2005 VCE Physics Unit 3 Exam Solutions
Draft 2 (8/06/05) with a suggested marking scheme in italics
Consequentials are indicated as “Conseq on 1”
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.
100 J
Area under the graph to 0.2 m (1) = ½ x 1000 x 0.20 = 100 J (1)
2.
32 m/s
KE = Elastic PE (1). 100 = ½ mv2. v2 = 100 / 0.1 = 1000, v = 31.62 m/s (1)


Note if the gain in Grav PE is rising 0.2 m, as the spring expands, is taken into account, the speed is 31.56 m/s.
3.
50 m
KE = Grav PE (1).  100 = mgh.  h = 100 / (0.2 x 10) = 50 m (1)
4.
1.0 m/s2
R = 1.8 N (1), Net force = 0.2 x 10 – 1.8 – 0.2 = ma (1).  a = 0.2/0.2 = 1.0 (1)
5.
Arrow towards the centre (2)
6.
800 m
Accel’n is the same.  v2/r is constant.  r2/r1 = (v2/v1)2  (1) = (120/60)2 = 4, (1).


so r2 = 4 x 200 = 800. (1)
7.
B
Vector addition of inward force and upward tangential force = B (2).
8.
9.3 m/s
By cons of momentum: 3 x v (1)  = (3 + 1) x 7.0 (1), v = 28/3 = 9.3 m/s (1).
9.
By Newton’s 3rd Law: Ftr on car = - Fcar on tr, (1)  Time of impact is the same, 

so pcar = - ptruck (1), therefore pbefore = pafter Momentum is conserved.
10.
Inelastic (1)
KEbefore = ½ x 3.0 x 103 x 9.32 J, = 1.3 x 105 J (1) 


KEafter = ½ x 4.0 x 103 x 72 = 9.8 x 104 J (1)
11
30.3 m/s
Horiz vel: V cos 80 = 30.0 m/s (1), so V = 30.0 / cos 80 (1) = 30.294 m/s (1)
12.
3.89 m
Energy: KE at start = Grave PE  + KE at height (1). 



 ½ m 30.32 = mgh + ½ m 30.02 (1).   h =  0.89 m above deck add 3.0 m (1)


Vertical: u = 30.3 sin 80, (1),  v = 0, a = -10, s = ?, 


use v2 = u2 + 2as (1), s = 0.89 m (1)
13a
32 m/s
Speed rel to ocean = sqrt(302 + 102) (1)  = 31.6 m/s (1)
13b
720
Tan (angle) = 30/10 = 3.0, angle = 720 (1).  The question just says ‘relative to the direction of the ship’s travel”, it does not say relative to the ship or relative to the ocean as it does in a), so and angle of 900 could be argued for if the question was taken as relative to the ship.
14.
B (2)
15.
3.0 x 10-25N
F= mg = 3.0 x 10-26  x 10  (1) = 3.10 x 10-25 N (1)
16.
5.83 x 1024 kg
Use GM/r2 = 42r/T2, M = 42r3/GT2, (1)


M = 42 x (3.8 x 108)3 / (6.67 x 10-11 x (2.35 x 106)2) (1) = 5.83 x 1024 kg (1)


Note: if a student used g = GM/R2 from the top of the page and a value of 10 for g and the value for RE from the data sheet, the answer would be 6.08 x 1024 kg.
Electronics and photonics

1.
4.0 V
V = IR = 40 x 10-3 x 100 (1)  = 4.0 V (1)
2.
A (2)
Current goes clockwise from points of high potential to points of low potential 
3.
0.16 J
W = VIt = 4.0 x 40 x 10-3 x 1.0  (1) = 0.16 J. Conseq on 1 (1)
4.
15 V
Resistance of A, B = 50 , Resistance of C, D and E – 150 , (1)


so Vout = Vin x 150 / (150 + 50) (1)  = 20 x 150/200 = 15 V (1)
5.
D (2)
IA = IB = ID = IE = ½  IC 
6.
Voltage across RC = IR = 20 x 10-3 x 500 = 10 V, (1)

so Voltage between C and Earth = 30 – 10 (1)  = 20 V (1)
7.
50
iC = 2000 x iB = 200 x 5 x 10-6 = 1.0 mA, (1)


Voltage across RC 1 x 10-3 x 500 = 500 mV (1), so gain = 500 / 10 =50 (1)
8i
To produce light when an electric current flows through it. (1)
8ii
To allow current to flow through it, when light shines on it. (1)
9.
5.0 x 10-4 V
Vout = IR = 100 x 5 x 10-6 (1) = 5.0 x 10-4 V (1).  As the photodiode is around the wrong way for this application (it should be reverse biased) it could be argued that a voltage equal to 5 V minus the cut in voltage is also correct, e.g 5.0 – 1.0 = 4.0 V.
10.
Resistor:  A straight line graph through the origin (1), with axes labeled Voltage (V) and Current (I) with units volts and amps resp (1).  Axes could be labeled the other way.

LED: Y axis labeled current (I) with units (mA), X axis voltage (V) in volts (1).  Graph starts at origin, is flat along voltage axis with a slight incline, then turns abruptly upward at about 1 - 2 volts (1)
Einstein’s relativity

1.
S, D, D
(1) (1) (1)
2.
A case can be made for each student:


Hilary (1): 
The speed of light is the same for all observers regardless of their speed. (1) (1)

Ryan (1): 
If you were traveling at the speed of light, time would cease to exist, so there is no speed (1) (1)

Alternatively it could be argued that Einstein said that this is an impossibility.

3.
B (2)
Length in the direction of travel is contracted, other lengths unchanged.
4.
The speed of light was the same for each arm. (1)  The speed of light is unaffected by motion through an ether (1), if its exists.
5.
3.05 x 10-13 s
Proper time= t/ (1)  = 6.10 x 10-12 /20  (1) = 3.05 x 10-13 s (1)
6.
1.83 x 10-3 m
Distance = speed x time = 0.998749 x 3.0 x 108 x 6.10 x 10-12  (1)



Distance = 1.83 x 10-3 m (1)
7.
Two possible interpretations


9.1 x 10-5 m(1)
The distance the laboratory’s frame moves as measured 


by the tau meson, d/(1) (1)

Zero (1)
In its own frame the tau meson is stationary (1) (1)
8.
Use E = mc2, = 9.1 x 10-31 x (3.0 x 108)2 (1) = 8.19 x 10-14. J (1)
9.
22
m = m0, 22 is the Lorentz factor (2)
10.
B (2)
m0c2 + KE = m0c2 . KE = m0c2 - m0c2 = 21 x 8.2 x 10-14 = 1.72 x 10-12 J
Investigating materials and their use in structures

1.
Graph through origin, straight until extension = 0.10 m (1), then curves over slowly. (1)
2.
B (2)
Area under the graph = ½ 4 x 10 x 0.008 = 0.16 J
3.
2000 MPa
Stress = F/A = 4 x 10 / (2.0 x 10-8) = 2.0 x 109 (1) Pa (1)
4.
1.25 x 1011 Nm-2 Y = stress / strain = 2.0 x 109 / (Extension / natural length)  (1)



Y = 2.0 x 109 x 0.500/ 0.008 (1)
5.
B (2)
Curve begins to change gradient at m = 5 kg, stress = (5/4) x 2.0 x 109
6.
Ductile (1), stretches beyond elastic limit, a plastic region (1)
7.
Both arrows towards centre of cable,

 i.e. an arrow from A to B (1) and an arrow from B to A (1)
8.
A (2)
Top under compression, bottom under tension.  It could be argued that at the supporting tower the top part of the deck is being pulled away from the tower and the bottom part of the deck is being supported and pushed up by the tower, which is described in alternative B.
9.
Concrete: strong under compression, weak under tension (1), Steel strong under tension. (1)
10.
1000 Nm
Torque = 200 x 10 x 0.5 (1) = 1000 Nm (1)
11.
1.0 m
1000 = 100 x 10 x X (2), X = 1.0 m. (1)   Conseq on 10
12.
B (2)
Torque not affected by height.
Further electronics

1.
AC supply – transformer – full wave rectifier – capacitor – voltage regulator – resistor. (4)  Note: if the resistor is considered as part of the regulator circuit with a zener diode, as in Figure 2b of the exam, then the last 2 terms in the above answer would be reversed.
2.
A
Vp-p = 2
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x 240  (1) = 679 V (1)
3.
0.0442
Ratio = 10.6 / 240 (1)  = 0.0442 (1)
4.
C (2)
Current leaves X goes down through top right diode then down the resistor.
5.
D (2)
 = CR, C = 50 x 10-3 / (1 x 103) = 50 x 10-6 F
6.
It operates in the 3rd quadrant (1) producing the same voltage for different currents. (1)
7.
AC: Multimeter measures RMS only (1), CRO can measure Vp and Vp-p (1)

DC: Multimeter Yes (1), CRO Yes but only when AC/DC switch is set to DC (1)
8.
A (2)
The input to the regulator is still above 10 V, so the current through the zener and the 100  resistor will decrease, but the 1kwill not be affected.
9i
unchanged
There will be a smaller current through the resistor, so the circuit moves up the zener line. (1)
9ii
reduced
same voltage, more resistance, less current. (1)
10
removes thermal energy (1) from devices whose performance is likely to suffer if they overheat. (1)
11.
increases (2)
Half wave rectification produces a larger ripple voltage because the capacitor has more time to discharge down to a lower voltage before the next cycle comes through.
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