VCE Physics 1999 Unit 4

Solutions 5/11/99

Motion

Context A Transport and safety

1. 350 N.

Average force  =Mass x (Change in Vel / Time taken).

Fav = 7.0 x (0 – 8.0)/(1.6 x 10-1) = 350 N. (Ave: 3.1/4)
2. Change in Momentum of the head is the same regardless of the nature of the impact. (1)

Impulse = Change in Momentum, so Impulse is the same. (1)

Impulse = Average Force x Time of impact. (1)

Air bag increases the time of impact, and so decreases the Force of the impact. (1) (Ave = 2.1/4)

3. Zero
After a distance of 500 metres, the speed is constant, so acceleration is zero, and so must the Net Force. (Ave = 1.0 /2)
4. 3.63 ms-2
At 200m, the Opposing Force = 2,000 N, the constant Driving Force must be 10,000 N since the speed is constant after 500m.

Net Force = 10,000 – 2,000 = 8, 000 N(1) = mass x accel’n = 2200 x a (1)

Accel’n = 8,000 / 2,200 = 3.63 m/s2 (1) (Ave = 1.4/3)

5. 2.5 x 106 J
Work Done = Area under Force - Distance graph.  Find Area by approximating to a triangle or counting squares.

Area = ½ x 500 x 10,000 = 2.5 x 106.

No. of squares = 12.5 squares.  Each square = 2,000 x 100 J / square.

Accept 12 – 13 squares. (Ave = 2.2/4)

6. Upwards.(1) Downward velocity is decreasing. (1) (Ave = 1.1/2)
7. Short arrow down from waist, labelled “weight”.  Long arrow up from point of contact of feet with air bag, labelled “Reaction”. (Ave = 1.5/3)
8. C
Car is travelling in direction of tangent of path

9. D
See Question 8 (Ave of 8 & 9 = 1.6/2)
10. E
No air resistance, so only force is weight downwards.

11. E
No change for question 10.

12. F
Air resistance acts in direction G, so combined effect with weight (E) is F. (Ave of 10, 11 & 12 = 2.5/4)
13. Arrow to the right. (Ave = 1.1/2)
14. 17.0 m/s
Net force = 6400 N = mass x vel2 / radius = 800 x vel2 / 36.0

vel2 = 6400 x 36.0 / 800.  Vel = 16.97 m/s . (Ave = 1.5/2)
15. The acceleration of the car is horizontal and inwards, so the net force must be also inwards and horizontal.  The force comes from the friction between the tyres and the road.  (Ave = 1.9/4)
Gravity

1.
0.224 N/kg
“g” = GM/r2 = 6.67 x 10-11 x 5.98 x 1024 / (4.22 x 107)2 = 0.22398 . (Ave = 1.5/2)
2.
3.07 x 103 m/s
“g” = a = vel2/ r.  Vel2 = g x r = 0.224 x 4.22 x 107. Vel = 3074.5 . (Ave = 1.9/3)
3.
C
A: Net force is not zero, gravity acts. B: Speed is constant, but velocity is not, as direction changes. D: If there is a net force, there must be an accel’n.    (Ave = 1.0/2)
4.
5.9 x 102 N
Gravitational force = weight force = mass x g’ = 68 x 8.7 = 592N.  (Ave = 1.4/2)
5.
Zero
Both the bed and the astronaut are accelerating towards the Earth at the value of the acceleration due to gravity at that point in space.  The astronaut is “weightless”.  (Ave = 0.9/2)
6. The astronaut is not really weightless as the “weight” is the gravitational force due to another mass, in this case, the Earth.  This force cannot be turned off.  This force also produces an acceleration on the astronaut which causes the astronaut to move in a circle rather than fly off into space.  (Ave = 1.5/3)
Structures and Materials

1.
C
Y is being stretched by the basket.  X is being pushed against the wall by the basket.  (Ave = 1.6/2)
2.
1.5 x 102 N
The upward component of the force in Y cancels the weight force. 


T cos 500 = mg.  T = 10.0 x 9.8 / cos 500 = 152.5 N.  (Ave = 1.3/3)
3.
59 N
Total upward force = Total downward force = 5.0 x 9.8 + 1.0 x 9.8 = 58.8 = 59 N.  (Ave = 1.4/2)
4.
38 N
Taking torques about Y.  Clockwise torque of X = anticlockwise torques of weights. Fx x 1.5 = 49 x 1.0 + 9.8 x 0.75.  Fx = 37.6 N. (Ave = 1.7/4)
5.
2.50 x 1011 N/m2
Young’s modulus = gradient of stress - strain graph

gradient  = 250 x 106 / (1 x 10-3) = 2.50 x 1011.  (Ave = 1.4/2)
6.
1250 N

Stress = Force / Area.  Max stress = 125 x 106 N/m2.


Force = Stress x Area = 125 x 106 x (10 x 10-6) = 1250 N.  (Ave = 1.8/4)
7.
Steel
Toughness = Area under graph.  Steel has more squares, and each steel square has a larger value because of the difference between the scales on the Y axis.  (Ave = 2.0/3)
8. Strong means tensile strength, which is max stress.  Toughness means area under graph.  Steel is greater in each of these. (Ave = 1.7/3)
Light and Matter

1.
D
A: True, B: True, C: True.  (Ave = 1.1/2)
2.
4.9 eV
Energy = hf = hc/( = 4.14 x 10-15 x 3.0 x 108 / (2.54 x 10-7) = 4.89 eV  . (Ave = 1.2/2)
3.
0.2 eV
KEmax = hf – W = 4.9 – 4.7 = 0.2 eV  . (Ave = 0.9/2)
4.
B
Same frequency means same stopping voltage.  Higher intensity means higher initial current.  (Ave = 1.2/2)
5.
3.97 x 10-24 kgm/s
p = h/( = 6.63 x 10-34 / (1.67 x 10-10).  (Ave = 1.4/2)
6. Wavelength of electron is comparable to atomic spacing and will produce diffraction.  Wavelength of visible light (400 nm) is 200 times greater than the atomic spacing, so the light will not “see” the atoms at all, it will treat the crystal as a single object.  (Ave = 0.7/3)
7. 1.85 x 10-7 m
Energy Diff = hc/(.  ( = hc / (E.

 (= (4.14 x 10-15 x 3.00 x 108) / (10.4 – 3.7) = 185 nm.  (Ave = 2.1/4)
Average score =54 /90.  42 students got 90 / 90.

Letter Grade Categories :

A+ :  90 – 82
A :  81 – 71
B+ :  70 – 62
B :  61 - 52
C+ :  51 – 43
C :  42 – 34
D+ :  33 – 27
D :  26 - 20
E+ :  19 – 13
E :  12 – 9
UG :  8 – 0

