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Solutions to the 2017 VCE NH Physics Exam Paper

Suggested Marking Scheme in italics.

Consequentials are indicated as “Conseq on 1”

The 2017 NH Exam paper is for the old course.  So solutions have been provided for the still relevant Areas of Study, which are Motion in one and two dimensions, Electric Power and Interactions of Light and Matter.  The exam itself can be accessed at http://www.vcaa.vic.edu.au/Pages/vce/nht/resources.aspx
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.

A possible marking scheme has also been included.

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

Revision questions based on the stems of some of the questions in this exam paper are provided at the end of this document. 
Motion in one and two dimensions

1a
25 m
Using s = ut + ½at2, s = 0 + ½ x 0.50 x 102 (1) = 25 (1) [ / , %]

1b
2.5 x 105 N
Using net F = ma. Ignoring friction, force by tugboat = net force and mass = total mass, so force by tugboat = (100 + 200 + 200)x 103 x 0.50 (1) = 2.5 x 105 N (1)
1c
2.0 x 105 N
Using Force by tugboat - Tension (T) = mass of tugboat x accel'n.  



2.5 x 105 - T = 100 x 103 x 0.50, (1) so T = 2.0 x 105 N. (1) Alternatively, Tension (T) = net force on the two barges, T = (200 + 200 ) x 103 x 0.50 



T = 2.0 x 105 N Conseq on 1b

1d
1.0 x 106 Ns
Impulse = p, so using v = u +at, speed after 10 s = 0 + 0.5 x 10 = 5.0 ms-1, (1)


so p = 200 x 103 x 5.0 = 1.0 x 106 Ns. (1) Alternatively, force by Barge 1 on Barge 2 = 200 x 103 x 0.50, so Impulse by Ft = 200 x 103 x 0.50 x 10 



I = 1.0 x 106 Ns

2a
3.0 ms-1
By cons of momentum, 2.0 x 3.0 + 1.0 x 1.0 = 2.0 x 2.0 + 1.0 x v, (1)


so 6.0 + 1.0 = 4.0 + v (1), so v = 3.0 ms-1 (1)
2bi
'Elastic' that the total KE after collision equals the total KE before collision.  'Inelastic' means the total KE after collision is less than that before. (1)
2bii
inelastic (1)
KE before = ½ x 2.0 x 4.02 = 16 J.  KE after = ½ x 2.0 x 2.02 + ½ x 1.0 x 4.02 = 12 J, (1) which is less than 16 J, so inelastic.

3a

(3)
3b
2900 N
FR = Force by car seat on passenger - mg



F by car seat on passenger (F) = mv2/r + mg



F = 50 x 242/12 + 50 x 10 (1) = 2400 + 500



 F = 2900 N (1)
3c
Emily. (1)  A person will feel weightless if they are accelerating at a value equal to the acceleration due to gravity at the point in space.  At T the centripetal acceleration is inwards as always and now downwards.  As the speed increases and the centripetal acceleration increases and the net downward force increases, the upward reaction force must decrease, but the limit is zero.  At which point the car and the passenger will experience zero upward force and so will feel weightless. (1)
4a
1.2 kg
Using F = kx, where F = mg in this case, m x 10 = 20 x 0.60 (1), 



so m = 1.2 kg. (1)
4b
4.8 J
Using spring PE = ½kx2, difference in spring PE = ½ x 20 x (0.802 - 0.402) (1)


diff in spring PE = ½ x 20 x (0.64 - 0.16) = 4.8 J (1)
4c
Total energy is constant: C, Grav PE decreases linearly with drop in height = B


Kinetic Energy is zero at top and bottom, max in middle: D, 


Spring PE increases with stretching in a quadratic manner from zero at 0 m = E. (3)
5a
5.4 m
Vertically: u = 0, a = 10, s = 1.0, t = ?, using s = ut + ½at2, 1.0 = 0 + ½ x10 x t2, so t2 = 0.20 and t = 0.45 s. (1)


Horizontally: u = 12 ms-1, t = 0.45 s, using s = ut, s = 12 x 0.45 = 5.4 m (1)
5b
12 m
Vertically (upwards +ive) : u = 12 sin300 = 6.0, s = 0, a = -10, t = ?, 



because s = 0, v = -6.0, so using v = u + at, t = (-6.0 -6.0)/-10 = 1.2 s (1)


Horizontally: u = 12 cos300 =10.39, t = 1.2, so s = 10.39 x 1.2 = 12.47 m (1)
5c
3 x 101 ms-1
Using Spring PE = KE, that is, Area under the graph = ½mv2, 



so ½ x 0.20 x 120 = ½ x 0.03 x v2, (1), v2 = 800, v = 28.3 ms-1 = 3 x 101 ms-1 (1) 



Note the value of the mass at 0.03 kg has only one significant figure., so the answer in the form '28.3' is not justified.

6a
7.82 x 109 s
Orbital period in seconds = 248 x 365 x 24 x 60 x 60 = 7.82 x 109 s (1)
6b
5.9 x 1012 m
Using GMm/r2 = m42r/T2, 



r3 = GMT2 / 42 (1) = 6.67 x 10-11 x 2.0 x 1030 x (7.82 x 109)2 / 42



r3 = 2.066 x 1038 (1), r = 5.9 x 1012 m (1) Conseq on 6a

6c
81 m
Earth: u = ?, a = -10, s = 5.0 m, v = 0, using v2 = u2 + 2as , 



u2 = 0 + 2 x 10 x 5.0 = 100 (1)


Pluto: u2 = 100, a = -0.62, s = ?, v = 0, using v2 = u2 + 2as, 0 = 100 + 2 x -0.62 x s



s = 100 / (2 x 0.62) = 80.6 m = 81 m (1)
Electric Power

12a
B (1)
Using right hand grip rule, each solenoid's field at X points down. (1)
12b
G (1)
The two fields cancel each other out. (1)
13a
5 x 10-4 N
Using F = nBIl, F = 1 x 0.02 x 0.50 x (5.0/100) (1)= 50 x 10-5 N (1)


F = 5 x 10-4 N, as 0.02 T has only one sig fig.

13b
anticlockwise
Field to the right, current from W to X, so using hand rule, F is down (1), so rotation is anticlockwise. (1)
13c
The split ring commutator reverses the current (1) twice every rotation (1) when the coil is at right angles to the field.

14a, b (2), (2)
14c
The magnetic field is into the page, (1), so as the loop enters the field it experiences increasing magnetic flux in the downward direction (1).  By Lenz's Law, a current flows in the loop such that its magnetic field opposes the change in magnetic flux, that is, the induced magnetic filed must point out of the page. (1) To produce such an induced magnetic fields the current must move through the loop from Y to X in an anticlockwise path and then from X to Y through the meter, (1) which means that Y is positive relative to X and so the emf in the graph above at Q is below the axis.

14d
4.0 x 10-5 V
Using = BA (1), ave EMF = t = (2.0 x 10-3  x 0.10 x 0.10) / 0.50 (1)


Ave EMF = 4.0 x 10-5 V (1)
15a
5760 W
Using Power = V2/R = 2402 / 10 (1) = 5760 W (1)
15b

Total R = 6 + 10 = 16 ohms (1), so current = 240 / 16 = 15 amp (1).  So power used in coolroom = I2R = 152 x 10 (1) = 2250 W (1)
15c
(3)
16a
50 Hz
Period, T, = 20 ms = 20 x 10-3 s (1), freq = 1/T = 1000/20 = 50 Hz (1)
16b
Changes: the Period is halved to 10 ms (1) and the peak amplitude is doubled to 6 V (1) because the same change in flux is happening in half the time. (1)
Interactions of Light and matter

17a
4.5 cm
X is at the 2nd node, so path diff = 1.5 x wavelengths (1) = 1.5 x 3.0 = 4.5 cm (1)
17b
The wave model of light says that light travels as a wave with 'crests' and 'troughs'.  This raises the possibility of cancellation, when a crest and a trough meet, and reinforcement when two crests meet or two troughs. (1) The observed pattern in Young's experiment shows light and dark bands. (1) The light bands can be explained by reinforcement when crests from S1 and S2 meet, while dark bands can be explained by cancellation when a crest from S1 meets a trough from S2. (1)
17c
The diffraction pattern will be more spread out (1) because the longer wavelength is now much greater than the width of the slit. (1)
18a
2.5 eV
Using E = hf = hc/ = 4.14 x 10-15 x 3.0 x 108 / 500 x 10-9 (1) 



E = 2.48 eV = 2.5 eV (1)
18b
1.5 eV
Stopping voltage = -1.5 V, (1)  so max KE in eV = 1.5 eV (1)
18c
1.0 eV
Max KE = Photon Energy - Work Function, so Work Function = 2.5 - 1.5



Work Function = 1.0 eV (1)
18d
All the electrons emitted by the photons are reaching the positive electrode. (1) Increasing the voltage will not produce more electrons. (1)
18e
D (1)
More intense light so more photons producing more electrons and a greater current, (1) but the frequency is unchanged, so the max KE of the emitted electrons in unchanged, so the stopping voltage is unchanged. (1)
19a
0.36 nm
Using  = h/p = 6.63 x 10-34  /9.1 x 10-31 x 2.0 x 107)  = 3.64 x 10-11 m (1)



 = 0.36 nm (1)
19b
1.2 x 103 eV
Using E = hf = hc/(1) 4.14 x 10-15  x 3.0 x 108 / (0.10 x 10-9) (1)



E = 1.242 x 103 eV (1)
20
3.19 eV, 3.19 - 2.11 = 1.08 eV, 2.11 eV (3)
21
Electrons exhibit wave behaviour and have a wavelength. (1)  In a confined space such as a circumference, only exact multiples of a certain wavelengths can fit around the circumference. (1) The energy of an electron is related to its momentum, which is related to its wavelength, so if only exact multiples of a certain wavelengths can fit, then only certain energy values are possible. (1)
Revision questions based on the question stems in this paper

Motion in one and two dimensions

1
Redo parts b) to d) assuming a friction force of 100 N on each barge.

3b
Assuming no loss of energy due to friction, calculate the speed of the car at T, an dteh size of teh reaction force at T.

4b
Calculate the maximum speed of the mass 

5b
Calculate the maximum height of the arrow.

Electric power

12
Reverse the polarity of the left solenoid and redo a) and b)
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Reaction: Force by track on car
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Weight: Force by Earth on car








