VCE June 2001 Solutions – Final 24th June

Sound

1.
200 Hz
From Figure 1, the period is 0.005 sec.  Frequency = 1/period, so frequency = 1/0.005 (1) = 200 Hz (1).

2.
1.7m (C)
Wavelength = speed/freq = 340 / 200 (1) = 1.7m (1) Consequential on Q’n 1.

3.
A
A: (1)I. 1.70m equals the wavelength, so the time delay will be one period, which is 0.005 sec. (1) .  The pressure change would start from normal, so C is wrong.

4. Persistence of sound is due to reflection from walls and ceiling (1)

Reflected sound travels further and therefore takes longer time to reach the ear, an echo (1)


Low and high notes needs a larger dB value to be heard or mid range frequencies are easiest to hear. (1).


As the sound intensity decreases the high and low notes will fade before mid-range notes (1)

5.
3500 Hz
Frequency value at bottom of graph

6.
1
Even number of nodes and antinodes means the ends are different. (1)










(1)

7.
1.125 Hz
680 Hz = 9 times the fundamental frequency. (1)



Fundamental freq = speed / wavelength = speed/(4 x length) (1)



680 = 9 x 340 / (4 x length) (1)



Length = 9 x 340 / (4 x 680) = 1.125 m. (1)
8.
20m
Ratio of intensities = 2.25/9 = 1/4.  Because of the inverse square law (1), the distance must have been doubled.  New distance = 10 x 2 = 20 m (1).

9.
6 dB
Each halving decreases the dB level by –3dB (1), so the new level is –3 –3 dB less, which –6 dB (1).  Alternatively calculate the dB value for the two intensities and subtract (49.5 – 43.5 = 6.0dB).

10.
210 Hz
Path difference = 2.4 m (1).  As the point is a minimum, it will equal one of the following:



2.4 = (/2, or 2.4 = 3(/2, or 2.4 = 5(/2, giving possible values or ( = 4.8m or 1.6m or 0.96 m (2).



If the frequency is between 150 and 250 Hz, then the wavelength must be between 340/150 and 340/250, which is 2.3m and 1.4m.  This gives an correct wavelength of 1.6m and a frequency of 340/1.6 = 212.5 Hz (1).

11.
Short wavelength (high freq) sounds will not diffract or spread significantly around the head (1).  This means that the intensity at the left ear will be less than the intensity at the left ear (1).  Maria’s argument is correct for high frequencies.  Long wavelength (low freq) sounds will diffract around the head (1) and their wavelengths will be longer that the distance from ear to ear, so the brain can detect the time delay in compressions arriving at each ear (1).  John’s argument is correct for low frequencies.

Electric Power

1.
1.0 x 10-3 ohm


Using V=IR, Resistance = (1.0 x 10-4 V)/(100 x 10-3 A) (1) = 10-3 ohm.
2.
6.25 x 1017 electrons
100 mA in one second  = 0.1 Coulomb (1)

0.1 coulomb = 0.1 C / (1.6 x 10-19) Coul/electron (1)





= (10/1.6) x 1017. (1)
3.
0.500 A

Power = Voltage x Current.  Current = P/V = 120/240 (1) = 0.500 amp.

4.
Resistance in the transmission lines (1)


Voltage drop across Transmission lines (1)


Less voltage at the transformer connected to the globe (1)


Less voltage at the globe (1) or Less power consumption by the globe. (1)

5.
200 V
Ratio of turns of Transformer = Ratio of original voltages = 240/12 (1).



New voltage to globes = 10 x 20 = 200 (1)

6.
0.415 A (C )
Ratio of the currents is the opposite of the voltages (1).  The globe will have 1/20 of the current in the lines = 8.3/20 (1) = 0.415 amp.  Alternatively Power into Transformer = Power out of Transformer.



10 x 8.3 = 200 x Current.  Consequential on 5.

7.
0.24 ohm
Voltage drop across the lines = 12 – 10 = 2.0 volts (1).



Current is 8.3 amp, so the resistance = 2.0 / 8.3 = 0.24 ohm (1)

8.
B. C
A: Wrong.  Increased voltage drop across the lines, so less available at the transformer and then to the globe



B: Correct.  Reverse of above.



C: Correct.  Smaller current in the transmission lines, so less voltage drop across them, and so more voltage at the transformer and so to the globe.



D: Wrong.  Reverse of above.

9.
B
Magnetic field goes from left to right.  Using the Right Hand Grip Rule, the current flows down the front and out through X.

10.
0.9 N
F = nBIl = 50 x 0.10 x 1.5 x 0.12 = 0.9 N

11.
A
Using the Left Hand Rule: Magnetic field goes from Left to Right, Current goes from J to K, so Force on JK is down, producing anticlockwise rotation.

12.
30.0 ohm
Total Power = 960 W, Voltage across series combination = 240 V, so current = P/V = 960 / 240 = 4.00 amp.



Voltage across one element = 240/2 = 120 V.(1)



Resistance of one element = V/I = 120 / 4 (1) = 30.0 ohm.

13.
0.25 or ¼ (C )
Power loss when in series = 960 W.



In parallel, each element has 240 volts across it, so power loss = V2/R for each element.  Power loss = 2 x 2402/30 = 3840 W. (1)



Ratio = 960 / 3840 = ¼ .(1) Consequential on 12

14.
With switch closed the globe is brighter which means more current through it and larger voltage across it.





Electronics Systems

1.
0.1 V
Voltage across loudspeaker = 0.5 x 10/(10 + 40) (1) = 0.1 V (1)

2.
C
Resistors in series, so currents are the same.

3.
6.25 mW
Voltage across loudspeaker = 0.5 x 10/(10 + 10) = 0.25 V. (1)



Power loss in loudspeaker = V2/R = 0.25 x 0.25 / 10 = 6.25 x 10-3 W. (1)

4.
0.8 V
As current approaches zero, the solar cell approaches D, with a voltage of 0.8V

5.
20 mA
As voltage approaches zero, the solar cell approaches A, with a current of 20mA

6.
C
Calculate P = VI for B and C.  Larger value at C.

7.
9.87 mF
Time constant, RC = 9.87 sec (1).  C = 9.87/1000 = 9870 x 10-6 = 9870(F = 9.87mF  One mark for number, one mark for unit.

8.
Increase
To produce a longer time to reach 8.0 V, needs a longer time constant (1), which requires a larger value of R (1).

9.
C
With a 10 V supply, it will take less time to reach 8.0 V.

10
5, -5
Vpeak = ½ of Peak to Peak Voltage = ½ x 10 = 5 V.

11.
Sketch the parts of the dotted graph above the time axis.

12.
Sketch the graph from the top of the peak to half way up the next peak, then along the dotted graph to the top of that peak, then across to half way up the next peak, etc.  The Time Constant is 100 ms, by which time the voltage is down to about 37% of the original supply voltage, so by 50 ms, the voltage should be about half the voltage.

13.
When both pulses occur together does the gate gives a high voltage of 5V, which the second and third pulses.

14. The NOT gate reverses the voltage, so that 0V becomes 5V and 5V becomes 0 V.  This means that Y1 will have pulses to coincide with for the first and last of the R, while Y2 will have pulses to coincide with the first and last of L.

Topics not Examined

Sound

· Longitudinal wave nature of sound

· Superposition

· Note: Binaural hearing (Q’n 11 is not on the course)

Electric Power

· Direction of the Magnetic force on moving charge

· Calculation of Magnetic flux

· Calculation of Induced EMF

· Direction of Induced EMF

· AC voltage and current

Electronic Systems

· Input and output transducers

· Voltage amplifiers

· AC voltage and current

· Flip-flops

· Counters

Additional Questions based on questions from this paper

Sound

Q’n 9
Calculate the dB level at X and at Xena’s new position.

Q’n 10
If Xena stays where she is, at what frequencies will the sound be a maximum?

Electric Power

Q’n 1
What is the direction of the magnetic field at the letter “V” due to the current in the wire?

Q’n3
What is the resistance of the light globe?

Q’n 7
a)
What is the power loss in the transmission lines?


b)
What is the current coming from the 240 V power supply to which the 240/12 transformer is connected?

Q’n 8
Repeat q’ns 5 – 7 with the turns ratio of C, that is 240:24, then for the turns ratio of D.

Q’n 10
The magnitude of the magnetic force of JM in figure 4 is zero.  Why?  When will the force on JM be a maximum, and it what direction will that force be acting?

Q’n 11
a)  
The armature windings and the field coils are connected in series.  If the direction of the current was reversed, would the direction of the rotation of the coil also reverse?  Explain.

b) In Q’n 11 the correct answer was anticlockwise.  As the coil begins to rotate, it exposes more area to the magnetic field, increasing the magnetic flux through the coil.  Which way will the induced current flow along the length JK?

Q’n 12
When connected in parallel across 240 V RMS, what is the current in each element?

Electronics

Q’n 1
What is the RMS voltage across the loudspeaker when the switch is in a) position 2, b) position 3, c) the switch shorts out and connects to all three positions at once?

Q’n 2
Does the answer to Q’n 2 depend on the switch position?

Q’n 3
Which setting of the switch gives the loudest sound?  Explain.

