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Saturday X-tra        X-Sheet: 7 
 

Power  & Mechanics Consolidation 
Key Concepts 
 
This lesson focuses on the following:  
 

• Defining power 

• Power and velocity 

• Work and friction 

• Work done on an incline 

• Impulse, momentum and power 
 

Terminology & definitions 

Power – the rate at which work is done. 
Frictional force – the force that works against the direction of motion of an object. 
Momentum – the product of mass and velocity of an object. 
Impulse – change in momentum of an object. 
 

X-planation of key concepts and terminologies 

Power is the rate at which work is done. It is found by using the following formula: 

t
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P =  where W is the work done, and t is the period of time taken to complete the 

work. From the formula, it can be deduced that the unit of measurement for power is 
Joule per second (J.s-1). One joule per second equals one watt. The accepted unit of 
measurement for power is therefore the watt. For an object moving at constant 
velocity, the power dissipated by the object at any given time is found by using the 
formula: P = Fv where F is the force applied and v is the velocity of the object. This 

comes from the fact that 
t

W
P =  = 

t

xF∆
. But v

t

x
=

∆
. Therefore FvP = . 

 
Moving object experiences friction. Frictional force is the force that acts against 
motion. For objects moving with constant velocity on rough surface, the applied force 
equals the frictional force. In this situation, the resultant force is, therefore, equal to 
zero. Motion also occurs along inclined surfaces such as ramps. It is very important to 
know how to use the work-energy theorem to solve work and power related problems 
based on inclined surfaces with or without friction. 
 
For revision purposes, it is also important to remember that a moving object 
possesses momentum. A resultant force acting on a moving object will cause a 
change in the momentum (impulse) of the object. However, if no external forces are 
allowed to act on a moving object, the system is said to be closed and, therefore, the 
principle of conservation of momentum will apply.  
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X-ample Questions 

1.  A woman pushes a trolley along a smooth horizontal surface through a straight 
passage in grocery store over a 6 m distance. The total mass of the trolley and 
its content is 2 kg. If the trolley experiences an acceleration of 2 m·s-2 

 

1.1  Calculate the work done on the trolley. 

1.2  Calculate the rate at which energy is expended by the woman if it took her 5 
 seconds to push the trolley over the 6 m distance.  

 

2.  A young boy uses a pulley system to draw water from a well. The system 
consists of one pulley mounted on an iron bar 5 m above the water level. A rope 
mounted onto the handle of the bucket is made to pass through the pulley. The 
total mass of the bucket and its content is 10 kg.  

 Calculate the power output of the system if the bucket moves at a constant 
velocity of 2 m·s-1.  

 
3. A 10 000 kg truck travels up a straight inclined road of length 23 m at a constant 

speed of 20 km·h-1. The total work done by the engine of the truck to get there is 
7 x 105 J. The work done to overcome friction is 8,5 x 104 J. 

 
3.1  Calculate 

3.1.1 The height, h, reached by the truck at the top of the road. 
  3.1.2 The instantaneous power of delivered by the engine of the truck. 
  
 3.2  Arrestor beds are constructed as a safety measure to allow trucks to 

come to rest when their breaks fail while going downhill. Write down two 
design features of such arrestor beds. 

 
4.  Nthabiseng, a cyclist, is free-wheeling (moving without peddling) along a 
 horizontal surface at a constant velocity of 10 m·s-1. She reaches the bottom of a 
 ramp, (position A), that has a height of 1,2 m and a length of 8 m. While free-
 wheeling up the ramp, she experiences a frictional force of 18 N. The total mass 
 of the cyclist and cycle is 55 kg.  
 

 

 

 

 

 

4.1  Explain whether her mechanical energy is conserved or not as Nthabiseng 
 moves from point A to point B. 

4.2  Calculate the kinetic energy of the cyclist at position A. 

4.3  Calculate the kinetic energy at the top of the ramp (position B). 
 

A 

B 

8 m 

1,2 m 10 m.s-1 
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5. A stray bullet of mass 200 g  moving at 12 m•s-1 hits a wooden block mounted 
onto a trolley resting on a frictionless surface. It took the bullet 2 seconds to 
completely embedded into the block of wood. The total mass of the trolley and 
the wooden block is 4 kg. 

 (a)  Calculate the momentum of the bullet before hitting the wooden block. 

(b)  Calculate the speed of the system (bullet, wooden block & trolley) after the 
bullet got imbedded into the wooden block. 

(c) Find the magnitude of the force exerted by the bullet onto the wooden block. 

(d) How much power is dissipated by the bullet? 

 

X-ercise  

1. A driver of a 3 ton truck takes his eyes off the road for a split second to answer his 
cell phone.  At that moment the truck is travelling at a 100 km·h-1.  He crashes into 
a stationary car (with a mass of 500 kg).  The car and truck move off together as a 
unit. 
1.1 Determine the speed of the car and truck as they move off together as a unit 

after the crash.  
1.2 Determine the change in momentum of the truck. 
1.3 Why should the use of cell phones by drivers be banned? 

 
2.   An arrow of mass 0,10 kg is shot by a crossbow into a wooden block suspended 

by a cord from the ceiling in a room. The arrow penetrates the block, becoming 
stuck in it. The block then swings upward, reaching a vertical height of 0.20m 
above the level where it was struck. 

 
 
 
 
 
 
 
 
 
 
2.1 If the mass of the wooden block is 3.9kg, calculate the potential energy of the 

block plus arrow after swinging to a vertical height of 0,20m. 

2.2 Calculate the velocity of the block immediately after being struck by the arrow. 

2.3 Use the Law of Conservation of Momentum to calculate the velocity of the 
arrow just before striking the block.     

2.4 In another test, it was found that an identical arrow shot with the same velocity 
would  penetrate 100mm into a block of wood clamped into a vice. Calculate the 
average force the arrow exerts on the block. 

 
 
 

0.20 m 
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Answers 
1.1 vf   = 23,81 m·s-1  
1.2  ∆p = 11 910 kg·m·s-1 in the opposite direction of the motion 
1.3 Drivers are distracted when using a cell phone while driving.  This can lead to             
      accidents which can result in injury and death. 
2.1 Ep =7,84J 
2.2 v= 1,97 ms-1 to the right 
2.3 vf = 78,8 m·s-1 to the right 
2.4   F= 3104,72N in direction of arrow 


