
VCE Physics 

Solutions to the 2019 Paper -  Feb 2020 

Suggested Marking Scheme in italics 

Consequentials are indicated as “Conseq on 1” 

 

These suggested solutions have been prepared by Vicphysics Teachers' Network.  Their purpose is to 

assist teachers and students when using this exam paper as a revision exercise.  Additional questions 

using the stem in the exam questions are provided on the last page. 

 

The average marks for each question are in square brackets at the end of the solution. 
 

Every effort has been made to check the solutions for errors and typos. 

 

Section A 

1. A Magnetic forces can either attract or repel so A or D, gravitational forces can only attract, so A 

[95 %] 

2. B Using E = V/d, V = E x d = 2.0 x 10-4 x 1.0 x 10-2 = 2.0 x 10-6 V [91 %] 

3. A The force on -Q by +2Q is attractive so its direction is down towards the +2Q charge.  The force 

on -Q by -2Q is repulsive so its direction is up and to the left along the extension of the line from 

-2Q to -Q.  The combined effect of these two forces is a net force to the left as the downward 

component of the first force cancels the upward component of the second force. Note: the word 

'isosceles' should have been 'equilateral'. [60 %]  

4. D Using g = GM/r2, twice the mass means twice 'g', and halving the radius means 1/(½)2 = 4 times 

'g', so the combined effect is 8 times 'g'. [58 %] 

5. B X is connected to the generator and so is the primary coil, V is connected to the load and is the 

secondary coil.  Y has more turns than X so the transformer is a step up. [84 %] 

6. C Using V = IR, The secondary current Is = 240 / 1200 amp.  The ratio of the turns is 1: 6, so the 

primary current Ip will 6 x Is , the reverse of the ratio of the voltages, so Ip = 6 x 240 / 1200 amp 

Ip = 1.20A.  Note: Logically there may be a consequential from Q'n 5 if there is an error about 

which is the primary coil.  However, consequential marks are not awarded for multiple choice 

questions. [57 %] 

7. D Smaller frequency means a longer period, so B or D, but the magnitude of the voltage depends 

on the rate of change of magnetic flux, so with a smaller frequency the voltage will be less, D. 

[60 %] 

8. A The voltage is proportional to the rate of change of magnetic flux, so when the flux graph has a 

maximum gradient the voltage is at a maximum and when the flux graph is flat, the voltage is 

zero.  Only A satisfies this criterion.  Note:  There is no origin on the graphs and the question 

does not specifically say that t = 0, corresponds to the figure, although the flux is a maximum in 

the figure, which is consistent with A, C and D. [63 %]  

9. D When light bends away from the normal, it is moving into a faster medium and when it bends 

towards the normal, it is moving into a slower medium, so v3 > v2 and v1 > v2, D is the best 

answer. [73 %] 

10. B Total Internal Reflection and glass-liquid boundary, so ng x sin θc = nl x sin 900 = nl.   

  nl = 1.75 x sin 62.00 = 1.55. [75 %] 

11. A Speed is constant means acceleration and the net force is zero, so the thrust = 1500 N. [62 %] 

12. C A: The ball's speed is increasing, but because of the parabolic path, not at a constant rate.  B: 

There is a non-zero net force on the ball so momentum is not conserved.  C: Correct the 

acceleration is 'g'  D: Speed is increasing, only horizontal component is constant. [61 %] 

13. C Spaceship A perceives a shorter spaceship B due to length contraction.  So Spaceship B's proper 

length will be 3 x 150 = 450 m. [75 %] 

14. C Using λ = h/p, λ = 6.63 x 10-34 / (9.1 x 10-31 x 1.0 x 107) = 7.29 x 10-11m [84 %] 

15. B Increased speed means greater momentum, so the de Broglie wavelength will be less.  A smaller 

wavelength will produce less spreading and the fringe spacing will decrease. [40 %] 



16. D Increased intensity means more photons, each with the same energy.  For each photon the kinetic 

energy of the emitted photoelectron will be unchanged, but with more photons, more 

photoelectrons will be emitted. [77 %] 

17. D Laser light has a specific frequency, while incandescent light has a broad range of frequencies, 

so A and B are wrong.  It can be argued that 'coherence' is not on the course, but it can be 

described as related to the amount of spreading of a beam of light, the pencil like nature of a 

laser beam indicates that the light is coherent. [74 %] 

18. A The length is changed and the time is then measured, while mass and amplitude are constant, so 

the length is the independent variable, the time is the dependent variable and the other two are 

controlled variables. [83 %] 

19. C A is valid, if overstating the difficulty, but not the best answer.  B is likely to be false.  Time 

relates to period, so C and not D. [85 %] 

20. B In a collision the amount of momentum transferred is unchanged, but the crumple zone extends 

the duration of the impact so that the transfer of momentum occurs over a longer time with less 

force.  From an energy point of view, kinetic energy can be lost in an inelastic collision, which 

the crumple zone does.  Force, momentum and speed can be cushioned, but cannot be absorbed, 

only kinetic energy can be absorbed by being converted into other forms. [36 %] 

 

Section B 

1a Negative  Using the hand rule, the magnetic field is into the page and if the particle was 

positively charged, the direction of the force would be up the page and the particle 

would curve upwards, but the path curves downwards, so the particle is negative. 

(1) [ 0.44 / 1, 44 %] 

1b As the use of the hand rule shows, the direction of the magnetic force is always at right angles to the 

direction of the current or the direction the charged particle is moving (1).  This is the defining 

condition for circular motion.  The force is along the radius, the particle's direction is along the 

tangent. (1)  [0.53 / 2, 26 %] 

2a Like charges repel.  Field lines travel outwards (1) from positive charges. (1) [ 1.6/ 2, 80 %] 

 
3a X Conventional current travels from the positive terminal through the circuit to the 

negative terminal. [ 0.78/ 1, 78 %] 

3b Down arrow on JK [ 0.55/ 1, 55 %] 

3c The commutator reverses the direction of the current (1) twice every rotation when the coils is at 

right angles to the field (1).  Note: Figure 3 does not reflect this last aspect.  This question is often 

awarded three marks for the three aspects. [ 1.4 / 2, 70 %] 

3d 13.5 N Using F = nBIl, F = 100 x 0.45 x 6.0 x 5.0 x 10-2 (1) = 13.5 N (1) [ 1.7/ 2, 85 %] 

4a 9.8 N kg-1 At the earth's surface the gravitational field strength = 9.8 N/kg [ 0.84/ 1, 84 %] 

4b At the centre of the earth, an object would experience gravitational forces from matter on all sides. 

(1)  Assuming a uniform distribution of mass, then all these forces would cancel, producing an 

acceleration due to gravity of zero or a gravitational field strength of 0 N kg-1 (1) [ 0.33/ 2, 16 %] 

4c 2.3 x 109 J Increase in a mass' GPE = Area under Field vs Dist graph x its mass (1)  

  Increase in GPE = ½ x 9.8 x 6.37 x 106 x 75 = 2.34 x 109 J [ 0.51/ 2, 25 %] 

5a There is only one major force acting, the gravitational attraction by the Earth on the satellite. (1)  Its 

direction is inwards towards the centre of the Earth. (1)  Note: Any mention of the gravitational 

force by the Moon and the Sun on the satellite should not lose marks. [ 0.92/ 2, 46 %] 

 

 



5b 4.26 x 104 s Using GMm/r2 = m x 4π2r/T2, T2 = 4π2r3/GM. (1)   

  T = √( 4 x π2 x ((6.37 + 20.0) x 106)3 / (6.67 x 10-11 x 5.98 x 1024) (1) 

  T = 4.260 x 104 s [ 1.7/ 3, 56 %] 

6a 12 W Using P = V2/R, P = 122 / 12 = 12 W (1)  [ 0.84/ 1, 84 %] 

6b There is a voltage drop across the extension lead so there is insufficient voltage across the lights to 

operate as designed. (1)   

 Alternatively, to operate as designed, the current through the lights also passes through the 

resistance of the lead requiring additional voltage, so the transformer voltage will be insufficient.  

Also using an energy approach, there is a loss of power in the extension leads resulting in 

insufficient power to the lights to work properly. 

 Total resistance = 3 ohms + 12 ohms = 15 ohms. (1)  So for a 12V supply from the transformer, the 

voltage drop across the lead = 12 x (3/15) = 2.4 V, (1)  leaving 9.6 V for the lights,when they need 

12 V to operative as designed. (1) 

 Alternatively, to operate effectively the light need a current of 12/12 = 1.0 amp, when this current 

runs through the extension lead there is a voltage drop of 1.0 x 3.0 = 3.0 V, so the transformer 

voltage needs to be 12 + 3.0 = 15 V. [ 0.91/ 4, 23 %] 

6c To improve the brightness, connect the extension lead to the house and the transformer to the 

lighting system. (1) The current in the extension lead is now less as it it connected to the high 

voltage side of the transformer and so the power loss in the lead will be much less as the power loss 

is proportional to (current)2  

 The secondary voltage at the transformer will be closer to 12 V. (1)  [ 0.43/ 2, 21 %] 

7a Alternator This is an AC generator [ 0.44/ 1, 44 %] 

7bi Zero Wb ii) There is no flux passing through the loop.  Alternatively the plane of the loop 

is parallel to the direction of the magnetic field.[ 0.82/ 1, 82 %]  

7c 0.050 s Using T = 1/f, T = 1/20 = 0.050 s [ 0.85/ 1, 85 %] 

7d 0.050 Wb Max flux = BA = 0.40 x 0.50 x 0.25 (1) = 0.050 Wb (1) [ 1.6/ 2, 81 %] 

7e 4.0 V Average voltage = change in flux / time taken = 0.050 / (0.050/4) (1) 

  Average voltage = 4.0 V (1) [ 1.02/ 2, 51 %] 

7f Increase the frequency of rotation, (1) Increase the strength of the magnetic field, Increase the area 

of the loop within the magnetic field, Add more loops. (1) [ 1.52/ 2, 76%] 

7g The split ring reverses the direction of the voltage when the voltage equals zero.  The dotted line 

below the time axis should be flipped and the dotted line above the time axis is unchanged.  The 

inverted version is also acceptable. [ 0.77/ 1, 77 %] 

 
8a 0.86 m Using Grav PE at A = Grav PE at B + KE at B.  mgh = mg x 0.40 +½ x m x 3.02.  

  gh = g x 0.40 + ½ x 3.02, (1)   

  h = (½ x 3.02 + 9.8 x 0.40)/9.8 = (4.5 + 3.92) / 9.8 (1) , h = 0.86 m (1) 

  [ 1.80/ 3, 60%]  

8b 8.8 N At B, mg + N = mv2/r, so N = mv2/r -mg (1)  

  N = (0.250 x 3.02/ 0.20) - (0.250 x 9.8) (1)  = 8.8 N (1)  [ 1.58/ 3, 49 %] 

 

 

 



8c At the speed to car is travelling at, when it is at the top, it is exerting an upwards force on the track, 

(1) by Newton's 3rd law the track exerts an equal and opposite downward force on the car. (1)  This 

force combined with the car's weight force provides the net force to produce the centripetal 

acceleration. (1)  

 Alternatively, for the car to fall from the track at point B, it's acceleration would need to equal 

 9.8 m s-2, but because of its speed the centripetal acceleration of the car at the top is much greater 

than g. [ 0.70/ 3, 23 %] 

9. 1.0 x 107 m s-1 By conservation of momentum, mv = m x - 6.0 x 106 + 4 x m x 4.0 x 106, (1) 

cancelling m, v = 4 x 4.0 x 106 - 6.0 x 106 = (16 - 6.0) x 106 (1)   

  v = 1.0 x 107 m s-1 (1) [ 1.8/ 3, 60 %] 

10a 1.6 s Time to max height. Vertical motion, u = 25 sin 390, a = -9.8, v = 0, t = ?, (1)   

  Using v = u + at, t = 25 sin 390 / 9.8 (1) = 1.60 s [ 1.58/ 2, 79 %] 

10b 62 m Range.  Horizontal motion: Range = horizontal speed x time of flight 

  x = 25 cos 390 x 2 x 1.60 (1) = 62.2 m (1)  [ 1.24/ 2, 61 %] 

11 2nd postulate: the speed of light has a constant value for all observers regardless of their motion or 

the motion of the source. (1)   In classical physics, the speed of light from a torch on a train 

approaching the station as observed from those at the station would be greater than when the train 

stops at the station. (1)  The observed speed of light therefore should depend on the speed of source. 

(1) [ 1.2 / 3, 40 %] 

12. 2.92 m s-1 Using v = fλ = λ/T, T = 4 x 0.120 s (1) , so v = 1.40 / 4 x 0.120(1)  

  v = 2.92 m s-1 (1) [ 1.5 / 3, 50 %] 

13a 5.3 m Using v = fλ, λ = 40 / 7.5 = 5.33 m [ 0.81/ 1, 81 %] 

13b No (1)  For a standing wave in a stretched string of 6.0 m, the multiples of half a 

wavelength would need to fit inside the 6.0 m. (1) [ 0.76 / 2, 38 %] 

14a 1.1 x 1010 Hz Path diff to P3 = 80.6 - 72. 3 = 8.3 cm. (1)   

  P3 is a maximum with a path diff of 3 x λ, so the wavelength = 8.3 / 3 cm.  Using 

v = fλ, f = 3.00 x 108 / (8.3/3 x 10-2) Hz   

  Frequency = 1.08 x 1010 Hz (1) [ 0.69 / 2, 34 %] 

14b The signal strength will be a minimum because at that point the difference in the paths to S1 and S2 

will equal half a wavelength. (1)   This will result in cancellation, or destructive interference, as the 

arrival of a 'crest' from one source will coincide with the arrival of a 'trough' from the other source.  

And as waves consist of crests followed by troughs, this cancellation will persist. (1)  

 [ 0.83 / 2, 41 %] 

14c Polarisation is a property of transverse waves. (1)   In transverse waves the oscillations occur at 

right angles to the direction of travel - in microwaves this is the oscillation of the electric and 

magnetic fields.  In polarised microwaves the oscillations of the electric and magnetic fields each 

occur in only a single plane. (1). [ 1.1/ 2, 53 %] 

 
15a Dispersion (1)  .  Light refracts as it moves from air into glass because the speed of light in glass is 

less than that in air.  However the speed of light in glass varies for the colour or the frequency of the 

light, with the refractive index increasing slightly with frequency. (1)  This means that light of 

higher frequency is refracted or bent more through a larger angle. (1)  [ 1.6 / 3, 54 %] 

15b X: Red, Y: Violet (or Blue) [ 0.68 / 1, 68 %] 

16ai 5.2 x 10-15 eV s Planck's Constant, h = gradient of the graph = ((2.0 - 0) / (7.45 - 3.6)) x 10-14 (1)   

  h = 5.2 x 10-15 eV s (1) accept values in the range 5.0 - 5.4.  The unit is electron-

volt sec or electron-volt Hz-1 , accept eV Hz-1 (1) [ 1.1/ 2, 56 %] 

 



16aii 830 nm max wavelength = speed of light / threshold freq = 3 x 108 / (3.6 x 1014)  

  max wavelength = 8.3 x 10-7 m = 830 nm. [ 0.44 / 1, 44 %] 

16aiii 1.9 eV Work function  = y intercept = 1.87 eV, accept 1.8 - 1.9 eV [ 0.56/ 1, 56 %] 

16b Draw a line with the same gradient (1) , going up from an x-intercept equal to half the original 

threshold frequency, that is, ½ x 3.6 = 1.8 x 1014 Hz (1)  [ 1.47 / 2, 73 %] 

17a Electrons can exhibit wave properties such as diffraction. (1)   For electrons their wavelength is 

given by λ = h/p, where p = momentum. (1)  The energy, speed and so the momentum of an 

electron can be adjusted so that its wavelength matches that of the x-rays and so produces an 

identical pattern. (1)  [ 1.47 / 3, 49 %] 

17b 1.34 x 1019 Hz  Conversions: electron energy (in eV) to electron energy (in Joules) to electron 

momentum to electron wavelength to x-ray wavelength to x-ray frequency. 

  Electrons: E = p2/2m, so p = √2mE, but by λ = h/p, so λ = h/√2mE. (1)    

  For X-rays, f = c/λ, so f = c x (√2mE) / h. (1)   

  Frequency = 3 x 108 x √(2 x 9.1 x 10-31 x 3.0 x 103 x 1.6 x 10-19) / 6.63 x 10-34.(1) 

  Frequency = 1.34 x 1019 Hz (1)  [ 1.07 / 4, 27 %] 

18a The energy difference is (12.8 - 0) eV = 12.8 eV.  So if a photon with energy equal to 12.8 eV was 

absorbed by a Hydrogen atom, (1) it could send an electron from the ground state to the n = 4 

level. (1) Alternatively, the electron could receive the energy from an energetic electron with 

energy > 12.8 eV. [ 1.24 / 2, 62 %] 

18b 2.6, 1.9, 0.7 12.8 - 10.2 = 2.6, 12.8 - 12.1 = 0.7, 12.1 - 10.2 = 1.9 eV(1), (1), (1)   

  [ 2.1 / 3, 70 %] 

19a Correct plotting of data points (1), scales and units (1), (1), uncertainty bars (1),  

 lines of best fit (1), (1)  [ 3.42 / 6, 57 %] 
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19bi 150 N m-1 Spring constant = gradient of first section = (9.0 - 0) / (0.060 - 0) (1)   

  Spring constant = 150 N m-1 (1).  Conseq on 19a.  [ 0.75 / 2, 37 %] 

19bii 350 N m-1 Gradient of second section = sum of the two spring constants.   

  Gradient = (19 - 9) /(0.080 - 0.060) = 10 / 0.02 = 500 (1)   

  So second spring constant = 500 - 150 = 350 N m-1 (1) Conseq on 19bi  

  [ 0.34 / 2, 17%] 

19ci 0.48 J PE = ½k(∆x)2 = 0.5 x 150 x (0.080)2 (1) = 0.48 J (1) Conseq on 19bi  

  [ 0.85/ 2, 42 %] 

19cii 0.55 J Area under the graph = 0.5 x 9.0 x 0.060 + 0.020 x (19 +9.0) /2 (1)   

  Area = 0.27 + 0.28 = 0.55 J (1) [ 0.32 / 2, 16 %] 

19ciii 0.07 J Diff = 0.55 - 0.48 (1) = 0.07 J (1) [ 0.42 / 2, 21 %] 

19d For small bumps with a small displacement under 60 mm, the spring system is able to absorb the 

energy without affecting the motion of the car, (1) but for larger bumps with a greater 

displacement, even greater than 80 mm, the larger spring constant of spring B is needed to absorb 

more energy, due to the larger area under the graph.  This reduces the transfer of energy to the 

body of the car and the passengers. (1) [ 0.78/ 2, 39 %] 

 



Additional Questions using the stem in the exam questions 

Section A 

2 i) Calculate the magnitude of the electric force on a electron between the plates. 

 ii) Calculate the acceleration of the electron. 

 iii) Calculate the speed of the electron when it arrives at the positive plate if it is initially 

at rest at the negative plate. 

 iv) Calculate the gain in Kinetic Energy of the electron at the positive plate. 

3 i) Draw the vector for the net force at each of the other two charges. 

 ii) The net force on the triangle of three charges will be zero.  Explain. 

4 i) For each of the wrong answers, determine a combination of mass and radius for 

planet Y that would give that answer. 

6 i) What is the peak current in the primary circuit? 

8 i) For the correct answer, A, the voltage is a maximum a quarter turn after the start.  A 

generator is like a battery, so at that moment, which of the terminals P or Q, is 

positive, that is, current would leave that terminal, pass through a resistor and return 

to the other terminal? 

9 i) Using the media of air, water and glass, assign these to medium 1, 2 and 3 for the 

correct answer. 

10 i) Calculate the speed of light in the glass and the liquid. 

12 i) Use the words 'horizontal' and 'vertical' to modify answers A and D so that they are 

correct. 

20 i) Rewrite the quote correctly using all the concepts of force, momentum, impulse and 

kinetic energy. 

 

Section B 

3c What should be the correct orientation of the loop JKLM for the position of the split ring in 

Figure 3? 

 In which orientation of the loop JKLM is the force on KL a maximum?  What is the direction of 

this force when X is connected to J? What is the direction of this force when X is connected to 

M? 

4b The y axis in figure 4 could be renamed the 'gravitational force on a mass of 1 kg' . 

 i) Describe how the magnitude of the force varies with distance.  

 ii) Where else have you see a graph like the section up to distance = RE? 

 iii) If you dug a hole through the Earth to the other side and then drop an object down 

the hole, what would happen to it? 

4c i) Using your answer to 4c, at what minimum speed would they need to have been 

moving at, at the centre of the earth to reach the surface? 

5b i) GPS satellites are in Mid Earth Orbit.  They are in different planes through the Earth, 

each plane has four satellites evenly spaced.  Draw a scale diagram of the Earth and 

the orbit of the GPS satellites to determine how many of these four can be seen from 

a point on the earth's surface.  Now add in the orbit of the geostationary satellites, 

why are these centred over the equator? how many satellites are needed to cover the 

earth's surface? Why aren't the GPS satellites centred over the equator? 

7 i) A resistor is connected across the output, with the lower left terminal labelled X and 

the upper right terminal labelled Y.  Determine the direction of the induced current in 

the resistor a) when the left side of the loop is moving up in front of the North end of 

the magnet and b) when the loop is at right angles to the field. 

 ii) How would you change the equipment in Figure 5 to be each of the other alternatives 

in Question 7a. 

8b i) Calculate the speed at the bottom of the loop and also the magnitude of the normal 

reaction force on the car by the track. 

 ii) If the car had started lower down the slope such that the normal reaction force at B 

was zero, what was the new value of h? 



9 i) Determine if the data values are consistent with energy conservation, which they 

should be for a nuclear collision. 

13. i) Determine the frequencies at which the string will resonate. 

14. i) If the separation of the two sources is 6.0 cm and the screen is 60 cm away, what is 

the spacing of the lines in the interference pattern. 

15 i) By changing the material of which the prism is made, radiation beyond X and Y can 

be detected.  Identify these types of radiation. 

16 i) Explain why the graph in figure 16 does not continue below the frequency axis 

 ii) Use the graph in figure 16 to determine Planck's constant in Joule sec. 

17a i) What voltage was used to accelerate the electrons to this energy? 

 ii) How fast were the electrons travelling? (ignore relativistic effects) 

 iii) If you doubled the accelerating voltage, by much would its wavelength decrease?  

 iv) If you doubled the electron's speed, by much would its wavelength decrease? 

 v) Compare the energies of the electron and the X-ray in Q'n 17. 

19a i) Identify the independent, dependent and controlled variables 

 ii) Suggest another independent variable that is a discrete variable 

 iii) Suggest another independent variable that is continuous 

 iv) Use the uncertainty bars of first section of the graph to determine the maximum and 

minimum values for the spring constant of Spring A and express the value of its 

spring constant in the form a ± b. 

 v) What improvements could you suggest to their experimental method 


