November 2001 VCE Physics Solutions – 13/11/01

Suggested Marking Scheme in italics. (C ): Consequential

Motion

1.
Zero
Cyclist moves at constant speed, so accel’n = zero and net force = zero. (2)

2.
950 N
Reaction force is balanced by component of weight force perpendicular to slope.  




N = mg cos 150 (1) = 100 x 9.8 x cos 150 (1) = 946.6 = 950 N. (1)

3.
250 N
Accel’n down slope is zero, so Friction forces up the plane are balancing component of the weight force down the plane.  Fr = mg sin 150. (1)




Fr = 100 x 9.8 x sin 150 = 253.6 = 250 N (1)

4.
A

Average speed = Dist / Total time.  Let d = dist of one trip,




then uphill time = d/4 sec, and downhill time = d/8 sec.




The total time = d/4 + d/8 = 3d/8.




So average speed = 2 x d /(3d/8) = 2 x 8/3 = 16/3 = 5.3 m/s 
A (2)

5.
56 kg
From graph when compression = 50 mm, force = 550 N (1), which equal the weight of the person, so m x 9.8 = 550, m = 56.1 kg (1)

6.
14 J
Total PE is energy stored in spring = Area under graph




Area  = ½ x 550 x 50 x 10-3 (1) = 13.75 J (1) 
7.
A

GPE depends on height, it reduces then goes back up, but not as far.

8.
B

KE increases as GPE decreases, so increases to a high value then decreases to a higher value than the initial KE

9.
E

Ignoring friction, Total E (GPE + KE) is constant.

10.
E

Reaction force from track is up and greater than the weight, the friction is small and to the left.  Combined effect is E.

11.


No (1)




By pushing the box sideways there is no change to Jack’s downhill momentum. (1)




Jack will continue with the same momentum. (1)




If the box was pushed off the back of the toboggan, Jack would receive an increase in momentum and would be travelling faster.




From Forces point of view: component of weight down the slope is mg sin θ, with less mass the net Force is less, but since Net Force = mass x accel’n, the acceleration is unchanged, the acceleration under gravity is independent of mass.  Smaller mass has not effect.




Not friction is negligible, but if considered it would have no effect, as the friction depends on the toboggan’s penetration of the icy surface, which is smaller if the reaction force is smaller, so Jack’s acceleration would still be the same regardless of mass.




If air resistance is taken into account, the terminal velocity increases with mass, so with less mass, Jack would slow down to the new and slower terminal velocity.

12.
4.7 m/s2
Convert kph to m/s 100kph = 100/3.6 m/s = v, u = 0, t = 5.9 s. find a




Use v = u + at, a = 100 / (3.6 x 5.9) (1) = 4.7 (1) m/s2 (1) Note: alternative values and units are possible, e.g. 17 km/hr/sec

13. (C)
82 m
Use s = (u + v)t/2 (1) = 81.9 = 82 m.(1) Conseq on 12 using s = ½ at2
14.
32 m/s2
Using net F = ma, a = 10,000/1,000 = 10 m/s2. (1)




u = ?, v = 0, a = 10, s = 50 m. Use v2  = u2 + 2as (1), u = 31.6 m/s (1)

15.
59m
Vert vel = 30 sin 200, Horiz vel = 30 cos 200. (1)




Time of flight: u = 30 sin 200, v = -30 sin 200, a = -9.8, use v = u+at (1)




Range = horiz speed x time of flight = 30 cos 200 x 30 sin 200 x 2 /9.8 (1) = 59m (1)




Or Range = V2 sin (2 x 200)/g for landing at same height as leaving height.

Gravity

1.
5510s
Period = 14.6 yrs/ 83,500 orbits. T = 14.6 x 365 x 24 x 60 x 60 / 83500 = 5514 sec.

2.(C) 7700 m/s 
Speed = circum/period = 2 π r / T. Radius = 6.37 x 106 + 0.390 x 106 = 6.76 x 106 m



Speed = = 2 π 6.76 x 106 (1) / 5514 = 7702.9 m/s (1)

3.(C) 8.78 N/kg
‘g’ = accel’n in circle = v2/r = (7703)2 /(6.76 x 106) (1) = 8.78 N/kg (1)

4.
Zero
(1)  The spring balance measures the reaction force on the mass as the Earth pulls the mass inwards 1.  The mass is accelerating inwards towards the centre of the Earth at a value equal to the acceleration due to gravity at that point in space (1).  Therefore the reaction force in the spring is zero.




Spring Force – mg’ = net Force = ma, but a = g’, do Spring Force = zero.

5.
4410 N
Weight on Earth = mass x 9.8 = 450 x 9.8 (1) = 4410 N (1) Accept g = 10

6.
2.1 x 1016kg  Using GM/4π2 = R3 /T2. (1)




Mass = (50 x 103)3 x 4π2 / [(5.9 x 104)2 x 6.67 x 10-11] (1) = 2.125 x 1016 kg (1)

7.
One arrow inwards towards Eros.

Structures and Materials

1.
240 Nm
Torque = 600 x 0.4 (1) = 240 Nm (1)

2.
A: Tension, B: Compression, C: Compression


Fork is pushed open by the log, so A is under tension.  With the right arm pushed back, B is under compression.  With the log pushing down, C is being compressed.

3.
Wood should strong under compression (1) and tension (1). Any of the following for the extra mark: Wood is i) stiff, ii) tough, iii) light, iv) not brittle.

4.
130 N
The upward components of the two tensions combine to cancel the weight.




2T cos 400 (1) = 20 x 9.8 (1), T = 127.9 = 130 N (1)

5.
6.0 x 1010 N/m2
Young’s modulus = gradient (1) = 6 x 107 / (0.001) (1)

6.
1.4 x 105 J/m3
Energy/vol = Area under graph (1) = 14.2 – 14.4 squares (1).




One square = 104. (1)

7.
Zero N

Prize is stationary, so net force = zero.

8.
9.8 N
Tension in the string balances weight down = mg = 1.0 x 9.8 = 9.8 N

9.
0.88m
Torques about edge of bank cancel.



Clockwise torques = Anticlockwise torque (1)




50 x dist +40 x 0.5 (1) = 80 x (1.0 – 0.2) (1)  Dist = 0.88m (1)




Note torques about any other point will need to include the reaction at the bank.

Light and Matter

1.
1.6 x 10-15 J
KE gained = Vq = 10 x 103 x 1.6 x 10-19 (1) = 1.6 x 10-15 (1)

2 (C)
1.23 x 10-11 m
Wavelength = h/Momentum.  Find Momentum from KE.





Momentum2 / (2 x mass) = KE.





Momentum = sq rt (1.61 x 10-15 x 2 x 9.1 x 10-31) (1)





Wavelength = 6.63 x 10-34 /[sqrt (1.61 x 10-15 x 2 x 9.1 x 10-31)] (1)





Wavelength = 1.23 x 10-11 m (1)

3.
Three of the following comments: i) electron wavelength is less than optical wavelength, ii) spreading due to diffraction is proportional to wavelength, iii) spreading depends on the size of the wavelength compared to the dimensions of the object of the image, iv) light disperses and reduces resolution of the image.

4.
3.6 x 10-19 J
Work f’n = Y intercept or Planck’s constant x Threshold freq (1)





6.63 x 10-34 x 5.5 x 1014 = 3.645 x 10-19. (1)  Accept 3.5 – 3.9

5.
Sodium
Wavelength = Speed / freq = 3.0 x 108 / (5.5 x 1014) (1)





Wavelength = 0.545 x 10-6 = 545 nm (1)

6.
2.50 eV
Energy = Planck’s Constant x speed / wavelength





E = 4.14 x 10-15 x 3.0 x 108 /(497 x 10-9) (1) = 2.4989 = 2.50 eV (1)

7.
Transition from – 0.9 to – 3.4 .

Areas not covered:

Motion:

· Analysis of motion under constant acceleration using graphs

· Newton’s 3rd law

· impulse and momentum in one dimension, conservation of momentum in one dimension;

· the role of friction in providing an external driving force which can accelerate an object; and the role of normal reaction in accelerating an object leaving or coming into contact with a surface;

· elastic and inelastic collisions; kinetic energy conservation in elastic collisions; qualitative treatment of energy transformations in inelastic collisions;

Gravity

· Newton's law of universal gravitation, F = GM1M2/r2;

· gravitational field, using g = GM/r2;

· energy transfers, using area under gravitational force-distance graphs only;

Structures and materials

· force constant, k,

· elastic limit;

· tensile strength and compressive strength; reinforcing;

· elastic and plastic behaviour;

· brittleness and toughness; brittleness indicating fracture at just past the elastic limit; toughness indicated by the total amount of strain energy absorbed prior to fracture

Light and Matter

· double slit interference – descriptive only; diffraction - the effect of changes in gap or object size

· F = qE; electric field between charged plates: E = V/d; qualitative deflection of a beam of electrons in an oscilloscope;

· the momentum of photons ( = h/p;

Extension Questions based on questions in the paper

Motion

4.
a)
Calculate the total time of the trip

b) Calculate the distance travelled.

5.
Calculate the effective force constant for the bike.

7.
Draw the shape of a roller coaster track if the answer to Q’n 7 was D

8.
Draw the shape of a roller coaster track if the answer to Q’n 8 was C

11.
a)
If Jack and Jill are travelling at the same speed at that instant, but Jack is behind how could that situation have come about?

b) Jack and Jill are travelling at 10 m/s.  Jill is 50 m from the finish, Jack is 10 m behind, what should his new speed be to catch Jill on the line?

c) Jack decides to kick the box off the back of the toboggan to increase his speed to this new speed.  If the mass of Jack and his toboggan is 80kg and the box of ice-skating gear is 4 kg, what speed would an observer see the box move after Jack kicks it off the back?  Assume the duration of Jack’s kick is so short that Jack, the toboggan and the box do not accelerate down the slope during the kick. 

14.
Calculate the time for the car to stop.

15.
a)
Calculate the maximum height above the ramp reached by the car.

b) Calculate the time of flight

c) What is the speed of the car as it arrives at the landing ramp?

d) What is the speed of the car at maximum height?

e) What is the acceleration of the car at maximum height?

Gravity

3.
Calculate the mass of the Earth

Structures and Materials

5.
Is this the material brittle or ductile?  Explain

7.
In Figure 5, the prize is supported by a frame.  Describe the stresses in the two parts of the frame.

9.
Calculate the size of the force at the edge of the bank when the beam is about to topple.

Light & Matter

1.
What speed does the electron reach?

5.
Draw the max KE vs Freq graph for Caesium.

7.
a)
Which other lines in the emission spectrum in Figure 3 correspond to energy level transitions in Figure 4, and which transitions are they?


b)
What is the wavelength of the photon emitted when an electron drops from – 0.9 eV to – 13.6 eV.?


c)
An electron is raised to the – 0.9 eV energy level.  From this level the electron returns to the ground state, –13.6 eV.  How many photons of different energies are emitted?

