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QUESTION 1 

(a) 	Given two vectors A= 3l + 2J - 41{ and B= zi - 3J + 51{, find 

i. the magnitude ofthe two vectors, 	 (2 marks) 
ii. the dot product ofthe two vectors, and 	 (2 marks) 

iii. the angle between the two vectors. 	 (2 marks) 

(b) 	A body starts at the origin with a velocity of 4 mls and accelerates to 16 mls in 4 s, and then 
moves at constant velocity for 5 s after which it accelerates to - 4m1s in 5 s. Sketch 
i. the velocity-time, 	 (4 marks) 

ii. the acceleration-time, and (5 marks) 

lll. the distance-time graphs for this motion. (6 marks) 


(c) 	A body is projected vertically upward with a velocity of30 mls. Find the velocity of the body 
at a height of 20 m and comment about your solution. (4 marks) 
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QUESTION 2 

(a) The two blocks in Figure 1 are connected by strings of negligible mass that pass over a 
frictionless pulley. The coefficient ofkinetic friction between the masses ml and m2 is p. 
The system has an acceleration a to the right. 

i. Make fully labeled force diagrams for each mass from which useful equations of 
motion can be obtained, that can enable you to obtain the acceleration ofthe system if 
all quantities are given. (6 marks) 

ii. Write down the equations ofmotion for each mass that can enable you to find the 
acceleration of the system, if all quantities are given. (6 marks) 

Figure 1. 

(b) A uniform beam of length 12 m with a weight of 2400 N is supported as shown in Figure 
2. The person of mass 75 kg is sirting 3.5 m from the wall. The box of supplies is placed 
on the beam 7 m from the wall. 

1. Find the tension in the cable. (6 marks) 
n. Find the x- and y-components of the reaction force by the wall. (3 marks) 
iii. Find the angle 4> the reaction force makes with the wall. (2 marks) 
iv. Illustrate the force due to the wall and the angle 4>. (2 marks) 

Figure 2. 
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QUESTION 3 

(a) A body is projected vertically upward with a velocity of20.0 mls. Use energy methods to 
determine its speed at a height of 15.0 m, and comment on the result. (5 marks) 

(b) A mass m = 5.00 kg is attached to a spring of spring constant k = 120 N/m that is placed 
against a stop. The mass is pressed against the spring such that it is compressed a distance of 
10.0 cm on a frictionless surface. Find the speed of the mass when the spring extends back to 
its original length. (5 marks) 

(c) A bullet ofmass m =4.20 g moving with an initial supersonic velocity Vo =965 mls strikes a 
stationary block of mass M = 4.00 kg resting on a frictionless surface. The block acquires a 
velocity V' = 5.00 mls in the original direction ofthe bullet. 

i. 	 What is the final velocity ofthe bullet vjafter the collision? (4 marks) 
ii. 	 Describe the motion of the bullet after the collision, and state which of the cases in 

Figure 3 below resembles the motion of the system after impact. (2 marks) 

Figure 3. (a) (b) (c) 

(d) A flywheel of moment of inertia 1= 155 kg m2 is accelerated from 850 rpm to 6500 rpm in 
5.00 s. 

I. Find the angular acceleration and the torque on the wheel? (5 marks) 
ii. What torque was used to accelerate the wheel? (1 mark) 

iii. What angle in radians does it tum through in the first 5.00 s? (3 marks) 

V'
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QUESTION 4 

(a) A piece of wire oflength 5 m and diameter 0.450 mm suspends a mass of20 kg in air. 
The wire extends by 0.254 mm under this load. 

i. Calculate the stress and strain on the wire. (5 marks) 
ii. Find the Young's modulus for the wire. (2 marks) 

(b) A PHY101 student of mass m = 55.0 kg who cannot swim but wants to enjoy time in the 
swimming pool of fresh water. She finds a slab of wood of thickness t = 10.0 cm, and a 
density of 800 kg/m3 (See Figure 4). What should be the minimum area of the slab of 
wood to support the student? (6 marks) 

Student 

Slab 

Water 

Figure 4 

(c) The safe depth underwater a human can be is said to be about 30.0 m. Find the gauge and 
absolute pressures at this depth. (4 marks) 

(d) A sealed tank contains water for a fire hydrant to a level of20.0 m. Above the water level 
there is air at a pressure of 6.00 atmospheres. The hose is connected at the bottom of the 
tank used to extinguish fires. Suddenly the hose breaks off from the tank. Use Bernoulli's 
equation to determine the velocity with which the water comes out at the bottom of the 
tank. State all assumptions made. (8 marks) 
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QUESTIONS 

(a) On a day when the temperature is 98°F. What is the temperature in °C? (2 marks) 

(b) A concrete slab of length 5.00 m is at a temperature of -5.00°C in the early morning. In 
the midaftemoon the temperature ofthe slab rises to 42.0°C. The slab is free to expand in 
all directions. Determine the length ofthe concrete slab at midaftemoon if its thermal 
coefficient of expansion is 14.5 X 10-6 (OC)-1. (3 marks) 

(c) List the three mechanisms by which heat is transferred from one region to another and the 
medium required for each case. (3 marks) 

(d) A wood stick and a steel rod are left outside in a cold night. In the morning, a student 
picks up the rod and the stick. Which ofthe two will feel colder and why? (4 marks) 

(e) A 200 g insulated copper calorimeter of heat capacity 385 Jlkg'K contains 1200 g of 
water at a temperature of 18.0°C. How much steam at 110°C has to be condensed into the 
water if the final temperature of the system is to reach 40.0°C? (9 marks) 

(f) 	A tank contains an ideal gas at a pressure of2 atmospheres. It is heated at constant 
volume to a temperature of 700°Cg. Find the final pressure in Pascal. (4 marks) 
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DATA SHEET 


General Data 
Air refractive index = 1.00 
Avogadro's numberNA = 6.022 x 1023 mor l 

Boltzmann's constant kB = 1.38 X 10-23 JIK 
Density of mercury = 1.36 x 104 kglm3 

Gas constant R;;: 8.314 J/(mol'K) 
Gravitational acceleration g = 9.80 m/s2 

Refractive index ofair nair = 1.000 
Standard atmospheric pressure = 1.013 x 105 Pa 
Speed of light in vacuum c =2.997 8 x 108 mls 
Speed of sound in air Us =343 m/s 
Stefan-Boltzmann constant a= 5.67 x 10-8 W/(m2'K4

) 

Threshold of hearing 10 10-12 W/m2 
Universal gravitational constant G =6.67 X 10-11 N. m2/ki 
1 calorie 1 c =4.186 J 
1 food calorie = 1 Calorie;::: lC 103 calories = 4.186 x 103 J 

Water data 
c(water) 4186 J/(kg'K) c(ice) = 2090 J/(kg'K) c(steam) =2079 J/(kg'K) 
L£..ice) == 3.33x105 J/kg LvCwater) = 2.260x106 J/kg 
p (water) = 1000 kglm3 refractive index nw = 1.333 

Electricitv and nuclear data 
Alpha particle mass = 6.644 657 x 10-27 kg 
Charge ofan electron = -1.6 x 10-19 C 
Charge ofa proton = +1.6 X 10-19 C 
Coulomb's constant ke =8.9875 x 109 Nm2/C2 

Deuteron mass = 3.343583 x 10-27 kg 
Electron mass, me =9.109 x 10-31 kg 
Neutron mass mn 1.675 x 10-27 kg 
Proton mass, mp = 1.673 x 10-27 kg 
1 atomic mass unit = 1 amu = 1 u 1.66 x 10-27 kg 
EO =8.85 XlO-12 C2(N·m2

) 

1 Ci =3.7 x 1010 decaysls 
IBq;::: 1 decay/s 
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