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YWorlk, energgf
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2

Work: @

Q.No. 1: What is work?
Ans: Work is said to be done by a force when it displaces a bodws direction.

OR —> —>
Work is the scalar or dot product of force “F” and disp t “d” Hence it follows laws
obeyed by scalar product of vectors.

)
Work = F . d %
The magnitude of work is given by: \C)

Work = F d Cos s
Where “0” is the angle between forcef‘™ andl displacement “d”.
t

In other words, work done is e he product of displacement and component of force

in the direction of displacement. Hence i makes some angle with the

direction of displacement then:
Wor s 0)d

Where F Cos 0 is the compongnt of¥grce in the direction of displacement. :

Q.No.2: Is work a vecto tity? T

Ans: Work is a scalar because it does not have a directig&

%

—>

although it is the produc vectors, force “F” and displacement “d”.

Q.No.3: When is@ork\done maximum? —_ —_—

Ans: Maximu:% of work is done when force “F” is in the direction of displacement “d” (or
io e

direction of m n angle between them 6 = 0°).
Work =F d Cos 6
Work = F d Cos 0°

v Work max = F d (Cos 0° = 1)

When is work done zero? —

An$ Work done is zero when force @is perpendicular to displacement “d” i.e. the angle between
them is 90°. Work = F d Cos 6

Work = F d Cos 90°

(Cos 90° = 0)

e When you walk on a level floor carrying a brick you do no work on the brick because
the vertical force supporting the block has no component in the direction of horizontal
motion.
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¢ When a body moves along a circular path, force responsible for its circular motion is

called centripetal force. work done by centripetal force on the body is Z€ro, because centripetal
force is always directed towards center of circular path and is perpendicular to the tangent to
circular path which shows the direction of instantaneous displacement along the circle.
¢ When a body slides along an inclined surface, work done by the normal reaction
acting on the body perpendicular to the plane is zero.
In all these examples Force “F” & displacement “d” are perpendicular to each other, 6 g 90°.
(Note that work may be done by other force/s but not by the forces mentioned abovx

Q.No.5: When is work done negative?
Ans: Work done is negative when a force is opposite to the direction of displacement i.e. t@

between them is 180°. Work =F d Cos 0

Work = F d Cos 180° O
)

Work=-Fd (Cos 180° = -1
®:\Work done by force of friction is negative, because force of r@n is opposite to
the direction of motion (Or direction of displacement) of the body.
Q.No.6: When a body is lifted what is the sign of work dok& e body by:
(1) lifting force. (2) gravitational force,
Ans: When a body is lifted: \

(1) Work done on the body by lifting force is positive se the direction of lifting force
is same as the direction of vertical displacement of th (oth are upward) i.e. the angle “0”
between the direction of force and displacement is 9.

(2) Work done on the body by the gravitatigni@l forge of the earth is negative because the
direction of gravitational force (downward) is o e direction of vertical displacement
(upward) of the body i.e. the angle “06” betw ifection of force and displacement is 180°.
Q.No.7: What is the S.I unit of wor. d“%ts dimensions?

Ans: The M.K.S or S.I unit of work is ‘JoQke J™(Basically it is N. m).

Work done is said to be “1 J” if a N” displaces a body through “1 m” in its own
direction.

gle

e Dimensions ork %e [ML2T-2].

Work from e - displacement graph:

Shape of a grap een force F and displacement?,depends upon whether the force in
magnitude and diregtion {groughout the displacement is constant or not.
If magnitude of constant and it is in the direction of displacement then the graph
ew

between forc acement will be a straight line parallel to displacement axis. In this case the
amount of ill be equal to the area under the straight-line graph.

Work done = F d= area under the graph

Q~E d=(d2—d1)

Force ; :
¥ F i

ds d
DisplacemerEt
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Work done by a variable force:

(1) If the magnitude of force is variable (increasing or decreasing) and the direction of force
remains the same throughout motion of the body, then shape of the graph between force and
displacement depends upon the changes in the magnitude of force. In such a case the amount of
work done can be determined first by dividing the entire displacement into a large number of small

displacements, each displacement Ad must be so small that the force has practically a consta \

value throughout that particular small displacement. Then work done during each small
displacement is calculated. Sum of all these will give us the total amount of work done.

In this case amount of work done from the graph will be equal to the area under force- @'
displacement curve (The shape of the curve depends upon the type of variations in the m

force).
(2) If the variable force is such that both its magnitude and direction are contm% anging with
time then in that case work done can be calculated by finding the work done during sgall d¥splacements

using magnitudes of force during that small displacement, displacement Ad and tween them and
then finding their sum.

Total work done = Z F.Ad
| 3 (Note thatwhen work is done on a body it gains an en ork is done by a body it
loses some form of energy).
Energy:

Q.No.1: What is energy?
Ans: Energy is the ability of doing work.

If a body is capable of doing work it has en
The amount of energy possessed by a body V\@ al to the amount of work which a body can
do.

work is done by the body it loses the mount of energy.
®:Energy is a scalar q
®:Energy has many form3€uch as mechanical, electrical, magnetic, heat, sound,

®:If work is done on a body it g equal amount of some form of energy, and when
YE

nuclear, elastic energy etc, e forms of energy are inter-convertible; it means that one form
of energy can be convert nother form.
Q.No.2: What is the nit of energy, and dimensions of energy?

s of energy are [ML?T—2]

erqy (K.E):

kinetic energy?
ssessed by a body by virtue of its motion is called kinetic energy. When a body is
capable of doing work. This ability of doing work when a body is in motion is called

Ans: Unit of energ is saffie as the unit of work. S.I unit of energy is “Joule”.
e& gn

.NQ.2: On what factors does the kinetic energy of a body depend?
Ans: K.E possessed by a body is directly proportional to its mass “m” and to the square of its
velocity “V?”.

€1t means thatK.E of the body changes in the same way and in the same proportion as
its mass is changed i.e. if mass of a body is doubled its K.E will be doubled, if mass is halved its
K.E will also be halved, if mass is increased by four times its K.E will also increase by four times
and so on.

5
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€ KEofa body depends on square of its velocity, hence K.E of the body changes by
square of number of times its velocity is changed. In other words, if velocity of a body is doubled
(increased by two times) it's K.E will increase by four times (square of two times), if its velocity is
increased by three times (i.e. tripled) then it's K.E will increase by nine times (square of three), If
velocity is decreased by two times its K.E will decrease by four times, and so on.

®<If mass and velocity of a body both are changed then the total number of times kinetic
energy changes is equal to the product of change in mass and square of change in velocity. Hence

®:If mass and velocity of a body both are changed by two times (increased or decr
then it's K.E will change (increase or decrease) by eight times, because with mass it will y
two times and with velocity it will change by four times, hence K.E will change by eight,tim

change by twenty seven times because its mass changes by three times and it
by nine times (3= 9), total number of times K.E changes = 3 x 9 = 27. and so on

Derivation: @

Q.No.3: Derive a formula for kinetic energy (K.E). %

Ans: Kinetic energy possessed by a body is equal to the amount of \%& ch a moving body can
do, or K.E gained by a body is equal to the amount of work don it iMyNoving it.

Consider a body of mass “m” thrown vertically upward wigh 2Rxgertain velocity “V/”. Velocity of
the body decreases as the body rises and becomes zero at the

Initial K.E given to the body at the point of projection is | to the work done on it to throw it
upward, this K.E is used up to do work against gravit ody rises up. Hence to calculate K.E
possessed by the body at the point of projection we il ate the work done by the body against
gravity.

Let “h” be the height reached by the b |ch its velocity becomes zero (Or it is the
vertical distance through which the body galnst gravity).
Work done by the body is given by:

Work done ody W h

Where “W” is the lifting force.
: ghe By the body =W h Cos 6
k agne by the body =W h Cos 0°
(6=0° because lifting force i cement are in the same direction)
ythebody=W h  (Cos0°=1)
: Wne by the body=mgh
In the vertical directi V=0 (at the highest point.
i=V (at the point of projection)
&

S=h (height to which the body rises).

On sub tit the above data in the following equation of motion, we get:

2aS-= Vf -V;?

-2gh=(0)-(V)’
h=_Vv2
2g
But Work done by the body=mg h
g Work done by the body =m g V2
2g
Work done by the body = 3 m V 2
Since work done by the body to rise against gravity through a certain height “h” is equal to
the amount of K.E possessed by it at the point of projection, hence:

6
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KE=%fmvV:2

Gravitational potential enerqy (P.E):

Q.No.1: What is potential energy?
Ans: Energy possessed by a body by virtue of its position or configuration in the gravitational
field is called gravitational potential enerqy.

Potential energy is of many types, such as gravitational P.E, electric P.E, elastic P.E
magnetic P.E, etc.

Gravitational P.E is the energy due to position of a body in the gravitational field. It I
to the amount of work which the body can do while moving in the direction of gravitatigmal fiefd or
the amount of work done on the body to move it against the direction of gravitation %

But electric P.E is the energy possessed by a charged body due to its position &e lectric field.

A body gains P.E when work is done on it but it loses P.E when work is dohg by it.

Derivation:

Q.No.2: Derive a formula for gravitational potential ener: @
Ans: Consider a body of mass “m” lifted through a certain vertical he N1, since the body is

moved against gravity hence work has to be done on it. This w one ®n the body will be stored
as the gravitational potential energy.
But work done on the body to lift it is (by the lifting force) =

PE=mgh %
The above formula to calculate P.E of a bod‘ is Vi only when the force “m g” applied to lift

the body is constant throughout the displacement is possible only when “R” is small (of the
order of tens of meters) but if the displacemengis (of the order of thousands of meters) then
the force applied no longer remains constan!t out the displacement. Hence the above

formula is not a general formula to calc avitational P.E it is applicable only to small ordinary
vertical heights.

Work done agai gravitational force:

Weight (= mg) of a body is force with which it is attracted by the earth. Work done in the
gravitational field of the eart n bePositive or negative, depending upon whether the body is

allowed to move in the dirag gravity (downward) or it is moved against the direction of gravity
(upward).
If a body is allow ove freely in the direction of gravity (downward, allowed to fall

freely) then work isSone By the body. It will be positive, as can be seen:

99.
?\ Work done =W . h

” is weight of the body and V?is the vertical height between initial and final
positio e body, through which the body is allowed to move in the direction of gravity. Since W
V4 °), the magnitude of work done is given by:
Work done =W h Cos 0
Work done =W h Cos 0° (Cos0°=1)
Work done=W h
Workdone=mgh
Similarly, if a body is lifted (moved upward) through vertical height “h” without accelerating it,
then the work is done on the body and the amount of work done is given by:
Work done =W h Cos 0
Work done =W h Cos 180° (Cos 180°=-1)

7
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Work done==-W h
Workdone=-mgh
It shows that work done against gravity (by the gravitational force, weight) is negative.
| 3 (Note that when work is done on a body it gains and when work is done by a body it loses
some form of energy).
Q.No.3: Prove that gravitational field is a conservative? (2016 Karachi Board)
Ans: Proof:
Any force field is said to be a conservative field if work done in it is independe\x
path followed and the net amount of work done in a closed path is zero.
To prove that the gravitational field is conservative, we will move a body in a close
such as CBAC and calculate the net work done. The body is moved from C to B then B§o A and
finally from A to C. It means that initial and final positions of the body is point C. words,
the body is moved in a closed path CBAC. K

s
X

W (= mg) is weight of the body. < ?
Work =W d; Cos 90° =0 (angle between W N °)
CtoB

Work=W d; Cos 180°=-Wd,=—mgd; (a %/een W & d; is 180°,Cos180°= -1)
Bto A

Work =W d3 Cos 0 (But in triQA , d3 Cos 0 =d,)
AtoC
Therefore, Work=Wd=
AtoC \
Hence network in path CBAC will be:

Work Worl§ + Work + Work

CBAV BtoA AtoC
Ne 0-mgd,+mgd;
C

rk done =0
In closed path CBAC

<This shows that work done in the gravitational field is independent of path followed

nds only upon the vertical height d2 (or h) between initial and final positions, also that net

work done in a closed path is zero. Hence gravitational field is a conservative field.
Gravitational and electric fields are conservative fields.

Note that in a conservative field work is always reversible. For example, when
we throw a ball up in the air, it slows down as its kinetic energy is used to do work against
gravity, it is converted into the gravitational potential energy. But on the way down, the

8
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potential energy is used to do the same amount of work in moving the body, hence it is
converted back into kinetic energy and the ball speeds up. If there is no air resistance, the
ball will land as fast as it was thrown.

General formula for gravitational potential enerqy.

Q.No.4: Derive a general formula for gravitational potential energy?

Ans: To derive a general formula for gravitational P.E we apply Newton’s law of gravitation.
Consider a body of mass “m” lifted from point “1” to point “N” in the gravitational field

earth through a lonqg distance. Force between the body and earth over such a long dlstancz%

not be constant over such a long distance.
Hence to calculate the amount of work done to displace the body, we will dividegh
displacement into a large number of small displacements each must be so small tha@

ire
agnitude
of the force through that small displacement practically remains constant.

According to Newton’s law of gravitation, the magnitude of force between t
earth at points 1 and 2 is given by:

F1=G mMe F,=GmMe,
r12 r22 %@
Where “M.” is mass of the earth and “m” is mass of the body,& r, are the distances of
points 1 and 2 respectively from the center of the earth.
Let “Ar” be the magnitude of displacement of the bodyk*. 2, then the average force

between earth and the body between these points will be;

ody and the

Fav.= F1+F
2
G MMe+G m mMe{L+L}
Fav. = r? TN ri’ _r?
2
=GmM +
2 r rzz

Earth
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Work done to displace the body from 1 to 2 through “Ar” is given by:
Work = Fa. Ar  Where Ar = (r,—r1)

12

Work=GmMc[1 + 1 l(r.—-r)

152 2 r12 r22

Work = Gm Mef r? + ri? }(rz—rl) \
152 2 1 r2ry? \

Butry=ri+Ar .. Work = Gm MeJ (ri+ Ar)2+ ri2 |(ra—r1) @
152 2 rl2 r22 &
Work = Gm M{ ri%+ 2riAr +Ar? + ri? }(rz— r)
152 2 R &
Since Ar is small .. Ar? can be neglected. @

Work = Gm M{ ri2+ 2riAr + ry? }(rz— r)

12 2 r? ry? @
Work = Gm Me[2 ri%+ 2riAr (rz— r1)

152 2 r12 I,22

Work = Gm MJ 2 ri(ri+ Ar) (rz—
152 2

Work = Gm M. r)
152

Work = Gm Me{

152

Work=Gm MM r

152 2 ry

Work h - _n }

1=2 rrp nrnr
W(QGm Me{i - L}
22 r ra
Since work done ofa dogl to displace it against the gravitational force of the earth is equal

to the P.E gained by it, fore:
P.E = Gm Me{L—L }
V 12 r ry
Similarl Q P.E=Gm Me{i—L}
253 ry rs

PE=GmM¢) 1 - 1
34

Qy o

PE=GmM. 1 - 1
N-2—>N-1

'n-2  I'N-1
P.E=Gm Me{A-L }
N-1—>N -1 rn

The total P.E of the body between point 1 and N will be equal to the sum of the above
equations and is given by:

10
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PE=GmM. | 1 - 1
1-N r _ N

®:The above equation actually gives us Change in potential energy of the body (in this
case P.E gained) between any two points such as 1 and N in the gravitational field of the earth. It is
equally valid for short as well as long distance, hence it is a general formula for P.E gained or lost
between any two points in the gravitational field of the earth.

Absolute potential enerqgy: \\

Q.No.5: What is absolute potential energy of a body at a point? @.
Ans: Absolute potential energy of a body at a point in the gravitational field is the a
work done to move the body from that point to a very far off point. s

A point which is very far from the center of the earth may be considered t tS|de the
gravitational field of the earth, hence the potential energy of a body at such Il be zero.
Absolute potential energy of a body at point “1” can be calculated b |ng point “N” to
be at infinity, hence on substituting ry = o in the following formula we get: é
PE=GmM.| 1 - 1

1->N ri rn \
Absolute potential energy at point “1” is given by: +
PE=GmM.J 1 - 1 }
[0 0}

But _1 =

body is given by:

It means thatif a body from a given point to infinite distance its potential energy
increases and becomes zero at infi (It is a negative quantity).
Absolute potential energy o y of mass “m” at the surface of the earth is given by:
\ P.E=-GmM.

abs. Re
Similarly absolteVp ntial of the body at any height “h” above the surface of the earth is given

P.E=-Gm M.
abs. Re +h

PE=-__GmM.
abs. Re 1+ L
?“ Re
Q~ PE=-GmM,[1+ h -
abs. Re Re

According to Binomial theorem:

{1+h_}‘1=1—1+ﬁ— .........
Re Re R92

by:

Since “h” is small as compared to “R”, therefore, terms with higher powers of “h” are
negligible, 1+ h |['=[1-h_
Re Re

11
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Therefore, 1
PE=-GmM. |1- h
abs. Re Re

7

Escape velocith

Q.No.1: What is escape velocity?

Ans: Escape velocity of a planet is the Example: Escape velocity for earth.
minimum velocity with which a body must be
projected up so that it escapes gravity of that Vese. =V2 G Me/Re
planet and never return back.

Explanation: Vesc.=V2x 6.67x10-11x5.98x102/6.38x10°

When we throw a body up, it rises against _ _
gravity of the earth and after reaching a certain Vesc. = 11182 m/s = 11.182 kmis.

height it starts falling back. Actually while throwing Escape velocity on the surface of earth at

up we do some work on the body, this work done . . , )
is stored in the body as kinetic energy. Due to this different locations may be slightly different

K.E the body now has the ability to do work because average radius of the earth is
against gravity. As the body rises up its K.E is used in this formula. Radius of earth is
used to do work against gravity. After reaching a different at different locations, Earth bulges
certain height this K.E is totally used up. (K.E lost out at the equator, here radius of earth is more,
is stored as P.E) At this instant the body comes to flattens a little at poles, here radius of the earth is
rest for a moment and then it starts falling small.

because of the gravitational pull. -
If we keep on throwing the body up with morg an ﬂl&e velocity, in other words, give it
more K.E it rises higher each time it will return ba Egrth.
If thrown vertically upward with a certa x'ty, called escape velocity, the body escapes
gravity of the earth. Thrown with such a |g vetocily body has now enough K.E just to overcome
gravitational pull. It now follows a parabo th'and does not return to the earth.

Derivation:
Minimum velocity required the gravity (OR escape velocity) can be derived with
the help of law of conservation o

At the surface of earthfptal ergy of the body will be equal to the sum of its initial K.E and
Initial P.E. Similarly at the h| point its total energy will be equal to the sum of its final K.E and
P.E. Hence according tg B / 0 nservation of energy:

itial energy = Total final energy
initial P.E initial — K Eﬂnal +P.E final

% m - Gm Me |n|tia| = i m Vfinal ( - Gm Me )final
Re r
Where Me e earth. Re = radius of the earth. m = mass of the body
W\ sal grawtatlonal constant V = velocity of the body.

t distance from center of earth to highest point.
P nergy is negative showing that it is attractive in nature.
Qﬁ e body is thrown with escape velocity “Vesc” then reaching the highest point its K.E is
totaly used up ( K.Esina = 0) this will happen at infinite distance where its P.E sna Will also be zero,

here the body will not have the ability to fall back.
Applying law of conservation of energy we get:

FMVesc2—=GmMe =0+0
Re
Vescz=2G_Mg

Re

12
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Vesc = 2 G Me
v Re

This formula gives us escape velocity at the surface of earth (Me and R, are mass and
radius of earth).

This formula can be used to calculate escape velocity for any planet, using mass of the
planet and its radius.

Escape velocities required for some planets using this formula are: \
For earth: Vesc = 11.2 km./sec. For moon: Vesc = 2.38 km./sec. \
For sun: Vesc = 618 km./sec. @.

We can see from these values that escape velocity depends upon mass and radius plafiet.
Acceleration due to gravity “g” on the surface of a planet can also be used to calcyl escape
velocity. Since g=GM

R2
On substituting the value of g in escape velocity formula and then sin@ng it we get:
Vese =V 2 gR @
e This formula can be used to calculate escape velggi ny planet provided

the acceleration due to gravity “g” on its surface agd it us “R” are known.
Both the above formulae give us the same value of esc &ocny for a planet.
If velocity of a body is less than the escape velocity t ill return back to the given
planet. Hence escape velocity is the minimum velocity uired to escape the gravity of a
planet. %

Power: ( )
Q.No.1: What is power? Give its dimensj \"

Ans: “Rate of doing work or rate of ng energy is called power”.
(or it is also equal to the rate of convgrsi f energy from one form to another).

OR — —
Power is the scalar or dot pr f force F and velocity v.
e Dimensions of p are [M L2T-3].
e Power is a sgalar ntity.
Powels rk done or energy transferred
N\ Time taken
——>
ger =F.d
t ——>
But d_)=v Power =F .v
Average r 1S given by:
Power av. = __ Work done
Total time taken
—>
Power av= F.d
At
OR Power av. = F . Vav.

Instantaneous power “Power nst” (power at a particular instant or at a particular time) can be
calculated by imposing a limit on time taken, in this case time taken must be very short and must
approach to zero (not equal to zero).

13
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Power s = F. Limit &
%At —>0 At
OR Power jnst=F . Vinst.
Power is a Scalar quantity.
Q.No.2: What is the S.I unit of power?
Ans: Unit of power is “watt’.
Power is said to be 1 watt when 1 joule of work is done in one second. \
1 watt = _1 Joule 1W =1J/s \
1 second @.
1 kilowatt (kw) = 10° w & 1 megawatt (Mw) = 10° w
Since Power = Work or energy Work (Or energy) = Power x@
Time

€:<Hence the unit of work (or energy) can also be expressed as a prodyct ofnit of power
and the unit of time. @
If power is expressed in kilowatt (kw) and time in hours (h) then th@ work (Or energy)
will be kilowatt-hour (kwh): &
1 kilowatt-hour (kwh) = 1 kw x1h
1 kwh = 1000 w x 3600 s N: 1j/s)
1 kwh = 3.6 x108 Joules.
1 kwh =3.6 MJ (1 of el@ctrical energy)
®:0On commercial scale electrical energy is %in “kwh”.
(We can define 1 kwh (Or one-unit electrical energyjfas t ower delivered by an electrical
machine of one kilowatt running continuously for ). As an example. If a pressing iron of 1
kw is continuously on for 1 h it will convert 3.6 les of electrical energy into heat energy.
Law o f conservation\o nerqgqy.
Q.No. 1: State law on conservation
Ans: Energy can neither be createg
One form of energy can be erted into another and so on, but the conversion from one form
to another is always such that the tot8{ amount of energy before and after the conversion is equal.
€ Note thatwhen e of paper is burnt we will get heat, light along with ashes and
carbon dioxide. If we study& gnple chemical reaction we will find that during this process
energy is not created (s the matter destroyed.
is obtained after chemically processing a certain plant. This plant grows
m the soil and solar energy. (solar energy during photosynthesis, chemical
energy during th n of new bonds etc. are stored). In other words, energy was already stored in
paper in differe %This stored energy is converted into heat and light etc. when we burn it.

using water and fertiiNgers

Experiment at the total energy stored comes out to be exactly equal to the energy obtained
after buyrni ocess is complete. Similarly, matter is also converted from one state to another, such as
from p oxygen of air into carbon dioxide and ashes etc. During this process new bonds are

fo general, combustion is an ordinary exothermic chemical process).

<Also note thatenergy can neither be created nor destroyed similarly matter can neither
be cReated nor destroyed. It means that matter and energy cannot be converted into each other.
These are old concepts and are valid under normal conditions.

According to Einstein, matter and energy are interconvertible. It means that matter can be
converted into energy and vice versa, this conversion takes place according to Einstein’s famous
equation: E=mc?

In fission and fusion reactions, applied in atom bomb and hydrogen bomb, tremendous
amount of energy is released due to the conversion of mass into enerqy. The amount of energy

14
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released reactions (fission or fusion) is enough to destroy a whole city. This energy can also be
used for peaceful purpose by converting into some useful form such as electricity as is done in
nuclear reactors.

In pair production electron - positron pair is produced by converting enerqy into matter.
Both electron and positron are matter particles.

Interconversion of K.E and P.E.

“ ”

Consider a body of mass “m” held at a certain height “h” above the ground. At this pLiN\x

velocity of the body is zero, as it is at rest, hence its kinetic energy will also be zero. Relative
ground it will have potential energy “mgh’. @,
e Now if the body is released and allowed to fall freely, its velocity keeps ogrincheasing

as it falls, in other words, its kinetic energy will increase. But si eé# down
its height “h” above the ground decreases and hence its potential ega Iso
decreases. It is found that in the absence of any opposing force (guct®as air
resistance), while falling down body will lose P.E and at the sa ifne gain an equal
amount of K.E. Hence P.E possessed by the body at the s point is totally
converted into K.E on reaching the ground. In other w will have maximum
velocity just before hitting the ground. Hence we can&ite:

P.E lost = K.E gained
If “vV” is the velocity with which the body reaches the ground the

mgh= % m
e If a body is thrown vertically upward withgé:'g%v’ (or thrown upward with some
\

K.E) then while going up against gravi city decreases i.e. its K.E energy

decreases, it is used to do work aggirst ity due to which its P.E will increase.
After reaching the highest point it %y reduces to zero. Here it has maximum
P.E and zero K.E. While goin A% eeps on loosing its K.E and at the same
time gains an equal amount offR.E.¥n this case”

.EYost = P.E gained
Q FmV=mgh
€ While falling downgfthereNis an opposing force (any frictional force, such as air

resistance) then a part of I{ y the body will be used to do work against the opposing force. In
this case:
P. = K.E gained + work done against frictional force
gh=% mV?+fh
Where,* orce of friction. PE=mgh V=0
In this case y will come down with lesser speed. (lesser K.E) K.E=0 ‘
S oing up if there is an opposing force (any frictional .
force) {Rgn rt of K.E of the body will be used to do work against the I
oppQSI e. In this case: 1
K.E lost = P.E gained + work done against frictional force :
$mV2=mgh+fh 1 h
In this case the body will rise to a smaller height. |
|
Note that: energy used to do work in both the cases appears as heat, 1
This heat is immediately taken away by the surrounding atmosphere. |
: PE=0
KIE =3 m V2

15
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Section-A Multiple-Choice Questions MCQs:

Q.No. 1: Work done by centripetal force is
always:

(A) Maximum.  (B) Minimum.

(C) Zero. (D) None of these.
Q.No.2: A body of mass 5 kg. is moving
with a momentum of 10 kg m/s. A force of
0.2 N acts on it in the direction of motion of
the body for 10 sec. The increase in kinetic
energy is:

(A)28J (B)3.2J (C)38J (D)44J
Q.No.3: Kinetic energy of a light body and a
heavy body is same. Which body has
maximum momentum?

(A) Light body. (B) Heavy body.

(C) Both have same momentum.

(D) none of them.

Q.No.4: Two bodies of masses 1 kg and 2
kg have equal momentum. The ratio of their
kinetic energies is:

A)21 (B)31 (C)1:3
Q.No.5: A body falls from height “h”.

After
has fallen a height h/2, it will posses%

(D) 1;

(A) Only potential energy.

(B) Only kinetic energy.

(C) half potential half ki@.

(D) more kinetic le otertial.
Q.No.6: Which of the fﬂ% quantity can
be multiplying force agdyeld€ity?

(A) acceleratio%B) power.

(C) torque. (D) work.
Q.No.7: The velocity given to an
erges out from the

object so that\
gravitati
km/s

of earth is about:

: (B)15.3 km/s.
km/s (D) 9.8 km/s
When one joule of work is done on

a b % |n one second, power of body is said to
A) One watt. (B) 0.5 watt.

(C) zero. (D) 100 watts
Q.No.9: The absolute potential energy of an
object depends on:

(A) Object’'s mass and height.

(B) Object’s mass and speed

(C) Object’s shape and size.
(D) Object’s color and temperature.
Q.No. 10: The escape velocity of a planet
depends on which of the following faciQN§?
(A) Mass of the planet only. \
(B) Radius of the planet only.
(C) Both mass and radius of t planet

(D) Density of the pl @
Q.No. 11: When a body m& ertically,
) Maximum

the work done will be:
(A)Positive (B) Negah&ero i
Q.No.12: If sp ody is halved, its
kinetic energ &%

x( 11 Karachz Board)

(A)One fo (C)Three times(D)None of these

.No,13: Tike work done by a conservative
forc a closed path is:
(2008, 2011 Karachi Board)

ogitive (B)Negative (C) Zero (D)None of these
o.14: A bucket of mass 10 kg. is moved
ownward in the gravitational field through a
distance of 1 m. The work done in this case
is equal to: (2012 Karachi Board)
(A)10J (B)98J (C)-98J (D)0.1J
Q.No. 15: The rate of doing work is zero
when the angle between force and velocity
is: (2012 Karachi Board)

(A)0°. (B)45°. (C)180°. (D)90°.
Q.No. 16: A weight lifter consumes 500 J of
energy to lift a load in 2 second. The power
used by himis: (2013 Karachi Board)

(A)125 watt. (B) 250 watt.

(C) 500 watts. (D) 1600 watt
Q.No.17: If mass and speed both are
doubled, the kinetic energy will be:

(2014,05Karachi board)

(A) Double. (B) Four times.

(C) Six times. (D) Eight times.
Q.No. 18: Kilowatt hour is the unit of:

(2014 Karachi board)
(A) Energy (B) Power (C) Time (D) Force
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Q.No. 19: This one of the following is not the
unit of power: (2015 Karachi Board)
(A) horse-power.  (B) joule/sec.
(C) kilowatt-hour. (D) foot-pound/sec

0Q.No.20: Both kilowatt hour and electron
volt are the units of:

(2017 Karachi Board)
(A) power. (B) energy.
(C) charge. (D) angular momentum

Q.No.21: A 600N man runs up a stair of 4 m
height in 3 seconds. The power needed is:
(2018 Karachi Board)

(A) 240 watts. (B) 350 watts.

(C) 450 watts. (D) 800 watts.
Q.No.22: If velocity a body is doubled and
its mass is reduced to one fourth, its kinetic
energy will be:

(2022, 18,12 Karachi Board)

(A) doubled (B) unchanged (C) halved (D)four-fold
Q.No.23: one kilowatt-hour is equal to:

(2022, 2016 Karachi Board)

(A) 3.6x108 J. (B) 3.9x108 J.

(C) 3.6x108 J. (D) 3.6x10°J
Q.No.24: The dot product of force an
velocity is: (2022 Karachi r

(A) Work, B)P \%

(C) Momentum. (D)Qrg s

A

q
Q.No.25: If F=3 1 and %} then work
done will be: (20 2K chi Board)
A

A

(A)2j )3y (C)6; (D)0
Q.No.26: Ab satoycarona

horizontal flo a force of 10N up to a
dlsplace Work done by gravity on
the C (2022 Karachi Board)
)10 (C)5J (D)0
force actlng on a body is
pe ndlcularto its displacement, the work
done is equal t0:(2022 Karachi Board)

(A) Positive. (B) Negative.

(C) Zero. (D) Infinite.
Q.No.28: A field of force in which the work
is independent of path is called a ... field.

(2014 Hyderabad Board)

(A) Conservative.
(C) Energetic.

(B) Non conservative.
(D) None of these.

Q.No.29: The work done on a body is zero,
then angle between the applied force and
displacement is:
(2015 Hyderabad Boarg)
(A)0° (B)45° (C)90° (D)1 %\
Q.No.30: The dot product of force

velocity is ...(2016 Hyderabaﬁo d)

(A) Work. r.

(C) Energy. @ue.
Q.No.31: The rate of chapge ®f energy is
called .......... (2019 rabad Board)

(A) Work ower

(C) Force‘& one of these
Q.No.32: v e by centripetal force is:
(2025 Karachi Board)

A) Maximum. (B) Negative.
(D) Infinite.
0. The minimum velocity required for

object to escape earth’s gravitational field
roximately: (2025 Karachi Board)
(A) 11.2 km/s. (B) 5 km/s.
(C) 15.3 km/s. (D) 9.8 km./s.
Q.No.34: Work done in lifting 30 kg. mass
to a height of 20 m is: (when g = 9.8 m/s?)

(2026 Karachi Board)
(A) 2800 J. (B)600 J.
(C)5880J. (D)2910J.
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Answers:
(1) (C) Zero. (24) (B) Power \
2) (D)4.4J (25)(D) 0
)(B) Heavy body. (26) (D) 0
(4) (A) 2:1 (27) (C) Zero.
(5) (C) half potential half kinetic. (28) (A) Conservative.
(6) (B) power. (29) (C) 90°
(7) (A)11.2 km/s. (30) (B) Power.
(8) (A) One watt. (31) (B) Power §
(9) (A) Object’s mass and height. (32) (C) Zero.
(10)(C)Both mass and radius of the planet (33) (A) 11.2 km/s. &
(11) (B)Negative. (34) (C) 5880J.

(12) (A) One fourth.

(13) (C) Zero

(14) (B) 98 J

(15) (D) 90°

(16) (B) 250 watt.

(17) (D) Eight times.
(18) (A) Energy

(19) (C) kilowatt-hour.
(20) (B) energy.

(21) (D) 800 watts.

(22) (B) unchanged
Q?,) (A) 3.6x108 J.

52

@?‘
Q.

%
X
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Numericals:

Q.No.1: A man pulls a trolley through 10 m
by applying a force of 50 N which makes an
angle of 60° with the horizontal. Calculate the
work done by the man.
Data:
Force applied F=50N
Distance covered d=10m
Angle between force and displacement 6 = 60°
Work done W =?
Solution:
Work done is given by Work =F d Cos 6

Work = 50x10xcos 60°
|Work =250J |

Work = 500 x 0.5
Q.No.2: A 100 kg man runs up a long stair in
9.8 second. The vertical height of the stairs is
10 m. Calculate its power.

Data:
Mass of man m = 100 kg
Time taken t = 9.8 second
Vertical height h=10m
Power pP="
Solution:

As the man runs up the stairs he does
work against gravity, rate of doing work is cafl
power. But work done against gravity is gi

Work against gravity =m g h

Power =Work=m g h
Time
Power = 100x9.8x10 [Power
9.8

n upward it
is the object

rises to a height “h”.
in terms of “h” when it
its original kinetic

Data:
Total h&jgt reached =h
Heighfa he object looses one third it's
K.E X=7

bject is thrown upward it looses K.E and at
ime gains an equal amount of P.E,
d there is no air resistance.

K.E lost = P.E gained
~3¥mv=mgh OR 2=2gh
Where “v” is the velocity with which the

object was originally thrown upward.
Let “x” be the height at which the object

losses one third its original K.E.

Amount of K.E lost = P.E gained
1 x (original K.E) = P.E gained
Ix(FZmv®)=mgx
On substituting the expression for v2 in
the above equation we get:
Ix(3mx2gh) =mgx
Q.No.4: A 70 kg man runs up a hill t
height of 3 m in 2 second.

(a) How much work i &gamst
gravitational field =? XO

(b) What is the average power output?
Data:
Mass m = 70 kg.

Time t 2s.
a) work

@ﬂnst gravity = ?
po er

Solutton
(@) Wo
W ma3n’s weight

agalnst gravity =W h Cos 6

= is (downward)
%k done =m g h Cos 180°
rce W is opposite to displacement h)

orlgdone =70 x 9.8 x 3 x -1 =-2058 Joules,
(b) Power = work = 2058 = 1029 watt
Time 2

-1 9Q.No.5: A neutron travels a distance of 12 m

in a time interval of 3.6x10™ second.
Assuming its speed to be constant, find its
K.E.
Mass of neutron = 1.7x10-% kg.
Data:
Distance covered S=12m
Time taken t = 3.6x10™ second
Mass of neutron m = 1.7x107%7 kg.

Kinetic energy K.E =?
Solution:
Speed v = distance = 12 =3.33x10* m/s
Time 3.6x10™

KE=%mv2=% x1.7x102 x (3.33x104)2
K.E =9.44 x 10™"° Joules.
Q.No.6: A stone is thrown vertically upward
so that it can reach a height of 10 m. Find the
speed of stone when it is just 2 m above the
ground.
Data:
Height h=10m
Height above the ground =2 m
Speed 2 m above ground v = ?
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Solution:
K.E with which stone must be thrown so
that it reaches 10 m height can be found by:
K.E at the ground = P.E at the highest point
imv2=mgh
v=v2gh=v2x9.8x10 =196 =14 m/s
Hence speed with which stone is thrown up to
reach 10 m height is 14 m/s.
Considering the downward motion of stone:
vi = 0 at 10 m height, vt =? at 2m above ground
a=g, S=10-2=8m
Applying equation of motion: 2a S = vs2 —v;?
2x9.8x8=vi?2- (0)°
156.8 = vi2 vi=v156.8 = 12.5 m/s.

'é Speed 2 m above the ground will be 12.5 m/s.
Q.No.7: The potential energy of a body at the
top of a building is 200 Joule. When it is
dropped its K.E just before striking the
ground is160 Joule. Find work done against
the air resistance.
Data:

P.E at the top =200 J

K.E just before striking ground = 160 J

Work done against air resistance W =?
Solution:

While falling:

P.E lost by the body = K.E gained by it *
+ work done against air%] .

200 =160 + Work do
Work done against air resistance I@' =40 J
|

Q.No.8:Find the energy eqﬁ';va elg of 1 gram.

Data:
Mass m =1 gram.§ .
Energy E =7

Solution:
According to

converted intqe

kg

in’s matter can be
d vice versa, according

éEnergy equivalence of 1 gram is

9 x10" Joules.

Q.No.9: A 1 kilowatt motor pump pumps
water from ground to a height of 10 m. Find
how much liters of water it can pump in one
hour.

(Density p of water = 1000 kg/m?)

Data:
Power P =1 Kw = 1000 watt
Time t=1h =3600 sec.
Height h=10m

Density of water p = 1000 kg/m?3)
Number of liters pumped= ?

Solution:
Power P = work to pump water fogwour

Time
If “m” is mass of water pumped, then @.\
OR Pt=mgh
1000 x 3600 = m x 9.8 x &
m = 1000x3%(¢ >6,735 kg.
9.8 x 1
But

density of water p = of water m
me of water V
V=m = % 735 m?,
p

en it attains height of 15 m the 400
les of its chemical fuel burns. Find speed of
e rocket at maximum height.

Data:
Mass of the rocket m = 2 kg.
Vertical height attained h=15m
Fuel burnt = Work done W=425J
Velocity at maximum height v=7?

Solution:

Due to the burning fuel work is done on the
rocket and it moves upward against gravity with an
increasing velocity. Hence it gains K.E as well as P.E
as it rises:

Work done = K.E gained+ P.E gained

Work done=3mvZ+mgh

400=32xVv>+2x9.8x15

400 = v2+ 294
v2=400-294 =106
v=v106 v =10.3 m/s

'é Velocity of rocket at the highest point
(15 m above the ground) is 10.3 m/s.
Q.No.11: A motor pumps water at the rate of
500 gm. /min to a height of 120 m. If the
motor is 50% efficient then how much input
electric power is needed?
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Data:
Mass of water pumped = 500 gm/min
= 0.500 kg/60 sec.
Heighth =120 m.  Efficiency E = 50%
Input power =7
Solution:
Output power =m gh =0.500x9.8x120
t 60
Output Power = 9.8 watt.
Efficiency = Output power x 100%
Input power
Input power = output power x 100%
Efficiency
Input power = 9.8 x100%= 19.6 Watt
50

'é 19.6 Watt (or approximately 20 Watt)
Input power will be needed.
Q.No. 12:Calculate the work done by a force
given by AN
F=6i +8j+10k in displacing a body from
the position A to the position B. The position
vectors of A and B are:
VAN A N
—
ra=4 i+7j+4k
—> N N N

re=9i+5j+7k
(1994 Karachi Bg&)
Solution: 2

Displacement of the body is given
—_—
Ar=rg—ra
A N A} A}

— -~ " 2
Ar=(9i+5j+7k)— (4 g )
—_— N A A \/\
Ar=9i+5j+7k— e 4k
— M A M

Ar=5i—
Work d F.Ar
N N N AN AN

i+8j+10k).(5i—2j +3 k)

AN A AN A

. %=0,j. k=0 and k.i=0

AN AN A A A

. Workdone=30i.i-16j.j+30 k. k
AN AN AN AN N A
i.i=1,j.j=1 and k.k=1
Work done =30-16 + 30
—> Work done = 44 Units
(If F and displacement Ar are expressed in M.K.S
units then the unit of work done will be in Joules.

But

Q.No.13: An object weighing 98 N is
dropped from a height of 10 m. It is found to
be moving with a velocity of 12 m/s just
before it hits the ground. How large was the
frictional force acting upon it?

(2012 Karachi Board)
Data:
Weight W=mg=98N \
Mass m =Wig = 98/9.8 = 10k \
Height =10 r%,
Velocity

V =1
Frictional force f7 ((
Solution: &Q
Loss of P.E=K.E gained + work agaiNgt friction

mgh-imvz+f

98 x10 = x10x
980 = 7
980-7
&60
f=26N

A A N

dy shrough r =2 i- k. Calculate the work
(2012 Hyderabad Board)

Q%A force?= 3i+4 j—5 kdisplaces a
Kool s
n

olution:

—_
Work=F. r
A A A A A
OR Work = (31+4] 5k) (2i-Kk)
A A AN NN A
Sincei. k=j.i=j.k=k.i=0
Therefore, AN A A
Work=(6i.i+5 k. k)
AN A A A
But i.i=k.k=1
Work=6+5

Work = 11 Units
Q.No.15: A pump is needed to lift water
through a height of 3 m at the rate of 600
gm/min. What must the minimum power of

the pump be? (2015 Hyderabad Board)
Data:

Height through which water is to be

lifted h=3m

Rate at which water is to be lifted

=600 gm/min.

Power P=?

Solution:

Since the rate of lifting water is 600 g/min.
Mass of water to be lifted in one min.is 600 g.
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.. Mass of water to be lifted in one second is
600/60 gm = 10 gm = 0.010 kg.
Rate of doing work to lift water = Rate at which it
gains P.E.
=mgh (t=1sec)
t
=0.01x9.8 x3 J/s=0.294 J/s.
1

But the rate of doing work is called power.

'é Power needed to lift water = 0.294W
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