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Work & Energy

Work (功) is a measure of energy transfer.(能量轉換)

[image: image2.png]


Work
= force in the direction of displacement x displacement


W
= F s

[image: image3.png]


[image: image4.wmf]                    F                          F


                      s


Work done of the block = W = F s





   F                           F

                θ                           θ 
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Work done on the block = W = (F cos θ) s = F s cos θ

Unit of work:
Nm

or
 J (焦耳)

Definition of Joule

1J is the work done when a force of 1N moves through 1 m in the direction of the force.
*Notes

Work is the measure of energy transfer, hence having the same unit as energy, joule, J.

Work is equal to work done
Exercise 1

A 2kg block is sliding down a smooth inclined plane (inclination= 300) over a distance of 5m. Calculate the work done by the gravity force on the block.

Solutions

Exercise 2

The figure shows a force-displacement graph.         Force/ N

Find the work done by the force.
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Solutions

Work done = area under the force-displacement graph

Area under the graph =

















 s/m
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Graphically, the work done by a force is equal to the area under the force-displacement graph.

Exercise 3

Alex exerts a force of 300 N on a rock as shown below. The rock does not move. Find the work done by Alex.

Solutions

Exercise 4

Mr. Chan exerts a force of 150 N on the luggage and stands still. His arm does not move up or down because it is too heavy. Find the work done.

Solutions

Exercise 5

Mary carries some books with a force of 50 N. She walks from F.4D to F.4E classroom which is 5m apart. Find the work done in carrying the books.

Solutions

*Form Exercise 5, we know that NO work has been done if the motion is perpendicular to the direction of the force.

Kinetic Energy (動能)

A moving object has kinetic energy.

Example is when you run, the chemical energy from food you ate is converted into kinetic energy.

	K.E. =
	1
	mv2

	
	2
	


Derivation of the formula for kinetic energy

A force F acts on an object on a smooth level ground.

The mass of the object is m kg and it is accelerated from rest to a speed v over a distance s.

Energy is transferred to the block from the force.














v




at rest, u=0

                          F                                   F

                m                                 m
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Kinetic energy gained by the object = work done by the force (Fs)

Exercise 6

Find the kinetic energy of an aeroplane of mass 8 x 105 kg flying at 250 kmh-1.

Solutions

Gravitational Potential Energy (位能)

Gravitational potential energy is the energy an object possesses because of its position above the ground.

P.E. = m g h

Derivation of the formula for the gravitational potential energy


A box of mass m kg is lifted a height of h m above the ground.

Weight of the box = mg N (downward)

Force needed to lift the box = mg N (upward)

Potential energy gained by the box = work done by the force

Reference Level (參考線)
Potential energy, in fact, is measured with respect to some reference level.

If the floor is chosen as the reference level, the potential energy of the object on the floor is zero

The choice of the reference level is completely arbitrary but it should be clearly stated in the context of the question. (So read the question carefully before answering anything!!!)

Exercise 7

A model ship of mass 1.8 kg rests on the top of a table which is 1.2 m above the floor. Find the potential energy of the ship with reference to the floor. (Take g = 10 Nkg-1)

Solutions

Conservation of Mechanical Energy in a Simple Pendulum

#Mechanical energy = P.E. + K.E.
When a pendulum bob in a simple pendulum swings to and fro (來回), there is a continuous interchange (內在改變) between potential energy and kinetic energy.
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At A and C, the bob reaches the highest position and is momentarily at rest

K.E. =

P.E. =

∴At A and C the bob has zero kinetic energy but maximum potential energy.

At B, the bob is at the lowest position and has the highest speed v

K.E. = 

P.E. =

∴At B the bob has zero potential energy but maximum kinetic energy.

When air resistance is neglected (i.e. no external force), the total mechanical of the bob remains constant throughout the motion. (i.e. the mechanical energy of the bob is conserved.)


Total energy at A
=
Total energy at B

Illustration 1

A 0.2 kg ball falls from a height of 10 m above the ground. Assume the air resistance is negligible. [Take g= 10 Nkg-1]


                     u= 0    P.E.


K.E.


K.E. + P.E.





    10 m

           7.5 m

                   5 m

                                                               ground


(a) Complete the above table.

(b) Calculate the speed of the ball on hitting the ground.

Solutions

Exercise 8

A block of ice of mass 2 kg slides down a curved incline and reaches the bottom with a velocity of 5 ms-1. Find

(a) the kinetic energy of the block of ice just before reaching the bottom of the incline.

(b) The potential energy of ice at the top of the incline (with reference to the bottom)

(c) The original height of the ice.

Solutions

Exercise 9

A 1 kg copper block falls to the ground from a height of 10 m. If 50% of the heat released during impact is converted to the internal energy of the block, what is the increase in temperature of the block? 

[Given: specific heat of copper = 340 Jkg-10C-1]

Solutions









1 kg 

                                                      10 m



Exercise 10

A 1 kg trolley starts to move down the inclined plane as shown. If the friction of the runway is 3 N and AB is 4 m long, find the speed of the trolley at B.

Solutions









A













2 m
  4 m


















B

Exercise 11

A 0.12 kg metal ball starts to roll down from A on a metal rail. If the rail is smooth, find the speed of the metal ball at B.







    A


Solutions

                         5 m                                       

                                                 3.5 m



Re-analysis Inelastic Collision and Elastic Collision from the Energy View Point

(1) Re-analysis the data obtained in experiment 3

	Mass
	Before collision
	After collision

	m1
	m2
	u (cm per 5 ticks)
	K.E.
	v (cm per 5 ticks)
	K.E.

	1
	1
	3.14
	
	1.16
	

	2
	1
	2.07
	
	1.35
	

	3
	1
	1.61
	
	1.50
	


The results sow that kinetic energy is not conserved in inelastic collision.

Total energy before collision ＞ total energy after collision

Some energy must have been lost as heat energy and/ or sound energy during the inelastic collision.

(2) Re-analysis the data obtained in experiment 4

	Mass
	Before collision
	After collision

	m1
	m2
	u (cm per 5 ticks)
	K.E.
	v1 & v2 (cm per 5 ticks)
	K.E.

	1
	1
	2.24
	
	0        2.12
	

	2
	1
	2.18
	
	0.61      2.80
	

	3
	1
	1.98
	
	1.11      2.81
	


The results show that kinetic energy is conserved in elastic collision

Total energy before collision = total kinetic energy after collision

Short Summary

	Type of collision


	Momentum
	Kinetic Energy
	Bodies joined together or separated after collision

	
	
	
	

	
	
	
	

	
	
	
	


Exercise 12 [HKCEE 1996]

P and Q are two metal balls undergoing collision. Consider the following set of data:

	
	P
	Q

	Mass/ kg
	0.3
	0.75

	Velocity before collision /ms-1 
	1.0

(towards the right)
	0

	Velocity after collision /ms-1
	0.5

(towards the left)
	0.6

(towards the right)


(a) Show that the above set of data obeys the law of conservation of momentum

(b) Explain why the above set of data is impossible.

Solutions

Power [Mechanical Power] (功率)
In Physics, power is defined as the rate of doing work with respect to time.

	Power =
	Work done

	
	Time taken


Unit of power:

watt (W), 瓦特

or

Joule per second (Js-1)





1 W = 1 Js-1
Practical units for power are kilowatt (kW), megawatt (MW) and horsepower (hp)


1kW 
= 103 W


1 MW 
= 106 W


1 hp

= 746 W

Exercise 13

The mass of Simon is 48 kg. He runs up a flight of steps in 60s. If the vertical height of the top of the steps above ground is 50 m, find the average power of Simon.

Solutions
















50 m

               













Exercise 14

A car traveling at a constant velocity of 30 ms-1 on a level road. What is the power output of the car engine if the total of air resistance and friction acting on the car is 1200 N.

Solutions


Exercise 15 [HKCEE 1986]

A diver of mass 50 kg climbs up a flight of 30 steps to reach a spring board by the side of a swimming pool as shown. Each step is of height 0.15 m

(a)

(i) Find the potential energy gained by the diver after he has climbed the flight of steps

(ii) If the diver takes 10 s to climb up the flight of steps, what is his average power?

(iii) Which type of energy stored inside the body of the diver is transformed in climbing the steps

(iv) Is the energy in (iii) greater than, equal to or smaller than the potential energy gained by the diver? Explain briefly.

(b)

(i) Sketch a graph of kinetic energy possessed by the diver against time, starting from the moment he leaves the spring board till the moment he reaches the water surface.

(ii) If the average resisting force due to water on the diver is 1 5oo N upwards, what is the maximum depth he can reach in the water?

Solutions

Machines (機械)
A machine is a device that converts mechanical energy into useful work. Machines make work easier.

The advantages of using machines

1.

2.

3.

Machines are never energy magnifiers, i.e. the energy output from a machines is never greater than the energy input.

Terminology

1. 
Effort (E) 施力

It is defined as the force applied to any machines.

2.
Load (L) 負荷


It is defined as the force exerted by the machine.

3.
Effort distance (Ed)


It is defined as the distance moved by the effort.

4.
Load distance (Ld)


It is defined as the distance moved by the load.

5.
Input energy (Ein)
or
work done by effort (WE)


It is the total work done/ input energy on the machine


6.
Useful output energy (Eout)
or
work done on load (WL)


It is the energy gained by the load or the work done by the machine


7.
Efficiency


Most machines cannot transform 100% of input energy into useful output energy. Some energy is wasted to do work against friction, some is used to raise the movable parts of the machine and some is dissipated as heat to the surrounding.

                     machine



    total energy input              useful output energy       

                       wasted energy

                    (to overcome friction, to 






raise the movable parts of






the machine)

Exercise 1

A machine is used to lift a heavy weight. When an effort of 450 N is pulled through a distance of 5 m, a load of 2 000 N is lifted 1 m. Find

(a) the work done by the effort

(b) the work done by the load

(c) the efficiency of the machine

Solutions

Simple Machine

Lever (槓桿)
PL= load arm




PE= effort arm

dL = distance moved by load

dE = distance moved by effort

#The lever is one of the few machines having an efficiency close to 100%

the lever is 100% efficient when clockwise moment = anticlockwise moment

Exercise 2

A man uses a crowbar (撬棍) of 2.5 m long to raise a 100-kg load as shown in the figure. Let the lever be 100% efficient.

(a) Find the effort needed to lift the load (neglect the weight of the crowbar)

(b) If the effort moves down by 1.0 m, find

(i) work done by the effort

(ii) the distance the load is raised

(iii) work done on the load

(iv) the efficiency of the lever.

Solutions

The Inclined Plane

                      moving up




               θ

When the load is moving up the plane with uniform speed, we have

Effort=





Load=

Distance moved by effort=

Distance moved by load=

The Screw Jack (螺旋起重器)
Effort=





Load=

Distance moved by effort=

Distance moved by load=

1. The screw jack is a machine used for lifting heavy load.

2. For each rotation of the handle, the screw jack rises by one pitch (螺距) which is the distance between 2 threads on the screw.

3. The energy wasted in a screw jack is due to the friction and the weight of the platform.

4. The efficiency of a screw jack can be increased by adding lubricant over the screw and reducing the weight o the platform.

The Wheel and Axle (輪軸)
Effort=





Load=

Distance moved by effort=

Distance moved by load=

1. A small effort on the wheel gives a larger force on the axle.

2. If the wheel turns round once through a distance of 2πR, the load is raised by a height of 2πr.

3. Due to the friction between the support and the axle, the efficiency is less than 100%.

The relations between load and efficiency

1. The efficiency of a simple machine increases with load

2. The efficiency is zero when the load is zero.

3. The efficiency approaches a constant less than 100% when the load is very large.

Exercise 3



                PHYSICS NO.1 物理第一
     F2                                            F1

F1= forward force due to car engine

F2= air resistance and frictional force (retarding force)

A car of mass 1 000 kg is driven on a level road at a constant speed of 50 kmh-1. The neutral gear (空波) is put on the engine of the car is disengaged. As a result, the car slows down. It takes 6s to slow down from 50 kmh-1 to 20 kmh-1.

(a) Calculate the average retarding force acting on the car

(b) Estimate the power of the car at 50 kmh-1
(c) On average, the car travels 7 km per litre of petrol at a speed of 50 kmh-1. Assume that 1 litre of petrol can release 3.7 x 107 J of energy. Calculate the efficiency of the car.

Solutions
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