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• Attempt Questions 1-20 
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• Candidates are to answer Question 41:  

From Quanta to Quarks  
 

• Allow about 25 minutes for this section 
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Section I 
75 marks 
 
Part A – 20 marks 
Attempt Questions 1-20 
Allow about 35 minutes for this part 
 
 
Use the multiple-choice answer sheet. 
 
Select the alternative A,B,C or D that best answers the question. Fill in the response oval 
completely. 
 
Sample: 2 + 4 =  (A)  2  (B)  6  (C)  8  (D)  9   
 
     A   B   C   D 
 
 
If you think you have made a mistake, put a cross through the incorrect answer and fill in the 
new answer. 
 
 
     A   B   C   D 
 
 
If you change your mind and have crossed out what you consider to be the correct answer, 
then indicate the correct answer by writing the word correct and drawing an arrow as 
follows. 
 
 
     A   B   C   D 
 
        correct 
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Part A: multiple Choice 
 
             
 
 
 
1. A satellite in circular orbit around Earth has a period of 90 minutes. The satellite is 

then joined by a space craft having the same mass.  
 
After the space craft docks with the satellite, the period of the orbit will be: 

 
 (A) 45 minutes 

 (B) 90 minutes 

 (C) 180 minutes 

 (D) 360 minutes 

 
 
 
 
 
 
2. The diagram below shows the paths of two projectiles, X and Y, which rise to the 

same height. 

 
 
 
 Which of the following is identical for both projectiles X and Y? 
 
 (A) Initial horizontal velocities. 
  
 (B) Initial vertical velocities 
 
 (C) Initial velocities 
 
 (D) Horizontal displacements. 
 
 



2012 Newington Trial Physics Examination       STUDENT NUMBER  
 

4 
 

 

 
3. In a parallel universe where the universal gravitational constant G was greater than in 

our own universe, the effect on satellites, assuming that they exist in the same orbits, 
would be that they: 

 
  
 (A) have faster orbital speeds. 

 (B) have greater mass. 

 (C) have slower orbital speeds. 

 (D) have less mass. 

 

 

4. On what experimental evidence was the proposal in 1800s of the existence of the 

 aether based? 

 

 (A) All known waves except light waves were matter waves 

 (B) Light was an electromagnetic wave 

 (C) The aether was needed to transmit light through space 

 (D) They had no evidence for the existence of aether. 

 

 

5. An amount of work, W, is expended when a space craft is launched from rest,  from 
the Earth. The space craft achieves an orbit with kinetic energy K. 

 
 The change in the space craft’s gravitational potential energy, P, is given by: 
 
 (A) P = W - K 

 (B) P = W + K 

 (C) P = K - W 

 (D) P = -(K + W) 
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6. Two laser cannons are equidistant from spaceship ‘X’. Lasers are fired from each 
 spacecraft (Y and Z) simultaneously at spaceship ‘X’ as it flies at a speed of 0.5 c. 

 
 
 Which statement about this event is correct? 
 
 (A) Light from laser 1 reaches Captain X before light from laser 2. 
 
 (B) Light from laser 1 and laser 2 reach Captain X at the same time. 
 
 (C) Light from laser 2 will not reach the spaceship. 
 
 (D) Light from laser 2 reaches Captain X before light from laser 1. 
 
 
 
 
 
7. A rocket car moves on a straight horizontal track. Half of the initial mass of the rocket 
 car is fuel propellant. During the run, the fuel propellant is consumed at a constant 
 rate and the products of the combustion of the fuel are ejected at a constant velocity. 
 

Which of the following best describes the force propelling the rocket car, and the 
magnitude of the acceleration of the rocket car while the combustion products of the 
propellant fuel are being ejected? 

 
    Force      Acceleration 
 (A)   constant     constant 
 (B)   increasing     constant 
 (C)   constant     increasing 
 (D)   increasing     increasing 
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8. A rectangular loop of wire as shown has a current I flowing through it. The loop 
extends past the magnets in the direction x. 

 
 The torque on this loop could be increased the most by: 
 

(A) extending the length of the loop in the direction x-y as shown. 

(B) extending the width of the loop towards the magnets. 

(C) decreasing the thickness of the wire in the loop. 

(D) reversing the direction of the current in the loop. 

x 

S      N S     N 

I 

y 
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9. A potential difference is applied across two parallel plates, as shown below. 
 A negative charge is placed between the plates at point Q and released. Three graphs 

are also shown.
 

 
 
 
Which option best identifies the graphs which show the electric field strength, between X and 
Y, the electric potential difference, between X and Y, and the velocity of the negative charge? 
 
 Electric field strength Potential Difference

   
Velocity of charge 

A Graph T Graph S Graph T 
 

B Graph T Graph R Graph R 
 

C Graph R Graph T Graph S 
 

D Graph S Graph R Graph R 
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10. The production and long-distance transmission of electricity in large electric 
 generators is predominately AC in most parts of the world. 
 
 This is because large AC electricity is: 
 
 (A) able to be used with transformers 

(B) less dangerous than DC. 

(C) more easily used with superconductors 

(D) transmitted faster than DC. 

 
 
 
 
11.  A key advantage of an AC induction motor compared to a DC motor is that: 
 
 (A) Induction motors have no moving parts 
 
 (B) Induction motors have no brushes to wear out 
 
 (C) Induction motors do not need a magnetic field 
 
 (D) Induction motors do not need a coil 
 
 
 
 
 
12. Which statement best describes a reliable investigation? 
 
 (A) The method allows for a fair test. 

(B) The method allows the results to be repeatable. 

 (C) The method allows for the results to be accurate. 

 (D) The hypothesis will be supported. 
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13. An electron is travelling down a cathode ray tube at a speed of 3 x 107 m/s.  
 It passes between two metal plates 10 cm apart, as shown in the diagram. 
 

 
 
 There is a potential difference of 12 V between the plates. 
 The size and direction of the force on the electron is: 
 
 (A) 1.9 x 10-19 N up. 
 (B) 1.9 x 10-17 N up. 
 (C) 1.9 x 10-17 N down. 
 (D) 1.9 x 10-19 N down. 
 
 
 
 
 
 
14. The concept of a “fair test” when applied to the Scientific Method is best reflected by 

having: 
 
 
 (A) a hypothesis which is supported by the results of the investigation. 

 (B) only one variable being changed in the investigation. 

 (C) a conclusion which addresses the aim of the investigation. 

 (D) a method which is clearly stated in point form. 
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15. An electron moving at a speed v enters a uniform magnetic field perpendicular to the 

field, as shown. Its path while in the magnetic field is circular with a radius of 30.0 
cm. 

 
   X X X X X X 
 
   X X X X X X 
   electron’s velocity, v 
   X X X X X X 
 
   X X X X X X 
 

A research student then sets up two parallel charged plates separated by a distance d, 
with a voltage of V between them. Where the charged plates overlap with the 
magnetic field, the electron’s path changes from circular to straight. 

 
What is the relationship between the values of the electric field between the parallel 
plates E, the magnetic field B, and the speed of the electron, v? 

 
 (A) v = E / B  

 (B) v BE=  

 (C) B vE=  

 (D) 2v B E=  
 
 
 
16. If the value of Planck’s constant, h, was higher than it is, the effect on a photo-electric 

effect experiment would be: 
 
 (A) the threshold frequency, fo would be lower for all metals. 

 (B) the energy of incident photons would be less. 

 (C) the threshold frequency would be greater for all metals. 

 (D) the photoelectric current would be greater. 

 
 
17. Hertz’s measurement of the speed of radio waves was not performed by directly 

measuring their speed. The property of radio waves Hertz actually measured to find 
their speed was: 

 
 (A) frequency 

 (B) amplitude 

 (C) period 

 (D) wavelength 
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18. In order to calculate the strength of a uniform magnetic field, the path taken by a 
beam of ions fired into the magnetic field was observed. Which combination of 
properties of the beam of ions would it be necessary to know in order to do this 
successfully? 

 
 (A) mass, velocity, charge, radius of path 

 (B) element, charge, radius of path 

 (C) velocity, mass, radius of path  

 (D) velocity, radius of path, type of element 

 
 
 
19. A mains transformer, working on 240 V, has 400 turns on the primary coil. The 
 secondary output is 12 V. 
 
 How many turns are required on the secondary coil? 
 
 (A) 10 
 
 (B) 20 
 
 (C) 400 
 
 (D) 8 000 
 
 
 
20. A coil is rotated in the space between two magnets, as shown below. 
 Which of the emf against time graphs below best shows the emf produced as the coil 
 rotates 3600 from this initial position?  
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Part B – 65 marks 
Attempt Questions 21-37 
Allow about 1 hour and 40 minutes for this part. 
 
Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
 
 
 
Question 21 (5 marks)             Marks 
 
 
A large rock is dropped from a plane flying horizontally at an altitude of  
4.00 x 103 m and with a speed of 900 km h-1. 
 
(a) Calculate the distance that the rock will move horizontally before hitting the 
            ground.          2 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
 
(b) Find the final vertical velocity and then the overall velocity of the rock just before it 
 hits the ground.         3 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
            
 
            
 
 



2012 Newington Trial Physics Examination       STUDENT NUMBER  
 

13 
 

 

 
 
Question 22 (2 marks)            Marks 
 
There are several reasons why the value of gravitational acceleration varies at different places on the  
Earth’s surface. 
 
  Describe how the orbit of geostationary satellites would need to change if the Earth  
   rotated faster.                   2 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
 
 
 
Question 23 (3 marks) 
 
At some time in the future an experiment is performed to test Einstein’s predictions about time dilation. 
Two synchronised clocks (A and B) are obtained. Clock A is taken on board a spacecraft on a journey 
 into deep space. A time of 15 years was measured by this clock. 
Upon return to earth, it is observed that clock B (which remained on Earth) has recorded 25 years.  
 
How fast would the spaceship be travelling on the journey undertaken by clock A?   3 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
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Question 24 ( 5 marks)         Marks 
 
The Mars Reconnaissance Orbiter (MRO) is a NASA probe currently orbiting Mars at an altitude  
of 300 km above the surface. Among other things, the MRO is used to transmit data from the  
rovers on the surface back to Earth. 
 
The following table contains data about Mars and the MRO. 
 

 
 

 
 
 
 
 
 
 

  
 
(a) By using Kepler’s Law of Periods, calculate the period of the MRO’s orbit around 
 Mars.                    2 
 
             
 
             
 
             
 
             
 
 
 
(b) Calculate the centripetal force on the MRO due to Mars, and state its direction.          3 
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Question 25 (3 marks) 
 
When it operated, the Space Shuttle was able to attain a low-Earth orbit at an 
altitude of several hundred kilometres. However, it was not considered as “escaped” 
from Earth’s gravitational field. 
 
Describe the conditions necessary for a spacecraft to escape Earth’s gravitational 
field in terms of the energy required using appropriate equations and symbols. 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
 
 
Question 26 (3 marks) 
 
Electric motors are designed to rotate continuously, however, a galvanometer which 
operates using the motor effect only turns through a limited angle. 
 
Outline the operation of a galvanometer as an application of the motor effect. 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 

  
Marks 

3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 
    
 

 

 
 
 



2012 Newington Trial Physics Examination       STUDENT NUMBER  
 

16 
 

 

 
Question 27 (3 marks) 
 
(a)        With the aid of a labelled diagram, explain how electric currents and heat 
 can be induced in the base of a saucepan when placed on an induction  
             cooktop. 
 
 
 
 
 
 
 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
 
 
Question 28    (2 marks) 
 
Define the term step-up transformer and with appropriate mathematical expressions 
show how it obeys the law of conservation of energy.                 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 

Marks 
 

 
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
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Question 29 (4 marks) 
 
Analyse Edison’s and Westinghouse’s electricity supply solutions for cities. 
 
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
            
 
 
 

Marks 
 

     4 
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Question 30 (4 marks) 
 
A student conducted an investigation by observing the nature of cathode rays. 
 
(a)       Describe TWO observations which would lead the student to the conclusion 
            that cathode rays are negatively charged particles. For each observation  
            explain why it is consistent with that conclusion. 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
 
 

 
Marks 

 
 
 
 

4 
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Question 31 (7 marks) 
 
(a)       Identify what was wrong with classical physics theory that led to Planck’s  
            hypothesis that radiation emitted by a black body was quantised. 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
 
(b)       Identify how Planck’s hypothesis regarding the nature of black body  
            radiation differed from the explanation offered by classical physics. 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 

Marks 
 
 

2 
 
 
 
 
 
 
 
 
 
 
 

1 
 
 
 

 
 
(c) A student is investigating the photoelectric effect using a photocell with a cobalt 
 cathode whose work function is 4 x 10-19 J, and three LEDs (light emitting diode) of 
 wavelength 450 nm, 550 nm and 650 nm, to illuminate the photocell. 
 By the use of supporting calculations, explain which, if any, of the LEDs will cause a 
 current in the circuit.           4 
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Question 32 (4 marks) 
 
           Describe the two methods of doping a semiconductor material that can  
            change the material’s electrical properties. 
 Labelled diagrams may be used as part of your answer. 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
....................................................................................................................................... 
 
...................................................................................................................................... 
 
           . 
 
 
 
 
 
 

 
Marks 

 
 

4 
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Question 33 (2 marks)             Marks 
 
 
Outline ONE advantage and ONE limitation of current superconductor technology. 2 
 
(i) Advantage 
 
             
 
             
 
 
(ii) Disadvantage 
 
             
 
             
 
 
 
 
Question 34 (2 marks)         2 
 
A small electric motor in a drill was turning at its normal fast rate. The drill was then used to 
create a hole in a nearby wall, causing it to slow down. A burning smell was then observed to 
be coming from the motor. 
Use your understanding of back emf to explain this observation. 
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Question 35 (5 marks)        Marks 
 
A rectangular coil, with 250 turns, is between the poles of two bar magnets. 
Its plane makes an angle of 300 with the direction of the magnetic field. The side AB 
measures 15 cm and the side BC measures 10 cm. The magnetic field strength between the 
poles of the magnets is 5.0 mT and the current through the coil is 25 mA. 
 

 
 
(a) Calculate the magnitude and direction of the force on side AB when the coil is in the 
 position shown.             3 
 
             
 
             
 
             
 
             
 
             
 
 
(b) The angle between the coil and magnetic field is 300. However, this will not result in a 

maximum torque value. Use the appropriate formulae to explain for what angle 
maximum torque will be achieved.                    2 
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Question 36 (6 marks)               Marks 
 

The equation for the force between two parallel currents is given by the equation 
  

 
 

To investigate this relationship, a student measured the force between two parallel wires 
carrying electric currents as the distance between the wires was changed. 
The measurements are in the table below. 

 

 
 
Other measurements: 
The two currents were each equal to 1.0 A, and the length of the wire was 50 cm. 
 
(a) Calculate values for 1 / d , and write then in the table above.      1 
 
 
 
 
 
This question continues on the next page -----------------------> 
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Question 36 continued:              Marks 
 
(b) Plot a graph of F against 1/d on the grid below.     3 
 
 

 
 
 
 
(c) Use the gradient from the graph to calculate an experimental value for k, the constant 
 in the equation.             2 
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 × × × × × × × × 

× × × × × × × × 

× × × × × × × × 

× × × × × × × × 

× × × × × × × × 

Question 37 (5 marks)               Marks 
 
 

 
 
 
 
 
 

 
 
(a) Find the change in the magnetic flux penetrating loop ABCD, including units, when it 
 rotates 90° around the axis xy, such that AB comes up out of the page.      2 
 
             
 
             
 
             
 
             
 
(b) If the loop is rotating at 50 Hz, how long does it take to turn through 90°?      1 
 
             
 
             
 
(c) Faraday’s Law is emf = - n ∆Φ / ∆ t 
 
 Determine the magnitude of the emf generated in ABC as it is turned through 900.     1 
 
             
 
             
 
             
 
 
(d) On the diagram draw the direction of the induced current that would flow in the 
 loop.               1 
 
 

 
END OF PART B 

A B 

C D 

x y 
The length of the single loop ABCD is 0.75 m 
and its breadth is 0.40 m. Initially ABCD lies 
perpendicular to a uniform magnetic field that 
has a flux density of 0.25 T. 
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Section II 
 
 
15 marks 
 

Attempt Question 41 only. 
 
Allow about 25 minutes for this section 
 
Answer the question in a writing booklet. 
Show all relevant working in questions involving calculations. 
 
 
 
 
 
         Page 
 
Question 38  Geophysics………………………………… 22 
 
Question 39  Medical Physics…………………………… 23 
 
Question 40  Astrophysics……………………………….. 24 
 
Question 41  From Quanta to Quarks……………………. 25 
 
Question 42  The Age of Silicon………………………… 26 
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Question 38 Geophysics (15 marks) 
 
 
(a) (i) Identify two uses of remote sensing of radiation in mineral  
                        exploration. 
 
 (ii) Explain why remote sensing is often the preferred method over other 
             methods when mineral exploration is undertaken. 
 
 
 
(b) The value of the gravitational acceleration on the surface of a newly   
            discovered planet is 13.4 m s-2. The diameter of the planet is 5.89 x 103 km.  
 
            Calculate the mass of this planet. 
 
 
 
(c) (i) Describe an investigation which models the way in which the  
              inclination of Earth’s magnetic field varies with latitude.  
 
                        Include a diagram to illustrate your answer. 
 
 (ii) Assess the validity of the model referred to in part (i). 
 
 
. 
 
 
 

Marks 
 
 
 

2 
 
 

2 
 
 
 
 
 
 
 

4 
 
 
 

4 
 
 
 
 

3 
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Question 39  Medical Physics  (15 marks) 
 
 
(a) (i) Compare the two types of beta emission that may occur when a  
                radioactive isotope decays. 
 
 (ii) Explain what happens to positrons when they are emitted within a   
                        human. 
 
 
 
(b) By selecting two suitable materials from the table provided, show how the 
            reflected ultrasound signal has a low intensity compared to the incident  
            signal intensity when the acoustic impedance of the two materials is similar. 
 
 

Material Acoustic impedance 
(x106 kg m-2 s-1) 

fat 1.38 
tissue 1.63 
blood 1.61 

muscle 1.70 
bone 5.6 

 
 
 
(c) (i) Compare and contrast images produced by an endoscope with  
                        images produced by an X-ray. 
 
 (ii) Describe the advantages of using an endoscope to obtain images of 
             internal body organs. 
 
 
 
(d)  Describe how the composition of the nuclei and the strength of the   
                        applied external magnetic field determine the frequency of    
                        precesssing of  the nuclei. 
 
 

Marks 
 
 
 

2 
 
 

2 
 
 
 
 

3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 
 
 

2 
 
 
 
 

3 
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Question 40 Astrophysics  (15 marks) 
 
 
(a) (i) Describe the difference between intrinsic and extrinsic variable stars,  
              giving examples of each. 
 
 (ii) Identify the type of variable star that can have its light used to  
             photometrically measure its distance and outline how this is done. 
 
 
 
(b) A pair of binary stars, “alpha” and “beta” have visual magnitudes of +12.5  
            and +15.7 respectively.  
 
 (i) How much is “alpha” brighter than “beta”? 
 
 (ii) Explain why it is not possible to tell if “alpha” is closer than “beta”  
                        using this information alone. 
 
 
 
(c) (i) Describe a suitable method used for an investigation that would  
             demonstrate why it is desirable to have a telescope with a large  
                        diameter objective lens or mirror.  
 
                         Use a diagram to illustrate your answer. 
 
 (ii) Outline how the validity of such an investigation could be ensured. 
 
 
 
(d)  Outline the limitations of ground-based trigonometric parallax   
                         measurements. 
 
 
 
 
 

Marks 
 
 
 

2 
 
 

2 
 
 
 
 
 
 
 

2 
 

2 
 
 
 
 

3 
 
 
 
 
 

2 
 
 
 

2 
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Question 41 From Quanta to Quarks (15 marks)          Marks 
 
(a) The Rutherford model of the atom introduced the concept of a dense, positively 
 charged nucleus, which is a concept we still use today. 
 However, it was less successful with explaining the behaviour of electrons. 
 Describe an important limitation that the Rutherford model had in relation to electron 
 behaviour.          2 
 
             
 
             
 
             
 
             
 
 
(b) (i) Describe an investigation in which the visible components of the  
             hydrogen spectrum are observed.  
 
                        A labelled diagram should be used to illustrate your answer.  2 
 
 
 
 
 
 
 
             
 
             
 
             
 
             
 
(b) (ii) Describe an important step you would take in the experiment to ensure that 
  your results were valid.       1 
 
             
 
             
 
             
 
             
 
Question 41 continues on the next page -------------------> 
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Question 41 continued 
 
(c) The visible wavelengths of the electromagnetic spectrum have a range from  
             400 nm to 700 nm. 
 
 Calculate the minimum speed that an electron would need to achieve so that 
             its wavelength lies within the range of wavelengths of visible light.     2 
 
             
 
             
 
             
 
             
 
 
(d) (i) Identify a key limitation in the Bohr model of the atom that de Broglie’s wave-
  particle duality was able to address.          1 
 
             
 
             

 
 
 (ii) Describe how an application of de Broglie’s work helped address the issue 
  identified in (i).                       2 
 
             
 
             
 
             
 
             
 
             
 
             
 
 
 
Question 41 continues on the next page -------------------->
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Question 41 continued           Marks 
 
(e) The diagram below shows the energy levels in an atom. 
 

  
 
Calculate the frequency of the radiation emitted when an electron falls from the 5th to the 
third energy level.              3 
Note: 1 eV = 1.6 x 10-19 J 
 
 
             
 
             
 
             
 
             
 
             
 
             
 
 
(f) The element Thorium-232 undergoes alpha decay.     2 
 Write a nuclear equation for this event.       
 
 
             
 
 
    END OF QUESTION 41
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Question 42  The Age of Silicon (15 marks) 
 
 
(a) (i) Identify one digital system and one analog system in devices. 
 
 (ii) Compare and contrast the two systems identified above by 
             outlining how each system operates. 
 
 
 
(b) Explain, using an example, how AND, OR and inverter gates can be used in 
            combination with each other to make half or full adders. 
 
 
 
(c) (i) Describe an investigation which can be performed to show how a  
              summing amplifier operates by adding voltages from two separate 
             sources. 
 
 (ii) Outline how validity of the results of this investigation were ensured. 
 
 
 
(d)  Explain the need for a relay when switching large currents 
 
  
 
 
 
 
 
 

Marks 
 
 
 

2 
 

2 
 
 
 
 

3 
 
 
 
 

4 
 
 
 

2 
 
 
 

2 
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MULTIPLE-CHOICE ANSWER SHEET 

 
Question  1 A B C D 
 
 2 A B C D 
 
 3 A B C D 
 
 4 A B C D 
 
 5 A B C D 
 
 6 A B C D 
 
 7 A B C D 
 
 8 A B C D 
 
 9 A B C D 
 
 10 A B C D 
 
 11 A B C D 
 
 12 A B C D 
 
 13 A B C D 
 
 14 A B C D 
 
 15 A B C D 
 
 16 A B C D 
 
 17 A B C D 
 
 18 A B C D 
 
 19 A B C D 
 
 20 A B C D 
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Marking Criteria 

 

Part A: Multiple Choice 

QUESTION CORRECT RESPONSE 
1 B 
2 B 
3 A 
4 D 
5 A 
6 A 
7 C 
8 B 
9 B 
10 A 
11 B 
12 B 
13 C 
14 B 
15 A 
16 A 
17 D 
18 A 
19 B 
20 A 
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21. ( a) 

Marking Criteria Marks 
• Correct answer  2 
• One appropriate calculation towards answer is calculated 

                  OR 
• Answer provided contains an arithmetical error 

1 

 
1 1

2

2

900 km h  = 250 m s
1
2

4000 4.9
28.57 s

y yy u t a t

t
t

− −

∆ = +

=
=

  

3

250 t
=7142.5 m

7.14 10  m

xx u t∆ =
= ×

= ×

 

 
 
 
 
(b) 
 

Marking Criteria Marks 
• Correct velocity given, including a valid direction 3 
• Calculations performed with an arithmetic error 

                   OR 
• Correct overall velocity given without angle 

2 

• Final vertical velocity calculated 1 
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22.  

Marking Criteria Marks 
• Both changes described 2 
• One change described or both changes (period and radius) 

identified 
1 

 
To achieve a shorter period (travel faster) to keep up with Earth’s rotation, the orbital radius 
of geostationary satellites would be reduced. 
 

23.  

Criteria Marks 

Calculates correct answer 3 

One mathematical error  in finding ‘v’, but does 
make correct decisions re t0 and tv 

2 

Incorrect substitution, but subsequent 
calculation correct 

OR 

t0 and tv correctly identified 

1 

Use time dilation formula, where tv = 25 years, and t0 = 15 years. 

 V = 0.8 c  (2.4 x 108m/s) 

Many candidates had issues with either substituting correctly or manipulating the equation.
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24. (a) 

 

 

 

(b) 

 

 

Note there are Alternative approaches: (see next page) 
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24 (b)  continued 

Alternative approach #1: 

 

    V = 3401.96 m/s   

 Then use Fc = m v 2/ r   

F = 3221.8 N 

 

Alternative approach #2 

Equate gravitational force with centripetal force 

 

This will give F = 3221.7 N 

 

25. 

Marking Criteria Marks 
• sound understanding of relevant factors and relationships evident 
• appropriate energy formulae referred to 
• Logical presentation 

3 

• basic understanding of the relevant factors and relationships 
evident,  

• some appropriate formulae identified 
2 

• Some understanding of a relevant concept evident 
(such as quoting the escape velocity formula) 1 

 

Sample answer: For a spacecraft to escape Earth’s gravitational field it must either: possess 
sufficient kinetic energy, EK= 1/2mv2, so that it can gain  gravitational potential energy,  
EP = -Gm1m2/r of at least zero ; or be able to propel itself with sufficient fuel so that it can “climb 
up” to a potential energy of zero. For a projectile at launch, EK equal to or greater than Gm1m2/r. 
 
Alternative approach: 
Discuss the factors involved in achieving escape velocity as outlined in the escape velocity formula. 
BUT...candidates still need to discuss energy factors, as this is explicitly asked for in the question. 
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26.  

Marking Criteria Marks 
• A thorough outline is provided that describes the relevant aspects  3 
• A basic outline of a galvanometer is provided 2 
• One appropriate aspect provided 1 

 
Sample answer: 
A current flows through coils within a radial magnetic field.  
The coils are free to rotate but have a spring attached which exerts a progressively stronger restoring 
force when they turn.  
A needle is attached to the coil structure.  
The greater the current, the more the coils try to rotate against the spring, and the needle swings 
against a background scale to indicate the current flowing through the circuit. 
 
 
The radial field is important as it means that a linear scale can be used on the galvanometer as the 
torque is independent of the position of the coil. (ie: the coils experience a constant torque due to the 
radial magnetic field) 
 
 
 

27.   (a)  

Marking Criteria Marks 
• Thorough explanation is provided with either a diagram or a clear 

description 
3 

• A description of some of the aspects of the operation of induction 
cooktops provided 

2 

• A limited description of induction cooktop principles is provided 1 
 
Sample Answer: 
Solenoids beneath the cooktop act as sources of changing magnetic fields as they are connected to the 
AC mains supply. This then generates a changing magnetic flux through the base of the saucepan 
above, which in turn induces eddy currents in the saucepan base. The eddy currents generate heat 
(ohmic heating...resistance of the iron) in the saucepan base itself. The food, in contact with the 
saucepan, is then heated directly. 
 
Candidates could describe hysteresis as source of heat.... 
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28. 
Marking Criteria Marks 

• Step up transformer defined 
• The conservation of energy is related to transformers using  

P in = P out = IVin = IVout, and link to increased voltage in 
secondary is accompanied by a reduction in current 

2 

• One of the above done 1 
 
Sample answer: 
Step-up transformers increase the voltage output (in the secondary coil)  (1 mark) 
 
 For any transformer, the power in is given by Pin=VpIp and the power output given by Pout=VsIs.  
So in an ideal transformer has Pin=Pout therefore with no lost energy. It follows then that VpIp=VsIs for 
ideal transformers. i.e. In step-up transformers, the voltage increases while the current is decreased. 
 

29.  

Marking Criteria Marks 
• Transformers use AC only 
• AC better for larger transmission distance due to energy/power 

considerations 
• Edison’s DC model of local generators (eg: every suburb)  
• One other relevant issue: such as pollution issues, comparing 

motors 

4 

• The supply solutions are compared, including distance/transmission 
issues and the ability for AC to allow transformers (energy 
efficiency considerations) 

• Some differences are outlined 

3 

• Several aspects of either supply solution are outlined 
OR 

• An aspect of both supply solutions is outlined 
2 

• An aspect of either supply solution is identified 1 
 
Sample answer: Edison proposed a DC distribution system whereby small power stations would be 
necessary throughout the city, delivering 110 volts to homes, factories and shops. Westinghouse was 
able to propose an AC system with power stations remotely located, as transformers could be used to 
step up the voltage from the power station so long distance transmission could be achieved efficiently, 
which Edison’s system could not do. AC was believed to more dangerous, so Westinghouse proposed 
a 110 V final voltage to match Edison’s DC. The advantages of Westinghouse’s system allowed 
Niagara Falls and other remote power sources such as coal fired power stations to be built on large 
scales and produce electricity much more cheaply, efficiently and with less pollution in densely 
populated areas. 
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30.  

Marking Criteria Marks 
• The relevant observations are described clearly and for each, an 

explanation that shows it supports a negative particle model is 
provided 

4 

• Relevant observations are described with some links made to the 
negative particle model (but students did not address both particle 
and charge) 

• Three marks awarded if observations were relevant to charge 
nature, but no statement made about charges needing mass. 

3 

• Several appropriate observations of cathode rays are provided 2 
• An observation of cathode rays is provided 1 

Sample answers: 
Maltese cross casts a shadow  travel in straight lines like particles should 
Deflected by an electric field  in a direction consistent with negative charge  if charged must be 
particles 
Deflected by a magnetic field  consistent with being negatively charged particles 
Can push a paddle wheel  have mass (demonstrate momentum)  evidence of particles 
 

NOTE: Magnets are NOT described with words like ‘positive’ or ‘negative’ 

 

31. (a) 

Marking Criteria Marks 
• A clear explanation is provided 2 
• A problem with classical theory is identified/inconsistent with 

observations  1 

Sample answer: 

Classical physics predicted that as the temperature of the black body emitter increased, the energy 
radiated would increase enormously until infinite amounts would be given off – which violated the 
law of conservation of energy, and must therefore be incorrect as it was not consistent with 
observations. 
Many candidates did not mention the temperature increase of the black body 

 

(b) 

Marking Criteria Marks 
• Planck’s hypothesis is identified 1 

 
Sample answer: 
Planck hypothesised that the radiation emitted by black bodies is quantised – i.e. given off as discrete 
packets of energy (quanta) as opposed to classical theory which stated that the energy is given of 
continuously with a wave nature. 
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Question 31 (c) 

(c)
 

 

Marker’s notes:  

1. There are several methods of determining that only the 450 nm diode will work, in addition to 
the one shown above. EG: finding the energies of each of the diodes (4.4, 3/6 and 3.1 x 10-19 J) 

2. While a correct conclusion about which wavelength will cause a photocurrent must be stated, 
further justification was not required, although the questions did ask for an ‘explanation’ (ie, cause 
and effect). 

32.  

Marking Criteria Marks 
• Two methods of doping described thoroughly 
• A four mark answer will have no ambiguity  3-4 

• Two methods of doping identified 
OR 

• One method described clearly 
2 

• One method of doping identified 1 
 

Sample Answer: 
n-type doping: a group V element is introduced into the silicon lattice in small numbers. One electron 
from each of these group V atoms has no place to bond and acts as a charge carrier; (2 marks) 
p-type doping: a group III element is introduced into the silicon lattice so that there is an electron 
“hole” or vacancy which other electrons may jump into, thus movement of the hole acts as a charge 
carrier. (2 marks) 
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33.  

Criteria Marks 

Advantage AND limitation outlined 2 

Advantage OR limitation outlined 1 

Sample answer: there are no energy losses when superconductors carry large currents, so their 
implementation will prevent energy wastage.  

However, it is difficult and costly to maintain them at the required very low temperatures. 

Possible issues to consider: fragility, the lack of being malleable/ductile 

 

 

 

34.  

Criteria Marks 

Relevant and correct physics described, lack of back emf linked to excess current (and 
thus heat) being produced 

2 

Partially correct explanation (such as lack of back emf once motor slowed down) 1 

Sample answer: As the motor coil in the saw rotates, it cuts magnetic field lines (or undergoes a 
change in flux) and an induced emf is created in the coil. The direction of this ‘back’ emf (Lenz’s Law) 
opposes supply emf, and so the net voltage across the coil decreases, ensuring a low current in the 
motor windings. 

When the drill slowed down, there was much reduced back emf, and so the net emf was higher and 
so was the resulting current. This caused the wires in the motor to overheat and burn out (hence the 
burning smell). 

 

Note: A majority of candidates did not score the two marks on offer in this question. The key point 
about emf being reduced when the motor slowed down was missed by many students. 

Furthermore, candidates are reminded to use terminology carefully. Too many students were using 
terms such as ‘emf’ or ‘current’  or ‘resistance’ incorrectly. For example, current and emf are NOT the 
same thing.
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35. (a) 

Criteria Marks 

Calculates correct answer with direction 3 

Calculates correct answer but direction is absent or wrong 

OR 

One error in calculation AND correct direction given 

2 

Correct formula selected and data substituted 

(However, two or more subsequent errors made) 

1 

 

F = n B I L = 250 x 5 x 10-3 x 25 x 10-3 x 0.15 = 4.7 x 10-6 N upwards  

NOTES: this question was asking about the force on side AB....not for the torque on the coil. 

Candidates need to be familiar with prefixes such as ‘milli’. 

The side AB is at 90 degrees to the magnetic field, not 30 degrees. Therefore, there is no  

sin Θ factor. 

There are 250 turns on the coil. 

 

(b)  

Criteria Marks 

Full and correct explanation 2 

Correct and relevant  formula quoted and partially explained 1 

T = n B I A cosθ 

If θ = 0 (ie coil lies parallel to plane of magnetic field), then cosθ = 1, and this will give a maximum 
value for torque. 

NOTE: 

Need to explicitly explain the reason for zero degrees.
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36. (a) Correct values in table = 1 mark 

 

 

(b)  

 

 

NOTE: labelled axes must include correct units (many candidates did not do this or put wrong units 
for the horizontal axis) 

36 (c)  is on next page ------->
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36. (c) 

 

Sample answer: 

 

          K = 2 x 10-7 NA-2 

NOTE: MUST make explicit reference to the gradient (the question requires this, and is testing your 
ability to correctly take gradients from graphs) 

Also note that gradients have units. Candidates who did not include appropriate units (or wrong 
units) can consider themselves lucky not to have been penalized) 

 

37. (a) 

Criteria Marks 

• Correct application of  Φ  =  B.A (initial and final flux values) 
• Correct determination of the difference between Φf and Φi  
• Correct units included somewhere in answer (Wb) 

2 

• Correct determination of either Φf or OR 
Values found for the flux while coil is horizontal and when it is vertical, but 
student  confuses these values or makes some other subsequent error 

1 

Sample answer 

The formula for magnetic flux may be written Φ  =  B.A   

Initially the flux through loop ABCD is  Φi  =  0.25 × (0.75 × 0.40)  =  0.075 Wb  

After being rotated through 90° it becomes  0 Wb. 

 Δ Φ   = final flux – initial flux  = 0  - 0.075 

∴ Δ Φ  =  – 7.5 × 10-2 Wb, [Direction not required] 

Q37 (b) is on next page ----->
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37. (b)  

Criteria Mark 

• Correct reasoning leading to an answer 1 

Sample answer 

90° is one-quarter of a rotation. Hence T  =  ¼ × 1/50 seconds  =  0.005 s 

 

37. (c)  

Criteria Mark 

• Correct substitution into the formula leading to an answer 1 

 

 

 

 

(d) The induced current (in the coil) will be CLOCKWISE.  (This is an application of Lenz’s Law) 

 

Many candidates had a poor understanding of magnetic flux. They (wrongly) thought it was the 
same as magnetic field strength. 
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41 Quanta to quarks 

 

(a)  

Criteria Marks 

An important limitation identified and explained in some detail 2 

An important limitation identified, but poor or missing detail 1 

Sample answer: The orbiting electrons were NOT observed to give off a continuous spectrum (1), and 
furthermore, as accelerated charges they should spiral into the nucleus thus collapsing the atom. This 
was not observed to happen. 

(other acceptable answers possible...such as describing the inability to explain discrete line spectra 
etc) 

BUT: this question was asking about ‘electron behaviour’ NOT the composition of the nucleus. 
Therefore candidates discussing nucleus issues were not answering the question. 

 

(b)  

Marking Criteria Marks 
• An appropriate investigation is outlined accompanied by a labelled 

diagram 2 

• One important aspect of an appropriate investigation is provided 1 
 

A hydrogen discharge tube is connected to an induction coil. The emitted light is observed through a 
spectroscope from a safe distance to avoid exposure to X-rays generated by the apparatus and to avoid 
receiving a shock from the high voltage. The wavelengths of the emission lines are noted using the 
spectroscope’s scale. 
 

       spectroscope 

 

 

Induction coil and spectral tube 

 

Many candidates were confusing experiments. A common mistake was to get confused with 
cathode ray tubes, alpha particles, diffraction experiments. 
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(ii) 

Marking Criteria Marks 
Nature of validity of investigation described with a specific example 1 

 
Sample answer: Background light minimised so that only the H2 spectrum is observed and not 
fluorescent lights etc 
 

NOTE: Many candidates confused reliability with validity. Repeating the experiment (multiple trials, 
taking averages etc) is all about improving reliability. Improving reliability is a good thing, but it is 
not the same as validity. For example, if the spectroscope was detecting light from other nearby 
sources, then no matter how many times you did the experiment, it still would not be valid.  
 
 
Also remember to LABEL diagrams. Artistic skill is not so important, but if you label everything, then 
you leave no doubt as to what you are drawing.
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41 continued 
 
(c)  

Marking Criteria Marks 
• Correct minimum speed calculated 2 
• An appropriate equation selected and data substituted 
• 700 nm correctly selected but subsequent mathematical error 

OR 
400 nm wrongly selected, but subsequent calculation was correct 

1 
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(d)  

 (i) Bohr was unable to explain why electrons could exist in their stationary (or ‘allowed’)states  
 without emitting EMR (1 mark) 

 OR: Bohr was unable to give a full reason why angular momentum was quantised 

 

NOTE: This question was not about problems with the Bohr model in general. It was specifically 
asking you to consider the issues that could be directly addressed by de Broglie’s wave-particle idea. 

Also note that the abbreviation for electromagnetic radiation is EMR  NOT ‘EMF’. 

 

This question is continued on the next page .--------> 
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41 (d) continued 

(ii)  

Criteria Marks 

Full explanation of de Broglie linked to Bohr 2 

Partial explanation (eg: standing waves described) 1 

 

Sample answer;  

Bohr stated the electrons existed in stable stationary states, without giving off electromagnetic 
radiation. We can use the de Broglie electron wavelength to explain why this is possible. The 
circumference of electron orbits were integral multiples of the de Broglie electron wavelength.  

For example, the first orbit circumference = 1 x electron wavelength 

The second orbit = 2 x electron wavelength  etc 

Therefore, while in the stationary state the electron would then be able to form a standing wave,  
and would not lose energy (as no destructive interference would occur while a standing wave). 



Newington Physics Trial Examination 2012 – MARKING  CRITERIA 

 

41. Continued. 

 

(e) 

Criteria Marks 

Calculates correct answer with unit 3 

One error (such as not correctly converting eV into joules) 

OR  

wrong two energy levels chosen for calculation (but everything else in answer, 
including units, is correct) 

2 

Two errors, but candidates does attempt to use E = h f relationship 

OR: calculates energy difference between the two levels. 

OR: Uses Rydberg equation (with ‘3’ and ‘5’ substituted into the equation for 
energy levels) to find a frequency. 

1 

Sample answer: 

∆E = 0.78 e V = 0.78 x 1.6 x 10-19  =  1.25 x 10-19 J (1 mark) 

E = h f , f = E / h  = 1.25 x 10-19 / 6.626 x 10-34 (1 mark) 

= 1.9 x 1014 Hz 

NOTE: the Rydberg-Balmer equation is NOT valid. This equation is only valid for Hydrogen.  

The data in this question is NOT for the hydrogen atom. 

 

(f) Correct decay equation including mass and atomic number information and correct symbols 
 = 2 marks 

 One minor error = one mark 

90Th232 -------> 88Ra228 + 2He4 

 

NOTE: some confusion between atomic mass and atomic number. Also, some candidates wrongly 
thought that alpha particles were a ‘reactant’ rather than being emitted! 
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