VCE Physics November 2002 Exam Solutions
(Suggested Marking scheme in italics)
Motion

1.
2.22 m/s2
u = 0, s = 400 m, t = 19.0 s, a = ?, Use s = ut + ½ at2,  400 = 0 + ½ a (19.0)2 (1),



a = 2 x 400 / (19.0)2 = 2.22 (1)
2.
21 m/s
Average speed = Total distance / Total time.

(C) on 1
Speed at 19.0 sec = u + at = 0 + 2.22 x 19.0 = 42.2 m/s. (1)


Distance to stop: u = 42.2, v = 0, t = 5.1, s = ?, use s = (u + v) t/2,



s = (4.22 + 0) x 5.1/2 = 107.6 m



Average speed = (400 + 108) / (19.0 + 5.1) = 508/24.1 = 21.1 m/s (1)


Note: Using a Vel Time graph the motion starts and finishes at rest, so average vel is half of the maximum = 42.2/2 = 21.1 m/s (1)

[image: image1]
3.
B
See diagram above
4.
E
Distance = area under the Vel time graph.  Curving up in first section, then curving over to a flat line

5.
22 m/s
Find time to fall 4.0 m under an acceleration of 9.8 m/s2, the find horizontal speed to cover 20. m in that time.


Use s = ut + ½ at2, 4.0 = 0 + ½ x 9.8 x t2,(1) t2 = 8.0/9.8, t = 0.90 sec (1)


Horiz vel = 20 / 0.90 = 22.1 m/s (1)
6.
26.5 m/s
Combine Horiz and Vert components of velocity by Pythagoras.

(C) on 5
Vet vel: v = u + at = 0 + 9.8 x 0.90 = 8.82 m/s (1)


Velocity = ( 252 + 8.822)0.5 = 26.5 m/s (1)
7.
140 kN
Force = mass x acccel’n = 1300 x (11.0 – 0)/0.10 (1) = 1.43 x 105 N (1)
8.
The loss of car’s momentum is the same regardless of what the car hits or whether it has crumple zones (1). The crumple zone increases the time over which the collisions occurs (1). The Impulse on the car is also unchanged, so a longer time of impact results in a smaller average force (1).
9.
4.0 m/s
By Cons’n of Momentum, total momentum before = total momentum after. (1)


10 x 6 = (10 + 5) x V (1), V = 4.0 m/s (1)
10.
2.0 x 104 Ns
Impulse Y on X = Impulse of X on Y= Change in Momentum of Y  (1)

(C) on 9
= 5 x 103 x 4.0 = 20,000 Ns  (1)
11.
This is an inelastic collision because KE is lost, and KE is always lost in sticky collisions. (1)

KE before = ½ x 104 x 6 x 6 = 180 kJ. (1)  KE after = ½ x 1.5 x 104 x 4 x 4 = 120 kJ (1)
12.
1.1 N
Net Force = mass x accel’n = mv2/r = 0.25 x 3.0 x 3.0 / 2.0 (1) = 9/8 = 1.12 N (1)
13.
B
Net force is inward and to the right.  Only rail P can provide this force. Note: X missing from Figure on left of track (1) (1)
14.
Where the back tyre meets the surface, draw an arrow to the right (1) to represent the friction force of the ground on the tyre. (1)   Additionally you may draw an arrow to the left at this point to represent the friction force of the tyre on the ground.  This is an example of Newton’s Third law.  Arrows for Weight and Reaction forces are not necessary.  Net Force = friction (1)
15.
Draw a short horizontal line at v = 65 kph of the same length as the short line at 60 kph.  This represents constant reaction time.  Then draw an angled line down to the time axis parallel to the existing oblique line.
16.
The extra stopping distance is the area between the two graphs. (1) (1)
Gravity

1.
3.9 x 1010 J
Energy required = Area under the graph. (1)   Possible methods: count squares, or approximate to triangles and a square. Counting Squares method: 13 squares (1) (accept 11 -14) x 1000 x 3 x 106 = 3.9 x 1010 J (1)
2.
In deep space, the craft would be away from the gravitational influence of any other matter, hence net force = zero, a = 0 and vel is constant.(1)   There is no gravitational force on the objects so they are weightless (1).  Note: “On the way to Mars means that the craft must be affected by the gravitational force of the Sun, so the craft cannot be in deep space.
3.
4.7 x 10-7 N/kg The gravitational fields pull in opposite directions, so calculate and subtract. (1)


Field (Jupiter) = G MJ / (4.2 x 1011)2, Field (Saturn) = GMS /(3.9 x 1011)2.  (1)


Diff = 6.67 x 10-11 x [1.9 x 1027 / (4.2 x 1011)2 – 5.7 x 1026 / (3.9 x 1011)2.]  (1)


Diff = 4.68 x 10-7 N/kg  (1)
4.
Arrow to the right, as the field due to Jupiter is bigger (1)
5.
38520 s
Period = length of Saturn day in seconds = 10.7 x 60 x 60 = 38520 sec (1)
6.
1.1 x108 m
GMS/r2 = 4r/T2, or r3 = GMT2/ 4 (1



 = 6.67 x 10-11 x 5.7 x 1026 x (38520)2/ 4. (1).  Radius = 1.13 x108 m (1)
Structures and Materials
1.
33000 N
The ground exerts a force to counter the weight force of the mast and the downward component of the three wires.



F = 2 x 1000 x 9.8 (1)  + 3 x 5000 x cos 300 (1) = 19600 + 15000 x 0.8660


 = 32590 N (1)
2.
64 MPa
Stress = F/Area (1) = 5000 / (0.5 x 10-2)2 (1) = 64 MPa (1)
3.
N1 = 120 kN
Net Force = zero, N1 + N2 = 26 x 1000 x 9.8 = 254,800 N (1)

N2 = 140 kN
Net Torque about N1 = zero, N2 x 30 = 20 x 1000 x 9.8 x 15 + 6x1000x9.8x20 (1)


N2 x 30 = 2,940,000 + 1,176,000 = 4,116,000 N, N2 = 137200 N (1)


N1 =  254,800 – 137 200 = 117600 N (1)
4.
Top surface is under compression, bottom surface is under tension. (1)   Concrete is strong under compression, but weak under tension, (1)  so if reinforcing steel, which is strong under tension is placed along the bottom surface, this will reinforce the bridge. (1)
5.
3.0 x 10-3 m
At stress of 35 MPa, the stain is 0.1% (1). Extension = 0.1 x 3.0/100 m (1) 



= 3.0 x 10-3 m (1)
6.
Strength: Rail steel is stronger the structural steel (1) because the maximum tensile strength, i.e. the max stress it can handle is greater. (1)

Stiffness: rail steel is stiffer than structural steel because the gradient before the yield point is greater. (1)
7.
Rail steel is tougher than structural steel (1) because the stored energy per unit volume (1), i.e. the area under the graph up to the breaking point is greater. (1)
Light and Matter
1.
1.8 x 10-11 m
Use E = hc/ to find wavelength,  =4.14 x 10-15 x 3.0 x 108 / (70 x 1000) (1)


Wavelength = 1.77 x 10-11 m (1)
2.
1.8 x 10-11 m
Diffraction depends on wavelength, and the patterns are the same. (C) on 1
3.
4.8 keV
Momentum, p, = h/(1), KE = p2 / 2m = h2 / (2m(1)

(C) on 2
(in Joules) = (6.63 x 10-34)2 / [2 x 9.1 x 10-31 x (1.77 x 10-11)2] = 7.71 x 10-16 (1)


E (in eV) = 7.71 x 10-16 / 1.6 x 10-19 = 4818 eV = 4.8 keV. (1)  Accept 4.5 – 4.8
4.
B
Diffraction is a wave property
5.
Pat (1)
There will be white band in the middle (1) because the path difference for all colours is zero (1), so there will be an antinode for all colours. Either side of the central white bands there will be coloured fringes, as each colour has a node.

6.
0.31 V
KE = hf – W = hf – hf0 (1) = 4.14 x 10-15 x (6.25 – 5.50) x 1014 (1) = 0.31 V (1)
7.
A lower horizontal line to the right of the current axis, and a curve that meets the potential difference axis further to the left.

Areas not covered in the exam.

Additional questions based on the information supplied in the examination questions

Motion

Q’ns 3 & 4
Which other two graphs are a related pair of vel-time and dist-time graphs?

Q’n 6
The time to fall 4.0 m is the same as in Q’n 5.  How far into building 2 does the car land?

Q’n 10
If the impact lasted 0.2 seconds, what is the size of the average force by X on Y, and the force Y on X?  Calculate the distance X travelled during the impact.  Calculate the distance travelled by Y during the impact.  Why are these answers different? Hint see Q’n 11.

Q’n 14
Add all the forces acting on the bike, expressing them in the form F by X on Y.  Add to the diagram the “Newton’s 3rd Law” equal and opposite force for each of these forces.
Q’n 16
How far did each car take to stop?

Gravity

Q’n 1
Use the graph to determine the gravitational field strength at a height of 7.5 x 106m

Q’n 2
A space station is moving in a direction outwards from the Sun on a journey from the Earth to Jupiter.  The space station is moving at a constant speed from the point of view of the Sun.  An astronaut is placed on a set of bathroom scales.  Will the scales read zero?  Explain.
Structures and Materials

Q’n 2
If each wire was 50.0 metres long when it was flat on the ground, but is now 50.2 m long, what is the strain, Young’s modulus and the energy stored in each wire?

Q’n 5
Determine the Young’s modulus, Tensile strength, Toughness of the two steels.

Light and Matter
Q’n 7

Sketch the curve if the light is changed to green light of the original intensity.  What is likely to happen with red light?
