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TOPIC 1

Work
where, F' = Force applied on the body, 5= Displacement

Itis said to be done when a force produces displacement in
the direction in which it acts. e.g. A man pulling a car, a produced and 8 = Angle between direction of force and

horse pulling a cart, a cyclist while pedaling a bicyele, etc.  direction of displacement,
Itis expressed as The SI unit of work is joule (J) and CGS unit is erg. Ttis a
scalar quantity.
W=Fs * 1 joule of work is said to be done when a force of
or W = FscosB 1 newton, displaces an object by 1 metre along with the
— direction of force.
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* | erg of work is said to be done when a f':rrc_e of 1 dyne
displaces an object by 1 centimetre along with the
direction of force.

Different Cases
* If0is 0% thencos0®=1 . W=Fs
Thus, work done is positive,

= If8is 90°, thencos90® =0 .. W=0
Thus, work done is zero.
+_If8is 180°, thencos180°=-1 .. W=-Fs

~Thus, work done is negative.
Bigger Units of Work
1 kJ (kilo-joule) =10° J
1 MJ (mega-joule) =10° J
1 GI (giga-joule) =10° J

T Mark Questions
L1)=.....cg

(ICSE 2022 Sem.I)
(a) 107 (®) 107 (c) 10° (dy 10°
2. A coolie raises a load upwards against the force of

gravity, then the work done by the load is

(ICSE 2022 Sem.l)
(&) zero

(b) positive work
{¢) negative work
(d) None of the above

3. Work done by a body moving on a circular track is
zero at every instant because (ICSE SQP 2022 Sem.|)
(a) displacement is zero
(b) displacement is perpendicular to the centripetal force
(c) there is no force acting
(d) reason is not mentioned in the other options

4. A coolie carrying a load on his head and moving on a
frictionless horizontal platform does no work. Explain
the reason, why? (ICSE 2011)

& [ idea

Always, remember that work is done whan the
displacement is In the direction of applied foree.

PRODIGY PRIVATE TUITIONS

prodigg ICSE m

Relation between Joule and Erg
| joule =1 newton x | metre

= I joule =10° dyne x 107 centimetre

1 joule =10 erg

Different Formulaoe for Work Done

» Work done in terms of initial and final veloeity,

2
Vz =N

W=Fs=m

[vvi= u*+2asand F = mal
where, u is the initial velocity and v is the final velocity,
» Work done by the force of gravity, i.e. (FF = i:ﬂg} ona
body, acting vertically downwards and the displacemen;

is in the direction of the force, i.e. (s=h) is expressed a5
W =Fs=mgh
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5. How is work done related to the applied force?
(ICSE 2002)
6. Define work.

2 Marks Questions

7. I‘I:ilfﬁat is the work done by a force when the force is
(i) normal to the displacement produced
(ii) in the same direction as the displacement
. produced (ICSE SQP 2018)

& (A3 idea |

Always try to understand the angle between the force
and the displacement, ‘

(ICSE 2002)

8. Explain briefly, why the work done by a fielder when
he takes a catch in a ericket match, is negative?

(ICSE 2015)
9. How is work done by a force measured when the force
(i) is in the direction of displacement?
(1i) is at an angle 6 to the direction of displacement?
; (ICSE 2015)
10.(i) When does a force do work?

(if) What is the work done by the moon when it
revolves around the earth? (ICSE 2014)
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11. A man having a box on his
and another man having an

) identical box walks the
same distance on a levelled road. Whe does more
work against the force of gravity and why?

{ICSE 2014)

12. Alfurce is applied on a body of mass 20 kg moving
witha ve_l?Flt}’ of 40 ms ™ The body attains a velocity

of 50ms  m2s. Calculate the work done by the body.
(ICSE 2013)

13. A body is acted upon by 4 £
iy e 2 o L'Trﬁfﬁi?qﬂm be
ZETO. (ICSE 2010)
14. State the amount of work done by an object when it
moves In a circular path for one complete rotation.
Give your reason to justify your answer. (ICSE 2008)

TOPIC 2
Power and Energy

Power

The rate of doing work or the rate of transfer of energy into
work is called the power. The power of a source is
measured as the amount of work done per second by the
source or energy transfer per second.

If work I¥ is done in time ¢, then power can be expressed as
W

i

i

It is a sealar quantity. The SI unit of power is watt (W)
and CGS unit is erg/s.
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head, climbs up a slope  15. What should the angle between force and displacement

be to get the
(i) minimum work?
(ii) maximum work? [ICSE 2005}

3 Marks Questions

16. (i) Derive a relationship between the 81 and CGS unit of
work.

(ii) A force acts on a body and displaces it by a distance
sin a direction at an angle 8 with the direction of
force. What should be the value of 8 to get the
maximum positive work? {ICSE 2018)

17. Define joule. Give the SI unit of work and establish a
relationship between the ST and CGS unit of work.
(ICSE 2008)

The power depends on the two factors such as
(i) the amount of work done and
(ii) the time taken to perform that worlk.

Expressions of Power

When a constant force F acts on a body and it moves the
body through a distance 4 along the direction of applied
force in time #, then power (P) is given by

W Fd

P2 G
S [ W = Fd]
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If '}'ﬂr = v, where v is the average speed of the body.

Sﬂ- Pn“'l![' Saad 5

[f in case displacement (5) and force has some angle 0, then

pnwﬂr-
_ FreosB

P =Fw CDSO =F.v [‘T‘ o= E:[
Multiple Units of Power

1 kW (kilo-watt) =107 W

1 MW (mega-watt) =10° W

1 GW (giga-watt) =10" W

sub-multiple Units of Power
1 mW (milli-watt) =10~ W
1 uW (micro-watt) =107° W

Relationship between SI and CGS Unit
1W=1J/s=10" erg/s
KOTE Harse power is 3 comman unit of power; 1 HP = 746 W= 0,746 kW

Energy

The energy of a body is itz ability to do work. A body
capable of doing work is said to possess energy. Work and
energy are directly related 1o each other. The SI unit of
energy is joule (J) and in CGS unit is erg. It is a scalar
quantity.

The larger units of energy are watt hour (Wh) and kilowatt

hour (kKWh)

1 Wh= 36001
= 1 kWh=3.6x 10° ]
Cither unit of energy are calories and eV.
lcal=4.18] i ;

leV=1.6% 107"°]

The energy possessed by a body due to its position and
state of motion is called mechanical energy.

Ithas two types

(i) Kinetic energy and

{ii) Potential energy
The total mechanical energy of a body is equal to the sum
of its kinetic energy and potential energy.
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Kinetic Energy
It is defined as the encray possessed by a body by virtue of

its state of motion.

¢.g. A swinging pendulum,
moving air, ete. It is genera
expressed as

a roaring rocket, running water,
lly denoted by KE. It is

KE =l it
2

where, m = mass of the body, v= speed of the body.

» Kinetic encrgy K and momentum p(=mv) are related as
K= pzr'Zm.

= Work-Energy Theorem [f initial speed (velocity) of a
body is 1 and final speed (velocity) of a body is v, then
according to work-energy theorem,
Work done by all the forces acting on the body (AH)

= Change in kinetic energy of the body

[Mj:imvz —-lmuz
2 2

Forms of Kinetic Energy
A moving body can have three types of motions namely the
translational, rotational and vibrational.
There are three forms of kinetic energy as mentioned below
(i) Translational Kinetic Energy This energy comes
in act when a force applied on a body causes a
displacement in a straight line in its own direction.
e.g. A car moving in a straight path, freely falling
. body, molecule of a monoatomic gas, etc.

(i} Rotational Kinetic Energy If a body rotates about
an axis, the motion is called rotational motion and the
energy possessed due to rotational motion is called
rotational kinetic energy. e.g. A rotating wheel, a
spinning top, etc.

(iii) Vibrational Kinetic Energy This energy comes in
.- act when a body vibrates to and fro about its mean
position. e.g. A wire clamped at both ends when
plucked at the middle vibrates.

Potential Energy

The energy possessed by a body by virtue of its specific
position (configuration) is called the potential energy. e.g.
A body placed at a height above the ground, a wound up
watch spring. It is usually denoted by the symbol V.
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Forms of Potential Energy ' (i) Mechanical energy It is the energy possessed by
Mainly there are two types of potential energy such as a body due to its position and state of motion. A

ing b t . h i
(i) Gravitational Potential Energy It is the amount of work movig Daila bady at reut, clo.; have mechanical

- done in raising a body from the ground to a point at height SOSIEY: ]
h, against gravity. (iif) Heat energy The energy released on bumning

: fuels such as coal, oil, gas, etc., is called heat
It is expressed by enerzy.

(iv) Electrical energy The energy the possessed by a
where, m is the mass of the object, g is acceleration due to charged body ‘?"""' to movement of free electrons
gravity and k is the height through which the object i is called electrical energy.

raised, ' \ (v) Nuclear energy It is the energy released during
(ii) Elastic Potential Energy The energy possessed by'a the process qf nuclear fission and fusion. We use
body in the deformed state due to change in its shape and nuclear energy in nuclear reactor to produce
size is called elastic potential energy. e.g. Energy electrical energy.
possessed by a compressed spring. [ oenebrinasn (vi) Sound energy The energy possessed by a
) : vibrating body producing sound is called sound
Different Forms of Energy . energy. Sound energy is sensed by our ears.
We.get energy in various forms. Some of these forms are (vii) Light energy A form of energy in presence of
(1)2Chemical energy It is the energy possessed by fossil which we can see the object around us is called
“=fuels such as coal, petroleum and natural gases. A battery light energy. Sun is the natural source of light

has chemical energy in it. |1 ENCIEY.

1 Mark Questions : 4.The conversion of part of the energy into an

1 W’hen the speed of a moving object is doubled, then its - _1;1_:3@gs_i1jx?hl_ﬁ form is c‘ﬁHEd? (ICSE 2014)
kinetic energy " ., [ICSE 2023) 5, What is nuclear energy? (ICSE 2014)
E;; remains the same 6, A body is thrown vertically upwards, its velocity keeps

_dwm“ : i on decreasing. What happens to its KE, as its veloeity
(c) is doubled : i ; ' becomes zero? {ICSE 2014)
(d) becomes four times . I et TS dll & .Icln ¢

, = e o « By what factor, does the kinetic en of a movin

2. W]_z;qh m_“ th_e_ f-::-]lnmg is the correct expression for body change when its speed is mduﬂgg to half 7 ;
gain in kinetic energy, if initial velocity is not zero? (ICSE 2002)

] : % L 8, What do kilowatt hour measure? (ICSE 2002, 01)
{x}K=Emvz (b}x=.£t:_ i .
4 : 2 Marks Questions
) Kk =2 (@) K == m(v? ~u?)
2 2 9. Calculate the power spent by a crane, while lifting a
| i J f i ¥ =1
3.The usable form of mechanical energy is | la:ﬁ ﬂfm_als; 2(!(32 kg,. at.velumty oblSma=
(a) elastic potential energy B idea
(b) kinetic energy s

Fonls , In this case, power can be calculated by using p=F.v,
(c) gravitational potential energy where F is force and v is the velocity of the object.

{(d) none of the given options
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Wwhat should be the angle between the direction of
force and the direction of displacement, for work
10 be negative?

;i) Name ¢ thﬂ physical quantity obtained using the
formula F where U is the potential energy and j

0. @
(

is the height. (ICSE 2023

tic energy of a moving body is 40 1, then what
11. will be its kinetic energy when its velocity is doubled?
(ICSE sQP 2023)

Jight body 4 and a heavy body B have the same
momentum. (ICSE 2022 Sem-1)
(i) Choose a correct statement ﬁ-;:-m the given
nptxcrns.
(a) Kinetic energy of body 4 and body B will be the
Same.
{b) Kinetic energy of body A is g reater than kinetic
energy of body B.
{c) Kinetic energy of body B is g;reate:r than kinetic
energy of body 4.
(d) Unless we know the velocity, we cannot find
which body has greater kinetic: energy.
(ii) If the ratio of kinetic energies of 4 and Bis 5:2,
then which one of the following grives the mass

ratio of the bodies respectively? , . . ..

{a) 5:2 ) 25:4 i -
©2:5 (d)4:24
13, Abody has kinetic energy 2500 J. If the mass ‘af'the
body is 500 g, (ICSE SQP 2027 Sem-1)
(i) the velocity of the body is ok
(2) V10 mis
(b) 10 mls
(c) 20 m's
(d) 100 m/s H
(ii) the momentum of the bﬂd}" will be |
(a) 10 kg-m/s
(b) 50010 kg-m/s
(¢) 50 kg-m/s
(d) 4. 5 kg-m/s
14. Two bodies 4 and B have masses in the ratio 5 ; 1 and

their kinetic energies are in the ratio 125 : 9, Find the
Tatio of their velocities. [ICSE 2019)

15, (i) State and define the’SI umit of power. J

(ii) How is the u_mt hurs¢ puwer related to'the SI unit
urpqu ' ' ||cse 2018)
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26:.
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_Statr: the energy changes in the following cases while
in use

(1) an electric iron.

(ii) a ceiling fan. (ICSE 2018)

.. Name the unit of physical quantity obtained by the

formula —-» where K is kinetic energy and v is linear
v

velocity. ICSE 2018)
¥

. A metal ball of mass 60 g falls on a concrete floor
from a vertical height of 2.8 m and rebounds to a

height of 1.3 m. Find the change in KE in ST units.
(ICSE SQP 2018)

If the power of a motor be 100 kW, at what speed can it
raise a load of 50000 N? [ICSE 2017)

A boy weighing 40 kgf climbs up a stair of 30 steps -
each 20 cm high in 4 min and a girl weighing 30 kgf
does the same in 3 min. Compare

(i) the work done by them.
(ii) the power developed by them.
State the energy changes in the following while in use
(i) bumning of a candle,
(ii) a steam gngiue.

(ICSE 2015)

(ICSE 2015)

' Rajan exerts a force of 150 N in pulling a cart at a

‘constant speed of 10 m/s. Calculate the power exerted.
(ICSE 2015)

i Calculate the change in the kinetic energy of a moving
body, if its velocity is reduced to 1/3rd of the initial
velocity. . (ICSE 2014)

A girl of mass 35 kg climbs up from the first floor of
building at a height 4 m above the ground to the third

floor at a height 12 m above the ground. What will be
the increase in her gravitational potential energy?

(Take, g =10 ms™) (ICSE 2013)

A ball is placed on a compressed spring. When the

spring is released, the ball is observed to fly away.

(i) What form of energy does the compressed spring
possess?

(ii) Why does the ball fly away?

A body of mass 0.2 kg falls from a height of 10 mto a
height of 6 m above the ground. Find the loss in
potential :nergy taking place in the body. (Take,
g=10ms") (ICSE 2012)

(ICSE 2012)
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27 A moving body weighing 400 N possesses 500 .I' of
KE. Calculate the velocity with which the body is
moving. (Take, g =10m/s?) {ICSE 2012)

R ‘itdea
Here, velocity of moving bedy is determine by

T ||K‘.E:-c2:u:g
W

-2BA body of mass 5 kg is moving with a velocity of
10 ms™", What will be the ratio of its initial kinetic
energy and final kinetic energy, if the mass of the
body is doubled and its velocity is halved?

(ICSE 2009)

<29 What is the ST unit of energy? How is the electron volt
(eV) related 1o it?
. i . (ICSE 2009, 05)
30Two bodies 4 and B of equal mass are kept at heights
.20 m and 30 m, respectively. Calculate the ratio of
their potential energies. (ICSE 2007)

31The work done by the heart is 1 joule per beat.
Calculate the power of the heart, if it beats 72 times in
one minute, (ICSE 2005]

-32If the power of a motor is 40 kW, at what speed does it
raises a load of 20000 N? [ICSE 2003)

-33A machine raises a load of 750 N through a height of
16 m in 5 5. Calculate the power at which the machine
works. {ICSE 2002)

-34A body P has a mass of 20 kg and is mﬁv:’ng with a
velogit}r uf‘_S m/s. Another body ( has a mass of 5 kg
and is moving with a velocity of 20 m/s, Calculate

(1) the ratio of the momentum of P and Q.

(ii) the kinetic energy of P in SI unit. (ICSE 2000)

PRODIGY PRIVATE TUITIONS
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& idea '
Apply the formula of momentum for both the bodies
(p=mv) and then to calculate kinetic energy, apply

F

N

formula KE=f— .
2m

3 Marks Questions

35.A body of mass 50 kg has a momentum of
3000 kg-ms ™. Calculate

(i) the kinetic en?:rg}f of the body.

(ii) the velocity of the body.

36.6.4 k] of energy causes a displacement of 64 m in a
body in the direcfion of force in 2.5 s. Calculate (i) the
force applied (ii) power in horse power (HP). (Take,

.

(ICSE 2010

IHP=746 W) | (ICSE 2009)
|
F7. (i) Define one Iikilnwatt hour. How is it related to the
joule? i

(ii) How can th_!e work done be measured when force
is applied ait an angle to the direction of
displaceme:nt?

3B Define power {and energy.

38.An engine cari pump 30000 L of water to a vertical
height of 45 n1in 10 min. Calculate the work done by
the machine and its power. (Take, g =9.8 m/s?, density

-::-fwaterzlﬂ? kg/m?, 1000L=1m?%) (ICSE 2000)

(ICSE 2007)
(ICSE 2002)

44 Miosrikes élmslinn

MDA car of ma:%l:s 120 kg is moving at a speed 18 km/h
and it accelg:rates to attain a speed of 54 km/h in 5 s.

Calculate II| (ICSE 2023)
(i} the work done by the engine.
(ii) the pojwver of the engine.
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gnergy Sources and

Conservation of Energy

ersion of Energy from
g:::pprm to Another

The process of _rhe conversion of energy from one form to
ihe other form 18 knmain as trans?‘ﬂrmzftinn of energy. In
ur daily life, we require energy in various forms,

oduction of electricity from different forms of energy are
_ imsmated as below

production of Electricity from
solar Energy

The sun is the most vast and direct source of energy. The
energy obtained from the sun is called solar energy. The
owo devices solar cell and solar power plant are used for
generating electricity.

solar Cell

Solar cells are usually made from semiconductors like
silicon and gallinum. At ordinary temperature, a
semiconductor has a very low conductivity but its
conductivity increases either with the rise in temperature or
when some impurities are added to it. , '

If the sunlight is made to incident on an impurity added
semiconductor, a potential difference is produced between
its surfaces. \ '

Due to this potential difference, a current flows in the
circuit connected between the opposite faces of the
semiconductor. Thus, electricity is produced.

Sn!ur Power Plant

It consists of a numbér of concave reflectors; at the focus
of which, there are black painted water pipes.

The reflectors concentrate the heat energy of the sun rays
on the pipes due to which water inside the pipes starts
boiling and produces steam. The produced steam is used to

rolate a steam turbine which drives a generator to produce
L‘.ICEIﬁQit}rI : :

Eruduchon of Electricity from Wind
nergy .
:;::ﬁim.wgﬁ' i uﬂﬂd in a wind generator to produce the
E’:Mm‘::ry .;'ﬂ:"r making use of two drive and a wind
dynam - 10 wind generator, a small electric generator (or
©) s placed at he tap of a pillar. The armatue of the

PRODIGY PRIVATE TUITIONS
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connected is connected to the shaft attached with the blades
of a wind mill.

Electric generatar

An
_— mature {dynama)
—_— M
Wimd —= Shaft é=| | L=
= 1 .
_h'*\- b G _:?'_::-_; Tz Ta_rmm.a!s
Blades

When the blowing wind strikes the blades of the wind mill,
the translational KE of wind changes into rotational KE of
the blades. The rotation of blades of the turbine rotates the
armature of the dynamo. Due to rotation of the armature,
thé magnetic flux linked with it changes between the poles
N and § of a strong magnet, an emf is produced between
the terminals 7, and T, which leads to the production of
electricity.

Production of Electricity from Water
or Hydro Energy

The kinetic energy possessed by the flowing water is called
the water (or hydro) energy. A high rise dam is constructed
on the river to obstruct the flow of water and thereby
collect water in large reservoirs.

Due to rise in water level, the kinetic energy of flowing
water gets converted into potential energy. The water from
the high level is carried through the pipe to turbine located
near the bottom of the dam, which is connected to the

i electric generator,

When the water turbine rotates, then the armature of the
generator also rotates rapidly and produce electricity,

To electric
supply

Water
furtine

Elecinic
gensraior

Water lurbine rotates
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Nuclear Power Plant

The most important use of nuclear energy is generation of electricity. This is done by using a s
et up called nuclear power plant.

Muclear Heat Kinetic .
t |
energy of | — | energy of | —| energy of | — EL?E;?
U steam’ turbing

Connection of nucleor effects into electricol energy

Pr{ntipln The heat produced in a controlled nuclear fission reaction is utilised for producing steam.
This steam is used to run turbines connected to the generators and electricity is generated.

Components of a Nuclear Power Plant
A nuclear power plant consists of the following components

o

-4?1
Terminals
=T

A KA A A

Concrata wall
Cold gas [Coclant)  Muclear reacior

A schematlc view of nucear power plont

(i) Nuclear Reactor Here,'n controlled nuclear fission of a A source of energy provides adequate amount of useful

fissionable fuel such as 4, U** is carried out. energy at a steady rate over a longer period of time.
(ii) Heat Exchanger The reactor is connected to a heat me. t}.m av_ailability point of view, the encrgy sources

exchanger. Here, the heat produced in the reactor is e divided into following two groups

transferred to water by circulating a coolant through a (2) Renewable sources of encrgy

coiled pipe. The water gets converted into steam. The (b) Non-renewable sources of energy

coolant is pumped back to the reactor.

(iii) Steam Turbine The steam generated in the heat Law of Conservation of Energy
exchanger is used to run the steam turbine. The According to this law, energy can neither be created
spent steam is sent back as hot water to the heat nor be destroyed, it can only be transferred from one
exchanger. ; _ form to another form.

(iv) Electric Generator (or dynamo) The shaft of the steam = A
turbine is connected to an electric generator (or Conservation of Mechanical Energv
dynamo) electricity, so produced is sent for b The total mechanical energy of a system remains
transmission. constant, if the intermnal forees involved are

non-dissipative (not frictional) and the external forces
Sources of Energy do not work. This is called the principle of

We require energy in every activity of our life. e.g. Energy is conservation of energy.
required to light-homes, to cook food, to move vehicles, torun  If kinetic energy of the system is K and potential

TV, etc. To meet these requirements the energy is generally encrgy is U, then from conservation of mechanical
needed in some of the forms like heat, electricity, etc. Heat energy,

energy is required for cooking food. Electricity 1s required for

: : Mechanical energy = K + I/ = constant
running electric motors, fans, etc.
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gxample of conservation of
falling body, as it falling the
converted to kinetic energy s

mechanical energy is a free
potential energy gels
uch that

v

1
mgh + 3 mv* = constant

where, /i is height and v is speed of the bo dy

rodigy ics

o The law of conservation of energy can also be applied to
a simple pendulum as shcrwg in the figure.

« The particle is having mass m when it goes from A to B or
B to C. We can apply conservation of mechanical energy

as (KE) 4= (PE) ¢ or 5 mv?=mgh

1 Mark Questions
1 The energy conversion in washing machine is from
¥ (ICSE 2023)
(a) magnetic to electrical
(b) electrical to mechanical
{¢) electrical to magnetic
(d) magnetic to electrical
)\ The energy conversion, when an oscillating pendulum
- moves from mean to extreme position is (ICSE SQP 2023)
(a) kinetic to potential
{b) potential to kinetic
(c) potential to kinetic to potential
(d) kinetic to potential to kinetic
The energy change during photosynthesis in plants is
" (a) heat to chemical (ICSE 2022 Sem-)
(b) light to chemical
(¢) chemical to light
(d) chemical to heat
In an electric cell while in use, the change in energy is
4 from (ICSE SQP 2022 Sem-1)
{a) chemical to mechanical
(b) chemical to electrical
(c) electrical to mechanical
(d) electrical to chemical

Name the process used for producing electricity using
Binir s T ncse 2014)
nuclear energy. s CSE

PRODIGY PRIVATE TUITIONS

2 Morks Questions _
The diagram below shows a pendulum having a bob of

6. ass 80 g. 4 and C are extreme positions and B is the
mean position. The bob has velocity 5 m/s at position
B.[Take, g =10N/kg] (ICSE SQP 2022 Sem-}

(i) Which one of the following statements is correct?

(a) At point 4, the bob has only kinetic energy.

(b) At point B, the bob will have only potential
energy.

(c) At point B, the bob will have maximum kinetic
ENETgy.

(d) At point D, the bob will have more potential and
less kinetic energy.

(ii) The height & is
(a) 1.25 cm (b) 125 m
(e) 1.25m {(d)0.125 m

Give one example of each, when {ICSE 2020)

" (i) chemical energy changes into electrical energy.
(ii) electrical energy changes into sound energy.
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#, Write the energy conversions in the following.

10.

12.

13.

14.

15.

16.

17.

(i) Microphone (ICSE SQP 2018)

(i) Lighted candle
State the energy changes in the following devices '
while in use
(i) a loudspeaker (ii) a glowing electric bulb.
(ICSE 2014)

State one important advantage and disadvantage each
of using nuclear energy for producing electricity.
[ICSE 2014)
(i) State the energy conversion taking place in a solar
cell.
(ii) Give one disadvantage of using a solar cell.
{ICSE 2012, 02)

A ball of mass 200 g falls from a height of 5 m. What
will be its kinetic energy when it just reaches the

ground? (Take, g =9.8m/s”) (ICSE 2011)

A spring is kept compressed by a small trolley of mass
05 kg lying on a smooth horizontal surface as shown
in the figure given below.

Horizontal
r-*‘a-m'faﬂﬂ

When the trolley is released, it is found to move al a
speed of 2 ms ™', what potential energy did the spring
possess when compressed? (ICSE 2010)

q:,% [KEY [EE
Apply conservation of energy, i.e. PE of spring is equal
to KE imparted to the trolley.

State the energy changes that takes place in the

following when they are in use
(i) a photovoltaic cell.

(ii) an electromagnet.

ot from a bow, it has a kinetic

briefly from where does it get its
' (ICSE 2008)

(ICSE 2009)

When an arrow is sh
energy in it. Explain
kinetic energy?
What energy conversio
when they are working
(i) Electric toaster?

ns take place in the following

(ii) Microphone? (ICSE 2008)
What is the main energy transformation that occurs in
(i) photosynthesis in greenhouse?
(ICSE 2007)

(ii) charging of a battery?

PRODIGY PRIVATE TUITIONS
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18.

rodigg ICSE

A ball of mass 0.20 kg is thrown vertically upwards
with an initial velocity of 20 m/s, Calculate the
maximum potential energy it gains as it goes up.

(ICSE 2004

3 Marks Questions

19.

20.

21.
22,

A body of mass 10 kg is kept at a height of 5 m. It j
allowed to fall and reach the ground. (ICSE 201,
(i) What is the total mechanical energy possessed by
the body at the height of 2 m assuming itisa

frictionless medium?
(ii) What is the kinetic energy possessed by the body
just before hitting the ground? (Take, g =10 mis?)

Draw a diagram to show the energy changes in an
oscillating simple pendulum. Indicate in your diagram
how the total mechanical energy in it remains constant
during the oscillation. {ICSE 2011)

State the law of conservation of energy.  (ICSE 2005)

A truck dm?cr starts off with his loaded truck. What
are the major energy changes that take place in seffing
the truck into motion? [ICSE 2001

4 Marks Questions

23.

24.

A body of mass 200 g falls freely from a height of
15 m. (Take, g =10 ms ™) (ICSE 2022 Sem-)

(i) When the body reaches 10 m above the ground, its

potential energy will be
(a) 20000 J (b) 101
(c) 10000 J (dy207J

(ii) The gain in kinetic energy of the body when it
reaches 10 m above the ground is
(a)201] (b) 107
()30 (d) 2517

(iii) The total mechanical energy it will possess, when
it is just about to strike the ground is
(a) 30000 1 (b) 20000 J
(€)30] (d) 201

(iv) The velocity in ms ™! with which the body will hit
the ground is '
(a) 30 (b) 10
(c) 1043 (d) 1052

The figure below shows a simple pendulum of mass
200 g. It is displaced from the mean position A to the
extreme position B. The potential energy at the
position A is zero. At the position B, the pendulum
bob is raised by 5 m. (1cSE 2020)
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(i) What is the potential energy of the pendulum at
the pD-EiI:iDIl B?
(ii) What is the total mechanical energy at point C?
(iii) What is the speed of the bob at the position A
when released from B?

(Take g =10 ms ~* and there is no loss of energy)
25, An object of mass m is allowed to fall freely from

point 4 a8 shown in the figure. Calculate the total
mechanical energy of the object at

Urodigy cs TR

(i) Point A At: i
(ii) Point B i
(iif) Point C 'i
(iv) State the law which is verified by your 81
calculations in parts (i), (ii) and (iii). ci &
(ICSE 2009)

26. (i) A stone of mass 64.0 g is thrown vertically
upward from the ground with an initial speed of
20.0 m/s. The gravitational potential energy at
the ground level is considered to be zero. Apply
the principle of conservation of energy and
calculate the potential energy at the maximum
height attained by the stone. (Take, g =10 ms )

(i1) Using the same principle, state what will be the
total energy of the body at its half-way poimt?

(ICSE 2008)

PRODIGY PRIVATE TUITIONS
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¢ is a device which helps us to do the work at one point
and deliver 1t at ﬂll‘lDﬂ:IEf point with a view of accomplishing
the work conveniently.

———Vacke]

Letfﬂf Inclined plane
.\ T +
Fulley Gear Wheeol and axle  Wedge

Screw
Clossification of mochina

Uses of Machines We use machines to
(i) multiply force
(ii) to change the direction of the force
(iii) to increase or decrease the speed

Terms Related to Machine

Load It is the resistive or opposing force against which
the machine does the work. It is denoted by L. 0 -
Effort It is the force applied on the machine to overcom
the load. It is denoted by E., '
Mechanical Advantage (MA) It is the ratio of the load
o the effort. Tt is denoted by MA. Tt is expressed as

YT i, i
E . i ]
Being a ratio, it has no unit. '

If MA > 1, then it works as force multiplier.

IfMA < 1, then it gains speed.

IfMA = 1, then it changes the direction of effort.

PRODIGY PRIVATE TUITIONS
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Velocity Ratio (VR) [t is the ratio of the distance moved
by the effort d; to the corresponding distance moved by
the load d; .

It is denoted by VR. It is expressed as
_ Velocity of effort (vg) _de
Velocity of load (vp) dg
Efficiency (n) It is the ratio of the work done on the load

by the machine to the work put into the machine by the
effort. It is denoted by 1.

It is expressed as
_ Work done on the load  _ Woug
= Work done by the effort  Wip

1t is expressed in percentage,
W,
n= ouip % 100
Wit ™
Rela.ﬂﬂn between n, MA and VR Ifnis expressed as
efficiency percentage, then

“:E{E}(lﬂﬂ .
‘ VR

Ideal Machine For an ideal machine, 0 is 100%. For

practical purpose, the efficiency of a machine is less than
100% that is because practical MA is always less than
theoretical VR due to friction and the weight of the moving
parts,
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Lever
It is a rigid body capable of rotating about a fixed axis, It is
one of the commonest and simplest of all machines.

According to principle of lever,

Movement of load about the fulerum = Movement of effort
about the fulecrum

Kinds of Levers

There are following three types of levers
(1) Class I Lever
(ii) Class II Lever

(iii) Class ITI Lever

Class | Lever

In this type of lever, the effort (£) and the resistance load
(L) are situated on either side of the fulcrum (F). e.g. A
pair of scissors, handle of water pump, a catapult and the
nodding of the human head, etc. :

- load Ehod ;
W | SRR URCES |
/N (B Efortarm L o
mlﬂ&darm Fer:rum"
MA of class Ilever = —0rt 2
VR of class I lever = “E.
d;

IfMA =1, then load arm = effort arm
If MA = 1, then effort arm > load arm
IfMA < 1, then effort arm < load arm

Class Il Lever , |
In this type of lever, the load is situated between fulcrum and

effort. e.g. A bottle opener, a wheel barrow, a paper cutter,
raising the weight of the human body on toes, etc. As effort
arm is always greater than the load arm, then MA and VR |

are always more than 1.

E F !
t
7 R
L Eil, |8 oo, ]
P fa) - " (b} Bottle opener

PRODIGY PRIVATE TUITIONS

the fulcrum. e.g. Sugar tongs,

Class Il Lever
; f [ever, effort is situated between the load and
In this type © s the forearm used for lifting s
de
i the bicep musele), foot treadle, spa
load (or action ufff‘urt - s!:uaiﬂ d between the load and the

lifting a load. As € .
leIl:Ifm, then MA and VR is always less than 1.

: @ (b}

Inclined Plane

The inclined plane is a sloping surface that be!:avcs like a
simple machine whose mechanical advantage is always

greater than 1.

Load(Z) _ L

Mechanical Advantage (MA) = =
] e Effort(E) Lsin 0

sinf ==
!

|-.-| Mﬁ =Ii = —lv
o sinB

The velocity ratio of an inclined plane

Gears
A gear is a wheel with teeth around its rim. A gear wheel
cIu.sar to the source of power is called the driver (or the
driving EE_FIII‘), while the gear wheel which receives motion
from the driver is called the driven gear.
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and 1y be the radii of the driver and drivej wheels
Let A and N g be the number of teeth in the driv

and d;if-'ﬁn gear respectively.

rﬂﬁﬂ Uf

r,tin. . N,.d
Gear ratio =——
Ng

e of number of teeth in driven gear to the number
freeth in driving gear gives the gain in torque (or tunning
o

t).
o o o = . - T
Capan 1598 Ny ry

in in speed is equal to the ratio of speed rotation of
4rven wheel t0 the speed of rotation of the driving wheel.

) ng N,
g d—_=_
G’ﬂ-lu i Epec L Nﬂ'

pulley

isa whﬁﬂ on an axle that is designed tu support
movement and change the direction of a cable or belt along

its circumference.

A set of pulleys assembled, so that they rotate
independently on the same axle to form a block is called

- ey system
single Fixed Pulley

A pulley which has its axis of rotation fixed in

position is called single fixed pulley.

[ Load L =T, Effort E =T, if pulley is not rotating]

Mechanical Advantage
Effort T
AT . ﬂf_E ﬂf
Velocity Ratio (VR) =—= =—=1
elocity Ratio (VR) 3,4

Efficiency (1) =% =] or 100%

Single Movable Pulley

A pulley whose axis of rotation is not fixed in position is

- Salled a movable pulley.
Mechanical Advantage (MA)=

PRODIGY PRIVATE TUITIONS

number of teeth in the driving wheel 1o the
The S of teeth in the driven wheel is called the gegr
n

* If there are n movable pulleys

[ dp =d and d; =d]

 Velocity ratio
Load =E =2

Effort T
[cL=T +T=2Tand E=T]

prodigg ICSE

i
Velocity Ratio (VR) :Id_ﬁ = 2d
dy
MA

Efficienc =2 2100 == %100=100% or 1
¥ (m) VR 3

Combination of Pulleys

— =2 [+dg =2dand d, =d]

2

The combination can be made in two ways

(i) Using one fixed pulley and several movable pulleys.
(ii) Using several fixed pulleys in two blocks known as

block and tackle system.

Using one fixed pulley and

other movable pulley

with one fixed pulley, then
the mechanical advantage of
this system is MA =27

So, mechanical advantage of
system which has one fixed

___pulley-and three favable i
Y L ciipad
pulleys=2" =§ —

If there are n movable pulleys
connected to a fixed pulley,
the velocity ratio of this
system is VR =2"

So, velocity ratio of system
which has one fixed pulley
and three-movable pulleys
=27 =8

Using several fixed pulleys in two blocks

(block and tackle system)

If the total number of pulleys used in both the bln:cks ils n
and the effort is being applied in the downward direction.

T1a|.
A

Rigid support

In this case, Ln_ad =nT and Effort =T

o Loa
Mechanical Advantage (MA) = =

In a block and tackle system,
a distance d, the effort end mov

Q DILAWAR SIR - 7039537110
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because each section of the string supporting the load is
loosened by a length d. i.c.

AL = 16 kgt or 98N]
Block and tackle for five pulleys

pl’Odigg ICSE

= Hd
AR &
. Velocity ratio ==
But, if total weight of pulleys
L+w=nT
E=T

Mechanical Advantage (MA)
= r:-E, WR=#

E

ifd, = d, then dg

in the lower block be W,

O MA
Eﬂ'l{'.lenﬂ}'- n= V'H.

(n—-WIE)

e e——

1 Mark Questions
1. A single fixed pulley is used because (ICSE 2022 Sem-l)
(a) it changes the direction of applied ;fﬁu;t conveniently
(b) it multiplies specd
(c) it multiplies effort
(d) its efficiency is 100% sl

2. In the diagram shown below, the ;il.relocit}r ratio of the

arrangement is rigid support {ICSE 2022 Sem-I)
L 1
T2
(a) | (b) 2 (c)3 (@o

'3, A woman draws water from a well using a fixed
pulley. The mass of the Puuket and the water together
is 10 kg. The force applied by the woman is 200 N.
The mechanical advantage is (Take g =10 mfszj

PRODIGY PRIVATE TUITIONS

(ICSE 2022 Sem-l)

(a) 2 ()20
(c) 0.05 (d)0.5

4, Mechanical Advantage (MA), load (L) and effort (E)
are related as (ICSE SQF 2022 Sem-|)
(a)MA=LxE
(b) MA =EIL .

(c)MAxE=L
(MAxL=F

5. Which one of the following statements is correct?

(a) A machine is used to have more output energy as
compared to input energy, (ICSE SQF 2022 Sem-|

{b) Mechanical advantage of a machine can never be
greater than 1.

(c) If a machine gives convenience of direction, then its
mechanical advantage should be greater than 1.

(d) For a given design of a machine, even if the

mechanical advantage increases, the velocity ratio
remains the same,

6. If a block and tackle system with convenient direction
has 3 movable pulleys, then its velocity ratio

3 1. (ICSE SQP 2022 Sem-
(a) is either 6 or 7

(b) should be b
(<) should be 7
(d)is 3
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7. , oy uses & single fixed pulley to lift a load of 50 K

A <ome height. Another boy uses a single movable 2
Jley to lift the same lqﬂ-d to the same height,

pare the effort applied by them, Give a reason to

ST FOWEARERER (ICSE 2017)

1o

8. A scissor isa multiplier. (ICSE 2015)

9, what is the principle of an ideal machine? (ICSE 2014)
2 Marks Questions
10. Crane A lifts a heavy load in 5s, whereas another crane

g does the same work in 2s. Compare the power of
ne A to that of crane B,

(ICSE 2020)
i1 The diagram below shows a lever in use (ICSE 2018)
E
I P — F
L F Y
4

(i) To which class of levers does it belong?

(i) Without changing the dimensions of the lever, if
the load is shifted towards the fulcrum, what
happens to the mechanical advantage of the lever?

L= Explain why a single fixed pulley is used despite no

gain in mechanical advantage. (ICSE SQP 2018)
13'Whi¢h class of lever will always have MA > 1 and

why? (ICSE 2017)
14

"With reference to the terms mechanical advantage,
velocity ratio and efficiency of a machine, name and
define the term that will not change for a machine of a

. given design. (ICSE 2014)

15'{i] Give an expression for mechanical advantage of

an inclined plane in terms of the length of an

inclined plane.
(ii) Name a common-device, where a gear train is
used, (ICSE 2015)

16,
',J”f""" a simplified diagram of a lemon crusher,
7, Mdicating direction of load and effort.

a diagram to show how a single pulley can be

used, 50 as to have its ideal MA=2.
1 {ICSE 2014)

 Atype of single pulley is very often used as a mz_l.ﬂhil-'lﬂ
even though it does not give any gain in mechanical

“dvantage
':‘f} Name the type of pulley used. i
(i) For what purpose is such a pulley used? (ICSE 2013)

]
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(ICSE 2015 .
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19.
Under what condition will a set of gears produce
(i) a gain in speed?
(ii) & gain in torque? (ICSE 2012)
(1) What is meant by an ideal machine?
(ii) Write a relationship between the mechanical
advantage (MA) and velocity ratio (WVR) of an
21 ideal machine? (ICSE 2011)

" The diagram below shows a lever in use.
£ TEHM 5]
8

A
TAN
Load (L)
50N

(i) To which class of lever does it belong?
(ii) If F4 = 40 cm, 4B =60 cm, then find the
ﬁ!. mechanical advantage of the lever.
Mame a machine which can be used to
(i) multiply force.
_{ii]. change the direction of force applied.  (ICSE 2011)
" (i) Why is the mechanical advantage of a lever of the
second order always greater than one?
(ii) Name the type of single pulley that has a
mechanical advantage preater than one. (ICSE 2010)
(i) With reference to the terms mechanical
advantage, velocity ratio and efficiency of a

machine, name the term that will not change for
a machine of a given design.

(ii) Define the term stated by you in part (i).(ICSE 2009)

(ICSE 2011)

" Copy the diagram of the forearm given below, indicate
the positions of load, effort and fulcrum.

=9

26. Write an expression to show the relationship between
mechanical advantage, velocity ratio and efficiency for
a simple machine. (\CSE 2007)

(ICSE 2008)

&, Which class of levers has a mechanical advantage

always greater than one? What change can be brought
about in this lever to increase its mechanical

advantage? (cse EWTIP

* A woman draws water from a well using a fixed
pulley. The mass of the bucket and water together is
6.0 kg. The force applied by the woman is 70 N.
Calculate the mechanical advantage. (Take,

g =10 m/s?) (ICSE 2004)
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