Work, Energy and Power

Exercise

Section I: Multiple Choice Questions

1. The power of a water pump is 2 kW. The amount of water it can raise in

one minute to a height of 5 meters is:

A) 1000 litres B) 1200 litres
C) 2000 litres D) 2400 litres
2. If a car doubles its speed, its kinetic energy will be:
A) Same B) Doubled
C) Increased to three times D) Increased to four times

3. Which of the following is not renewable energy source?
A) Hydroelectric energy B) Fossil fuels
C) Wind energy D) Solar energy
4. A car, an elephant and a cricket ball have same kinetic energies. Which of

these will have greater speed?

A) Car B) Elephant

C) Cricket ball D) All have same speed
5. The type of energy derived from heated ground water is:

A) Tidal energy B) Geothermal energy

C) Hydroelectric energy D) Nuclear energy
6. One unit of horsepower is equivalent to:

A) 756 watt B) 716 watt

C) 736 watt D) 746 watt

7. A practical engine cannot have an efficiency equal or greater than:

A)0O B) 0.5



C)0.8 D)1

8. When a body falls freely under gravity, its mechanical energy:
A) Increases B) Decreases
C) Remains constant D) Becomes zero

9. A body has zero kinetic energy. Which statement must be true?

A) It has no energy B) It is at rest

C) It has no mass D) It has zero potential energy
10. A ball is thrown upward. At the highest point:

A) Kinetic energy is maximum B) Potential energy is minimum

C) Kinetic energy is zero D) Total energy is zero



Section II: Short Answer Questions

1. A car has kinetic energy K.E. If its velocity is tripled and mass is halved,
by what factor its kinetic energy would change?

Ans. Kinetic energy is given by:
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The kinetic energy of the car will increase by a factor of 3 or 4.5.

2. Can the kinetic energy of a body ever be negative? Justify your answer.

Ans. No, kinetic energy can never be negative because it is given by:

KE—1 2
.E=7mv

Here, mass (m) is always positive and vZ (v = velocity) is also always positive.

Therefore, kinetic energy is either positive or zero, but never negative.

3. While playing cricket at a street, the ball smashes a window pane.
Describe the energy changes in this event.

Ans. The moving ball possesses kinetic energy due to its motion. When it strikes

the window pane, this kinetic energy is transferred to the glass. As a result, part

of the energy is used in breaking the glass, while some energy changes into sound



energy and heat energy. Thus, the kinetic energy of the ball is converted into other
forms of energy.
4. A man rowing boat upstream is at rest with respect to the shore. Is he

doing work?

Ans. The answer depends on the frame of reference. With respect to the shore,

the man does no mechanical work because his displacement (s) is zero:
W=Fs=F(0)=0

However, with respect to the flowing water, the man is doing work because he

exerts a force and produces displacement through the water to oppose the current.

5. Differentiate between renewable and non-renewable energy sources.

Ans.

Renewable energy sources Non-renewable energy sources

These energy sources are exhausted
once used and take a very long time to
form again.

These energy sources are naturally
replenished in a short time.

They are available continuously in

nature. They are limited in supply.

They cause less pollution. They usually cause more pollution.

Examples: solar energy, wind energy, | Examples: coal, petroleum, natural
hydroelectric energy. gas.

6. A woman runs up a flight of stairs. The gain in her gravitational potential
energy is 4500 J. If she runs up the same stairs with twice the speed, what
will be her gain in potential energy?

Ans. The gravitational potential energy (P.E) is given by:

P.E = mgh

It depends on mass (m), gravitational field strength (g), and height (h), but it

does not depend on speed. Since the woman climbs the same stairs, the height

remains the same. Therefore, her gain in gravitational potential energy will still

be 4500 J.



7. An LED light bulb has efficiency of 80%. Does it violate conservation of
energy principle?

Ans. No, it does not violate the law of conservation of energy. The law states that

energy cannot be created or destroyed; it only changes from one form to another.

In an LED bulb, 80% of the electrical energy is converted into useful light energy,

while the remaining 20% is converted into heat energy. So total energy remains

conserved.

8. A perpetual engine has an efficiency equal to 1. Why it will not work?

Ans. A perpetual machine cannot work because no machine can have 100%
efficiency. In every machine, some energy is always lost in the form of heat,
sound, or due to friction. Therefore, efficiency is always less than 1. A machine
with efficiency equal to 1 would violate practical energy losses, so such a

machine is impossible.

9. How can increasing the power of a machine impact its energy
consumption?

Ans. Power is the rate of doing work or using energy (E):

P=-—
t

If the power of a machine increases, it means the machine uses more energy in
less time (t). Therefore, a more powerful machine generally consumes energy at
a faster rate. If it operates for a long time, its total energy consumption may also
increase.

10. Will we eventually rely entirely on renewable energy sources? Why or

why not?

Ans. We may increase the use of renewable energy in the future, but complete
dependence is difficult at present. This is because sources like solar and wind
depend on weather and are not always available. Therefore, renewable energy is

important, but full reliance will take time.



Section II1: Extensive Answer Questions

1. What s kinetic energy? Derive its expression by using graphical analysis.
Ans.
Kinetic Energy

Kinetic energy is the energy possessed by a body due to its motion.

KE_l 2
.E=—my

Derivation
Suppose a body mass of "m" is at rest. A force of "F" acts on it and its velocity
become to v¢ in time “t” after covering the displacement “s” in the direction of
force. We know that work done is:

W=FXs

According to the newton’s second law of motion

F =ma
So,
W=maxXs
Now, acceleration is:
Ve — Vi
a=
t
And average velocity (aavg) 1s:
V¢ + Vj
Vavg = 2
Therefore, displacement is:
S = Vayg Xt
V¢ + V; ‘
S = X
2

Substitute the values of aand s into W = ma X s

W= m () o ()




Cancel t and since the body start from rest so its initial velocity (v;) = 0, So,

W:m<vf —(0))X(vf+<o>xt>
£ 2

W = m(v¢) X (g) = %mvf2

Generally, if we considered; v¢ = v, then,
W= L v
=3 mv

Since the work done on the body appears as kinetic energy (K. E), therefore:

1
W=K.E=§mv2

KE—1 2
E=Zmv

2. What is potential energy? Show that gravitational potential energy is
equal to the product of mass ‘m’, gravitational field strength ‘g’ and
height ‘h’.

Ans.

Potential Energy

Potential energy is the energy possessed by a body due to its position.
Derivation

Suppose a body mass of "m" is raised vertically upward through a height “h”. Let
the gravitational acceleration be “g”.. When the body is lifted upward, work is
done against the gravitational force. We know that:

W=FXs
Here,
» Force F is equal to the weight of the body (F = mg).

» Displacement s is equal to the height (s = h).
Substitute in the work formula:

W =mg X h



This work done against gravity is stored in the body as potential energy (P.E).
Therefore,

W = P.E = mgh

P.E = mgh

3. State the law of conservation of energy. Explain it with the help of an
example of a body falling from a certain height in terms of its potential
energy and Kinetic energy.

Ans.

Law of Conservation of Energy

The law of conservation of energy states that energy can neither be created nor
destroyed; it can only be converted from one form to another. The total energy of
an isolated system always remains constant.
Example: Falling body
Consider a ball of mass “m” held at a height “h” above the ground. At the highest
point, the ball is at rest, so its kinetic energy (K.E) is zero, while its potential
energy (P.E) is maximum because the height is maximum during that motion.

P.E = mgh, KE=0
When the ball is allowed to fall, its height decreases, so its potential energy
decreases. At the same time, its speed increases, so its kinetic energy increases.
Thus, potential energy is gradually converted into kinetic energy.
During the fall:

P.E |, K.ET

Just before reaching the ground, the height becomes nearly zero, so potential

energy becomes zero or minimum, and kinetic energy becomes maximum.

1
P.E =0, K.E=§mv2

This shows that energy only changes from one form to another, but the total
energy remains constant throughout the motion.

P.E + K.E = constant



Hence, the falling body proves the law of conservation of energy.

4. What is meant by efficiency of a machine. How is it calculated? Write the
formula in terms of power.

Ans.
Efficiency

Efficiency of a machine is defined as the ratio of useful output work (or energy)

to the total input work (or energy) supplied to the machine.

Formula:
useful output work
n= - 100
input work
n = Wuseful output % 100
Winput
In percentage form;
T]% _ Wuseful output %
Winput
In terms of Power
Since power is the rate of doing work,
w
P=—
t

Rearrange for W:

W =Pt
and,

Waseful output — Puseful output X U, Winput = Pinput Xt
So, efficiency can also be written as:
n = Puseful output X & % 100

Pinput X &

Puseful output

n= X 100
Pinput




5. Under what conditions work done on the body is maximum and
minimum.
Ans. Work is given by:
W = Force X Displacement X cos® = F X s X cos 0
where, 0 is the angle between force and displacement.
Conditions for maximum and minimum work are:

> Maximum work:

i.  When the force is parallel to the displacement, i.e.,
0=0°
W=FXsXxcos0=FXxsx (1) =Fs
W =Fs

> Minimum work:

i.  When the force is perpendicular to the displacement, i.e.,
0 =90°
W=FXsXcos90=FXxsx(0)=0
W=20
ii.  When no force is applied on a body, i.e.,
F=0
W = (0) X s X cos O
W=20
ili. When force is applied but no displacement occurs i.e.,
s=0
W =F X (0) X cosH
W=20



Section I1V: Numerical Problems

Q1. A ball of mass 5 kg is thrown upward with velocity of 12 ms-1, find:
(a) Maximum Height

(b) Potential Energy at Maximum Height

Given

Mass of ball (m) = 5kg
Initial velocity of ball (1) = 12 ms™!

Acceleration due to gravity (g) = 9.8 ms~2
Solution

(a) Maximum Height

Initial kinetic energy (K.E) of the ball is:

1
K.E = Emu2

1
KE:EXSXHDZ

K.E = % X 5 x 144
K.E =360J

At maximum height, this kinetic energy converted into potential energy.

So,
mgh = 360

5%X9.8xh =360

49% = 360
360

he>2 _73
49 m

Therefore, the maximum height is:

7.3m



(b) Potential Energy at Maximum Height

Potential energy (P.E) at maximum height is:
PE =mgh

PE=5x%x9.8x7.3=360]J

Therefore, the potential energy at maximum height is:

3607

Q2. A girl is swinging on a swing. At the lowest point of her swing, she
is 1.2m from the ground, and at the highest point she is 2.0 m from the
ground. What is her maximum velocity?

Given

Height of girl from ground at lowest point (&;) = 1.2m
Height of girl from ground at highest point (4;) = 2.0m
Acceleration due to gravity (g) = 9.8 ms™2

Solution
The maximum velocity of the girl will be at the lowest point.

As the girl moves from the highest point to the lowest point, gravitational
potential energy changes into kinetic energy.

Find the change in height

Ah = hy — hy
Ah=20-1.2
Ah =0.8m

Use conservation of energy

Loss in potential energy = gain in kinetic energy

1
mgAh = Emv2



Mass cancels on both sides: {
Ah = —v?

Multiply both sides by 2:
2gAh = v?

Substitute the values:
v =2%x9.8%x0.8

v =15.68
v = V15.68 = 3.96ms™!

Therefore, the maximum velocity of the girl is:

3.96ms™!

Q3. A person pushes a lawn mower with a force of 50 N making an angle
of 45° with horizontal. If the mower is moved through a distance of 20 m,
how much work is done?

Given

Applied force (F) = 50N
Angle with horizontal (8) = 45°
Distance moved (s) = 20m

Solution

The mower moves in horizontal direction, so only the horizontal component of
the force does work.

Work done is given by:
W = Fscos6

Substitute the values:
W =50 x 20 X cos 45°

W =50 x20x0.707
W =1000 x 0.707 = 707]J



Therefore, the work done is:

Q4. A 40 kg boy runs up-stair 10 m high in 8s. What power has he devel-
oped?

Given

Mass of boy (m) = 40kg

Height of stair () = 10m

Time taken (7) = 8s
Acceleration due to gravity (g) = 9.8 ms~2

Solution

Power is the rate of doing work.

p=2
t

The work done in climbing the stairs is equal to the gain in potential energy.
W =mgh
Substitute the values:
W =40x9.8x10

W =3920]

Now find power:

P:%=49OW

Therefore, the power developed by the boy is:

QS. A 2 hp electric motor gives energy to a system that lifts a load of 10 kg
to a height of 10 m in 1.5s. Calculate

(a) Input (work done by motor on system)



(b) Output (load lifted by system)
(c) Efficiency of the system

Given

Power of motor (P) = 2hp

1hp =746 W

Mass of load (m) = 100kg

Height through which load is lifted (4) = 10m
Time taken () = 1.5s

Acceleration due to gravity (g) = 9.8 ms™2

Solution
(a) Input work done by motor

First convert horsepower into watt.
P=2x746 = 1492 W

We know that:

So,

Substitute the values:
W = 1492 x 1.5 = 2238]

Therefore, the input work is:

(b) Output work done on load

The output work done is the gain in potential energy of the lifted load.
Output work done = mgh

Output work done = 10 X 9.8 X 10 = 980J



Therefore, the output work done is:
980J

(c) Efficiency of the system

Efficiency is given by:
Output work done
]7 =

Input work done

980
2238

n = 0.4379

n

also, percentage efficiency is:
n% = 0.4379 x 100 % ~ 43.8 %

Therefore, percentage efficiency is:

1% ~ 43.8 %

Q6. A 2.0 kg rock is dropped from a 20 m tall building. What is the Kinetic
and gravitational potential energy when the rock has fallen 15 m?

Given

Mass of rock (m) = 2.0kg

Initial height of building (H) = 20m
Distance fallen by rock (d) = 15m
Acceleration due to gravity (g) = 9.8 ms™2

Solution

Find the remaining height (/) above the ground
h=H-d

h=20-15
h=5m



Find gravitational potential energy (P.E) at this point
PE =mgh

PE=2.0%x9.8x5 =98]

Therefore, the gravitational potential energy is:

98]

Find the total energy at the start
Initially, the rock is at rest, so its kinetic energy is zero.

Thus total energy (Eoa1) at the start is only potential energy:
Etotal = mg H
Etotal = 20 X 98 X 20

Eoral = 392]

Find Kinetic energy after falling 15 m

Using conservation of energy:
K.E + PE =400

K.E + 98 = 392
K.E =392 -98
K.E =294]

Therefore, the kinetic energy is:

29417



