VCE Physics November 2004 Exam Paper

Solutions (Draft 10/11/2004)

Motion

1.
2600 N
Net Force = zero. Net Force = Driving Force – Frictions.



Driving Force = Sum of frictions = 1400 + 1200 =  2600 N

2.
208 m
u = 72 kph = 20m/s, v = 108 kph = 30 m/s, a = 1.20 m/s2, s = ?



Use v2 = u2 + 2as.  302 = 202 + 2 x 1.20 x s, s = (900 – 400)/ 2.4 = 208m

3.
2640 N
Tension (T) pulls car back and pulls trailer forward.  Driving force on car is unknown, so use trailer. 



T – 1200 = Net Force = ma = 1200 x 1.20, so T = 1440 + 1200 = 2640 N

4.
4.0 x 105 N
Use Loss in KE = Work Done = F. s.  ½ x 1200 x 202 = F x 0.60. F = 400,000N

5.
0.06 s
u = 20, v = 0, s = 0.6, t = ?, use s = (u+v)t/2. 0.6 = (20 + 0) X t/2.  T = 0.06 sec

6. Initial momentum = 1200 x 20 = 2400 kgm/s, Final momentum = zero.  The lost momentum has been transferred to the Earth via the pole.

7. 12.3 m/s
Range = V2sin(2 x 200)/g.  Range = 10.0 m, so V2 = 10 x 9.8 /(sin(400),



V = 12.3 m/s

8. Front wheel: A long arrow to the right (1) where the tyre meets the ground.  Rear wheel: A shorter (1) arrow to the left (1) where the tyre meets the ground.  Upward arrows on each tyre to represent the reaction force are not needed.

9. Front wheel: An arrow to the left (1) where the tyre meets the ground.  Rear wheel: An arrow to the left (1) where the tyre meets the ground..  Comparative magnitudes are not relevant.

10. Banked curve: Reaction force is now inclined and provides the centripetal acceleration

Lower centre of mass of the truck: less capacity to topple

Grooves in the road: provide more friction

11. Change in momentum of Rover in landing is unchanged.  Impulse on Rover is therefore unchanged. But Impulse = Average Force x Impact time, so if the air bags increase the impact time, the average force will be less.

12. A
Loss in GPE = Gain in KE.  mgh = ½ mv2, v2 = 2gh, so A.

13. B
In projectile motion, the horizontal component of the velocity is unchanged.

14. C
GPE at X = KE at Z.  mg(h + H) = ½ mv2.  v2 = 2g(h + H), so C.

Gravity

1. Use GME/r2 = 42r/T2, where r = RE + altitude.

“r” = 6.67 x 10-11 x 5.85 x 1024 x (2.0 x 60 x 60)2 / (4 x 2) = 6.37 x 106 + altitude.

2.
7.0 x 103 m/s
Use either GM/r2 = v2/r to give v = GM/r or v = 2r/T. With latter, v = 2 x p x (6.37 + 1.70) x 106 / (2 x 60 x 60)= 7032 m/s

3.
5.58 x 109 J
Area under graph = Energy per kilogram.  To find Area use Trapezium



Energy = Mass x Area = 400 x ((10 + 6.4)/2) x 1.7 x 106 = 5.576 x 109 J

4. Both the astronaut and the spacecraft are accelerating inwards towards the earth at a value equal to the gravitational field strength at that point in space, or as it is also called the “acceleration due to gravity”. This means the Reaction force between them is zero, and so the astronaut “floats”.  Alternatively, for the astronaut in general mg – N = ma, but a = g, so N = zero.

Structures and Materials

1. Most mass is near the left support, the right end is thin (1).  The right end will bend down creating tension in the top surface and compression in the bottom surface.  Concrete is weak under tension, while steel is strong under tension, so in prefabrication, steel rod are placed along the top surface.

2. 2.4 x 106 N, 6.0 x 105 N
Net Force = zero, so T1 + T2 = 300 x103 x 10 (or 9.8) = 3.0 x 106 N



Torques about T1: T2 x 25.0 = 3.0 x 106 x 5.0, so T1 = 6.0 x 105 N)


T2 = 3.0 x 106 N - 6.0 x 105 N = 2.4 x 106 N

3. A
Greater stress at fracture

4. A
Greater area under the graph up to fracture.

5. 8/3
Using elastic limit, Y for A = 160/ 0.006, Y for B = 120 / 0.012


So ratio A/B = (160/120) x (0.012/0.006) = 8/3.

6.
1.4 x 105 N
Upward component of tension = T sin 600 .  let length of roof = L



Take torques about point where roof meets the wall. 



2 x T sin600 x L = 50 x 103 x 10 (or 9.8) x L/2.  T = 144337 N

7.
1.6 x 10-5 m
Strain = Stress / Young’s modulus and Strain = Change in length / natural length



Strain = 2.0 x 105 / 2.0 x 1011 = 10-6.  Change in length = 16 x 10-6 m.

8.
2.0 x 10-3 J
Energy /Volume = Area under graph = ½ Y x Strain2 = ½ Stress x Strain



Energy = Area x Volume = ½ x 2.0 x 105 x 10-6 x  x (0.02)2 = 2.01 10-3 J

Light and Matter

1.
2.26 eV
E = hf = hc/= 4.14 x 10-15 x 3.00 x 108 / (550 x 10-9) = 2.26 eV

2.
0.16 eV
Max Ke = hf = W = 2.26 – 2.10 = 0.16 eV

3.
Change Max KE in eV to KE in joules and equate to ½ mv2 to find “v”.


v2 = 2 x 2.8 x 1.6 x 10-19 / (9.1 x 10-31) = 9.92 x 105 m/s.

4.
5 x 103 V/m
E = V / d = = 100 / 0.02 = 5000 V/ m.  Note 0.02 has only 1 sig fig.

5.
1.23 x 10-10 m
From energy gained (KE = Vq), find momentum (p2 = 2mE), then determine wavelength ( = h/p). p2 = 2 x 9.1 x 10-31 x 100 x 1.6 x 10-19


Wavelength = 6.63 x 10-34 / (square root of momentum) = 1.229 x 10-10 m

6.
6.7, 1.8, 4.9 eV
Three jumps: 6.7 – 0.0, 6.7 – 4.9, 4.9 – 0.0.
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