VCE Physics June 2003 Solutions (Version 1 11/06/03)
(Suggested marking scheme in italics)
Sound

1.
Sound travels away from the speaker (1) as a longitudinal wave. (1)  The loudspeaker produces compression and rarefactions.  (1).  A compression on the speaker side of the flame will push it away, while a rarefaction on the speaker side will “pull” the flame towards the speaker (1)
2.
B, C
At t + T/4, the compressions will have moved to the right to occupy the previous space of the normal pressure immediately in front of them.  The pressure variation at the origin will therefore be a rarefaction or negative P. (1)



At t + T/2, the compressions will have moved to the right to occupy the previous space of the rarefactions immediately in front of them.  The pressure variation at the origin will therefore be back to  zero. (1)
3.
D, C
Standing waves, so pressure nodes (P = 0) stay nodes, while at antinodes the pressure moves between extreme compressions and rarefactions, with a period of T.  At t + T/4, the pressure will be half way on the way from maximum compression and maximum rarefaction, hence normal pressure with P = 0 all the way along the tube. (1)



At t + T/4, the maximum compressions will have become maximum rarefactions, and so the pattern will be inverted. (1)
4.
D
Halving the intensity results in subtracting 3dB from the Intensity Level.  At double the distance, because of the inverse square law, the intensity is decreased by a factor of ¼ .  that is, (1/2)2, so the new dB level is L -3 dB – 3 dB. (2)
5.
The variation in intensity is due to interference between the two sounds coming from speakers and P and Q.  The loud and soft sounds are caused by reinforcement and cancellation of the two waves from P and Q. (1)  It is the difference in these two paths, i.e. the path difference (XQ- XP), that is the cause. (1)  If the path difference equals an odd number of half-wavelengths, the cancellation occurs, if the path difference is an even number of half-wavelengths then reinforcement occurs. (1) As P approaches X the path difference increases from zero to half a wavelength, when it is soft, then continues to increase until it equals one full wavelength, when it is loud again.

6.
0.5 m
Path diff = ½ wavelength (1) = 0.5 x 1.0 (1) = 0.5 m (1)

0.057 m
v = f,  = 340/6000 = 0.057 m. (1)
8.
Rebecca is in front of both speakers so hears all frequencies. (1)

Mustafa is to the side, so he hears sound by diffraction or spreading.  The amount of spreading increases with wavelength and decreases with the size of the speaker. (1)  High frequency has a short wavelength, about 6 cm as in Q’n 7.  This wavelength is smaller than the 12cm speaker, so it will not be spread as much as low frequency notes (500 Hz) with wavelengths (68cm) which is greater than the diameter of the 30 cm speaker. (1)
9. Sound is absorbed by the concrete wall. (1)  Some sound will diffract over the wall. (1)  Because of the spreading of sound, house 3 will hear more than house 2 and 1. (1)  Reflection of sound off wall A will also reach house 3. (1).
10.
The reflected sound from wall A to house 3 is reduced because the surface is now uneven, (1) and the sound will be reflected in all direction (diffuse reflection, not regular reflection). (1)
11.
Dog and mouse.  Only graphs below 20 dB and 20 kHz. (1) (1)
12.
Elephant 500 – 900 Hz, Human: 3 – 4.5 kHz. (1) The most sensitive frequency is the one that can be heard at the lowest dB level.  The increased sensitivity is due to resonance in the ear canal, elephants have a longer canal, whose resonant frequency has a longer wavelength (1)
13.
14 cm
As a closed tube model,  = 4 L, (1) resonant frequency = V/4L or V = 4fL.  Using ratios (4fL)elephant = (4fL)human, so Lelephant = 3500 x 2 /500 = 14 cm. (1)
Electric power
1.
P: 700 A, Q: 500 A, R: 0 A.  (1), (1), (1)

Trams in parallel,  Current in P = Current in Tram 1 + Current in Tram 2

2.
270 kW
P = VI = 540 x 500  (1) = 270,000 W  (1)  (Conseq on Q’n 1)
3.
0.05 ohm
Voltage drop across P and Q = 600 – 540 V = 60 V. (1) Let R = resistance of 1.0 km




Using V = IR, 60 = 700 x R + 500 x R (1) = 1200 x R, so R = 60 / 1200 = 0.05 ohm (1)
4.
565 V
Voltage drop across V = IR = 700 x 0.05 = 35 volts, (1)



so voltage at Tram 1 = 600 – 35  (1) = 565 V (1) (Conseq on Q’n 3 and Q’n 1)
5.
3.3  
Voltage across globe: P = 9.0 W, R = 8.0 , Use P = V2/R, V = Sqrt (72) = 8.5 volts (1)



Current through globe: Use P = I2R, I = Sqrt (9/8) = 1.06 amp (1)



Variable resistance: Use V = IR, V = 12 – 8.5 = 3.5 V, R = 3.5/1.06 = 3.3 (1)


I = 2.0 amp.  Current in globe: P = 18 W, V = 12 V, Use P = VI, I = 18/12 = 1.5 amp (1)



In parallel, Current in variable resistance = 2.0 – 1.5 amp = 0.5 amp (1)



Using V= IR, R = 12/0.5 = 24 (1)
7.
A
To vary the light intensity, use A (1), as R increases, less voltage across globe, dimmer light. (1)  In B, light intensity does not change as voltage across globe stays at 12 V. (1)
8.
0.030 Wb
Flux = BA = 0.25 x 0.30 x 0.40  (1) = 0.03 Wb (1)
9.
120 V
Average induced EMF = N t.  Time for quarter turn = ¼ x (1/50) = 1/200 sec. (1)


Average induced EMF = 20 x 0.03 x 200  (1) = 120 V (1)
10.
B
Flux is a maximum at t = 0, and travelling from N to S. (2)
11.
D
Magnitude of Current and induced emf = gradient of Flux - Time graph, so A or D.  Short time later UV will be moving down, so, using Hand Rule, force on positive charge in UV will be towards U, not towards V (1) , so current is initially negative. (1) D (1).  Alternatively as the coil turns, the flux through the loop is decreasing, so a current is induced whose magnetic field will oppose the change in magnetic flux.  To do this the induced field will be to the right through the coil, and so the current will flow VUXW.  Note: A is wrong, thew current is going in the wrong direction.  The negative sign is the EMI equation signifies Lenz’s law that is, “opposing change”, not a ‘minus” sign.  The change of flux is either to the left or to the right, while the current is clockwise or anticlockwise.  To say “clockwise” is the negative of “to the left” does not make sense.
Electronic systems

1.
Down
Conventional current flows from positive to negative around the circuit.  The long line of the battery symbol represents the positive terminal. (1)
2.
2.0 mA
At 200C, R = 2000 , (1) Total R = 1000 + 2000 = 3000.



Using V= IR, I = 6.0 / 3k = 2.0 mA (1)
3.
4.0 mW
Using P = I2R (1) = (2.0 x 10-3)2 x 1000 (1) = 4.0 mW (1)
4.
4.0 V
Voltage divider: Vair = (2k / (2k + 1k)) x 6.0 V (1) = (2/3) x 6.0 = 4.0 V (1)
5.
2000 
At 300C, R = 4000 . (1)



Effective resistance of parallel combination: 1/R = 1/4000 + 1/4000, R = 2000 . (1)
6.
24 0C
3.6 V across sensor, then 2.4 V across 1000 .




Using voltage divider: 2.4 V = (1 / (1 + R)) x 6.0 V, (1), R = 1.5 k = 1500 . (1)



Effective resistance of parallel combination = 1500 , 




1/1500 = 1/4000 + 1/R, R = 2400 . (1)  From Figure 1b, this is 240C. (1)
7.
Half wave rectified: Top half of wave with flat line across the centre when the input voltage is negative. (2)
8.
The RC combination smoothes the voltage, that is, makes it flatter (2).  It does this by the capacitor discharging through the resistor when the voltage from the supply begins to decrease. (1)
9.
2000 
Time constant = CR, so R = 2.0 / (1000 x 10-6) (1) = 2000 . (1)
10.
6.0 mV
The peak to peak voltage of the amplified voltage = 6 x 0.1 = 0.6 volts. (1)


This has been amplified by a gain of 100, so the input voltage peak to peak is 0.6 / 100 = 0.006 (1) = 6.0 mV (1)
11.
0, 1
Only when air temp is >200C and the water temp is <300 C does pump go on. (2).
12.
A

Q’n 11 is an AND gate. (2)
13.
25 mA
If V across LED = 2.0 V, then v across 100  is 2.5 V. (1)



Using V = IR, I = 2.5 / 100 (1) = 25 mA (1)
Area not covered:

Sound

· Intensity – decibel calculations

· Familiarity with dB values of everyday sounds and noises

· Fundamental and overtones

· Nodal separation

· Sequences of harmonics

Electric power

· Magnetic fields produced by wires, coils, solenoids and magnets

· Magnetic forces on currents and charges (F = BIl and qualitative effect of differing angles)

· Transformer action (Turns ratio and Power relationship for ideal transformer)

· AC voltage and current (frequency, period. Amplitude, peak to peak voltage and current, RMS voltage and current)

· Transmission line losses (calculations using V = IR and P = I2R)

Electronic systems

· AC voltage and current (frequency, period. Amplitude, peak to peak voltage and current, RMS voltage and current)

· Flip-flops

· Simple counters

Additional questions:

Sound

Q’n 2
When will the variation in air pressure be i) A and ii) E

Q’n 3
When will the variation in air pressure be A


Why will the variation in air pressure never be B or E?

Q’n 4
For what distance would answer C be correct?
Q’n 6
Using the scale in the figure 6, estimate how many times the sound will go soft before reaching X.
Q’n 8
What should be the diameter of the high frequency speaker for Mustafa to hear the 500 hz and 600Hz sounds equally well?

Q’n 11
what frequency range can all animals hear at a level of 40dB?

Q’n 13
what are the values of the next two resonant frequencies for the human ear and elephant ear?

Electric power

Qn’ 2
What is the resistance of tram 2?

Q’n 4
What is the resistance of tram 1?

Q’n 5
Would the fuse in circuit A ever blow?

Electronic systems

Q’n 9
Use the time constant to draw an accurate graph of the rectified and smoothed voltage
Q’n 12
Determine the truth table for the other three alternatives

Q’n 13
What would the answer be if the Vair = 6.0 V?

Estimate the voltage across the 100 ohm resistor when Vair = 1.0 V
