g§=05x20=025%x20=5ms?
A bicycle wheel has an angular momentum
of 10 kg m? s and angular velocity of 2rad s
I, Find the value of its moment of inertial.
Given
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: 3 Angular momentum of wheel = | o
1=220000.3)° 10kg s
1= ;:_: kg m? Angular Velocity =@ =2 rad s
17 Asatellite is orbiling the Earth at an altitude To determine *
of 200 km. Assuming the Earth's radius is Moment of inértia = 1 =7
6400 km, calculate the orbital speed of the Solution:
satellite. L=lw
Giver: 10=1(2)
Height of satellite above the surface of Earth= 1=5kg vt
h =200 Km 310 A diver comes off a board with arms straighy
up and legs straight down, giving him ,
=200 x 10°m moment of inertia of 18 kg m? aboul hjg
rotation axis. Then tucks into a small ba,
=02%x10*m decreasing his moment of inertia to 3.6 kg
Mass of the Earth= 6 x10°Kg m?. While tucked, he makes two complele
Radius of Earth = 6400Km rolations in 1.0 second. If he had not tucked
= 6.4%10°m at all, how many revolutions would he have
To find: made in 1.5 s from board to water?
Orbital spead of satellite = v =7 Given )
Calculation: Moment of inertia of diver when arm and leg
r——.. fully stretched = I, = 18 kg m?
' .f:'t?g Moment of wnertia of diver in tucks position =
— - ls=36kgm?
v= )M Angular velocity in tucked position =
Y 6.4x10° +02x10° 6. 3 .
JW o= =2mevs
it i Angular velocity with stretched form =
I;o.nnlo" 0 0
i w=—=—L
Y 66x10 t IS
v=46.018x10"" Solution:
e m According to law of conservation of angular
momentum
v=+60.18x10" hooy=lywr
v=775x100ms! 0,
v=775kms? 18"}—5 =36x%2
3s A space station has a radius of 20 m and 3 6x2
rotates at an angular velocity of 0.5 rad s, 0, =——=x1.5 =06 rev.
What is the artificial gravity experienced by &
the astronauts on the space slation? ICaIAIc]
Given
Radius of space station=R =20 m
Angular velocity = @ = 0.5 rad s
Arttficial gravity =g =7
Solution
o= JE
R
— 3
g=wR

i After studying this chapter, the students will be able to:

F=———— - -
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e Derive the formula for kinetic energy |using the equations of motion] ;
s Derive an expression for absolute potential energy of a body at a certain position in the

gravitational field [including escape velocity] '
¢ Deduce the work done from force-displacement graph. '
« Differentiate between conservative and non-conservative forces.

\ { 41 WORK DONE BY CONSTANT FORCE

" WORK DONE BY CONSTANT FORCE

“The work done on a body by a constant force 1s defined as the product of the magnitude of displacement and the
component of the force in the direction of the displacement.” When a Jorce acts on a body and displaces it in its
direction then work is said to be done on the body.

- =
Work = FdCos0=F.d
S I unit of work:
S 1 unit of work is joule which is defined as.
Joule:
The work done is said to be one joule if one newton force acls on a body and the body covers a displacement of one meter
n the direction of force.

force

Thatis 1joule = 1N x Im.
Itisrepresented by  J=Nm
Ncte:  The unit of work in CGS is erg and is FI'S is foot-1b(foot-pound).
Dimension of work:
Work = Force x displacement.
joule = newton x meter.

J=kgm/s?x m. Fig. 41
= kg m?/s? - =
0= !M ”L I e
(] . Fig. 42

Dimension of work = [ML713]
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Explanation
i 2 )
Consider an object which is being pulled by a constant force F at an angle 0 to the directon of motion, Tp,
—
force moves the object from position A to B through a displacement d . The work done by the force is defineg
— -
as the scalar productof F and d
i — =
W=F.d=FdCos0
W=(FCos0)d ...ccocvnnnn. (i)
Feosfl = the component of force in the direction of displacement. Equation (i) may be written as
- —
Work = FdCos0=F .d
Thus, work s also dr{'ﬁnr-.f as the dot product of force and displacement.
-'; -
F
A B .
— -~ .
d = 2 FCos0  —
—— d

Examples of Work:
(i) Work Done on the Pail:
If a person holding the pail in his hand walks, no work is done because the angle between force and

displacement 1s 90°.
As W =Fd Cos0 = Fd Cos %= =0
W=0 (+Cos 900 = 0)

Similarly work done by centnpetal force is zero in circular motion.
[{11] Work Done on the Wall:
When a man pushes a wall it does not move. It means displacement of the wall is zero.

W =Fd Cos8 = F(0) Cos0=0 “d=0
W=0
L
¢ F
190" F. -+ connpoal e -
o — dinplacsomers
TR 707007707
iy 4wl 7%
Fig. 4.2(b)
Zero work done Zero Work done Zero work done
Work Done By Graphical Method
- When a constant force acts on a body and body covers a distance d then Fd graph can be plotted as
shown in figure
s The distance is taken along x-axis and force is taken along y-axis. In this case the graph will be a
honzontal straight hine
- There are two cases

-

mm Physics 11 (Subjective, Objective and Conceptual Questions) 157
F-—

i If force and displacement are in the same direction, we plot a
— —
graph between F and d .
il If force makes an angle O with the displacement, we plot a
graph between FCos and d
The work done by a force can be calculated by calculating the area under F d
curve as
Area=OP~OR=F Costi » d
Area=OP=0R=(F Cosf)~d
Area=Force = displacement | o
Area=Work )

distance R
.

4
aQ
N

Special Cases of work done
There are some special cases that can be denved from the defiration of work, these are

(i)

(ii)

Positive Work:

When the angle between the force and displacement 1s less than %07 1.¢, 65< %0 then posiive work s
said to be done. Also, when the force and displacement are in same direction or when 6= (F, the
maximum or positive work is said to be done

Mathematically we can write.

P 4 -

- —
w= F.d

=Fd Cost

= F d Cos0
W=Fd (Max work)

- —

w=F.d
W =Fd CosO (Positive quantity)

When 8 =0°

" (Cosd#=1)

When 6< 90

For Examples:

When the car is at rest and we move it by applying a force then work
done is said to be positive work.

Negative Work:

When the angle between force and displacement is greater than 907ie. o>
90° then work done is said to be negative work.”
Mathematically

When 6> 90

— —

w=F.d =

W =Fd Cos0 (Negative work) <
For Examples:
If the body is lifted against the gravity, the angle between the force and
displacement is 180~ 1 =180
So, W=F.d

=F d Cost -~

=F d Cos180» (cos180= = -1) F (gravity)

W = - Fd=-mgh.
(work done against the friction is -ve work)



(ili)  Zero work (Minimum work)
When the angle between the force and displacement is 90° .e.,0 = 909, the force  §
and displacement are right angle to each other and work done is said to be zero.
Mathematically:
When 0 = 900
- —
w=F.d
W =F d Cos90®
= F d Cos90=
W=Fd(0)
w=0
Characteristics of Work:
From all the above cases we conclude that.
1) Work is a scalar quantity.
i) 1f 8< 909, the work done is said to be positive work.
1i1) 1f 0 = 90¢, no work is done.
iv) 1f0> 90r, the work done 15 said to be negative work. -
v) Sl units of work is N m which is known as joule (J).

(cos902 = 0)

For Your Information Work done by Friction
The work done is the product of the force exerted on the body and the displacement of the body in the
direction of that force. Positive work is done by a force when the displacement of the body is in the direction
of the force applied whereas negative work is done by the force when the direction of the displacement of
the body is opposite to the direction of the force. Zero work is done when the displacement of the body in
the direction of the force is zero.
Now, let us analyze the options one by one.
Positive Work By Friction 7T 2

The work done by frictional force wll be positive L

when the displacement of the body is in the -

direction of the force. This can be understood by an N

example. Consider there are two blocks stacked one -— >

over the other. If the lower block starts to move "‘_N_ F —_—

slowly in one direction, then there is a frictional i
force between the two blocks that prevents the Friction(f) angle =18
sliding of the two blocks. This force acts on the Ty
upper block in the direction of motion of the lower block The upper ’

block also moves along with the lower block, that is, in the direction of the frictional force. Hence, the work
done by friction 1s positive in this case.

Negative Work by Friction

The work done by friction can be negative. For example, when a block is sliding over a rough ground, the
frictional force acts in a direction opposite to the direction of motion of the block and tries to bring il to a
stop. Since, the direction of motion of the block and the direction of frictional force is opposite to each other,
the work done by friction is negative.

Zero Work by Friction

The work done by friction can also be zero. For example, if we try to push a very heavy block on a rough
floor, the block does not move. This is because the force of static friction opposes our force. However, since
the block does not move, the displacement is zero. Therefore, zero work is done by: friction.

0° Motion
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Therefore, friction can do positive, negative as well as zero work.
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SLO BASED SHORT QUESTIONS & ANSWERS

—— — - —— — - — - - — i — - — - —
]

-Explain why carrying a load horizontally does not involve work done by the gravitational force. :
Work done is given by W = FdcosD. When carrying a load horizontally, the gravitabonal force acts I
[ vertically downwards, while the displacement s horizontal. The angle (0) between the gravitational force
and the horizontal displacement 1s 90s. Since c0s902=0, the work done by the gravitational force is zero
What is the significance of the angle 0 in the formula W=FdcosB?
Ans:  Theangle 8.n the formula W = Fdcos0 represents the angle between the direction of the applied force (F) ,
and the direction of the displacement (d). It determines the component of the force that is effective in |
causing displacement. If 6=0s, the force is entirely in the direction of displacement. If 0=90s, the force is ¢
perpendicular to displacement and does no work. If 8=180, the force directly opposes displacement, |
resulting in negative work '
Provide an example of a situation where negative work is done, and explain why it is negative. |

tAns:  An example of negative work being done is the work done by friction when an object slides across a !

surface. Friction always acts in a direction opposite to the motion (displacement) of the object. Since the |
angle between the frictional force and the displacement s 180s (cos180=-1), the work done by friction |
(W=Ffdcos180==-Ffd) is always negative. This negalive work signifies that energy is being removed from
the object’s kinetic energy and typically dissipated as heat.

= What do you understand by work and energy? Give their units. (SGD, FSD 2022 GII)

Ans:  Energy:
» Energy 1s the ability to cause change or to do work. It can exist in many forms, like kinetic (motion),

potential (stored), thermal (heat), light, sound, electrical, and more.
» Energy is a scalar quantity, meaning it only has a magnitude (amount) and not a direction.
» The unit of energy is the joule (J).

Work:
(W=Fd)

» Work is a scalar quantity, similar to energy.
» The unit of work is also the joule (J).
The Connection:
» The amount of work done is equal to the change in energy of the object. This principle is called the |
work-energy theorem. 3
. Does the work done in raising a box on the platform depend upon how fast it is raised up? (BWP 2022 |

G-)

- — o —— — = —

L]
Ans: No, the work done in raising a box onto a platform does not depend on how fast it is raised. |
Reason: »
» Work is defined as the product of force and displacement (W = Fd) |
» When we raise a box, the force required to lift it against gravity stays the same regardless of speed. ¢
» Thedisplacement is simply the vertical height the box is lifted. I
Therefore, as both the force and displacement are independent of speed, the work done (force x !
displacement) will also be independent of how fast you raise the box. I

. A car is moving along a circle of radius r. It completes four revolutions and ter tes its j y at ;
starting poinl. How much work is done by the car? Explain. (LHR 2019) &
|
L)
1
L]
1
]
!

Ans: The work done by the car is zero.
Reason:
Since Work is defined as W=F .d
In circular motion the force (centripetal force) is perpendicular to the displacement (tangential to the
circle), the dot product (F = d) becomes zero.

|
1
|
'
|
1
I
'
I
L]
I
'
|
]
|
'
|
'
|
1
|
1
| > Works done when a force causes an object to move through a distance in the direct:on of the force.
'
|
'
|
'
I
'
I
1
|
]
]
L
|
1
I
1
|
1
|
1
|
1
|
' As the dot product 1s zero, the work dene (W) by the car is also zero.
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MULTIPLE CHOICE QUESTIONS
£ A ;o.zy-nf_m-nTl-DTg,-t;H-all_y at rest, is :n;c-d?y-a horizontal | force of 2N on a smooth horlmnlal '
surface. Find the work done by the force in 10 s. . |
$ A 40] B.20) C 0] D 10] '
! Solution: |
5 2 L]
l as= l. 2 —=02ms* I
' m 10 4
| Now distance covered in 10s is: ]
]
| S=ixaxtm S=1x02x(10) > S=1x02x100= S=%n%xlm-wm i
i So work done by the force '
g w=FxS=2x10=20) !
| e In which scenario is the work done by a constant force on an object zero?
¥ |
r (A) A box being pushed across a rough floor '
| (B) A satellite ortating Earth in a perfectly circular path |
g (C) A person lifting a weight upwards. '
| (D) A car accelerating on a straight road |
! Answer: B [
| Explanation: Work done s zero when the force is perpendicular to the displacement (0= 90 ) ln a circular orbit, the |
! gravitauonal force (fowards the center) is always icular to the satelhie's ous lacement (tangential to the '
| 5 9 ¥s perpend T B °|
circle
i . A force of 20 N acts on an object, causing It to displace 5 m in the direction of the force. What is the '
. work done by the force? I
| (A)4) (©)25) (©)100] ©)0] |
y Answer: C -
l Explanation: Since the force is i the direction of displacement, 0=0 |, so cos8=1 Work done W=Fd=20 N»5 m=100 J. |
. ® If the angle between the applied force and the displacement is 120s, the work done by the force is: e
| (A) Posative (B) Negative |
' (C) Zero (D) Dependent on the magnitude of force only '
| Answer: B
+ Explanation: When 0 > 90 (obtuse angle). cos is negative Therefore, W = Fdcos0 will be negative. This typically occurs !
| when a force opposes motion, like friction |
1. A body is moving with uniform speed along a circular track what will be the ratio of its distance to 1
1
! displacement when it has covered 3th part of its time period? !
| = |
' n 1 ]
I @ = w2 ©Z @ 22 |
4 V. i a

42 WORK DONE BY VARIABLE FORCE
m What is a variable force? How can you calculate the work done by variable force?

(\ng

VARIABLE FORCE

A parwble force 1s that force whose magnitude or direction or both do not remain same 1s called vanable force

Examples

1. Force of gravity vanes inversely by the square of the distance from the center of the earth i.e
F= GAMm

r

L e m—
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2, Force exerted by a spring on a body varies as distance P=kx
WORK DONE BY A VARIABLE FORCE
Consider a variable force I' moves a particle from ‘a’ to ‘b in x-y plane as shown in the Fig. Divide the tot)

—» - —» - e e -
p,ﬂh into n very short displacements Ady, Ad:, Ad s, o deand Fo, Fi, Fo L F are the
forces acung in these displacements respectively. ty, 0, Dy, . Dn are the angles between forces and
displacements respectively. During each small displacement force is supposed to be constant

—
Work done during A dy =AW = F, .Ady = F Ady Cosd,
- - -
Work done during A d: =AW= F,.Ady = FAd; Cosly
and so on,

-» - -
Work done during A d » =AW =F, Ad. = FaadoCosl),
Total Work The total work done in moving the object from a to b can be caleulated by adding all these terms
Wiotatk = AWI+AW #AWS + i Y AWR
= FyAdy Cosly + Frad: Cosﬂ: S vt FeAdoCosl),

Wil = Z Fy Ad, Cosl),
i=l

Figure: A particle acted upon by a variable force

moves along the path shown from point a to point b
J

Graphical Methed to find Work:
Plot interval Ady, Ada, ... .. ,Ads along x-axis and FCos0 along y-axis. FCosl is the force at the start of cach
interval as shown by dotted horizontal lineswat the top of each interval
Wisal = Sum of Areas of all rectangles

Calculation of More Accurate Work
If we divide the total displacement in “n” very small intervals, then work done become more accurate. 1f cach
Ad = 0 for ‘n” number of intervals the exact result for work done 1s obtained such as

hhm E Fad i Cosi
Ad-»0 =1 ! f
Thus work done by a variable force is equal to the area under FCos0 verses d curve

Wiotal =

b
" ) Displacement d — —
— .
Fig. 4.6
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MULTIPLE CHOICE QUESTIONS
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N A A

Paptanation For o varfabibe force i magitinde or dhivection canges alomgg e pathe By dividing the path (nig
3 inktitestmnally somatl itervals. e force can e assimed to b appaosimately comstant within o b ting segmn, \
| allseing P cabonbation of werk fop that seggonent wstogs Wl doosth Fhe total swork s thon the suim of these sinall |

b owann ks f
|« Wb ol the follony bingg s ancesampde of a sitiation where work s done by a varlable fogoe! |
' ) Pt o Beavy B across aosimooth Teved Hoor with constant eiton '
| vimgy ol s omstant spesdd ona stiaig bt vowl |
' ) Pl B wswntidd By sy as 00 s comrpiessend o shiet il b
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Y Anawen .
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| Ansr Fowa constant foree, the force displacement graph is o hosizontal e, amd the sork done is stmply the
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. Comnlider a spriing bebng steetched. How does the force exerted by the spilng vary with lia extension,
and how dives this pelate to the waork done?

Aiing Vevonding to Hooke's Fasw the foree eserted by an ideal spring s divectly proportional o its extension ¥
(o nmmpression ) rom it el position, given by Foba whore bos the speigg constant and « is the
dlisplacement Siee the force clanges with s it dsoa vardable forces The swaork dones iy stvetc g, o

It I.\l|l|-l e avea sder the force displacement graph, which fos .

||'I|ll‘|l sxiing @ ‘I'“"h in el \Inll|'|\ I,
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4.3 CONSERVATIVEAND NONCONSERVATIVE FORCES

Dietine conservatlve Toree and feld also define the geavitational fleld of the Larth, Show that
the work done In gravitational Celd s independent of the path followed and gravitational fleld
In vonmervallve

- i ————_ — 4

CONSERVATIVETILD
A b o wlicde the ok dome i gndependent of path follswed s called conservative field ™ Or “A fielid i which
ootk ddome along o closed paathovs cove s called conservative flelid ”
CONSERVATIVE FORC)
e force g arhichwork done s independent of path followed i called conservative force o work done along closed path
I8 e in villled comservatiog foree
1 ..“ulllrl ol Conservallve Forces
n Coravitational Force ()
GRAVITATIONAL FLELD:
e spparce avenennd the Laethon which tts gravdtiational force acts on a body s calledd the gravitational fielid [he strength
af earth’s gractational field decreases wnth e height from the carth
WORK DONIIN A GRAVITATIONAL FIELD:
When an objec s moved bncthe gravitational el the work s done on it by geavitational ield Torce acting on
it equal to gravitational force
The pravitational Poree = Few = g and
Displacement =« =l
s the work done by the gravitational Force= W = mgh
Vertleally downward I displacement s b the disection force (vertically downward) then work done is
paomitive, e,
W= mph Cost) = mpgh Coslr = mgh
Vertically upward I displacement bs opposite to the force (vertically upward) uen work done is negative, e,
W= mph Coslh = mgh Cos iy
Weamph(-1) = amph
Horkeomtally TEdisplacement s at elphtangbe to the force (horbeontally) ten work done s zoro, e,
W= g Cost) = mped Costir
Wempad(y =0
Work done along theee paths
Comsbder o body of mass ‘i’ moving withe constant velocdty from
et A to B on ditferent pathe bn the Farth's gravitational Gleld e
ditferent patha are shown in fiyg
ath 1, feome Ato D and then Do 1Y
ath 2, feonn Ao C and then C o
Path 3, trom A to I along corved path
Work Done Along Path 1:
Lo find the work done path 1 s divided into two parts
The work done along AT =W =mpdy Costir = 0
Phee waseh dlomer adongy 1= Wi mph CoslBik < cmph
Hhe total work done =Wapn = Wan + Wi
Wapn= 0 v(amph) = cmgh -(A)
Work Done Along Path 2:
Lo find the work done along path 2 s also divided into twa parts
The work dlomne along AC = Wae = mph Cos B = < mgh
The work done along 1= Weg = mgdy Costie =0

Flastie Spring Foree (1)) Flectone Force
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|

I he tostal weork done = Waes = Wae + Wen I

Waen = (mpgh) + 0= cmph— () A !

Wark Done Along Path )

Sowe comsider e curved path between A and B This path is divided inte a large number of honizontal ang [

vertical steps. Lot Axy, Ay Axa Ax. be the horzontal distances and Ayi, Ayz, Ay, Ay be the vertica) |
distanes

Ihe Work done alomg the horizontal steps = my Ax Cos0 = mg(Ax)cos90 = 0 |

Waurk done along the vertical steps is |

Wi = mp Ay = mpAycos THROP= cmpAy,

W= mg Ayi= mgAyscos TRV =< g Ay;

W. = mp Ays = mpAyacos 1800 =< mp Ay,
v tetal work done is given by

CTERR 11T 1T [N — |, |
. Woau = 1ng Ayy - my, Ay, - «mg,. Ay
Wan = mgl Ay) * Ays ¥ sseesemmmncsmas % Ayy)
As AYI 4 AYs b ot 4 Ayp= |, |
o ¥ War lanh - . (C)

From cquatiems (A (B and (C)atis clear that the work done along Pathl, Fath2 and Path3 remains same Thus,
Work dene i the gravitational ficld s independent of the path followed and 1s conservative field.

QUESTION: SHOW THAT THEWORK DONE ALONG CLOSED PATH 1S ZERO.,

Waork Done ina Conservative Field along closed path:

Convder a by of mass momoving wath constant velodity in a closed path ABDA, as shown in Fij

3. in the

pevaatational hield of the canth. We divide thie whole path into three parts Al BD and DA |
Work done along Alb = Wap = <ingh
Waork done along path BD = Wi = mg h = mghcos(r = mph g path2 B '
Wark done along path DA = Wi = mg h = mpghcosSe = 0 /

Thus W, “Wan* Wen* Woa

Puthing valves fromm the abeve I’ll!l-ﬂit)l’l\

5@

War mpgh +mgh+ 0=0

It mrans that the work done by gravitational field of the carth along a
closedd pathis zero. Hence the gravitational field is a conservative field.

What Is a conservative field and non-conservative field? Show that the work done along closed
alhy is zero.

ned |
C ONSERVATIVE FIFLD

A Skl el the work done s independent of path followsd 1s called conservative field,” Or “A field in wiich
wonek deme along o elosed path s zero s called conservative field”
CONSIRVALIVE TORCE

P foree by whichwork done s independent of path followed 1« called conservative force or work done along closed path
i ik valled comecrvalny force

.

I camples of Conservative Forces
) Canvitational Force (2)
NONACONSTRVATIVEFIELD

foeddd oo swduclyvoerk s dependent on path followed 1s called non conservative force,”

Flastic Spring, Force (&) Eleetnic Foree
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eg.ifan object 1s moved over a rough surface then work 1s always done against the frictional force
gxamples of Non-Conservative Forces

1) Frictional Force

2) Air resistance

3) Propulsion Force of a rocket

1) Tensionina stnng

5) Normal Force

6) Propulsion Force of a motor

- MU LTIPLE CHOICE QUESTIONS

e - \Vl:l;: of the following is a chir.ll:tt.'rlshc of a ronwr\alwc force? |
| (A) The work done depends on the path taken |
' (B) The work done In a closed path is always negative .
| (C) The work done in a closed path s zero |
' (D) It always dissipates encrgy ¢
l Answer: C |
E.plmallon A defiming property of a conservative force 1s that the total work done by it on an object moving i
| , along any closed pathis zero. This implies that the work done between two points is independent of the path *
| . If an object is moved from point A to point B by a conservative force, and then moved back from B to |
A by the same conservative force, what is the tolal work done by the force? '
(A) Positive (B) Negahve |
' (C) Zero (D) Dependent on the path taken [
| Answer: C |
1 Explanation: For a conservative force, the work done along a closed path (A to B and hack to A) 1s always zero
| This means the energy expended in one direction is recovered in the other. |
'e Which statement best describes why kinetic frictional force is a non-conservative force? ‘
| (A) It always acts in the direction of motion |
(B) The work done by friction s independent of the path taken. '
(C) Italways does negative work and dissipates energy I
(D) It can store potential energy i
Answer: C '
Explanation: Kinelid friction always opposes motion, meaning it always does negative work on the moving obyect |
3 This work 15 converted into heat, and thus mechanical energy is dissipated, making it a non-conservative force
| The amount of work done against Iriction depends on the length of the path |
1. A book is lifted from the floor to a shelf. In this process, work is done:
| (2) Only by the person hifting the book
'i (b) Only by the gravitational field
L]

(c) By both the person and the gravitational field
(d) Neither by the person nor by the gravitational field
l'xplarwlmn The person applies a force against the gravitational pull to lift the book. Work doune 1s force
mulhplu:d by distance moved in the direction of the force Here, the person's force overcomes the
, Bravitational force, resulting in work done. So work done by person will be positive and by gravitational
| field is negative in his case.
e A salellite orbits the Earth. The gravitational field of Earth does work on the satellite.
| (a) True (b) False
! Explanation: In a stable orbi, the gravitational force provides the centripetal force that keeps the satellite
mmlnr in a circular path. However, work is defined as force acting in the direction of motion. Since the

-
.._..—————-"

I ! gravitational force is perpendicular to the satellite’s motion at any given point, it does not do any work 'l
. A ball is dropped from a certain height. The work done on the ball during the fall is done by:

' PP B B \

(a) The ball's own weight (b) The air resistance |

L}

' () Thc E.\rlh‘s gravilat!oml field (d} All of the abc\c

-

—

f e

—
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—

! Ul wame direction as the force, resulting in positive work done

! . A spring Is stretched on a table. The gravilational field of Earth does positive work on the spring,

| (a) Lrue (b) False

s Explanation: The spring is not moving in the dircction of the gravitational force. Work 1s done only when
| the foree acts in the direction of motion

‘e When a rocket is launched from Larth, the work done to overcome Earth's gravitational pull is done by:
| {a) The rocket's fuel (b) Larth's gravitational ficld

' (¢) Both the cockel's fuel and Larth's gravitational field

| {d) Newther the rosket's Tuel nor Earth's gravitational Hield

! Explanation: The rocket's burning, fuel creates a force that propels it upwards, overcoming Earth's gravity
I The gravitational licld nself doesn't do work on the rocket

'

g The work done by a force in moving an object between two points depends only on the starting and
4 ending, positions. This force is associated with a:

| {a) Non-conservative field (b) Conservalive field

' fe) Both (a) and (b) (d) Neither (a) nor (b)

| Explanation: In a conservative field, the work done by the force depends solely on the initial and final
1 positions of the obyect, regardless of the path taken

. A ball rolling on a flat surface experiences a(n):

' (a) Conservative force only (b) Non-conservative force only
! (c) Combination of conservative and non-conservative forces (d) None of the above
| Explanation: Gravity acting on the ball is a conservative force (work done depends only on initial |
¢ and final height) However, air resistance acting on the ball 1s a non-conservative force (work done |
| depends on the path taken)
'e The work done by a force acting along a closed loop (returning to the starting point) is always
| 2ero, This force is associated with a: |
4 () Nom-comservative fleld (b) Conservative field '
! (c) Both (a) and (b) (d) Neither (a) nor (b) I
| Explanation: A key property of a conservative field is that the work done along a closed loop is zero I
i This is becavse ina conservative field, the potential encrgy gained/lost cancels out when returning |
10 the starting point
! . Friction acting on a block sliding on a rough surface is an example of a: !
| (a) Conservative foree (b) Non-conservative force (c) Doth (a) and (b) (d) Neither (a) nor (b) |
' Explanation: I'riction opposes the motion of the block, and the work done by friction depends on the !
| path taken (longer path means more work done by friction), |
i - When a spring is stretched or compressed, the force exerted by the spring is: i
i 1) Conservative force (b) Non-conservative force i
i () Depends on the material of the spring (d) None of the above |
' Explanation: The elastic force exerted by a spring depends only on the initial and final 4
| extension/compression of the spring, making it a conservative force, |
i . Which of the following force is the one which depends upon path to work done between two i
poinis? :
i A Frictional force B. Air resistance C. Normal force D. All of these i
Solution:
i As all of these are from the family of non-conservative forces so it means they depend upon path i
' followed forworkwbedone et
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SLO BASED SHORT QUESTIONS & ANSWERS |

F Explain why gravitational force is considered a conservative force.

Ans:  Gravitational force is conservative because the work 1t does on an object depends only on the change in
the object’s vertical position (1imtal and final heisghts), not on the actual path taken. If an object 1s moved
along any path and then returned to its starting point, the net work done by gravity over the entire closed
loop 15 zero

. Why does the work done by kinetic frictional force always result in energy dissipation? '

Ans:  Kinetic fnctional force always opposes the direction of motion, meaning it always does negative work on |
the moving object. This negative work signifies that mechanical energy is being removed from the system
and converted into other forms of energy, primanly heat (due to molecular agatation at the surfaces in |
contact), which 1s then dissipated into the environment This energy 15 not recoverable as mechanical
encrgy

. If an object is pushed around a rough circular track and returns to its starting point, what can be said
about the total work done by friction?

Ans:  If an object 1s pushed around a rough circular track and returns to its starting point, the total work done
by fricion will be negative and non-zero. Since friction is a non-conservahve force, the work done by it
depends on the length of the path. As the object moves along the track, friction continuously opposes its |
motion, doing negative work. This energy 15 dissipated as heal, and 1t 1s not recovered when the object |

- — e — - — — - — ——

44 POWER !

Define Power, Average Power, and Instantaneous Power. Also give the units and dimensions of

Power.

POWER: X
“The rate at which the work 1s being done s called power”

Work
time
w
t

Power =

P =

51 Unit of Power: The S unit of power is watt.
Watt: It can be defined as “if enejoule of work 1s done in one second then power 1s said to be one watt
Mathematically

1)
e oo
Is vy B
Dimensions of power: pproximate Powers
As we have Device Power (W)
2 el 2 ]urnbo lL'l 13=10%
Iwalt = H = IN xm = (kgm’/s = k’gm Aurcraft
S. Is. S. S XS5 Carat9kmh' | 1.1x10°
kgm’ Elecinic Heater | 12 x 10°
- " 5 Colour TV 120
[l\szl Flash Light(two | 15
Dimension of power = = Cells)
[T) Pocket 75=104
Dimension of power = [ML7T"] Calculator

AVERAGE POWER:

'mTa
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.._l'_‘ dome avd botal firme takew “IF work AW 1s done m @ fomee inkerval M then at rage r\_:::
Pe dunng the interval Af 15 defimed
AW
av - At

INSTANTANEOUS FOWER: :
It 1s dehnad as “The Power at anv instant of ame £ If AW is the work done in very short interval of time At
tollowang the instant ? then instantancous power is given by

AW

Question What is the commercial unit of power? Show that 1kWh=3.6 x 10*].
COMMERCIAL UNIT OF ELECTRICAL ENERGY

The commeraal unut of electncal energy is Kilowatt-hour (KWh)
Kilowatt-hour

“Ifa power of ane kilowatt s mamtained for one hour, Uen work dene 1s one Rilowatt hour ™

Twatt=— -' Do you kﬂnwij-

Is It takes about 9x10" J of energy 1o
Iwanxs.=1J make a car and the car then uses

about 1x10" J of energy from petrol
1000wat<s.=1000J it

in its life imea.
IKwarr<2600s.=1000<3600)
IKwait hour = 3.6x10%)

IKwh=3.6<10%)
=36 M)
(Provethat P= F v)
Relation Between Power Force and Velocity

-
Leta constant forae | acting on an object moving at the constant velocity v. For example, when the propeller

b d -
of a motor boat causes the water to exert a constant force ¥ on the boat it moves with the constant velocity v
The power deliverad by the motor at any instant is given by

AV .; :l
P = hm“ al “} Fat ot cnfarmal ~n b
Ar—>0 At i
* il Lrergy 1)
” ; = - ) i : Burning 3o’
We knowaW = F_Ad Putting this value of *Aw in equation (1) w::.:.’vu s.-a‘l'
S % KE of s carat 1y
. o B g Tolmn®
limit —— Runng Persan st 3010°
Ar—0 At e g
- " fhmﬁ:-m 10
e
o d KE of a mosoua of s 610"
= limit
Ar—0 At
- -
- K ; i
= F limil —— Asweknow limit d—(—l-—= v So we get,
Ar—0 At Ar—0 At
i
R P=F , v ——(2)

m Physics 11 llbuh;nm C, Uh;utu eand C uncuplu.ll Questions)

169

—
s 1s relation between lh.‘ power .md veloaity n:. equation (2) shows that t}n power is the scalar or dot
sroduct of toroe and veloaiy Henee power is a scalar quantiny

1hp= 550 Foot Pound per sevond

1 hp = 350 toot-pounds per second

L]
e 1pound =448 N
e llomt=0 UMS m

lhp= 530 x 4448 A 038 m
1 hp=745.09 Nms

11‘]-;:7

4o watt

Hence Prove that
1hp =746 watt

SLO BASED SHORT QU ESTIONS & ANSWERS

E\plam your answer. |
The power output of the person is zero Power s the rate of doing work, and work requires both a force
and a displacement in the direction of the force: Although the person applies a force to the wall, the wall |
does not move (displacement 1s zero) Since no work s done (W=Fd=500 N=0 m=0]), the power output !
(P=W/t=0]/10 =0 W) s also zero

How does increasing the speed of an object while applying a constant force affect the power delivered i
to the object? ¥
Increasing the speed of an object while applyig a constant force i the direction of motion will increase
the power debvered to the object This is directly evident from the tormula P=F v If the force F s .
constant and in the direction of moton, then P=lv Therefore, a ligher veloaty v will result i a |
proportionally higher power I Thas means work is being done at a faster rate

Define joule and watt, (MTN, BWP 2018 GI) (SGD, BWI 2018 GI1I) (BWD 2019 GI) |
Joule (J): 1
Joule is the unit of energy in the Internatonal System of Units (S1) |
It represents the amount of energy required when a force of one newton (N) acts through a distance of
one meter (m) |
Watt (W): '
Watt s the umit of power in the Sl system |
One Watt is equal to one Joule per second (W =) /5) .
Watts are used to describe how fast an appliance uses energy  Higher wattage indicates the appliance !
uses energy more quickly . |
Why is kilowatt-hour (kWh) a unit of energy, not power, despite having "watt”® in its name? '
Kilowatt-hour (kWh) 15 a unit of energy because itis the product of power (kilowatt, kW) and time (hour, |
h). Power is the rate of energy transfer, so multiplying a rate by time gives the total amount of encrgy 4
lrdnsfvm'd or um-;unud Just as Watt-second s a Iﬂllll (unit of encrgy), Kilowatt-hour 1s a larger unit of |

A 100 kg nb]ocl is lifted vertically |l) a crane at a constant spted of 0.5 m/s. What is the power output of l
the crane? (Assume g=9.8 ny/s2)

| (A) 30 W (B)490 W (C) 980 W (D) 1960 W |
' Answer: B '

Expl.ln.llmn I'he force required to lift the object at constant speed is equal to its weight, F = mg = 100 kgt
L*98ms?= 980N Using P=Fv, thepoweris P=980N x05ms=d90W__ J
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Kinetic Energy = ’—: mut .
Since, kinetic enetgy 15 equal 1o work which the body is capable of doing, so the unit of kinetic enerpy
must be that of work, 1e.joule (J)
Question: Define Potential Energy and hence Gravitational Potential Energy?

“The energy possessed by a body due to its position is called potential energy ”
Example:
e Armsed woeght
e  Waler that s behind a dam
o Acar thatis parked at the top of a hill
o A yovo beforeats relvased
o Raver water at the top of a waterfall
o A book an a table before it falls,
There are two types of potential energy:
e Gravitauonal potential cnergy
* FElastic Potential encrgy
GHRAVITATIONAL POTENTIAL ENERGY:
“The energy possessed by a body due 1o gravitational force near the surface of the Earth at a height *h s
called Gravitational force”
Mathematically:
The potential energy due to gravitational field near the surface of the earth at a height h is given by the
formula
P.E = mgh

This is called gravitational potential energy
The gravitational P.E is always determined relative to some arbitrary position which is assigned the value
of zero PE.
The two points taken as zero reference level of gravitational PE. are:
| The surface of Earth
" A point atinfuuty from the carth,
ELASTIC POTENTIAL INERGY:
“The energy stored 1n a compressed spring or the potential energy possessed by the spring due to its
compressed or stretched state. This form of energy is called the elastic potential energy.”
Mathematically.

ra:}nﬂ
Where

K = spring constant,

x ‘::t_h-mmn

r..—-—-—-—-—---—--———-— — e — — i — i — i — ——

A car of mass 1000 kg, is moving with a gpecd of 20 rn/s. What is its kinetic energy?
(A) 10,000 | (D) 20,000 | {C) 200,000 | (D) 400,000 |
Answer; C
Fxplanation: Using the formula K £ =1/2mv2
K E=1/221000 kg # (20 m s ') = 500 kg 100 m? s = 200,000 |
. Potential energy is the energy possessed by a body due to its:
(A) Temperature (B) Motion
1) Position or ﬂns"dlﬂml state _f_D.]_(icEﬁc_al_cgl_'_nEositmn

- - —— - — —— —— — — - — — ——— - — — -

e = — — i ——

i
i
o
[
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[,\n-mcr C
! gxplanation: Potential energy 1s stored energy related to an object’s position within a force tichd (like gravitational |
P.-,t‘ntmlem'r[')] orits physical configuration (like elastic potential energy ina spring)
The absolute gravitational potential energy of an object at a certain position is defined as the work
done by the gravitational force in displacing the object from that position to.
(A) he Farth's surface  (B) The center of the Earth(C) Intinity
, Answer: C
[,\planalwn Absolute gravitational potenual energy 1s defined with respect to a reference point where |
y gravitational force is considered zero, wlich is conventionally taken as infimity At mfinaty, the potential energy s o
| zero
Ve What will be the velocity of the particle if its momentum and kinetic energy are equal in magnitudes? 1
| (DGK 2021 GII)
1 Answer: Since P= K.E = mv = Ya(mv?)

__"-;-'-'..__.'I

(12) Its amitaal pusition

- —————

=v=2ms'
When P.L of an object increases then:
A Work done by gravity 1s negative B Work done against gravity is positive
! C. Both “A” & “DB” D None of these
Solution: An increase in ' E means gain in height or to move against gravity so in this case work by gravity will
, be negative as shown in figure but at the same time 1f we consider work done against gravity it must have |
lo_PEml"' SIgN S0 will be taken as posiive

-_-_-___-_-_-_-__.___-_-_-_J

SLO | BASED SHORT QUESTIONS & ANSWERS

“Differentiate between gravitational potential energy and eclastic potential energy, providing an
example for cach. |
Gravitational Potential Energy: This 1s the energy an object possesses due to its position in a!?
gravitational hield It depends on the object’s mass, the acceleration due to gravity, and its vertical height |
relative to a reference point g
Example: A book held above the ground I
Elastic Potential Energy: This 1s the energy stored in an elastic object (hke a spring or a stretched rubber .
band) due to its detormation (stretching or compression) !

|

L]

= .
2
a

Example: A compressed spring ina toy gun

Why is the absolute gravilational potential energy always negative, and what does it mean for

polential energy to increase as an object moves away from Earlh?

The abselute gravitational potential ‘encrgy 15 always negative because the reference pomnt for zero 4

potential energy s taken at infinaty, and the gravitational force 1s always attractive. As an object moves |

closer to the Earth, the gravitational force does positive work, meaming energy 1s released, and the s

potential energy becomes more negative Conversely, as an object moves away from Earth (increasing '), |

work must be done on the object against gravity  This means its potential energy increases, becoming less !

negative (closer to zero atinfinity)

A car is moving al a certain speed. If its speed is doubled, how does its kinetic energy change?

If the speed of the car 1s doubled, its kinetic energy will become four times its original value This is

because hinctic energy Is directly proportional to the square of the veloaity (KE =(1/2)ymv? If v becomes

2v, then v2 becomes (2v)P=4v2 So, the new kinetic energy will be

(Y2)mfdvi)=3=(1/2)(mv?), which s four times the original kinetic eneryy

Point out the positions where gravilational polential energy is taken as zero. (GRW 2022 G1)

Infinity [his reference point s often used for problems involving objects moving very far away from the
Zorth, e ockels sscaping Eanihs gravity. 5o the CRE of e objectatinfinity nomsitond A0 s

-
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—"—'_'_'—'—-_'—-_________'_‘-—-—-.__‘
What is absolute potential energy? Calculate the value of absolute potential energy in the
avitational field.
_—_.-___-______-_'_‘-‘-

@

ADSOLUTE POTENTIAL ENERGY

“The absolute gravitatonal potential energy at a point 1s the work _done by the
gravitational force in displacing the object froms that point to infinity where the force of
gravnty becomes zero,”

Expression for Absolute P.E.

Consider a body of mass “m” s lifted from a point 1 to another point N in
gravitational field. The gravitational force does not remain constant between point 1
and N. So, the distance between point 1 and N is divided into a very large number
of small steps cach of length Ar at points 1,23, ... N-1,N . As ar is very small so
the gravitational force during cach step remains constant.

Work between points 1 and 2

To find the work done in moving the body from point 1 to N, first we find the work
done in moving body from point 1 to 2

W,,, =FAr
ry = Distance of point 1 from the center of the Earth
r3= Distance of point 2 from the center of the Earth

ry= Distance of point 3 from the center of the Earth
rx = Distance of point N from the center of the Earth

Aren-n=n-n1=r-n= . B T R
iz =Ar+n
And F= %
=
r = average distance of the center of the step from the center of the Earth.
rellh
2

puting valueofr, r,= Ar + 1,
. n+dr+n
2

,-bln‘.lr

2
Ar
’!fl’—
Squaring both sides
2 2
f;“x n Q-A—’- ;rz-foIO:Z—
1775 15 =0 1

el
&

Ar
A Ar iv very small quantity hence o betng very very small can be neglected

r2 Trlzifldl

? "sz "1[’: "l]
s '12 N2 "l2
’zr.’llz

—
~

— et
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M l: the mass of the earth, m 1s the mass of the body and G s the gravitational constant then gravitational
force al the center of this step is

F= G.'n‘fm
o
Then putting the value of °'r', we get
F= GMm
hh

As this force is constant during the interval Ar, so the work done in moving the body from point 1to 2 is
W,_,, =F Ar=Farcos|80°

GMm
il

W, =~Far=
R
" -G.\rm(-i--i]

"2
W,
hno hh

Wen = —G.”m(l - l}

i hn

Negative sign shows that work is done on the body in moving it from point 1 to 2. Similarly work done in

@ ooreinomr I

moving the body from point 2 to 3 and is given as

X (I
" ,(,,.-..,[_- *]
f, r

Total Work done
Total work done is calculated by adding all above equations, we get

Wy =W, + W, +W, Wit Woan

[P Jopgrrseess e
Earth in 10 days of suniight
o than in all the fosad fusts on the
W,., =-GMm| —-— Earh,
o
N at infinity
If the point N is at an infinite distance from the earth so
[
=@ 50 —_—=—=0
) n ®
, = ) il
Hence W, =-GMm| —-—
r, @
A B
W = _GMm
h
Absolute P.E

Thus the absolute potential energy of a body at a distance r from the center of the Earth is



]

140 Chiageted A Wik el ) m-fiiu

tikln 1ot ooy oo SRR N RO PR o, FibeymeVivn andd ¥ nmeashioal Cpemvdioimn; 57
i g dead § i
- . -
0 -"_ .'l-}hil . ‘. l‘j"' whtets feat o Caper shlem iy

Mudalive sty <lon Mvad s 0 divideam T L M cont han Tmen et s | tie b teeat (Dept et & forter §¢ d 2 b

e gt vk e aie e e boas iegative: When VAl it wrma conteth i Vit ol s CateitA

voheere e e W bealy el b e e B veeid e ettt st o pastery teliaes thist 4 . i

A I R TR J ’ . o
Fhpeati e slnd obens shannc o thond W ity w0 e thabtonnad Beded Fiee pemss "s fathe beahy gie ’ e ¢ ‘ ' - o

[ PRI [P r

0 W s e ok e ity Lwn (hitinl I K &

Pl abesnsbabe U0 v thie s ok dhe b s Bl by panttigs o 1 b e grinsidionm, won et ' ¥ ; i “

i (R ' . P
s I | ik
Ao b ! -
L L L O T L T L G U R A N T o Lnng, mippmtuan. | sl 4 : J

A hre beownninn et bean b b oandh fin D0 g s oo sl idsb ftoars fre adh this Biwesdd Baebe wemibahile e e 0 ety PP TIPRTIR Th L.
¥ Y J
Mbioie wrnsd Do B anbiid ahine o 0N Ehimin svrn wmsedd din the e biebs g by Do din 10ai o' A
- A 0§ Bl T Crss s PSR
r p J* d W) T e A, W
SEO BASED SHOI ("" CTIONYS I ANSWIE RS £ i rinig eogation, S b b vin gt % ow o atrd
ri Al
| ' Ehet b bemebiibe gt bbb wnnengry annd sl sndy I0s Bnieida (RWE S00Z) (RIVEE B2 1 80y | I oA
i AT Pl awbolinde giamvibbposad pobestind oo ob o gaaind o e geagh dhssie B e graetbattomal fovee i ili ol inng ' m -
i e obig b v Pl poonl fon dnndiond g seboon e fiias ool gramlyg Beoomes conm” ' - ¥
\ LR L T TR e T AT T 1Y i HatA
’
ik 4
! Alowe wbompebanter 00 wonn Wi annnbo s oof Whie Dbl 1 ||. il ' /
| " | ] it
\ ; il [l d e
| . WWHAL dhiowm e patbon sl shine I e vepivestion U i (VR Gy (AR Haeny | l (Y
U b g e e B b b bt geas kil paentinl ey ielioates ' Festve ol gavivy aeVidig cati o baady as given by
| A et bbb ek W ks b G b Bk sy st seoibbe it b alges b b wi apipebe pear I | i Cania
; Lanih i "
h e g st gl Wk e g b Deg goean iy b iegattves Whene v T i ol b aggaiit ¥ Bk b g £
| Wy (Breastig e dibame o wee wee kg psitive st Gty bisvonvi, s lmmlqullr‘ Cariranpaning, o et Polew, Facape selaeity han lacgy
\ ooy W o b mneatebe Coovmedb g Boned P83 sie it veod bcimadilorsad megrativg f ConiM e [
| . 11--- O LU TR T [ O L TR TR R T T ol iy atid e wvend pwndeed b pvoioomne ity iy, M equator. Fscage selccity hias !
- I” ernall value -
LA ] Ly
¥ - -
[ ¢4 OSCAPDVELOCITY: ot p V & “ TR
(¥ v
. ot A ) -
Ehebte Fecagse Voot Pk an espensbon boe vocape volocity and calealate vocapoa valodlty | I’ BAre prot mimemenan |
Wi L s tae of M vt I LA T whieans Fo b e g Witws o wie gt 2 € oa .-_
| v j.‘.ll' 1y Pawenr g ety Bt S
e i
m I is l||l‘l|'r|l|ll-‘| velatioans for W eseapr veloe ity of ain bt [0 shieesn that cwage u:.-',;, ::
Pavape e bty ] wilim ity i s ol b pecapd npans i G the Ly Bt it e previcds e platet’s v PPy €x
P ik o bty b eba oot e ok s omd aof Bethew gnaenbabid fiolid, g bvisie i wacngy el ity Vaalue of vus ape velooity an banh st o
Eapthanativn ' As [V TTY AR TS I LA P P8 [T f e 13
b v bbby B s penbonn e Hat an okt provspec ek e o bk oot ool alter risiig teaorlain s Y Jhaaivets A bl)" .::;‘ :::
Pt It Pl i e Bon e Besrees ook s iy o gy Do ot be SO0 bemseed dttiand vl ity (e ekt riues " = 112w 100 g f e S we
P e b Bty vomnniingg Ban b b e B e vmn imneasdingy e il sodon iy ol the eelget o alaps Ll 102 00 i f P L
e wn B 0 e a0 et vt e e e 0 sl v A ekl Hhee bl ol goavity (e Ve 12 i men i



178 Ch.lpler4 [Work and l_n“'m
MU LTIPLE CHOICE QUESTIONS

v : - —l'h-l.! Ec;\:;u;r:‘are;a}m_\;lu_m; ;]ics m-\ Ec-p:n;m_le-th_il-lhe initial kinetic energy of the "blm %

l. must be equal to the:

| (A) Work done against air resistance.

& (B) Total mechamical energy at the Earth's surface

| (C) Increase in potential energy required to move it Lo infinity.

' (D) Gravitational force at mfimity :

| Answer: €

lF.\plamtiun. For an object to escape, its iubal kinetic energy must be sufficient 0 overcome (he!
gr.n.munn.xl potential energy, meaming it must equal the change in potcnllal cncrry from the surface Iu‘

infiruty
1 L]

|

| Answer: C

(where potential energy is zero) i
Which of the following factors does escape velocity NOT depend on? "
() Mass of the celestial body (B) Radius of the celestial body |
(C) Mass of the escaping object (D) Gravitational constant (G). '
I
]

! Explanation: As shown in the denvation v..=2GM/R, the mass of the escaping object (m) cancels out,
. Therefore, escape v cloaty is mduputd; nt of the mass of the object being, launched.

* . 5
3 2
w .

>
=
]

>
3
W

e — e e R W e e o e e — i ——

- — ——————— ———— — — —— — — — — i — —

- — — e — S e e e W - —— e — — — — . — —

Defme escape velocity and explain its physical f-lgmllcantc
Escape velocity is the minimum initlal velocity that an object must have at the surface of a celestial
bod\ (like Earth) to completely escape its gravitational field and never return
Phy sical Significance: Its physical significance is that it represents the threshold speed at which an 4
object's kinetic energy is just enough to overcome the gravitational potential energy binding it to the |
celestial body, allowing it to reach an infinite distance with zero kinetic energy remaining, '
Explain why the mass of the object being launched does not affect Iis escape velocity. |
he mass of the object being launched does not affect its escape velocity because, during the |
derivation, the mass 'm' of the object appears on both sides of the energy conservation u]u.ll'.on!
(*2)mv?=GMm/R). Therefore, 'm’ cancels out, leaving the escape velocity dependent only on the
gravitabonal constant (G), the mass of the celestial body (M), and the radius of the celestial body (R).
This means a feather and a rocket require the same escape velocity from Earth, assuming no air |
resistance !
If a planet has the same radius as Earth but twice lts mass, how would its escape velocity compare lul
Earth's? 2
If a planct has the same radius as Earth but twice its mass, ils escape velocity would be 2 lmwsl
greater than Carth's escape velocity. This is because the escape velocity formula is v =2GM/R M)
is doubled to 2M, then v becomes 2G(2M)/ R=2(2GM/R)=2%v s, Earth. A more massive planet has |
a stronger gravitatonal pull, requinng a lugher escape veloaty. |
What happens if an object is launched with a velocity less than its escape velocity? '
If an object is launched with a veloaity less than its escape velocity, it will eventually fall back to the |
celestial body frozes which it was launched. Its instial kinetic energy will not be sufficient to}
overcome the < Z¥e gravitational potential well It wall rise o a certain maximum height where llsl
kinetic eneryy becomes zero, .lnd then gravity will pull it back down towards the surl.ln:

-— i — -

_____________________ _____.l
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4.7 WORK-ENERGY THEOREM

State and prove Work-Lnergy Principle.

—————

—_—

WORK-ENERGY PRINCIPLE

“Work dong ona body 1s cqual lo change i ils kinetic energy ”
Proof.

Consider a body of mass m moving with velocity vi A constant

— e i)

force F acting through a distance’d” increases the velocity 10 vy, T R —
wen from eguation of motion
i g 1 ) Prteatial erargy exidts imly Top semmmrs it vn frscen |1 doay
| 2ad - V, =¥, ot enied [or meemtnaervative foreen All ihe sentenl borras
aE cormerdative
o = I ‘_, il } ) fo) Flawtin petential snorgy ¥ Irdby® o phwapa
2a ] ' pentiee
From second law of motion I'=ma N o B s Wty 5 oy
Multiplying equation by I' we pet o eaaee :
| . Toi Chrawitstinral pedertisl sneigy
3 - 3 " o
Fd = ma = 5 (v~ ) [ Rl . QP paarp——
o "
| 1 i = wmgh (iF boighd on pel wwey lorges
Id —2-!"(&'_, v']

Wark lm v, ‘I' mv
Work = (K1), - (K 1),
Work = A(K E)

i.e. work done on a body is equal 1o its change in kinetic encegy 1 a body b5 raised wpr fromm e varth sueface

then
Work = A(P.L)

Applicability: The work-energy theorem is applicable for any direction of the force relative fo e displacement
and even it the force varies from point to point

SLO BASED SHORT QUESTIONS & ANSWERS

= —— —

.
1 Ans: The Work- l.m Ty Theorem Is powe tful and general Iu:.mm i n]l]rllr & o any lype of lnru-!
(constant or variable, conservative or non-conservative) and any direction of force relative to |
displacement It provides a direct link between the forees acting on an object and the cange in |
its motion (specifically its speed), often simplifying problems that would be more comples o

solve, especially when forces are variable

involved,
When a car brakes and comes to a stop, its initlal kinetic energy is reduced 1o zero (final kinetic )

Ans:

energy is zero) The Work-Energy Theorem states that the change in kinetic encrpy s equal o

'
'
'
| i A car brakes and comes to a stop. Using the Work-Energy Theorem, explain the enerpy transformation
[
'
p the net work done. In this case, the work done by the braking, force (which s a non conse rvitive |

frictional force) is negative, as it opposes the car's motion. This ne ;-niwv wortk removes kineti I

e S e G e N GED S M e S e S - — e e — - —-
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______________________________________ -
I energy from the car, converhing it primanly nto heat and sound, demonstrating the dissipation |
i of mechanical energy. i
1. If an object’s speed doubles, how does the net work done on it change, assurmng its mass Temaing ,
! constant?

: Ans. If an object's speed doubles, its kinebic energy increases by a factor of four (since K.Exvy 4
f According to the Work-Energy Theorem (Wo=dK.E), if the change in Kinetic energy is foy, |
i umes greater, then the net work done on the object would also need to be four times greater o i
£ achieve that doubhing of speed if imal speed is zero. More precisely, if initial speed is not zerg 1
.l butviand final speed 1s 2v, then AK E ='zm(2v) -} mmv,2=¥m(dv,>v?)=3/2mv 2. This is 3 hmt‘s!
| the inttial kinetic energy

i _— — i — i — I
-—

o —

- MULTIPLE CHOICE QUESTIONS

{: ™ 7 7If the net work done on an object is negative, what can be concluded about its motion?

| (A) Its speed is increasing, (B) Its speed 15 decreasing

' (C) Its speed remains constant (D) Itis moving upwards

| Answer: B

' Explanation: A negative net work done means AK.E = KE = KE is negative. This implies KE<KE,
' meaning the final kinetic energy is less than the initial kinetic energy. and thus the object's speed is

| decreasing

"o A 5 kg object initially moving at 10 m/s is acted upon by a net force that does 100 ] of work on it. What
! is the final kinetic energy of the object?

{A)150] (B)250] (C)350] (D)450)
I Answer: C

| Explanation: Imihal K.E. = Yamv2= ¥2x5 kg (10 m/s)*= 12x5%100=250 ).
1 According to the Work-Energy Theorem, W,=K.E~K.E..

I 100 J=K E~250

| K.E=100 J+250 |=350 J.

‘e A ball is thrown upwards. As it moves up, the work done by gravity is negative. According to the
| Work-Energy Theorem, what does this imply about the ball's kinetic energy?

' (A) Its hineltic energy increases. (D) Its kinetic energy remains constant

| (C) Its hinelic energy decreases (D) Its potential energy decreases

L}

o i, . e S e e o

Answer: C
1+ Explanation As the ball moves upwards, gravity does negative work on it (force downwards,
I displacement upwards). According to the Work-Energy Theorem, negative work done by the net force |
; (or 2 component of 1) means a decrease in the object’s kinetic energy, which 1s consistent with the balli

v slowing down as it rises f
l. Car X is travelling at half the 5p«.-d of car Y. Car X has twice the mass of car Y. which statement is |

: correct.
! A Car X has half the kinetic energy of car Y. !
| B Car X has one quarter of the kinetic energy of car Y I
¥ C Car X has twice the kinetic energy of car Y i
| D The two cars have the same kinetic energy |
1 Solution: i
, Vv 1 'V Y |

e 13 1= {2 1 1

' Vo= - LetKE, ==m V7~ (‘“‘-l‘[“'] -—m <V '
| T3 m, =2m, vI3MYN 2 2 Im' zV |
' . 1 1 i M '
, KIi -:?-r:?-m‘{ —ZK.',. I

e —
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s ——A piston in a gas supply pump has an area of 400cm*. The pump moves the gas against a fln-d pu'“uw]
of 3000 Pa. Durlng part of its stroke, the piston moves a distance of 25 cm in one direction. How much '
work is done by the piston during this movement?
A.30) B.30x107) C 30=10°] D 30=«107)
golution: A =400cm’ = 400> 10" m?

w = PAd=3000~400%10x25x107 = 12x10° < 10"« 10 ? »25 = 12210 ' x25 = 12x25 - 30)
Energy required to accelerate a car from 10 to 20 m/s compared with that required to accelerate from 0
to 10 m/s in the same interval of time covering the same distance, is:
A. Twice D. Three times C Four times

As we know that according to work-energy principle,

D Same
Golution:
Fi o AR ik 2 a2y 1 : 1y 1 1 .
W, = AKE, -Em(\, -V, }_Exmx{{zﬂj -(10)") = 5% (400~ 100) = 2 «m 300 = 150m

. 1 .
W, = AKE, = Zm(V} -v,*);%m((1u)’ (o)) :-;-mx'lm - 50m

~ W, =3W, sok, =3E,
A force F stops a body of mass “m” moving wilh a velocity “v” in a distance “S”. The force required to

L}
|
'
|
'
|
'
I
'
I
L}
|
I
|
L}
|
'
.
! stop a body of double the mass moving with double the velocity in the same distance is:
| A 2F B. 6F C. aF D. 8F

« Solution: As we know that;

! W=AKE= ::'-m\': =FS=F= mv' Nowtfm'=2mand V' =2vthen F'= 2m(2v) and I’ « 8mv’ = 8
| F' = 8F

'

|

'

|

L}

|

'

|

'

|

'

|

'

|

L

A body is lifted by a man lo a height of 1 m in 30s. Another man lifts the same mass to the same height
in 60 5. The work done by them are in the ratio:

A12 B. 1:1 54ty | D41
Solution:
W=mgh=Weah=/h, =h,, m =m,sow, =w,
. A fat person weighing 80 Kg falls on a concrete floor from 2m. If whole of the mechanical energy is
converted into heat energy, then heat produced in SI units will be nearly:
A.1600) B 1400] C 1500] D. 1600 K cal
Solution:

P.E = mgh = converted into heat
P.E = 80 x10 x2 =1600 ]

e e = o e e e e = e e = e e = — e —

- e e — e e e e e e e e e e e — . — — i — —

4.8 INTERCONVERSION OF POTENTIAL AND KINETIC ENERGY :

Show that when a body is dropped from some certain height, its Potential Energy is converted
into Kinetic Energy.
Discuss inter-conversion of P.E. and K.E with and without friclion. (DGK. 2014)

Lins]

Inthe Absence of Frictional Force:
Consider a body of mass m at rest at a height I from the surface of the ¢arth as shown in the g,

Al position A

PE. at A =mgh
KE atA=0
E=KE.+PE.

Total Energy at A
E =0+ mgh=mgh-—

(A)
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‘n the abserce of air mczon when the bedy 15 allowed to fall its PE 15 converted into KE.
At pesition B

When bodv s reached at pomt B, 12 has fallen down a distance © 1 7 ignonng air fnction
PE atB=mgh-1)

P.Eemgh pm e e — A
1 . K.E=0 ]
tB= — B i) I
KE atB '_’m' {1) ~ I._v.. A
Caleulition of va: i
The valoe of oy car be calcolated as follow
7 D . P E=mg(h-x)"
-gS YN . K.E=mgx
Sr=ow 0 =0 and  S=x h,
2;x=vi-0 %
v =Jex N h-x h,
suttng s value meg. (1 P.E=0
e e, 111
KEatB=—mlzx =mgx
Towl Energy at B E=KE +FPFE
E= mgx+ mgth- 1) =mgh——;(B)
At pasiton C
When body s reached 2t pomt C. just before hutting the ground it has fallen down a distance “ h ” ignoring air
frcten
PEatC=mfdj=0 Pecause k=0
1 P
P s Em 2) Some Escape Speeds (kms)
Caleulation of ve: Heavenly Escape Speed
The valuoe of 1 can be calculated as follow Body (kms-1)
265=v —v* Moon 24 -
oo e o 5 N Mercury 43
il e Mars 50
2gh=v. -0 Venus 104
5 Earth 112
¥ =2gh putting this value meq. 2 = >3
I 5, 1 Neptune 254
KE atC= Ev‘ = Emtlgh) Saturn 370
Jupiter 61

Total Energy at C E=KE +PE
E= mgh+0=mgh

(C)

Conclusion 1: K.E. and P.E are inter-convertible but total energy remains conserved when body is dropped
from height b’

When a body falls, its veloaity increases. The increase in veloaty results in the increase in its K.E. On the other
hand as body falls its hesght decrease and hence its P.E also decreases. Thus

Loss i P.E. = Gain in KE (D)

et 2 body s at height /i, falling with veloaity v; al another height i; its veloaty becomes 2. In the absence of
e friction this result can be represented as

m Physics 11 (Subjective, Objective and Conceptual Questions) 163
pm—

mghy = hy = %m(r: ) Lme—

In the presence of frictional force

If a frictional force f1s present during the downward motion, then a part of PT is used in doing work againsg
fnction equalto” fIi” . So the remaining [ = mgh = f I, 1s converted into KCE. So

- T |
mgh - [h= 5 mot

1
mgh = Erm-‘ + fh

Loss in P.E. = Gainn K £ = Work done agamst friction —---- )

SLO BASED SHORT QUESTIONS & ANSWERS

the moment it leaves the hand until it reaches its maximum height.
ns:  When the ball leaves the hand, it has maximum kinctic energy and some initial potential encegy As it
travels upwards, its speed decreases, causing its kinctic energy to decrease Simultaneously, its height
increases, causing its gravitational polential energy to increase This process 1s an interconversion where
kmetic energy 1s continuously transformed into potential energy. At its maximum height, its velocity
momentarily becomes zero, so all its initial kinetic energy (plus its initial potential energy) is converted
into maximum gravitational potential energy
. How does the presence of frictional force aller the conservation of mechanical energy? Fravide the
modified energy equation.
Ans:  The presence of frictional force (a non-conservalive force) means that mechanical energy 15 no longer
conserved. Friction does negative work, converting a portion of the mechanical energy into other forms,
that is heat, which 1s dissipated from the system. The modified energy equation for a systern with friction

m |
' '
| |
L] '
| ]
L] '
| [
L] L]
| |
L] '
| |
' '
| |
' '
| s |
) m P.E. =Gainin .+ Work done aganst friction ’
Loss in P.E. = Gain in K.E. + Work d X fri
! Alternatively, it can be stated as: !
I Initial Total Mechanical Energy = Final Total Mechanical Energy + Energy lost to non |
' conservative forces (e.g., friction). :
|+ Consider a car rolling down a hill. If there is significant air resistance and rolling friction, what |
' happens to the car's total mechanical energy as it descends? '
| Ans:  As the car rolls down the hill, its gravitational potential encrgy decreases, and its kinetic energy increaws |
' However, due to significant air resistance and rolling friction (both non-conservative forces), a portian of *
I the mechanical energy will be continuously converted into heat and sound Therefore, the car's tatal |
4 mechanical energy will decrease as it descends. The loss in potential energy will be greater than the gamn !
! in kinetic energy, with the difference being the energy dissipated by friction !
. If we consider air friction, write the equation ball of mass 50kg is dropped from a height of 10m. After
| eq & pPpe |
X rebound, it comes to the height of 7.5m. The percentage loss in P.E is: .
| A 20% B. 25% C.30% D 50% |
1+ Solution: .
I |
' '

~Pzhand h’' = 7.5m, h =10m, h~h" = 2.5mor s0 25% loss in height means 25% lossin P E
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“ 48 LAW OE CONSERVATION OF ENERGY

Define and explain law of conservation of energy orState law of conservation of enerpy. Give same
evample. (LIIR. 2014) or What the law of conservation of energy. (SGI 2019 GI) (DGK 2019 Gly)
(GRW 2021)

LAW OF CONSERVATION O ENIERG:
“Ervrgy canmot be desteowed 10 can be transformied from one koed o another, bt the totil damownl of encryy remans
somstant”

Conservation of Mechanical Fnergy:
The kinetic and potential encegies ane different forms of mechanical energy. The total mechanical energy of
body is sum of ' and K B Lor a falling body the P L changes into K I and vice vessa, but the total energy
remains constant Mathemancally

lotalenergy = PF + K
This 1s speaal case of law of conservation of energy. The 1o of a falling body changes into ats K 1., but g
stnking the ground the KT changes into heat and sound and disappears
All forms of energy can be transformed from one form to another form but clectrical and chemical CIETRY are
more casily transformed

Energy Sources

For Your Information

Source of energy Original Source Renewable Nonrenewable
Solar Sun Hydroelectric Coal
Bio mass Sun Wind Natural gas
Fossil Fuels Sun I'des Ol
Wind Sun Ceothermal Uramium
Waves Sun Biomass Oil shale
Hydro Electnc Sun Sunlight Tar sands
Tides Moon Ethanol(individual  fields

may run off)
Geothermal Earth Methanol(Renewable

when  made  from o

mass)

(et {e{c (]

—_—n
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e

TEXT BOOK EXERCISE WITH SOLUTION

MULTIPLE CHOICE QUESTIONS

i1 A Lkg mass has potentiol encrgy of 1 joule
pelative ta the growndd vl s at o heighin

ol
{a) D 102m (hy Vi
)" n [ VREIT

o Lxplanation: ok ol by (100 ) < anph
Caven 1"l Fhm=bkp, p=98ms:

Wl ftmg) = V1A kg «98men ) -1 /n
me0 102 m

4.2 An iron sphere whose mans is 30 kg han
the same diameter an an aluminum
sphere whose mans s 10.5ky The
spheres are simultancously dropped
from a cliff When they are 10m from
the ground, they have identical:

{.:] accelerations I'hj T TR T T T

() ||-;Il-||l|.l| cnergies () Fietie energies

o Daxplanation: Ace ording 1o the prnaiple of free
fall, i thee absence of e resistance, all objects
accelerate downwards at the same rate due 1o
pravity, regardloss of their mass

41 A body al rest may have
(a) spued () velooiny
{c) mamentum (d) enerpy

o Lxplanation: a body ot rest gan possess enerpy,
spren i ally patential enerpy Tor |-'-m||||--_ a buak
resting onea shell has pgravitational potential
energy relative to the floor

4.4 The hedght above the ground of & child an a
swing varles from 0.5 m of his lowest point 1o
LS mat his highest point. The maximum
speed of the child is approximately:

(a) 1 5ms (b) 4 4ms

(¢ ) DR mu!

(d) Depends upon child's mass
Explanation: by = KEF e 5 mpgh = Vamy? e
mass ‘'m' cancels out from both sides, meaning the
mastmum specd s indopendent of the chilid's mass gh
= V! = vl = 2ph 3 v < 2ph) Substituting g = Y8 m
stand h=10m v = J2-98ms’ « 1L0m) = A1Y6
mfad) = 4427 /s Dherefore, the masimam apeed 1
approsimately 4.0 ms !

15 When a ball is thrown vertically upward
and then falls back 1o the ground, which
force can be consldered conservative in this
scenarlo?

{a) Adr resistance (b) Gravity

G g Vb tirans b bsgnn gy bial) awined g

h”f ertilas U leane o it hi hoaniad
] nlil‘rlqlhfn v rvatier foopew 1a o foor whiv b the
st b o g s an L L T T T Pennita by
idependent ol e path taban Caravity 15 & prine
caampile vl coneary alive Jegce b g e vorah dogu
bey grrawity sinily abe pee nieds eins b apstial and Linal vertical
preaationn ol Vhe cibies b oot e spwcitin grath ol follo s
14 Accrding 1o vk enwrgy  prineiple  in

linear metion, the wark done on body Is

I'llli..‘lll

(o) e hange i ¥ I fhy «hange in 1°1

fe ) rern

(i sumal ¥ F andd 7]
Feplanation. The sk vnerpy e for o ipuke)
shatiss thiat W et weark dores by all bore o on an vl
B gl o Whige e angge e by bapastie o gy

a7 Poweer of a lamp s 6W. Haw much energy

deoes a lamp glve oul b 2min ?
(w) 12) (hs) 1)
(c) 3) () 721§
Faplanation Power (17 o tha rate ab bl evwapy (1)
translenre ) o sonsumed . green by the farmale 1P = K £ To
Timnd the eiwagy, we tvarrargs e formda ta b= 12 2 ¢ Civen
prrwien 1= 0 Watls Caven S § = ) giinates D st conwent
widnates v sewnnids 2 i # 0 sfin = 100 ses onads e,
caloulate thet wnwrpy | = G W = 1M s = U Joles
an A dry battery can deliver YOO of energy 1o
A 2Wamall electrle motor hefore the hattery
Is exhausted, For haw many minules does
the battery runt
(o) 1500 1in (LR LT
fi) i nn () 2% min
Fxplanation: This question also uses the prower
encrpgy e relationship, 1= 10« 1 L lere, v naoed 1o
Tinvel the tieees (1) “as, wee reartange the farmula 1w =
P Coveneneegy |~ 400 faules Caven power 1P = 2
Walls ©aleulate the Yine i seconds 0= W00 | f 72 W
15t s omils Lovcomivesrd secomds b mnmutes, divide by
OO0~ 1AM s f 60 s Lo = 2% ininabes
a4 The kinetic envrgy acquired by a mass m
after travelllng o fixed distance from rest
under the action of a constant force is
directly propartional to;

fa)dfm (h) lme

fe)m (d)independent of m
l'l[lhn.illfm' Ty Wl wspuataen, B (eomstant fon v) and d
(e dhistance) are grven as constant values herefore,
the Binetie cowrgy acuired (1d) s determined solely
by thes comstant force and the freed distance, and does
not llt']wrul on the mass (m) of the objpect
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A bty merves 3 divance of 1lm along 2
straiphn line andet the action of SN force I
the work dun= v I5], the sogle which the
furce makes with the divection of motion of

the budy is:
(o) r (o) 3r
ic) 60" 4, %r

Explanatiore The formuls for works dore (W) by »
comntard lurce (} ) trver o dnplacemert (d) s W = Fd

eendl,

whete 8 n the angle etween the force ard the

displacement Ve are pivens W =25 F=5N,d=10

m Putting, these values into the formuls 25] = (5 5,/10

m) el = 25 = Aeemh) = conly = 25 [ 50 =05 Fenally,

v fird the anphe B, take the inverse conne (arccon) of
T D= agerinl) ) = 4r

Any

4.2

Ans:

SHORT ANSWER QUESTIONS

Why Is electrical power required at all
when the elevator is descending? Why
shuuld be there be a limit on the number of
passengers in this case?

Control & Braking: In caswe of descending an
Flectrical power 15 requited by elevator (o
comtrol ity speed otherwise elevator will fall
frewly under the action of gravity and attain
dangerous speed

Safety Systems: A limit on the number of
passengers 15 1o emsure sale operation of
elevatur A heavier [oad wall increase the
downward force, which an turn may increase
required stopping force and slow it down

A body Is being raised to a height H from
surface of Earth. What is the sign of work
done by both? Justify.

Waork done by the body (or the lifting
apentfexiernal furce):

9 Sign: Positive (+ve)

“ Justification. When a body 15 raised, the

eaternal force applied (by the body or a
lifting agent) 1s an the upward direction,
which s the  same  direction  as  the
duplacement Since work = Fd cost) and 1) =
0 (eosll™ = 1), the work done is positive This
waork Increases the potential energy of the
body
Wurk done by the Larth (gravitational force):
Sign: Negative (-ve)
Justification: The Farth's gravitational force
(weight)  acts downwards,  while  the
displacement of the body 1s upwards. The
anple between the gravitational force and the
displacement is THO® Since work = [d cost)
A 0 = JBO" (conlBO° = 1), the work done by
pravity s opegative This pepgative work

sipdes Dt S prrvtonal Beld s domy,
work oIl the SenoT
=g $acmed = e TR sT2Dor, Sell
A body falls towards the E2rth in 2ir Wil iy
sota] mechasical energy be comsenved doring
fall? j=stify.
No, the total mechamcal enetgy of 2 budy
fallng towards the Earth & ax wil rot be
corserved
Justificatioss
Mechamucal energy (the sum of kinetic enerpyy
and potental energy) & comserved only when
comservatve forces (ke grawiy) are comg
work However, when 2 body falls through the
air, air resstance (a non-comservative force;
atsonit
Ay resstance does Negilnie work on the
falling body, convernng some of 1ts mechamaca)
energy into ron-mecharucal forms, thermal
energy (heat) and sound Ths energy
dussipated into the surroundings As a result,
the sum of the body's kunetic and potental
energy contnuously decreases throughout the
fall

44. Calculate power of a crane in kilowatt which

lifts a mass of 1000kg to a height of 100 min
20 second.

Given

Mass Lift by crane =m=1000 kg
Height =100 m
Timne =20s

Solution

mgh _ 1000 2 9.8 < 100 _ 980000
1 20 20
= 4%000 W = 49 kW

P=

45. A trolley of mass 1500kg carrying sand bags

of 500kg is moving uniformly with a speed of
40kmh! on a frictionless track. After sometime,
sand starts leaking out of whole sand bags on
the road at a rate of 0.05kgs'. What is the
speed of the trolley after entire sand bags are
emply?
Ans.  Concept: This problem involves the
conservation of linear momentum.
Since the track is frictionless, there are
no exlernal honzontal forces acting on
the trolley-sand system The leakage of
sand is an internal process (the sand
simply falls out, it's not "pushed” out
relative to the trolley in a way that
generates thrust). Therefore, the total
momentum of the trolley and the
remaining sand (or empty trolley)
must remain constant.
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As there 5 po external force acting

i
¥
1
J
4
E
i
i
4
i
g

Gne= =
Massof empty tolev = = 1500 kg
Massof sand beg=m =300 4g

Total mass of troley = M

== = 1500 - 300 =20005g

Gravitational Unit of Work: Gram-force

centimeter (Zfcm)

® Definition 1 gt<m & the wmork done
when a force of 1 gram-force (whuch
the weight of a 1 g mass. or SO dvnes)
moves an obwect through a destance of 1
Centumeter

s Conversion: 1 gf<<m = @D erg

Specd d[.:.:.:{‘ with sand = V= 40 A= b 47. A body dropped from a height of H reaches
_"’:"I—""’_-,H”ms' the ground with a speed of '.l..l;an
3800 Calculate work done by air friction.
Flow rate of sand =Am /At =005 kg s+ Given
To Find . vi=12/gH
Speed of empty trolley =v =7 To find
Solgtion Wwe="
According to law  of conmservabon of Solution:
T PE=W,+KE
MV =mv 1 .
2000 (11.11) = 1300w mgH=W,+ —mv~
v=148ms’ 2

Therefore. the speed of the trolley after the entire
sand bags are empty will be approamately 14 81
m/s
46.  Give absolute and gravitational units of work
on MLK.S & C.G.S systems.
The absolute and gravitabonal uruts of work in
both M.KS (Meter-Kilogram-Second) and CGS
(Centimeter-Gram-Second) systems
1. MLKS. (S]) System:
o  Absolute Unit of Work: Joule (J)
a Definition: 1 Joule = 1 Newton-meter (1 4.8.
Nm) It s the work done when a force of
1 Newton moves an object through a
distance of 1 meter in the direction of the
force
2 Gravitational Unit of Work: Kilogram-force
meter (kgf-m)
s Definition 1 kgf-m 1s the work done
when a force of 1 kilogram-force (which
ts the weight of a 1 kg mass, or 98 N)
moves an object through a distance of 1
meter.
m Conversion: 1 kgfl-m =98

2 CG.S. System:
©  Absolule Unit of Work: Erg

®  Definition: 1 Erg =1 Dyne-centimeter (1
dyne-cm) It 1s the work done when a
force of 1 dyne moves an object through 3.9,
a distance of 1 centimeter in the
direction of the force

m  Conversion to Joule: 1 | = 107 erg (since
1 N =10"dynes and 1 m = 10° cm)

1 4
W= mgH -:m\' =

*

W, =mgH - ém(l.‘.\&ﬁ )

Wi =mgH - %l‘n( 1.44gH)
We=mgH - 0.72mgH =028 mgH

(This means 28% of the mitial potential energy
was dissipated by air frichion )

A bicycle has a KE of 150 ]. What K.E would
the bicycle have if it had?
i. Same mass bul has speed double?
ii. Three times mass and was moving with
one half of the speed?
Given

| I
KE=—mv’ =150}

(i) Ku';uc energy when speed is
double
KE=-

Lm2v) = (Lmv?) = 4(150) = 600 )

(1) kinetic energy by increasing mass 3
times and speed become half
KE=

1 W 0 I
SOmMAZV = Sgmv) - 2(150) - 1125)

What will be the effect on K.E. of the body
having mass m, moving with velocity v
When its momentum becomes double?
Justify.

1 & e

tife =
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1 v 1 - 1 .
Kb=—-m' = —(m) = —p’
2 m 2m
On doubling the momentum
1 v 1 s
‘KE = —(2p)=d4—p° =4KE.
2m 2m

On doubling the momentum, the KE becomes
four imes

410. Does the international space-station have

gravitation P.E. Or and Kinetic energy?
Explain.

Ans:  es, the International Space Station (ISS) has

1
[

il

©

both gravitatienal potential energy (GPE) and
Mnehic energy

Gravitational Potential Energy (P.E)
The 1SS orbits at an altitude of approvmately
400 km above the Earth's surface While thrs is
relatively low compared to the Carth’s radius
(about 6371 km) but it s stll sigmficantly
above the surface
The gravitahonal potenhal energy 1s due to the
position of ISS with respect of earth

Kinetic Energy (K.E).
The 1SS 1s in constant motion, orbiting the
Earth at a very high speed of approximately
7 66 km/s (about 27,600 km/h)
The kinelic energy 1s due to constant motion
around the carth

CONSTRUCTED RESPONSE
QUESTIONS

41

Ans:

4.2

Ans:

When will you say that a force is
conservative? Give two conditions.
A force 5 considered as conservabive if the
work done depends only on the imual and
final positiors of an object and not the path
followed
Two conditons that deline a conservative
force
o A conservabive force can be expressed
as the gradient of a scalar function
o Work done by conservative force is
independent of the path followed
o Work done in a closed path by
conservative force is zero

A light and heavy body have same linear
momentum, which one has greater KL?

T
KE -qp if p = constant then

= KE«—L
m

43

(]

- So the lighter mass should have greater KE. 1o

compensale it mass for equal momentum
Explanation: Since p1s the same for both bodies,
and mi < m:, the denominator (2m.) for the
lighter body's kinetic energy will be smaller than
the denominator (2nm:) for the heavier bﬂdy's
kinehic energy

Therefore, KE: > KE.

A motorcycle is running with constant
speed on a horizontal track. Is any work
being done on the motorcycle, if no net
force is acling on it?
An< If a motorcycle 1s running with constant
specd on a horizontal track, and there 1s no net
force acting on it, then no net-work is being done
on the motorcycle
Explanation:
Work-Energy Theorem® The work-energy  theorem
states that the net work done on an obpat 15 oqual to
the change 1nits kinetic energy (W net = AKE)
Constant Speed: If the motorcyele is moving at a
constant speed, its veloaity s vonstant (assunming
comstant dircvion on a straight trouk) Therefore, 1
kinetic encrgy (F 2miv<) 15 also constant
No Change in Kinetic Energy: Sinve AKE = 0 (KE_final
- KE_imtal = 0). according to the work-energy
theorem, the net work done on the motoraycle must
also be zero
No Net Force: The statement “no net force 1s aching on
it directly implis that the acceleration is zero
iNewton's Scvond Law, F_net = ma) Zero acceleraton
means vonstant velouity (or rest), which agan leads o
nochange in kinetic energy and thus no net work done.
It's important to distinguish between net work
and work done by andividual forces. If the
engine 1s runming to maintain constant speed, it
s domng positive work, but this work 1s precisely
balanced by the negative work done by non-
conservative forces like air resistance and rolling
frnction, n:sull:mg in zero nel-work

44 Aforceacts on a ball moving with 14 ms'speed

and brings its speed to 6 ms?. Has the forced
one positive or negative work? Explain your
answer.

Ans:  The force has done negative work

F

Explanation

N Work-Energy Theorem: The work-energy  theorem

states that the net work done on an object 1s equal o
the change inats kinetic energy (Wa = AKL = KEimat -
KE ).

Change in Speed:

©  Initlal speed (Vesu) = 14 m s

©  Final speed (Vi) =6ms !

0 Since the final speed (6 m's ') Is less than the inibial

ISR |
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speed (14 ms '), the Kinetu energy of the ball has
decreased
3 Kinetle Energy Calculation:
o AKE = KE_final - KE<_ = Yam(36) - "2 m(196)
=13 m{36 - [90) = L3 m{-160) = -H0 m
4. Conclusion: Since the change in kinetic energy (AKL)
is negative, the net work done on the ball (W) must
also be negative Negative work indicates that the force
acting on the ball opposed its mohion causing it to slow
down

45 As low moving truck can have more kinetic
energy than a fast moving car. How is this
possible?

Ans: This is possible because kinetic energy depends
on both mass and the square of velocily (KE =
1amv?) While the car s “fast moving” and the
truck 15 “slow moving,” the truck’s significantly
larger mass can compensate for its lower speed,
resulting in greater kinetic unetg},

Explanation:

Let's consider an example

e Car

o Mass (m..,) = 1000 kg

o Speed (viu) = 30 m/s (approx. 108 km h',
quite tast)

o KE. = '2(1000 kg)(30 m s ') = 500 kg = 900
m?s?=450,000 ] = 450 k|

o Truck:

o Mass (M) = 10,000 kg (a typical large
truck. 10 imes the car's mass)
o Speed (vina) = 10 m/s (approx. 36 km h',
relatively slow)
5 KEma = 110,000 kg)(10,m s 1) = 5000 kg =
100 me s * = 500,000 ] = 500 kJ
In this example. the slow-moving truck (10 m s
') has more kinetic energy (300 kJ) than the fast-
moving car (30 m s!) because ils mass s
signficantly  greater The  kinetic  energy's
dependence on the square of veloaity means that
velocity has a stronger impacl, but a large
enough difference in mass can easily overnde
this.
46. Why work done against friction is non-
conservative in nature? Explain briefly.
Ans: Work done against frichon 15 non-conservative
because
* Path Dependent: The amount of werk done
against friction vanes with the length of the
path taken between two points. A longer path
means more work.
* Energy Dissipation: It converts mechanical
energy into unusable forms ke heat and
sound, which cannot be recovered  as

mechanical energy This means that work done
against fnction over a closed loop s never
JETO
4.6 -Does wind contain kinetic energy? Explain.
Ans: Yes, wind absolutely contains banetic
energy
Explanation:
Wind is essentially moving air Any object that
has mass and 15 in motion possesses hinetic
energy., according to the formula KE = 'ov?
Since air has mass (even though it's relatively
hght per umit volume) and wind s defined by
the movement of this air so it carries kinetic
energy
BEwample: This kinctic energy s used by wind
turbines o generate electricity. The blades of the
turbine capture the hinetic energy of the moving
air, converling it into rotational mechanical
cnergy, which then drives a generator to
produce electrical energy

COMPREHENSIVE QUESTIONS

41 Define K.L. derive an expression for the same.
4.2 How work is done by a: .
(i) constant force
(ki) variable force?
43 Define conservative field. Show that
gravitational field is conservative in nature.
44 What is meant by absolute P.E? Derive an
expression for absolule PE

45 State and explain work-energy theorem in a
resistive medium.
4.6 Define escape velocity. Show that an

expression for escape velocity can be
expressed,/2ZRg, where R and g denote
radius of the Earth and acceleration due to
gravily, respectively. Also find its
numerical value.

SOLVED EXAMPLES
EXAMPLE4.1

A force Fading on an object varies with distance das
shown in Fig. 4.5. Calculate the work done by the
force as the object moves fromd=0tod =6 m.
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A o gele pldar welghing ) by, is coasting down
o 24" alesppw. | hw wubphit oA ppsAepecyele bn 4 kg AN he
Veags sl Ve slope, thie spwed o meteneyele ls 32 m o',
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SOLUTION
T paarmal force Fi is balanced by e S gf
weighit (ingrenld®) prerpendioilar 1o the slugme, |t Wie
banwetie Drietisnal foaree b 0, thiaens Wi paed foaps e |0 s
Fo= g sin 2= - |
Vil i = botal inass = 00 by v 80 by = A) by
Fe(iby e lmat«04)= 100N
P=2920M
Witk dopwe W= Fd = 2528 M 272 40 = 1820) 4 )
As wverk is posiive, su applying wark
herrem,
W=(KFEp-(KE)
Vo here,
(K D)= W v (K D),
Putting thw values, we have

I |
mr: W imv,:'
2

rlwlgy

I
:.’m!xor; S LN It‘lf.llgwﬂzma "y

1his gives,

v AT’ !
ur

SR T T S TP T
VAAMPLEAS

A car welghlng 1100 kg, is moving with a velocity of
12 m et When It bs @t paint I, s engine staps, I the
frictional foree bs 120 N, what will be its velocity s
poobet Q7 Mow far beyond Q will It go befure coming
Lo rent?

S UTION

Tl birutse cvwngy pummessedd by Vb car st poat 12 will
prartly ke conveeriod ks L and pantly used up n
dang work against (rebion as 0 reachus point ()
Tharedire, Loma of K L = Cawnoan PF » Witk against
Trwe Vi

._:‘M'!: r; pewho fd

I
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55””:”44»!’ ' "}- 16110k m’ s ' 4 2880UKgm' 5 ¥

2oty |r.|?fu,pm_'; L usq;x{.,_*, '
(HAw / $30ky
i

yelueity ol praln €, wp = 10w s L 10 S

powe i the car staps al point I, then using the formula

L] .
L L
2

Loliaokg 109 am’ s ' <1 20bymy ' 28

¥

4 W appros imately

FXAMPILE 4.6

An object of mass 3 kg falls from a helght of 15 m. If
i strikes the ground with a velocily of 16 m &,
caleulate the average frlctional force of the alr,
solutlon

Lass o BE=Caainan K L« Waork done against [riction

i
¥, =0, migh l_;mv' v fh

I
ShgehBms 2 15m - Skgtioms" ) o fo15m
“lem' s by’ s - WAk m’ s 7 4 15m « f

Or

Albgm’ s ' A%k’ s !
/- 15m

NUMERICAL PROBLEMS

IR A machine gun fires 6 bullets per minute
with a velucity of 700ms ' If each bullet has
4 mass of 40 g, then find power developed
by the gun?

Clven

N ol bullets Dire preer minutes = no= 6

Fou of bullet lire por second = n = 660 =01 bulletfs
Veluoy of bullet = v = 700 m s
Mass of vach bullet = m = 40 g = 004 by

TaFind

Pawer develap by yun = p=?

Solution:

i8bgms ' I8N

I
Fanetic energy goin by bullet = K F = = mv’

| =
- ?m U004 - 9200 )

P=nkK L  O09%00) 980 wan

i2 A Tamily uses 10EW of power. Direct solar
energy bs incident un harleontal surface at an
average rate of 300 per square metre. W 75%
of this energy can be converted into useful

Mhm' s !

electrical energy, how large arca Is needed
to supply 10kW?
Cilven
Power used by fanily = 10 KW = 10000 W
Energy delivered per unit arca = 300 |/ m?
I ffic i y=n=75%=075%
Tolind
Arca= A =?
Salution
Formulas:
l',,-..-.n 0 Pogisira
Fyivane s = tlnwident Solar Power) = 5
Incident Solar Power = | = A
et up e equation for power generated
Prgussea = (1 = A) # 1y
10,000 W = (M) W/mé « A) =079
Simplify the right side
10,000 W =225 W/m! « A
Solve fur Area (A)
A= 10,000 W / (225 W/ m?)
A= am

4.3 If mass of the Earth is 6.0 x‘lﬂu kg, and mass of

!‘iurllbl.‘!‘hll.l'kg.Thetunlslwmilllonkm
away from the Earth. Find the value of
gravitational P.E of the Earth.

Given

Mass of Farth=M =60 x luu kg

Mass of Sun = m = 1% xlﬂm kg ‘
Distance of sun from carth = ¢ = 160 milion km =
16O00G000 ki = 1.6 « 101 m

’

Tolind
Cravitational Pl = U =7
Solution:
v = - GMm
r
U 6673210 " £6410" x199x10"
1.6210"
. 667376719910 findtrin
16

U=-4979-10" = .497 « 10m
44 An object weighing 98 N is dropped from a
height of 10 m. Its speed just before hitting the
pround is 12 mn s *. What is the frictional force
acling on 7 (Ans: 26 N)
Civen:
Weaght (W) = 98 N
Heaght (h) = 10 m
Initial velouty (vo..) = 0 (dropped)
Final velocity (view) = 12ms*



