VCE PHYSICS  2000 UNIT 4 Solutions - 2nd Nov 2000

Motion

1.
3.125 m/s2
u =0, t = 16.0s, x = 400m, a = ?. Use x = ut + ½at2. “a” = 2.x/t2


a = 2 x 400 / 162 (One mark) = 3.125 m/s2 (One mark).

2.
50 m/s (C )
Using x = (u + v).t /2, v = 400 x 2 /16 = 50 m/s.



Using v = u + a t = 0 + 3.125 x 16 (One mark) = 50 m/s. (One mark)

3.
D
Change in momentum = Final momentum – Initial momentum



(p = 

      - 


       = 

4. First Law: There is no horizontal force acting on the board (One mark), so it continues in its original direction. (One mark)

Second Law: The net horizontal Force is zero, so the accel’n is zero, and the vel is unchanged.

5.
4.0 s
Vertical Motion: u = 0, a = 9.8, x =80, t = ?.  Use x = ut + ½at2.



t2 = 2 x 80 / 9.8 (One mark), t = 4.04 sec. (One mark)
6.
40 m (C )
Horizontal Dist = Horiz speed x Time = 10 x 4.04 (One mark)  = 40 m. (One mark)
7.
0.15 m
Initial KE = Area under graph = ½ kx2. (One mark)


From graph k = 8.0 x 104 N/m, so ½ mv2 = ½ kx2. (One mark)


8.0 x 152 = 8.0 x 104 x (Ext)2. (One mark).  Ext = 0.15 m  (One mark)


OR using counting squares: One square = 100 joules.



KE = 8.0 x 152 = 1800 J = 18 squares. Ext = 0.15 m

8. A


9. Change in KE is same, so Work Done is the same (1 mark), so Area under F - x graph is the same (1 mark).  Hard surface will give a greater max force with a shorter collision time (1 mark).

10. C
KE ( Vel2, so twice the speed means four times the KE, and four times the Work Done, so a constant braking force, the stopping distance will be four times longer.

11. 2750 N
Fnet = Total Mass x Accel’n = (900 + 1300) x 1.25 (1 mark) = 2750 N (1 mark)
12. 1125 N
The Tension pulls the caravan along and accelerates it.  Assuming that the Tension is the only force acting (One mark), then  Tension = Mass of caravan x accel’n = 900 x 1.25  (One mark) = 1125 N  (One mark). Note: if the friction from the next question is taken into account, then the tension is 1125 N+ 1100 N = 2225 N

13.
2400 N
Constant speed means Net Force is (One mark).  Net resistive force is balanced by driving force.  Net resistive force is 1100 N + 1300 N = 2400 N. (One mark).

14.
24.3m
Gain in KE = Loss in Grav PE. (One mark)


½ mv2 – ½ mu2 = mgh.  ½ x 242 – ½ x 102 = 9.8 x h (One mark)


Height = ½ x (242 – 102) / 9.8 = 24.3 m (One mark)
15.
2400 N   C
Net Force = ma = mv2/r (One mark) = 50 x 242 / 12 = 2400 N. (One mark) The direction of the net force is inwards towards the centre of the circle. (One mark)
Gravity

1.
1.3 x 10-4N/kg
Grav field strength = GM/r2 (One mark)



g = 6.67 x 10-11 x 2.0 x 1030/ 1024 = 1.33 x 10-4 N/kg(One mark)
2.
7.5 x 1020 J
Energy = Area under the graph (One mark).  Approximate to geometric shapes (One mark).  Acceptable range is (6.5 – 7.5) x 1020 J (One mark)
3.
7.8 x 103 m/s
Gravitational field Strength = Acceleration in a circle



Radius of orbit = RE + Altitude = 6.37 x 106 m + 0.19 x 106 m (One mark)


GM/r2 = v2/r. (One mark) v2 = GM/r  = 6.67 x 10-11 x 5.98 x 1024/ 6.56 x 106


Vel = 7.80 x 103 m/s. (One mark)

4. Jane is correct (One mark ) as there is a force acting on Apollo 11, so it does not need to travel in a straight line.


Maria is incorrect (One mark) as Apollo 11 is not travelling in a straight line, there must be a force acting on it. (One mark for reason)
5.
D
Masses in gravitational field experience a force.

6.
C
The Earth is heavier than the Moon so the Earth’s gravitational attraction will be balanced by the Moon’s only when Apollo 11 is quite close to the Moon.

Structures and Materials

1.
2.0 x 104 N/m
Force Constant = Gradient of the graph. (One mark) When F = 2000 N, compression = 0.10 m.  k = 2000 / 0.10 = 2.0 x 104 N/m  (One mark)
2.
4000 N
Energy stored = Area under the graph = ½ kx2. (One mark)


1 square = 103 x 0.05 = 50 J.  800 J = 8 squares. (One mark) Force = 4000N. (One mark)


OR 800 = ½ x 2.0 x 104 x (Compression)2. (One mark) Compression = 0.20m, so Force = 4000 N. (One mark) (Conseq on Q’n 1)

3.
A


4. Top of beam is under compression due to its own weight, the bottom is under tension.  The middle is not stressed significantly.  As cast iron is stronger under compression than under tension, the top can be thinner than the bottom.

5. 3.2 x 107 Nm
Torque = Force x perpendicular distance from X to the line of action of the force. (One mark) Torque = 107 x 1000 x 9.8 x 35 x cos 300 (One mark) = 3.18 x 107 Nm (One mark)
6. 60 kg
Forces up = Forces down.


686N + 392N = (50 + mp) x 9.8 (One mark)

mp =60 kg (One mark)
7.
2.5 m (C on 6)
Net Torques about P equal zero. (One mark)


Clockwise torque = 392 x 10  (One mark)



Anticlockwise torques = 50 x 9.8 x 5 + 60 x 9.8 x Dist. (One mark)


Distance from P = 2.5 m (One mark)
8.
B
Toughness is the area under the graph to point of fracture. (One mark), so B (One mark)
9.
A
Brittleness is fracture at the elastic limit. (One mark), so A (One mark). 
10.
¼
Area A = Force / (Stress in A when strain = 0.002) (One mark)


Area B     Force / (Stress in B when strain = 0.002)



Area A = Stress in B when strain = 0.002     (One mark)



Area B     Stress in A when strain = 0.002



Ratio = 40 / 160 = ¼  (One mark)
Light and Matter

1.
3.3 x 106 V/m
Electric Field Strength = Voltage / Plate separation 



E = V/d = 10,000V/ (3.0 x 10-3) (One mark)



E = 3.3 x 106 V/m (One mark)

2.
1.6 x 10-15 J
Work done = Voltage x Charge = 10,000 x 1.6 x 10-19 (One mark). W = 1.6 x 10-15 J (One mark)
3.
2.76 eV
E = hc/( (One mark)



E = 4.14 x 10-15 x 3.0 x 108 / (450 x 10-9) (One mark)



E = 2.76 eV (One mark)
4. The Work Function is the amount of energy (One mark) that an electron needs to break free (One mark) from the surface of a metal.

5. 2.29 eV
W = Energy of photon – max KE of ejected electron (as given by the stopping voltage) (One mark).  W = 2.76 – 0.47 (One mark).  W  = 2.29 eV. (One mark)
6. B
Doubling the wavelength, halves the energy of the photon to a value of 1.38 eV.  This is less than the Work Function, so any electron hit by the photon is not ejected from the metal surface.

7. X-rays have a short wavelength.  This wavelength is comparable to the atomic spacing in the small crystals in the metal foil (One mark).  The X-rays will therefore be diffracted by each atom producing antinodal dots of reinforcement. (One mark).  (Note the random orientation of the crystals means that the dots from each crystal form rings)

Topics not examined:

· Normal reaction

· Impulse

· Momentum in collision

· Apparent weight and weightlessness

· Young’s modulus

· Strain energy

· Electric Force

· Photon momentum

· De Broglie wavelength

· Energy level transition with emission or absorption of a photon

Extension Questions:

Motion

Q’ns 4 – 6:
Calculate the speed with which the surfboard hits the water.

Q’n 13: 
What is the power at which the engine is operating?


Calculate the tension in the coupling.

Q’n 14:
Calculate the minimum height for the next hill for the roller coaster not to get over it.

Gravity

Q’n 3:
What is the period of Apollo 11?

Q’n 6:
At what distance from the Earth does the gravitational attraction of the Earth balance the gravitational attraction of the Moon?

Structures and materials

Q’n 8:
Determine the Young’s modulus, yield strength, tensile strength and toughness of A and B.

Ideas about Light and Matter

Q’n 1:
Calculate the magnitude of the electric force on an electron crossing between the plates.


What is the direction of the electric force?


Calculate the speed of the electron as it hits the plate

Q’ns 4 – 6:
What is the threshold frequency and its equivalent wavelength?

