern on a 
screen as shown in the diagram. 

 

What changes to the slit separation (d) and distance to screen (L) will both increase 
the distance between two bright bands ( x)? 

  Slit separation (d) Distance to screen (L) 

 A. Decrease Increase 

 B. Decrease Decrease 

 C. Increase Increase 

 D. Increase Decrease 

 
 
 
 
11.  An astronaut is on a spacecraft travelling at 0.85c past a football field. The astronaut 

measures the length of the football field at 63.4 m. 

What is the length of the football field as measured on Earth? 

 A. 25 m 

 B. 33 m 

 C. 120 m 

 D. 164 m 
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12.  The diagrams below show part of the electricity distribution network and a 

transformer that is found in at least one location within the network.  

 

 

 

 

 Where in the distribution network would this transformer be located, and what is its 
purpose in this location? 

 A. 2 – used to step down voltage to the Australian household standard of 240 V. 

 B. 1 – used to step up voltage so energy is not lost in long distance transmission 
wires. 

 C. 2 and 3 – used to step down voltage to allow high voltage appliances to be 
used in households. 

 D. 3 and 4 – used to step down voltage so it can be used safely in a range of 
household appliances. 
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13.  A solenoid is lowered onto a magnet that is fixed to a table. 

 

What is the direction of current through the coil, and the direction of the magnetic 
force on the solenoid as it moves downwards? 

  Current direction through coil Magnetic force on solenoid 

 A. X to Y Upwards 

 B. X to Y Downwards 

 C. Y to X Upwards 

 D. Y to X Downwards 
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14.  Alpha, beta and gamma radiation is passed through a magnetic field. The resulting 
motion of the radiation is shown below. 

 

Rank the three types of radiation in order of increasing ionising and penetrating 
power. 

 A. Ionising power: L, M, K 

Penetrating power: K, M, L 

 B. Ionising power: K, M, L 

Penetrating power: L, M, K 

 C. Ionising power: K, L, M 

Penetrating power: K, M, L 

 D. Ionising power: L, M, K 

Penetrating power: K, L, M 
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15.  The following graph shows how flux changes in a coil over time.  

 

What is the approximate emf generated in this coil between 0.02 and 0.04 s? 

 A. +0.03 V 

 B. - 0.03 V 

 C. + 3 V 

 D. - 3 V 

 
16.  An object is moving in a vertical circle at a constant speed.  

 

The magnitude of the forces involved with the motion of the object include tension 
(FT), gravitational (Fg) and centripetal (FC) forces.  

What is the magnitude of the net force acting on the object at P and Q? 

  Net force at P Net force at Q 

 A. FC FC – Fg 

 B. FT – Fg FT – Fg 

 C. FT + Fg FT – Fg 

 D. FT + Fg FT + Fg 
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17.  Three polarisation filters are set up as shown below. F1 is oriented vertically, at 0°. 

 

Unpolarised light is passed into F1.  

What combination of angles from the vertical for F2 and F3 would result in light 
leaving F3 at 30% of the initial intensity? 

  F2 F3    

 A. 20° 59°    

 B. 180° 219°    

 C. 0° 57°    

 D. 45° 39°    

 
 
 
18.  A radioactive isotope is known to have one measurable emission for each decay a 

nucleus in the sample undergoes.  

A sample of the isotope was measured to have 148,962,126 emissions in 6 hours and 
15 minutes. At the start of the measurement time, the sample had 1.642 x 109 nuclei 
present. 

Calculate the approximate half life of the radioactive isotope. 

 A. 6.5 x 103 s 

 B. 1.6 x 105 s 

 C. 4.7 x 105 s 

 D. 4.2 x 106 s 
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19.  A student used a diffraction grating to split the visible wavelengths emitted by 
hydrogen gas in a discharge tube. The student observed coloured lines at            
points L, M, N and O. 

 

Which statement correctly describes the spectral transition lines observed from 
hydrogen gas? 

 A. M corresponds to a transition starting at n = 5 

 B. O corresponds to a transition that started at the n = 7 energy level. 

 C. L corresponds to the highest energy level transition possible in hydrogen. 

 D. The electron that produced O transitioned down more energy levels than the 
electron that produced L. 

 
20.  Two satellites orbit the same planet. Satellite A has a period that is 8 times smaller 

than satellite B.  

Calculate the ratio of the speed :  of the two satellites. 

 A. :   = 1:1 

 B. :   = 2:1 

 C. :   = 4:1  

 D. :   = 8:1 
 

 

 

END OF BOOKLET A 
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