VCE Physics

Solutions to. 2018 NH Physics Exam

Suggested Marking Scheme in italics

Consequentials are indicated as “Conseq on 1”

Section A

1.
B
Using F = BIl, B = F / Il = 1.0 / (2000 x 10) = 0.5 x 10-4 T = 5.0 x 10-5 T

2.
C
g = GM/R2 = 6.67 x 10-11 x 3.34 x 1023 / (2.44 x 106)2 = 6.67 x 3.34 / 2.442 .  



Approximate to 7 x 3 / 6 = 3.5, so C
3.
C
Using E = kQ/r2, E = 9.0 x 109 x 5.0 x 10-7 / (0.50)2 = 1.8 x 104 V/m

4.
D
Split ring commutator reverses the current twice every cycle, so the current to the CRO will always be in the same direction, but its strength will vary with the orientation of the loop in the magnetic field.  Answer A would be the graph for an AC generator with a slip ring commutator.

5.
C
Input voltage is 240 Vrms, so the peak input voltage = 240 x √2 = 339 V

6.
A
Ratio of turns = ratio of voltages = 240 / 16 = 15:1

7.
B
The transformer is ideal, so the power supplied to the secondary coil is 30 W, so using P=VI, the RMS current in the secondary, I, = 30 / 16 = 1.9 A.

8.
D
The unbalanced force on the 4.0 kg mass is the tension, T.   So, using Net F = ma, T = 4.0 x 1.96 = 7.8 N

9.
B
To find speed of 4.0 kg mass after accelerating across 4.0 m. u = 0, a = 1.96, s = 4.0, v = ? Using v2 = u2 + 2as, v2 = 2 x 1.96 x 4.0, so v = 4.0 m/s

10.
A
Using Lorentz factor equation,  = (1 - 0.9992)-0.5 = 22.4

11.
D
Speed of signal is still 3.0 x 108 m/s, so time = 3.0 x 1011 / 3.0 x 108 = 1000 s

12.
C
Using Net F = p/ t,  F = (0.040 x (50 – 0)) / (1 x 10-3) = 2.0 x 103 N

13.
D
Polarisation is a property of transverse wave and not of longitudinal waves. Note ‘correct’ is a better word than ‘true’.

14.
B
A: Incorrect, light is slower in glass, B: Correct,  C: Incorrect, mirrors reflect, D; Incorrect, light refracts.

15.
D
A: Incorrect, highest freq to lowest freq, B and C mixed up.

16.
C
The photon model of light says that if the light intensity is increased, but the frequency is unchanged, then the light beam has more photons each with the same energy.  When these extra photons strike the metal surface, more electrons will be emitted, but because each of their energies is unchanged, the. Maximum KE of the emitted electrons will also be unchanged.

17.
A
The work function is the minimum photon energy that will eject an electron, but the alternative  answers are in joules, so 2.0 eV = 2.0 x 1.6 x 10-19 J, which is A.

18.
B
The leading three zeros are not significant, but the trailing single zero is.  Writing the number in standard form reveals this 6.70 x 10-4 A.  The number of sig figs is 3.

19.
A
An independent variable is one whose values are chosen by the experimenter. C is the controlled variable.

20.
A
When repeating an experiment with the same equipment and instruments, any systematic error will still be present and unchanged, but any errors in reading scales, etc, which can vary and are random and can be reduced with repeated readings.

Section B

1a
6100 s 
Using GM/r2 = 42r/T2 (1), 



T2 = ((6400 + 850) x 103)3 x 4 2/ (6.7 x 10-11 x 6.0 x 1024) (1), 


T = 6117 s = 6100 s (1)
1bi
Decrease (1)
Accel due to gravity = GM/r2, Centripetal accel'n = v2/r (1).  For satellites in orbit, GM/r2 = v2/r, so v = √GM/r (1).  A larger radius means a slower speed 

1bii
Increase (1)
Gravitational potential energy (GPE) depends on height above the surface or distance from the centre of the planet (1).  A higher orbit therefore has more GPE.  The extra kinetic energy from the motors is converted into GPE (1).
2a
5.0 x 104 V/m
Electric field = V/d = 5000 /0.1 (1) = 5.0 x 104 V/m (1)
2b
8.0x 10-15 N
Elec Force = Eq = 5.0 x 104 x 1.6 x 10-19 (1) = 8.0 x 10-15 N  (1) Conseq on 2a

2c
4.2 x 107 ms-1
Gain in KE (½mv2) = Vq, so v = √(2Vq/m) 



v = √( 2 x 5000 x 1.6 x 10-19/(9.1 x 10-31)) (1) = 4.2 x 107 ms-1 (1)
3a
Using the right hand rule for the direction of the magnetic force on a current, or a moving charge, due to a magnetic field shows that the force is always at right angles to the direction the charge is moving (1).  This force causes a change of direction in the proton’s motion, but the direction of the magnetic force also changes to stay perpendicular to the motion. (1).  So the force is always directed inwards (1) producing circular motion.

3b
4.0 x 10-12 N
Using F = Bqv (1), F = 500 x 10-3 x 1.6 x 10-19 x 5.00 x 107  (1) = 4.0 x 10-12 N (1)
4a
Note:  A positive direction for the magnetic flux through the loop is not defined, that is, either up or down, so the graph can be drawn in either orientation. (2)

Assuming N to S (downwards is positive):                 Assuming S to N (upwards is positive):


[image: image1]
4b
The magnitude of the induced EMF = rate of change of magnetic flux, that is, the gradient of the graph.  The direction of the induced EMF in the loop is determined by Lenz’s Law.  The question does not specify a convention for current direction, either clockwise from above or anticlockwise from above, so it is advisable to label the axes to show your understanding of the subtlety of the question. (2)

[image: image2]
4c
4.0 x 10-5 V
Magnitude of induced EMF = N (/ t  = N BA/ t 


EMF = 100 x 2.0 x 10-3 x 4.0 x 10-4 / (2.0) (1)  = 4.0 x 10-5 V (1)
4d
The direction of the induced current is determined using Lenz’s Law, that is the direction of the induced current in the loop is such that the direction of its induced magnetic field opposes the change in the magnetic flux pass through the loop (1).  As the loop moves into the field between the poles of the magnet, the direction of the magnetic field is down when viewed from above and is increasing, so the direction of the change in magnetic flux is also down (1).  So the direction of the induced magnetic field must be the opposite and in the upwards direction. To generate an upward pointing magnetic field, using the right hand grip rule, the current must be in an anti-clockwise direction as viewed from above (1).  Note: question 4d should have been asked before question 4b to make it more straightforward for students.

5a
1.0 W
Power loss = I2R, where I = current in T’n lines and R = Total Resistance, so power loss = (0.50)2 x 4.0 (1) = 1.0 W (1)
5b
1.75 V
Output voltage from T1 = 2.0 x (8/1) = 16 V (1).  Voltage loss across T’n lines, V = IR = 0.50 x 4.0 = 2.0 V (1).  So input voltage to T2 = 16 -2.0 = 14 V (1), and the output voltage from T2 and so the voltage across the globe = 14 x (1/8) = 1.75 V (1)
5c
Use transformers with greater turns ratio (1), so that the current in the T’n lines will be less and a greater percentage of the voltage will be available to T2 (1). OR Lower the resistance of the T’n lines which will also reduce the voltage across the T’n lines OR Use an AC power supply with a greater voltage.

6a
2.0 s
Vertical motion: downwards is +ve, u = 0, a = 9.8, s = 20, t = ?, use s = ut + at2, (1)


20 = 0.5 x 9.8 x t2(1), t2 = 40 /9.8, t = 2.02 s (1), Using g = 10, t2 = 40/10 = 2.0 s

6b
50.5 m
Horizontal motion: u = 25, t from 6a = 2.02, using d = vel x time = 25 x 2.02  (1) 



d = 50.5 m (1) Conseq on 6a.  Using g = 10 in 6a, d = 50 m.

6c
1.0 x 103 J
KE at sea level = KE at cliff top + Grav PE = 0.5 x 2.0 x 252 + 2.0 x 9.8 x 20 (1) 



KE at sea level = 625 + 392 = 1017 J = 1.0 x 103 J (1)
7.
Inelastic.  
KE before = 0.5 x 0.50 x 452 = 506.25 J = 500 J, (1)


KE after = 0.5 x 0.50 x 402 + 0.5 x 0.040 x 632 = 400 + 79.38 = 479.38 J = 480 J, (1) which is less than 500 J, so the collision is inelastic. (1)
8a
3.8 m/s
At minimum speed for string to be tight, T = 0 N, so the only force acting on the ball is its weight force (1).  At the top, mg = mv2/r, v2 = gr = 9.8 x 1.5, v = 3.8 m/s (1)
8b
9.7 ms-1
Ball is moving in a vertical circle, so total energy at the top, initial KE + Grav PE = total energy at the bottom, Final KE only. ½mv2 = ½mu2 + mgh (1), cancelling and rearranging gives v2 = u2 + 2gh = 6.02+ 2 x 9.8 x 3.0 = 94.8 (1), v = 9.7 ms-1  (1)
9a
40 Nm-1
Spring constant = gradient of Force vs Extension graph = 60 / 1.5 (1) = 40 Nm-1 (1)
9b
15 J
Change in spring PE = area under the graph from X to Y (1) = (1.0 – 0.5) x 0.5 x (20 +40) (1) = 15 J (1)
9c
2.3 ms-1
The mass of the spring and the launcher is assumed to be zero, so the Spring PE at Y will equal the spring PE at X plus the Gain in Grav PE of the ball plus the KE of the ball (1).  So the KE of ball (1/2 mv2) = Difference in Spring PE (answer to Q’n 9b) – Grav PE = 15 – 2.0 x 9.8 x 0.50 = 5.2 J (1), so v2 = 5.2 x 2 / 2.0 = 5.2 (1) and v = 2.3 ms-1 (1)
10a

Variable
Classification (2)


Angle of incidence
Independent variable



Angle of refraction
Dependent variable



Frequency of light
Controlled variable



Medium of block
Controlled variable

10b
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10c
1.5
The last data point is on the line of best fit, so using these values 



sin 250 = n sin 16.40, (1), n = 0.42 / 0.28 = 1.50 (1).  Data values have only 2 sig figs, so answer is 1.5 (1).  Note: with the uncertainty values on the graph, the max and min values of n are 0.42 / (0.28-0.04) =1.75 and 0.42 / (0.28 + 0.04) = 1.3, so the value of n = 1.5 ± 0.2.

11a
1.0 x 1010 Hz
Using v = f, f = v/ = 3.0 x 108 / (3.0 x 10-2) = 1.0 x 1010 Hz (1)
11b
4.5 cm
Path diff = 1.5 x wavelength (1) = 1.5 x 3.0 = 4.5 cm (1)

11c
Greater
The spreading of a diffraction pattern increases with wavelength and decreases with the width of the gap (1).  Moving from 3.0 cm wavelength to a 6.0 cm wavelength increases the spreading so the width of the pattern will be greater. (1)
11d
Unchanged
For the receiver on the moving cart to measure the wavelength, there would need to be simultaneous measurement of the positions of two peaks in the wave (1).  The separation of the two positions would give the wavelength, which would be the same value as when the cart is stationary (1). The receiver on the moving cart perceives a lower frequency because the wave speed is measured as smaller due to each peak moving a shorter distance per second as observed from the cart.

12
12.8, 12.1, 10.2, 2.6, 1.9, 0.7
Possible transitions from n = 4 are: 12.8 – 0 =12.8 eV, 



12.8 – 12.1 = 0.7 eV, 12.8 – 10.2 = 2.6 eV, from n = 3, 12.1 – 0 = 12.1 eV, 



12.1 – 10.2 = 1.9 eV, from n = 2, 10.2 – 0 = 10.2 eV. (3)
13a
1.9 x 10-11 m
The accelerating voltage gives the gain in kinetic energy (W = Vq), the electron’s momentum can be obtained from its KE (KE = p2/2m or p = √2mKE) and the momentum gives the wavelength (  = h/p).  E = 4000 x 1.6 x 10-19 J, (1)


p = √2 x 9.1 x 10-31 x 4000 x 1.6 x 10-19 kgms-1, (1)


 = 6.63 x 10-34 / (√2 x 9.1 x 10-31 x 4000 x 1.6 x 10-19) = 1.9 x 10-11 m (1)
13b
6.4 x 104eV
Identical diffraction patterns means the same wavelength, so the photon energy can be obtained from E = hc/, using the wavelength from 13a. 



E = 4.14 x 10-15 x 3.0 x 108 / (1.94 x 10-11) (1) E = 64000 eV = 64 keV (1) 



Note: Answer is in eV, so the other value for h must be used.

13c
The amount of spreading in a diffraction pattern produced with the same material depends on the wavelength of the X-ray photon or the electron (1).  If the patterns are the same, the wavelengths must be the same. (1)
14
15 years.
At that speed the distance is contracted to 1.0 x 1018 / 7.1 m (1).  At a speed of 0.99c, the time to travel this contracted distance is 1.0 x 1018 /(7.1 x 0.99 x 3 x 108) (1) 



Time = 4.7 x 108 seconds = 15 years. (1)
15
2.25 x 10-11  J
Using E = mc2, E = 2.5 x 10-28 x (3 x 108)2 (1) = 2.25 x 10-11  J (1)
16a
5.0 x 10-15 eVs
Planck’s Constant = gradient, so pick two points on the line of best fit that are some distance apart (1).  Gradient = (3.0 – 0) /((8 – 2) x 1014) = (3 / 6) x 10 -14 = 0.5 x 10-14 = 5.0 x 10-15. (1)  Alternative points: (3 - -1) /(8.0 x 1014) = 0.5 x 10-14 eV

16b
2.0 x 1014 Hz
X intercept = cut off freq (1)
16c
1.0 eV
Work function = Y intercept or = Planck’s Constant x Cut off freq = 5.0 x 10-15 x 2.0 x 1014 = 1.0eV (1)
16d
A straight line parallel to original line (1) with Y intercept of -2.5 eV and an X intercept 


of 5.0 x 1014 Hz (1)
17
Existence of a Cut off frequency (1).  Einstein’s explanation of the PE effect says there is a certain minimum amount of energy that a photon must have for an electron to be ejected (1).  The photon model says that the energy of this photon depends only on the frequency of the light (1), so therefore there will be a minimum frequency for an electron to be ejected (1).  The wave model says that the energy is in the amplitude of the wave (1), so a large enough wave of any frequency or wavelength should be able to eject an electron. (1)

Max electron energy is independent of Intensity (1).  The photon model says that increased intensity means more photons (1), each with the same energy, so when these photons meet the metal surface more electrons are emitted (1), but still with the same max KE (1).  Whereas the wave model says that since greater intensity means a large amplitude (1), when a larger wave hits an electron, it gives the electron more energy. (1)
18
Electrons passing through a narrow slit are diffracted or spread out.  For a large slit width there is a large uncertainty on where an individual electron is as it passes through the slit.  The diffraction pattern in such a case is compressed giving a small uncertainty in the direction of the electron’s momentum (1).  Whereas for a very narrow slit, the position of the electron as it passes through the slit is more precisely known, that is, there is a small uncertainty in its position, but the diffraction produced is quite spread out, meaning that there is a large uncertainty in the direction of the electron’s momentum. (1)

The relationship between the two uncertainties in these two scenarios illustrates Heisenberg’s Uncertainty principle, that is, the uncertainty of two related variables such as position and momentum are connected so that their product cannot be less than a certain amount. (1)

Alternatively it could be argued that as the electron approaches a narrow slit, its energy and momentum are quite precisely known from the voltage applied to the electron gun that accelerated the electron, however where it actually is less precisely known.  However when the electron pass through a narrow slit, it’s position is now very precisely known and so by Heisenberg’s Uncertainty Principle, the uncertainty in the electron’s momentum must increase and so it is not possible to be precise about the electron’s trajectory and where it will hit the screen, hence a spread out diffraction pattern is produced from multiple electrons.

Extra questions

Section A

1.
What is the direction of the force? What would be the magnitude and direction of the force if the wires was turned 90 degrees in a) the horizontal plane, b) the vertical plane

3.
For each incorrect answer, calculate where the point X would need to be for the answer to be correct.

7.
What is the current in primary coil? Use two different methods.

8.
a) Calculate the kE of the two masses just before the falling mass hits the ground. Calculate the loss of gravitational PE in the system and comment on the answers.  b) Calculate the acceleration and tension if there was a friction force on the 4.0kg mass of 0.5 N

11.
Calculate the distance to Earth as measured by the alien.

12.
a) Calculate the distance travelled by the golf ball during the impact.  b) Determine the force by the golf ball on the club head.  c) The impact is an inelastic collision.  During the impact does the club head travel a greater distance, shorter or the same. Explain.

16.
How would the light need to be changed for a) B , b) D to be correct?

Section B

5c
To what voltage should the AC power supply increased so that the voltage across the globe is 2.0V?

6
Calculate the angle at which the rock hits the sea.

7
If the impact between club and ball is 1.5 milliseconds, calculate the following:


a)
Force by club on ball


b)
Force by ball on club


c)
Distance travelled by ball during the impact


d)
Distance travelled by club during impact


e)
How do the answers to c) and d) explain the answer to Q'n 7

8a
Assuming the ball moves in a circular path under gravity, calculate the tension in the string at the bottom

8c
Calculate the tension at the lowest point.

9c
Calculate the height reached by the ball by two different methods

10
Explain why it is justified to include the origin as a data point.  Does the line of best fit change if it is omitted?

11a
Mark in a point Z with a path difference of 2 wavelengths

11d
How are the speed and frequency as observed by the cart changed?
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