Year 12 Physics June 2002 Exam Solutions 13th June 2002 version

(Suggested marking scheme in italics)

Sound

1.
334 m/s
Time between beats = period = 0.5 sec.



Speed = Distance/ Time = 167/0.5 (1) = 334 m/s. (1)

2.
Morgan
(1)



Sound is a longitudinal wave. (1)  The dust particle is moved backwards and forwards by the compressions and rarefactions (1) as the wave, or its energy, moves forwards (1).

3.
E, C
At T/4 the crest has moved a quarter of a wavelength to the left (E).  Note the sound wave is travelling to the left.



At T/2, the crest has moved a half wavelength to the left (C).

4.
D, C
Standing wave, so points of zero displacement stay as points of zero pressure variation (Nodes), points of maximum pressure variation are the extremes of the value for the pressure variation (Antinodes)



At T/4, The pressure at the antinode is a quarter of the way through the cycle from maximum compression through normal pressure to maximum rarefaction and back to maximum compression.  This means the pressure will be normal, and will be normal at all positions, (D)



At T/2, the pressure at the antinodes will be a maximum rarefaction, (C)

5.
4 m
“First becomes a minimum” means path difference = half a wavelength. (1)



λ/2 = 2/2 = 1 m. (1)



So, Dist (top speaker to girl) – Dist (bottom speaker to girl) = 1 m.



Using right angled triangle (1), and speaker distance = 3m, means that the other distances are 4 and 5 m.  So “Distance to bottom speaker” = 4 m. (1)



Alternatively, let bottom distance = x, and hypotenuse = x + 1.



(x + 1)2 = x2 + 32.(1)  Solve for x. (1)

6.
Sound diffracts, that is, spreads out as it passes through a narrow gap. (1)


The amount of spreading out increases with wavelength. (1) or the high frequencies have short wavelengths and don’t spread much


Spreading increases for wavelengths comparable to the gap width λ = 1 m, freq = 340 Hz (1)

Frequencies reduced in intensity are those greater than 340 Hz. (1) (Accept any cut off frequency in the range 300 – 600 Hz)

7.
40Hz, 20kHz
Taking a line across at 10-5 Wm-2 meets the graph at two points.  Accept a range for highest of 18 – 21 kHz.  Note there is a fault with the question. The sound from the stereo would have frequencies across the whole spectrum, and the 10-5 Wm-2 is a measure of the combined power output.

8.
40 dB
Intensity level = 10 log (10-5/10-9) (1) = 10 log (104) = 40 (1) or Intensity level of  10-9 is 30 dB and 10-5 is 70 dB, 70 – 30 = 40.

9.
A
Inverse square law, so double the distance means a quarter, or (1/2)2, of the intensity.

10.
0.65(4) m
For fundamental, length contains ¼ of the wavelength. (1)



Wavelength = 340/130, so length =  340/ (130 x 4) = 0.654 (1)

11.
C
650 Hz = 5 x 130 Hz, so 2nd overtone.

12.
The first overtone has a frequency three times the fundamental, that is, its period is one – third the period of the fundamental, which means that for the 1st overtone, there will be three (3) complete cycles in the time of one cycle of the fundamental.

Electric Power

1.
240 Ω
Voltage, current and resistance for bulb and resistor are the same, so using P = V2/R, Resistance = 120 x 120 /60 = 240 Ω.

2.
Higher transmission voltages mean smaller currents (1) and less power loss (PLoss = I2R) in the transmission lines (1). The voltage 220 kV is 920 times greater than 240 V, so the current at the higher voltage is 920 times less, with the power loss (920)2 less at the higher voltage (1).

3.
22
Ratio of turns = ratio of voltages = 220 kV / 10 kV = 220/10.

4.
224 V
The resistance of the lines = 0.0004 x 2000 = 0.8 Ω (1).  Voltage drop across the lines = IR = 20 x 0.0004 x 2000 = 16 V(1).  Voltage at farm = 240 – 16 = 224 V (1).  Note:  that if the resistance of 0.0004 ohm/m is applied to the supply and return lines separately, then the total resistance becomes 1.6 Ω, the voltage drop: 32 V, and the voltage at the farm: 208 V.

5.
8
Group P has 16 globes each with 10 V = 160 V (1), leaving 80 volts for the parallel combination of Q & R. Each globe in Q & R has 10 volts, there are 80 / 10 = 8 globes in each of Q and R (1).
6.
0.5 A
P is in series with Q & R, so current is the same.

7.
2.5 W
Current is shared (1), so current in Q = 0.25 amp (1), power lost in each globe = VI = 10 x 0.25 = 2.5 W (1). (Consequential on Ans (6))

8.
P   On
Dimmer (1)
Total resistance of circuit is greater, so current is less.


Q  Off
One mark for On/Off’s


R  On
Brighter (1)
Greater voltage across R, so brighter.

9.
Right
Magnetic flux is to the left, and increasing, so induced magnetic field, using Lenz’ law, is to the right to oppose the change in magnetic flux (1).  To produce a magnetic field to the right the current, using the Right Hand Grip Rule, must flow down the front of the cylinder, and so to the right through the resistor (1).  Note: poor phrasing of the question, what is meant by “through the coil”?

10.
A
When the magnet is inside the coil there is no change in the magnetic flux. As it leaves the coil, the magnetic flux is to the left, and decreasing, so induced magnetic field, using Lenz’ law, is to the left to oppose the change in magnetic flux.  To produce a magnetic field to the left the current, using the Right Hand Grip Rule, must flow up the front of the cylinder, and so to the left through the resistor.

11.
0.0375 N
F = nBIl = 50 x 0.005 x 3.0 x 5.0 x 10-2 (1) = 375 x 10-4 = 0.0375 N (1).

12.
B
Magnetic field is Left to Right, Current at P is front to back, so using either the Left Hand Rule or the Right Hand Slap Rule, the force is down.

13.
The commutator reverses the current (1) twice every cycle (1) when the coil is at right angles to the field.  At this point the force on the ends would be pulling the coil apart, the top be pulled up and the bottom pulled down, but the direction of the forces are reversed (1).

Electronic Systems

1.
4.2 V
Vp-p = 12 V, Vpeak = 6 V, so Vrms = 
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 (1) = 4.2 V (1)
2.
2 V
Vpeak = 6 V, CRO screen shows 3 cm (1), so 2 volts per cm (1).

3.
30 ms
10 cm for three cycles (1), 3 x 100 msec = 300 msec, so 30 msec/cm (1).

4.
A square wave with a period of 6.0 sec, showing three pulses, starting at the first increase of V0.

5.
6
each flip flop doubles the period (1).  3 (6 (12 (24 ( 48 ( 96 ( 128.  This is six steps (1)

6.
C
A: On from 6 until 192, 
B: On from 0 - 6, 186 – 192



D: On from 0 – 6, 96 – 192

7.
The yellow light is on from 186 – 192, when all three are low. Using a 2 – input gate, means select two inputs for V3 and V4 , a NOR gate is HI when both are LOW.  The same gates with V2 and V3 would also work.  A negated input AND gate will also work but has three gates, so is awarded only one mark.

8.
0, 0, 1, 0
If three correct one mark
9.
(3.0, 20)
Voltage across device = 5 – 2 = 3.0 V. Current through device equals current through resistor = 2.0/ 100 = 20 mA.

10.
400 mJ
Energy W = VIt = 2.0 x 0.020 x 10 (1) = 0.4 J = 400 mJ (1).

11.
3.0 V
Increasing the resistance moves the point down the curve to current value of I = 2.0/200 = 10 mA.  The voltage across the device is still 3.0 volts.

12.
D
Voltage across device is still 3.0 V, so 3.0 volts across 100 ohms = 30 mA.

13.
Only the voltage above the time axis.

14.
10 ms
Time Constant = CR = 100 x 10-6 x 100 (1)= 10-2 = 0.01 sec = 10 ms (1).

15.
D
Capacitor is charged almost instantaneously, but cannot discharge, so it keeps its voltage.

16.
2.0 mA
Voltage is increased by 20 to 2.0 V (1).  Current = 2.0 /1000 = 2.0 mA (1).

17.
Square wave, same period, going from +2.0 V to – 2.0 V.  Accept inverted graph.

Topics not Examined

Sound

· Reflection

· Nodal separation

Electric Power

· Direction of the Magnetic force on moving charge

· Calculation of Magnetic flux

· Calculation of Induced EMF

· Generator

Electronic Systems

· Voltage dividers

Additional Questions based on questions from this paper

Sound

Q’n 3
When will diagram B occur in the time from t = 0 to t = T?

Q’n 5
The student expects the sound level to be a minimum at the bottom speaker.  Explain why.  However the minimum is not as soft as expected, explain why.

Q’n 9
How far would you need to be form the speakers, compared to Y, to have the intensity i) of B, ii) of D?

Q’n 11
Which of the other standing wave patterns will occur with the clarinet?

Q’n 11
What is the frequency of the correct answer, C, and the other possible standing wave patterns?

Electric Power

Q’n 3
What is the turns ratio for T2?

Q’n 4
What is the power lost in this transmission line?  What is the power supplied to Smith’s farm?  If there is no power lost in the 10 kV line, what will be the current in the 220 kV line due to the power supplied by T2?

Q’n 8
What is the resistance of each of the globes?

Electronics

Q’n 15
The resistor is placed back in the circuit.  Which waveform now represents the output voltage?
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