VCE Physics June 2004 Solutions Draft 7/06/04

Sound

1.
2000 Hz (2)
Period = 5 divisions = 500 s (1). Frequency = 1/Period = 1/(500 x 10-6) = 2 kHz (1)

2.
25 mW/m2(2)
Intensity is inversely proportional to distance squared, so if distance is doubled (1), the Intensity is reduced to ¼ of its original value. 100 x ¼ = 25. (1)
3.
6 dB (3)
Halving or doubling the intensity changes the dB level by 3dB (1), reducing to ¼ is halving twice (1), so the new dB level is decreased by 3 + 3 = 6dB (1)

4.
320 mW/m2(2)At 6000 Hz, the response is 5dB greater than for 1000 Hz (1), so the ratio of the two intensities is 105/10.  The intensity for 6000 Hz = 100 x 100.5 = 316 mW/m2 (1)
5.
A (1)   Line OP is an antinode along its full length because all points are equidistant from both speakers (1).  However, the Intensity decreases with distance (1), so the strength of the maximum on the antinode with decrease as you move from O to P.

6.
C (1) 
Distance to each speaker varies, so the non-zero path difference, which will produce nodes and antinodes (1) as it equals odd multiples of half-wavelengths and even multiples of half-wavelengths respectively.  The intensity also decreases with distance, so the combined amplitude will be greater at the centre on the line OP. (1).

7.
> 1100Hz (1)  Diffraction of sound means that it spreads out as it passes through a gap (1).  Spreading is proportional to (wavelength / gap width) (1). For a gap width of 0.30 m, there would be some spreading for a wave of similar wavelength.  A wavelength of 0.30 m gives a frequency of about 1100 Hz (1).  Any frequency less than this value would produce considerable spreading.

8.
A (2)
A frequency greater than 1100 Hz.

9.
Chris (2)
Sound is a longitudinal wave and as a speaker is almost a point source, the sound spreads out into the 3D space.

10.
0.33 m (3)
Note: The speed of sound is supplied at the top of page 2.  Wavelength of sound = speed / frequency = 340/510 = 0.667 (1).  Length of pipe for fundamental = ½ wavelength (1) = 0.33 m (1).

11.
C (2)
The resonant frequencies of the other pipes will be 510 Hz divided by their fraction of “L”.  Hence E = 510/(¼) = 2040 Hz, D = 510/(½) = 1020 Hz, C = 510/(2/3) = 765 Hz.

12.
D (2)
For closed end tube, the length now contains ¼ of the wavelength, so the resonant frequency is lower.  A becomes 255 Hz, half the previous value and so with the other pipes (1).  D was previously 1020 Hz (see Q’n 11) so frequency is now 510 Hz.

Electric power

1.
0.2 A (2)
Power = 48W, voltage = 240V, so using P = VI, current = 48/240 (1) = 0.2 A (1)

2.
0.067 A (2)
Three lines of identical globes in parallel, so each line gets 1/3 of the current from the battery, which is 0.2 / 3 (1) = 0.0667 A (1).  Consequential on Q’n 1.

3.
20 V (2)
Each line of 12 globes shares 240 volts, so the voltage drop across each globe is 240 / 12 (1) = 20 V (1).

4.
1.3 W (2)
Power rating = Voltage across each globe x Current through it = 20 x 0.0667 (1) = 1.3 W (1).  Consequential on Q’ns 2 and 3.

5.
B (2)
Middle string does not light up, voltage across other strings is unchanged, so current and so brightness is unchanged.

6.
B, D (2)
Transmission systems use a transformer to step up the voltage, as they are ideal no power is lost, so if the voltage is stepped up, to keep the power constant, the current must decrease (B).  Power loss equals (Current)2 x Resistance; to reduce power loss, keep the current small. (D)

7.
1/16 (2)
Assume secondary of T2 is on the workshop side, and primary is on the farmhouse side of the transformer.



NS / NP = VS / VP = IP / IS = 5.0 / 80 (1) = 1/16. (1)

8.
1.6 V (2)
Voltage drop = Current thru line x Resistance of line = 5.0 x 0.32 (1) = 1.6 V (1)

9.
0.014Wb (2)
Flux = Magnetic field strength x Area = 0.12 x 0.40 x 0.30 (1) = 0.0144 Wb (1)
10.
D or A(2)
The size of the induced voltage is proportional to the rate of change of magnetic flux.  The fastest change is going to occur when the coil is horizontal, hence A or D.



The flux left to right is decreasing as the coil turns, so the direction of the induced magnetic field is also to the right, and, by using the right hand grip rule, is produced by a current travelling in the direction XWVU.  Unfortunately it is not clear from the diagram whether the line from U connects to P or to Q.



Assume P, in which case the current would leave P go through a resistance to Q, making P positive and Q negative and VQP negative, so D is the best answer.

11.
0.096 V (2)
Induced EMF (Ave)  = (Change in flux) / Time taken) = 0.0144 / 0.15 (1) = 0.096V(1)

12.
A sine wave (1) with double the amplitude (1) and half the period (1), that is, Vpeak  = 4 divisions, period = 0.1 s.

13.
B (2)
On left wires: Field to the right, Current into page, Force down the page.

14.
5.0 N (3)
use F = nBIl, where l is the circumference (1).  F = 200 x 0.4 x 0.5 x  x 0.04 (1) = 5.0 N(1)
Electronic systems

1.
20 k (2)
Voltage divider: 6 V = 30 V x 5 / (5 + R2) (1), R2 = 20 k(1)

Two 10 k connected in parallel will have an effective resistance of 5 k

3.
0.22 s (2)
Time Constant = RC = 103 x 220 x 10-6 (1)= 0.22s (1)
4.
D (2)
From zero to 1.0s VIN is zero, VOUT is zero also.  At t = 1.0s,



VIN goes to 1.0 volts, the capacitor begins to fill limited by the



Time Constant, taking 5 x 0.22 = 1.0 seconds to fill, by which 



time, VIN has dropped to zero and the capacitor then discharges



through R2 with the same time constant.

5.
14 A (3)
RMS voltage = Vpeak to peak / (2 x Sqrt 2), RMS voltage across R2 is 40 mV/(2 x Sqrt2), R2 = 1.0 k, Current = 40 x 10-3 / (2 x 1.414 x 103) = 14 x 10-6 A

6.
When the current flows through the diode to the capacitor, the capacitor becomes charged.  In terms of electron flow, electrons are taken by the power supply from the top plate of the capacitor and placed on the bottom plate until the power supply voltage is unable to take any more electrons away.  Electrons are also going from the power supply through the resistor to the diode.


When the voltage from the AC power supply reverses, the diode blocks any current from the power supply, and the capacitor is now able to discharge itself, that is, the electrons go back to the top plate via the resistor.  This way current through the resistor is maintained and smoothed.

7.
850  (2)
Voltage across RD = 10 V – VLED = 10 – 1.5 = 8.5 V (1).  Current = 10 mA, 



so RD = 8.5 /(10 x 10-3) = 850 ohms. (1)

8.
Brighter (2): The voltage drop across RD is unchanged, so if RD is less, there will be more current flowing through both RD and the LED (1), so making it brighter. (1)
9.
Linear means that when a small change in VIN produces a large change on VOUT, the large change will be the same regardless of the value of VIN.  In other words, the gradient of a VIN / VOUT graph will be a straight line.

10.
A straight line either from 1st to 3rd quadrant or from 2nd  to 4th quadrant.

11. 
16 (2)
Each of the four bars can be either black or white, so 2 x 2 x 2 x 2 (1) = 16 (1)
12.
B
When B and C are the same, the output is 1

13.
Note: The question uses falling edge flip flops which are not on the course.
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