VCE Physics November 2003 Exam Solutions (13/11/2003)

(with a suggested marking scheme, consequentials indicated as “(C) on 1” and spin off questions)

Motion

1.
115m
Distance travelled = Area under the graph = ½ x 1 x 20 + 3 x 20 + ½ x 3 x 30 (1) = 115m. (1)
2.
10 m/s2
Acceleration = gradient  of graph = (50 – 20)/(4 – 1) (1)  = 30/3 = 10 (1)
3.
52 m/s
Average speed = Total distance / Time taken = (115 + 5 x 50 + ½ x 5 x 20 + 3 x 70)/12 (2)

(C) on 1
Average speed = 625/12 = 52.08 m/s (1)
4.
800m
Time is the same for car A and Car B.  Car B: u = 0, v = 80 / 3.6, s = 400m, t = ?,



use s = (u+v)t/2.  Time, t, = 2 x 400 x 3.6 / 80 sec (1)


For car A, dist = speed x time = 80 / 3.6 x 2 x 400 x 3.6 / 80  (1) = 2 x 400 = 800m (1)


Note: By graphical means it can be seen that since the final speeds are the same, then Car A’s distance will be twice that of car B.  See graph C in Q’n 5.

5.
C
Car B starts from rest and reaches 80 kph at tY (2)
6.
0.05m
KE converted into spring pot’l energy, so ½ mv2 = ½ kx2, (1)


so compression, x, = sqrt (200x 4/3.2 x 105) (1)  = 0.05m (1)
1. Initial momentum is to the left with a value of 400kgm/s (1)

Final momentum is to the right with a value of 400 kgm/s (1)

Change in momentum of car = 800 kgm/s to the right (1), so by the conservation of momentum, the change of momentum of the guardrail and the earth to which it is attached is 800 kgm/s to the left (1).  As the mass of the earth is so large, the left movement of the guardrail is not detectable.

8.
11,000N
Driving force opposes the total friction force  (1) = 5000 + 3 x 2000 = 11,000 N (1)
9.
0.35 m/s2
Net force = mas x accel’n.  Net F = 46,000 – 11,000 = 35,000 N,


(C) on 8
so acceleration = 35,000 / ((40 + 3 x 20) x 1000) (1)  = 0.35 m/s2 (1)
10.
6000 N
Net Force of last car = mass of last car x accel’n. (1)


Net Force = Tension – Friction on last car (1) = T - 2000 = 20 x 1000 x 0.20 (1), 



T = 6000 N (1)
11.
C
Net force is inwards towards the centre.(2)
12. Arrow from middle of car going down to represent the weight, the force by the earth on the car.


Arrow from ground going up (preferably through both tyres) to represent the reaction force by the ground on the car


Arrow from the tyres along the ground to the right to represent the friction, the force by the road on the tyre. (2)
13.
G
By Newton’s 3rd law there is an outward force by the tyre on the road that is equal and opposite to the inward force by the road on the tyre.   Also by Newton’s 3rd law there is a downward force by the tyre on the road that is equal and opposite to the upward reaction force by the road on the tyre.  These two forces combine to give a force in the direction B  (2) Note: Strictly speaking the tyre is also pushing back on the road as the engine turns the driving wheel.
14.
The tyre pushes back to the left on the road (1),  and by Newton’s 3rd law, the road pushes to the right on the tyre (1).  It is this force that provides the driving force of the car.  These forces are frictional forces. (1)
Gravity

1. Use Gravitational Force = Net Force = mass x centripetal accel’n. (1)

GMm/r2 = m 42r/T2 (1).


T2 = 42r3/ GM = 4 x 2 x (400 x 103 + 3.4 x 106)3 / (6.67 x 10-11 x 6.4 x 1023) (1) 

T = 7124 sec = 1.98 hours (1)
Gravity ctd

2. The Area under the graph from 1200m to 3200m equals the loss in Grav Pot’l Energy (1) and the gain in kinetic energy (1).  So, first the KE at 3200m needs to calculated from ½ mv2, where v = 24,000 m/s (1).  To this initial KE is added the value from calculating the Area under the graph to give the final KE.  This value is then used to find the final speed with KE = ½ mv2 (1).

3. 4.5 x 103 m/s
Use Gravitational Force = Net Force = mass x centripetal accel’n.





GMm/r2 = mv2/r (1).  v2 = GM/r = 6.67 x 10-11 x 2.0 x 1030 / (6.5 x 1012) (1),





v = 4530 m (1)
4. Kiera is incorrect (1).  Apparent weightlessness occurs if the reaction force from the surface is zero. (1)  Quaoar is a very large asteroid, so it will exert a gravitational force (1), albeit small, on anyone standing on it.  If you stood on bathroom scales on the surface, you would get a reading. (1)
Note: Both Quaoar and people on it are accelerating towards the Sun, but so are the Earth and its inhabitants.

Structures and Materials

1. Brick and stone are strong under compression (1).  The weight of the material will pull the bridge down but the shape of the arch is such that the underside remains in compression (1).  The arch also transfers the force to the ground down through the pillars (1)
2. 5,000 N
In Figure 2a, the pin is supporting only the top walkway, whose weight is 5000 N. (2)
3. A
In Figure 2b, the bottom walkway is hanging from the top walkway, not from the rod, so the top pin is holding up two walkways. (2)
4. Yes
Net Torques about the wall. (1)


T sin 500 x 16 (1) = (10 + 0.7)x 1000 x 9.8 x 12 (1).  T = 1.02 x 105 N, which is less than 1.5 x 105 N (1)
5. 0.037m
Stress = Force / Area, Strain = Change in length / Natural length, 



Stress = Young’s Modulus x Strain (1), so Diam2 = 4 x F x l / (Y x l x ) (1)


Diam2 = 4 x 1.5 x 105 25 / (3.4 x 1011 x 10 x 10-3 x ) (1).  Diam = 0.037m (1)
6. 1.80 x 106 N and 1.63 x 106N


(C) on each
Net Force = zero: R1 + R2 = 50 x 1000 x 9.8 + 300 x 1000 x 9.8 = 3.43 x 106 N (1)


Torques about R1 50 x 1000 x 9.8 x 13.5/3 + 300 x 1000 x 9.8 x 13.5 / 2 = R2 x 13.5



Solve for R2 = 1.63 x 106 N (1) and by substitution, R1 = 1.80 x 106 N (1)
7. Brittle means fracture at the Elastic limit. (1)
8. 5.6 x 103 J
Area under graph = Energy per volume (1), 



so Energy = ½ x 1.5 x 10-3 x 150 x 106 x (0.1 x 0.05 x 10) (1)  = 5625 J (1)
Light and Matter

1.
A
Emission so arrow down from 3.75 to 2.10 eV (2)
2.
5.9 x 10-7m
Energy jump= 2.10 eV, so wavelength = hc/E  (1)


Wavelength = 4.14 x 10-15 x 3 x 108 / 2.10 (1) = 5.9 x 10-7m (1)
3. KE gained ( ½ mv2) = Vq (1), v2 = 2 x 2500 x 1.6 x 10-19 / (9.1 x 10-31) (1), v = 2.96 x 107 m/s (1)  which close to 1/10th the speed of light. (1)
4. De Broglie wavelength of softball = h/mv = 6.63 x 10-34 / (0.2 x 30) (1) = 1.1 x 10-34 (1), which is too small to observe.  (1)
5. 2.0 eV
Find Y-intercept of graph (1), (1).  Accept (1.6 – 2.2).  Also accept 3.2 x 10-19Joules.

6. 78 eV
Using Energy = hf – W (1) = 4.14 x 10-15 x 1.93 x 1016 – 2.0 (1)

(C) on 5

 = 79.9 – 2.0 = 77.9 eV (1)
Areas not covered

Motion

· Role of normal reaction in accelerating an object leaving or coming into contact with a surface

· Conservation of energy, gravitationa potential energy

· Elastic and inelastic collisions

· Circular motion: uniform motio using a = v2/r and a = 42r/T2, comparison with non-uniform motion using conservation of energy

· Projectile motion: quantitatively without air resitance and qualtiatively with air resistance

Gravity

· Gravitational field: g = GM/r2
Structures and materials

· tensile strength and compressive strength; qualitative discussion only of bending as combination of compression and tension; reinforcing

Light and matter

· evidence for the wave-like nature of light; double slit interference – descriptive only; diffraction - the effect of changes in gap or object size and wavelength;

Spin off Questions

Motion

2.
Calculate the acceleration at t = 7.0 s and 10.0 s

4.
Calculate the time for both cars to reach Y

10.
Calculate the tension in all the other couplings

13.
Calcualte the vertical and horizontal components of the force by the tyre on the road, and then determine the angle the vector in G makes with the vertical.

14.
Assuming the car is a rear wheel drive, that is, the engine turns the back wheels, explain why the front wheels turn.

Gravity

1.
Calculate the speed of Odyssey, the gravitational field strength at the surface of Mars and at Odyssey.

2.
Calculate the speed of Odyssey at 1200m from Mars.

3.
Calculate the period of Quaoar’s orbit.  What is the gravitational field strength of the sun at this distance?

4.
If a very sensitive bathroom scale was attached to the outside of a large orbiting satellite, and an astronaut stood on it, would the reading be zero?  Explain.

