2006 VCE Physics Unit 3 Exam Solutions
Consequentials are indicated as “Conseq on 1”

Suggested Marking Scheme in italics
These suggested solutions have been prepared by the AIP Education Committee.  Every effort has been made to double check the solutions for errors and typos.
Motion in one and two dimensions

1.
260 N
Force by tyre on road = - Force by road on tyre.  The Force by road on tyre is the actual Driving force and as the acceleration is zero and so the Net or resultant Force is also zero, the actual Driving force must cancel the combined opposing force, which is 190 N + 70 N (1) = 260 N. (1)
2.
70 N
The net force on the trailer is zero as the acceleration is zero. (1)


This means that T – 70 N = Zero, so T = 70 N. (1)
3.
9.0 m
Method 1: Using equations of accelerated motion



Net force is now 260 N (1), producing an acceleration of - 260/(90+40)m/s2 or – 2.0 m/s2. (1)   u = 6.0 m/s, v = 0, a = -2.0 m/s2m, s = ?, so using v2 = u2 +2as, s = 9.0m. (1)


Method 2: Using Loss of KE = Work done by opposing forces (1)


Loss in KE = ½ x (90+40) x 6.02 = 260 x s, (1)  find s.  (1) Conseq on 1

4.
600 N
F equals W, which is the weight force, mg = 60 x 10 = 600 N (2)
5.
970 N
Force C provides the centripetal acceleration, radius = 7.5 m


C = ma = mv2/r = 60 x 112/7.5 (1)  = 968 N (1)
6.
17 N
Resultant or Net force = 22 – mg (1)  = 22 – 0.5 x 10 = 22 – 5 = 17 N (1)
7.
38 m
Net force = 17 N, so the acceleration = F/m = 17/0.5 = 34 m/s2. (1)   u = 0, a = 34, t = 1.5, s = ? using s = ut + ½at2, s = 0 + ½ x 34 x 1.52 = 38.25 m (1)
8.
68 m/s, 130
Horizontal impulse = Ft = 22 x 1.5 =33 Ns which produces a change in momentum.  22 x 1.5 = 0.5 x v, v = 66 m/s horizontally (1).  Meantime the rocket has fallen under gravity for 1.5 s and using “v=u+at”, reaches a vertical velocity of 15 m/s (1).  So using Pythagoras, the observed speed is sqrt (662 + 152) = 67.8 m/s (1), the angle to the ground is given by Tan-1 (15/66), which is 12.80. (1)
9.
E
The ball’s vertical velocity increases with time and so covers a greater vertical distance in each second, whereas given the train’s horizontal speed is constant, the ball will appear to be moving sideways at a steady rate. (2)
10.
Using Conservation of Momentum, the momentum of the shuttle before equals the momentum after of the combined mass (1).  So 6000 x 0.50 = (6000 + M) x 0.098 (1), solve for M. (1)
11.
1500 N
Average Force = Rate of change of momentum of either the shuttle or the space station.  Choose the space station as it is simpler and quicker.


Fav = p/t (1)  = 3.00 x 105 x (0 – 0.098) / 20  (1)  = 1470 N (1)
12.
Total work done = Gain in PE + Energy loss due to opposing force (1), so


22720 = 13720 + 300 x L (1), solve for L.  L = (22720 – 13720) / 300 = 9000 / 300 = 30 m. (1)
13.
20 m
The gain in PE = mgh, so 13720 = 70 x 10 x h (1), solve for h.  



h = 13720 / (70 x 10) = 19.6 m. (1)
14.
390 N/m
The Grav PE at the top is converted to Elastic PE at the bottom. (1)


Mgh = ½ kx2, where h = 18 m and x = 8.0 m, (1)


so k = 70 x 10 x 18 x 2 /82 = 393.75 N/kg (1)
15.
C
g = GM/R2, so gM / gE = MM / ME x (RE / RM)2 = (1/10) x 22 = 4/10, 


so gM = 4/10 x gE =4/10 x 10 = 4 m/s2 (2)
16
1.58 x 105 s
Using R3 / T2 = GM/4, (1)


T = sqrt (4 x  x (3.00 x 107)3 / (6.67 x 10-11 x 6.4 x 1023)) (1) 



T = 1.58 x 105  s (1)
Electronics and photonics

1.
20, 4.0, 12
1: Connected to supply voltage, so V = 20 V. (1)


2: At midpoint of a voltage divider circuit, R1 and R2. V = 20 x 1 /(1+4) = 4.0 V. (1)


3: Voltage drop across RC = IC x RC = 8 x 10-3 x 1 x 103 =  8 V,



so voltage at C = 20 – 8 = 12 V. (1)
2.
10 mAp-p
vout = 200 vin = 200 x 50 x 10-3 = 10 V.  (1)


iout = vout / RC = 10 / (1 x 103) = 10 mA (1)
3.
vin = 0.3 Vp-p = 300 mVp-p, so vout = 60 V.

Clipping should occur at +8 (1) (20V – 12V) and -8 V (1) (12V – 4V), when vin = 50 mVp-p.  The output will also be inverted. (1).  The vOUT is measured after the capacitor, so the voltage will be centred on zero volts (1) and will be like a square wave with a peak to peak voltage of 16V and the same period as the input voltage. (1)   Note: To be more precise the emitter voltage is 3.3V (4V – 0.7V) and the voltage across the collector – emitter is about 0.2V, so the lowest voltage at the collector is 3.5V.  This gives a peak to peak voltage at the collector of 16.5V (20V – 3.5V).  The capacitor will remove the average DC voltage leaving a symmetrical square wave with a peak voltage of 8.25V.
4.
The capacitor consists of two conductors with an insulator between them (1).  This prevents DC voltages from passing through from one side of the capacitor to the other, but AC voltages are passed.  Decoupling is this removal of the DC component of a voltage (1) and only allowing the AC component which contains the signal to proceed. (1)
5.
43 mA
The voltage across the diode is fixed at 0.7 V when it is conducting, so the voltage across the 100 ohm resistor is 5.0 – 0.7 = 4.3 V. (1)  The current through the resistor is therefore 4.3 / 100 = 0.043 A = 43 mA. (1).  Note: The graph should be below the Voltage axis for negative values.
6.
100 ohms
From the graph, when temp – 300C, the resistance = 100 ohms. (1)
7.
800 ohms
At 100C, the resistance of the thermistor = 400 ohms. (1)  When the voltage across the thermistor is 4.0 V, the voltage across the variable resistor is 12 – 4.0 = 8.0 V (1), which is twice the voltage across the thermistor, so the variable resistor must have twice the resistance, 2 x 400 = 800 ohms. (1).  Note: For the circuit in Figure 8, as it gets hotter, VOUT will drop and so the cooling unit will not go on.
8.
Modulation: The varying voltage (1) from the microphone is converted into a varying optical signal (1).

Demodulation: The varying optical signal (1) from the cable is converted into a varying voltage (1).

9. P: B, Q: A
P: An electrical signal is converted into an optical signal (1).  Q An optical signal is converted into an electrical signal (1).
Einstein’s relativity

1.
The experiment looked for a difference in the speed of light in two directions  (1) at right angles to each other (1).  If there was an aether, and the earth was moving through it, then the speed of light would be changed by a different amount in each of the two directions (1).
2
An inertial frame of reference is one in which Newton’s 1st law holds (2).
3.
L is the proper length of the rocket ship because it is measured by an observer at rest relative to that rocket ship (2).

4.
B
The length of a moving object is shorter than its proper length, so L’ is shorter than L, L’ = L/, so L = L’ x (2).

5.
310, 370 
The speed of the sound relative to Lee will be 340 – 30 = 310 m/s as he is moving away (1), while to Sung it will appear to be 340 + 30 = 370 m/s. (1)
6.
A
The speed of light is the same for all observers. (2)
7.
For v = 0.995c,  = 10. (1)  The half-life of the moving muon as measured in the experimenters will be the proper time (2.2 s) times  = 2.2 x 10 (1) = 22 s. (1)
8.
263 m
The muon will observe a contracted mountain of length = proper length /  



Observe length = 2627 / 10 (1)= 262.7 m (1)
9.
4 x 107 m/s
Moving lengths appear contracted so L’ = 99% of L, so  = 1/ 0.99, find v. 


Sqrt (1 – v2/c2) = 0.99 (1), v2/c2 = 0.0199, 



v = sqrt (0.0199) x 3.0 x 108 (1)= 0.42 x 108 (1)
10.
B
Near c, there is little gain is speed when energy is added, rather the energy goes into mass. (2)
11.
C
The mass energy of a particle = its KE + its rest mass energy,



that is:  m0c2 = KE + m0c2 (2)
Investigating materials and their use in structures

1.
B
A: False, polyethylene graph has a greater area.  C: False, polyethylene has a long plastic region, D: False, Acrylic is stronger. (2)
2.
Polyethylene
See the answer to Question 1. (2)
3.
0.1 m
From the graph the Strain is 2% (1), so the extension = 0.02 x 5.0 (1) = 0.1 m. (1)
4.
3150 MPa
Young’s modulus = gradient = 63 / 0.02 (1) = 3150 MPa (1)
5.
1260 kg
Stress = 63 MPa, Weight = mg = Force = Stress x Area


mg = 63 x 106 x 2.0 x 10-4. (1)  Mass = 126 x 102 / 10 = 1260 kg. (1) 
6.
510 J
Area under the graph ½ Stress x Strain = Energy density = Energy / Volume. (1)


Energy = ½ x 63 x 106 x 0.02 x 2.0 x 10-4 x 2.0 (1) = 512 J (1)
7.
Steel is strong in tension (2).  It is also placed at the bottom of the concrete beam, because that is where the tension in the concrete appears, but the question does not ask that.

8.
C
See comments for Question 7 (2)
9.
D
Support A will need to pull down on the walkway to prevent it toppling over.  Support B is pushing up to hold the weight of the walkway. (2)
10.
625 N
Take torques about B: 0.50 x 1000 x 10 x ((10 + 8.0) / 2 – 8.0) = A x 8.0. (1)


5000 x 1.0 = a x 8.0 (1) = 625 N (1)
11.
D
The top surface is under tension and the bottom surface is under compression.  There is more mass to the right of P and R than there is to the right of Q and S, so their forces will be greater at P and R. (2)
Further electronics

1.
0.60 W
Power loss = V2/R = 122 / 240 (1) = 0.60 W (1)
2.
360
Ratio of voltages = ratio of turns.  NS / 4800 = 18 / 240.  (1)


NS = 18 x 4800 / 240 = 360 (1)
3.
B
Freq = 50 Hz, so period = 20 ms, so one cycle = 20 / 2.5 = 8.0 cm.



so either A or B.  18 VRMS = 25.4 Vpeak = 25.4 / 5 = 5cm, so B. (2)
4.

As the circuit is drawn the points 2a, and 3a will be at the same potential, as will 2b, and 3b.  This means that the answers to Questions 4 and 5 should be the same graph.  The effect of capacitive smoothing will apply both left and right of the capacitor.  B could be argued for as being what the question intended, but it was badly designed.  Note also that the symbol for the regulator is missing from Figure 1.
5.

Capacitive smoothing between peaks.  The size of the capacitor is unknown so either B or D could be right answers, C could not produce a 12V regulated supply.
6.
12 V
The regulator, which is not drawn, will keep the voltage at 12 V. (2)
7.
The voltage at 1a, b would be 18 x 140 / 240 = 10.5 V RMS (1), which is equivalent to 14.5 volts peak (1).  This is above the 12 V of the regulator, so there will be no change in the output voltage. (1)
8.
A
A; Correct, if the CRO is set on AC, the ripple voltage can be displayed and the voltage scale increased to enable the voltage to be measured off the screen.  B: False, it will show the RMS value of the overall voltage at 3a, b.  C: False, ammeters are very low resistance devices so the fuse will blow.  If the ammeter was placed in series it will show the RMS value of the ripple current, which may be too small to observe unless there is a very sensitive scale.  D: False, ammeters are very low resistance devices so the fuse will blow.  If placed in series it will show the RMS value of the overall current. (2)
9.
Current increases.  Smaller resistance means larger current. (1)

Voltage unchanged.  The regulator keeps the voltage constant. (1)
10.
20 s
Time constant = RC = 2000 x 10 x 103 x 10-6 (1) = 20 s. (1)  Note the voltmeter in the circuit needs to be considered as a high resistance digital voltmeter.  If it was a low resistance voltmeter, the capacitor would continually discharge through it.
11.
At t = 0, V = 0.  The voltage rises rapidly to reach 63% of 10, i.e. 6.3 V at 10 sec (1), then flattens out to approach 10 V by 50 seconds. (1)
12.
3.7 V
In 10 seconds the capacitor loses 63% of the supply voltage (1), so now the voltage is 10 – 6.3 = 3.7 V (1)
