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University Examinations 2020/2021  

FIRST YEAR, TWO SEMESTER EXAMINATION FOR THE DEGREE OF BACHELOR OF 
BACHELOR OF TECHNOLOGY IN ELECTRICAL AND ELECTRONIC ENGINEERING  

SPS 3100: PHYSICS FOR ENGINEERS 

 DATE: JANUARY 2022                           TIME: 2 HOURS 

INSTRUCTIONS: Answer question one and any other two questions. 
 
QUESTION ONE 

a. Differentiate between dimensions and dimensional analysis.                        (4marks)             
b. Show that the equation for impulse  is dimensionally correct         (3 marks)                        

c. Consider the oscillation of a simple pendulum. Assuming that the period of the pendulum (t) 
depends in some way on the quantities: the mass of the pendulum bob (M), the length of the 
string od the pendulum (L) and the gravitational intensity (g). writing the relation as 

 and that  is a dimensionless constant ,find the values of x, y and z and hence 

represent the equation  of the period(t) of the pendulum with .        (6 marks)                                                                                     

d. The captain of a plane wishes to proceed due west. The cruising speed of the plane is 245 m/s 
relative to the air. A weather report indicates that a 38-m/s wind is blowing from the south to 
the north. In what direction, measured due west, should the pilot head the plane relative to 
the air?                                                                                                (5 marks) 

e. You are driving along an empty straight road at a constant speed u. At some point you notice 
a tall wall at a distance D in front of you. Would it require a larger force to  

i) Continue moving straight and decelerate to a full stop before the wall      (3 marks) 

ii)  Turn left or right to avoid the wall? (that the turn is done at a constant speed along a 
circular path).                                                                                       (3 marks) 

f. State newton’s second law of motion.                                                            (2 marks) 
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g. In the film 2001: A Space Odyssey, a wheel-like space station achieves artificial gravity by 
spinning around its axis. If the station had a size of 2 km, how fast should it be spinning for 
the people inside to feel the same gravitational acceleration as on earth?   (4 marks) 

 QUESTION TWO 

a. State the principle of dimensional homogeneity                                          (2 marks) 
b. The speed of sound v in a gas might plausibly depend on the pressure p, the density ρ, and 

the volume V of the gas. Use dimensional analysis to determine the exponents x, y, and z in 
the formula  v = CpxρyVz, where C is a dimensionless constant.  Incidentally, the units of 
pressure are kilograms per meter per second squared.                             (4 marks) 

c. State two limitations of dimensional analysis                                                (2marks) 
d. A man walking briskly in rain with speed v must slant his umbrella forward making an angle 
θ with the vertical. A student derives the following relation between θ and v : tan θ = v and 
checks that the relation has a correct limit: as v → 0, θ →0, as expected. (assume there is no 
strong wind and that the rain falls vertically for a stationary man). Do you think this relation 
can be dimensionally correct? If not, guess the correct relation.         (4 marks) 

e. Hooke’s law states that the force, F, in a spring extended by a length x is given by F = −kx.  
According to Newton’s second law F = ma, where m is the mass and a is the acceleration.  
Calculate the dimension of the spring constant k.                                           (4 marks) 

f. Compute the dimensional formula of electrical resistance (R).                       (4 marks) 
 

QUESTION THREE 

a. An archer shoots an arrow with a velocity of 30 m/s at an angle of 20 degrees with respect to 
the horizontal. An assistant standing on the level ground 30 m downrange from the launch 
point throws an apple straight up with the minimum initial speed necessary to meet the path 
of the arrow. What is the initial speed of the apple and at what time after the arrow is 
launched should the apple be thrown so that the arrow hits the apple?          (10 marks) 

b. The highest barrier that a projectile can clear is 14 m when the projectile is launched at an 
angle of 30.0 degrees above the horizontal. What is the projectile's launch speed?    (4 marks) 

c. A 20 meters long rope attached to the top and the bottom of a flag pole is pulled 2 meters 
away from the pole by a 100 Newton force acting at right angles to the pole at its mid point. 
What is the tension on the segments of the rope on each side of the 100 Newton force?   
           (6 marks) 

 QUESTION FOUR 

a. A Coast Guard ship is located  away from a checkpoint in a direction  north of 

west. A distressed sailboat located in still water  from the same checkpoint in a 



Meru University of Science & Technology is ISO 9001:2015 Certified 

                                                                    Foundation of Innovations Page 3 

 

direction  south of east is about to sink. Draw a diagram indicating the position of both 

ships. In what direction and how far must the Coast Guard ship travel to reach the sailboat? 
(20 marks) 

 

 

       


