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= The toEic of Work, Energy, and Power is a critical part of WHHK
IIT-JEE-NEET Physics. To help students prepare
effectively, hereis an overview of the Top 150 Important
Questions'related to this chapter. These questions are
designed to cover a wide range of concepts, }Eroblem— .
smlm1'1%_‘cge|:31r11'11e::1ues.+ and applications frequently tested in
competitive exams. I]“W[ﬂ
This collection of 150 Important Questions
WOrk ensures comprehensive coverage of the topic,
enabling students to tackle even the most
challenging problems in the exam
confidently.

Work is defined as dot product of force and displacement vectors.
It is a scalar quantity.
Work, W =F35, F = Force vector, §= Displacement vector

= F.s.cos0 0 = Angle between F and 3
Whenever work is done, energy is converted from one form to other form of energy.

In other words, work done by a force (W)= Force (F) x Displacement of the point of application
of force in the direction of force.

W = F.(dcos )

The displacement x of a particle of mass 1.0 kg, moving along x-axis under
the action of a constant force is givenas t = Jx -3 (in Sl units), where t is
time. What will be the work done by the force in the first 10 second is

(A) 640 J (B) 676 J (C)3204J (D) None of these

Given: t=x-3orx=(t+3° =t +6t+9
Att=0,x=0?+6(0)+9=9m
At't =10, x = 10? + 6(10) + 9 = 169m

- Displacement, s =169 - 9 =160 m

dx
Velocity, v=—=2t+6
™

Acceleration, a = d_v =2
dt

Force, F=ma=1x2=2N
Work done in10 s, W=F.s =2 x160 = 320 J
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one second by the external force is
(A)1J (B)2J (C)aJ (D)8 J

Given : m =1 kg, x = 2t?
dx d’x
— =4t ol NG
dt or ar’
. d*x §
=% Acceleration, a = E =4ms

Work done = Force x Displacement
W=ma.s

W=1x4x2t?=8t1J

Att =15, W=8J

A 2 kg mass kept on a horizontal table is moved in the horizontal direction by
a distance of 50 cm. What is the work done by normal reaction on the mass?
(A)104J (8)oJ (C) 100 erg (D)100J

The direction of displacement of block and the the direction of normal reaction
are perpendicular to each other. So, the work done by normal reaction on the
block will be zero..

A force of 50 N is acting on a body at an angle 6 with the horizontal. If 150 J
of work is done by displacing it through 6 m, then 6 is
(A) 60° (B) 30° (C) 0° (D) 45°

Displacement x (in meters) of a body of mass 1 kg as a function of time t, on
a horizontal smooth surface is given as x = 2t2, The work done in the first
: wW
Wark done, W = Fs cos® or cosB = =
Here, F=50N,s=6m, W=150J

150 150 _1
50x6 300 2

cosf = or 8= cos™ {l] = 60°

5
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A coolie pushes a box through a distance of 20 m on a railway platform.
If the coolie exerts a force of 20 kg wt in a direction inclined at 60° with
ground, then work done by him is

(A) 1960 J (B) 196 J (C)1.96 J (D) 196 kJ

The work done by the coolie is
W =F s cosb

Here, F=20kgwt=20x 98 N =196 N
s=20m,8 = 60°
W =196 x 20 x cos60° = 1960 J

A body moves from a position F, = (2i - 3j - 4k)m to a position = (3i - 4] + Sk)m
under the influence of a constant force F = (4i + j + 6k)N. The work done by
the force is

(A) 57J (B) 58 J (C)59 J (D) 60 J

Here, 2i—3j—4l‘::, ?,:3?—4]+5I2

L=
£

47 + ]+ 6k
F=f-fE=(31-4]+5K)-(2i-3j-4K)=i-]+9K

Work done, W=F 7
=(4i+]j+6k)-(i-j+9k)=4-1+54=57J

A particle acted upon by constant forces (4i + j - 3It) N and 3i+j-k)Nis
displaced from the point (i + 2j + 3k)m to point (5i + 4j + k)m . The total
work done by the forces in Sl unit is

(A) 20

(B) 40

(C) 50

(D) 30

(E) 35

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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Here, F, =4i+)-3k, F‘,=3‘i'+]—l2

i=1+2j+3k =5 +4j+k
Displacement,

F:Fz-ﬁ=(53+4j+ﬁ)—(i+2]+3l2)=4?+2}—2I2
Total force, =F +F,

=(4i+]j-3k)+ (3 +j-K) =70 +2j- 4k
, W =F.7 =(7i +2] - ak) - (4 + 2] - 2k)

=28+4+8=40J

A 5 N force acts on a 15 kg body initially at rest. The work done by the force

'l'll

in the third second of its motion is (in joules) approximately equal to
(A) 9 (B) 15 (C)4 (D) 20

Here, u=0,m=15kg, F=5N

-
1]

ma or 5=15xa or = %ms‘2
Distance travelled by the body in n*" second is

a
S, =u+—(2n-1
W=t (-1

Hence, distance travelled by the body in 3™ second is

S, =0+ ”—3(2 3- 1]-Em

Work done by the force in 3@ second is

W=FxS§, -Sx%-.%.l 416 J= 4J
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Consider that an inclined plane is formed inside an elevator moving upwards
with constant velocity. The block is not slipping on the inclined plane. Find
work done by friction, by gravity and by normal reaction in time t,.

T vg =const,

In time t,, Displacement, § = v,t,j

As the block is not slipping,
So, f = mg sin0
N = mg cosl

For work done by friction:

W, = f.s.sinB = (mgsinB) (v t,)sin@

W, = mgv,t, sin® 0

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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For work done by gravity: 2

W, = mg.s.cos180°

= —-mgs 1

—-mgv,t, ¥
mg

For work done by normal reaction:

W, = Ns.cost

=mgcosB.v,t,.cosb

' 'U

W, = mgv,t,cos’ 0

A constant force F displaces a block of mass m inside a smooth hemisphere
as shown. Find work done by force F, and work done by gravity.

From adjacent figure, sin0 = E

Displacement in direction of force F, s = R.sin®

Work done by force F, W, =F.s.cos0°= FR sinf

Now,y =R - R cos0

Work done by gravity, W, = mg.y.cos180°

-mg. ¥
- mg R (1 - cosB)
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Work is a frame dependent quantity. Value of work done by a force can change on changing
the reference frame from which motion is being observed.
Consider a lift moving upwards with constant velocity v,. A ball of mass m is hanging by a

string as shown.

VoT

=)

=3

o
=) m

As per observer A, displacement of ball in time t, s = vyt ...(upwards)

Work done by mg as per the ground observer = - (mg. s) = - mgy,t
As per observer B, displacement of ball in time t is zero.
So, work done by mg = 0

Thus, we can say that work is frame dependent.

Work done by Variable Force

If force F is a function of x, then work done by force is given by,

W= IF.dx = Tf(x}.dx
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If a force F = 2x? displaces a block from x = 0 to x = 4, then what is work
done?
Work done by the force, W, = [F.dx = [2x*.dx
o
374 4 -0
=2rx_ =2x( )=128J
L3 3 3
If a force F = 2t displaces a block of mass m = 2kg as shown. Find work done

F

by force in a time interval of 3 seconds starting from zero.
F

Acceleration, a=—=—-=1t
m

1]

]
Q.IQ-
| <

]

-+

[ L
=%
<
I

L= R X
e
[« %
rt

2 2
NOW,V:d—x=t—:>dX=t—.dt
dt 2 2

Work done by force,
W' = IF,dX

|
S—

*

o

-~

I

I
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The variation of force with displacement for a body moving along a straight
line is shown in figure. Calculate the work done by the force on the particle
in 1st metre of the path?

(in N)

; 2 3 4
X (in m)—
(A)S5J (B)10J (C)154J (D) 25J

Work done, W = Area under curve of F-x graph fromx=0mtox=1m
= Area of triangle ABC

=lx5x1=2‘5J
2

A 1T 2 3. %
X (in my——

A force of (5 + 3x) N acting on a body of mass 20 kg along the x-axis displac-
es it from x =2 m to x = 6 m. The work done by the force is
(A) 20 J (B) 48 J (C) 68 J (D) 86 J

Force, F=(5+ 3x) N

Work done, W = J:’F dx =j_s(5 + 3x)dx

L]
=r5x+gx’] =68 J

L

2
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The work done by a force acting on a body is shown in the graph drawn be-
low. What is the work done in covering an initial distance of 20 m is
] 201
F (in N}
101
5-
0 5 10 15 20 25 30

a

3
=

S(in m)—/—

(A)225J (B) 200 J (C) 400J (D)1754J

Work done,
W = Area under F-S graph fromS=0t0o S=20m

= Area of trapezium ABCD + Area of trapezium CEFD
1 1

=|-x(10+15)x10|+| —(10 +20) x5
. 2

=125+ 75=200J

I 207 2

Flin N)'°
10}

5:- H '

A, , iDiF
0 5 10 15 20 25 30
Sinm)—,

+ +

A force F = -(yi + xj) acts on a particle moving in the x-y plane. The particle
starts from origin and it is moved along positive x-axis to the point (2a, 0)
and after that it is moved parallel to the y-axis to the point (2a, 2a). Find the
value of total work done on the particle is

(A) -4a? (B) -2a? (C) 4a* (D) 2a?

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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2 22 2 J2a 2 2

__|1X] _|¥ =_4a_0_4a o i
2 L 2 |, 2 2

Given, F = <(yi + X))
VxF=0
= Force is conservative and work done is path independent.
From graph,x =y -1}
Net work done by the applied force
W = jF-d—r =J—(y?+ x}).(dxhdy]}
A rubber band exerts a force F = ax + bx® where a and b are constants, when

itis stretched by a distance x. What is the work done in stretching the un-
stretched rubber-band by L?

(A)’( b"’] (8) aL? + bL? © 3(az+br) o) AT, B

3 3

Restoring force, F = ax + bx?

Work done in stretching the rubber-band by a small amount dx is given by,
dW = F.dx

Net work done in stretching the rubber-band by L is

= de = deX

b’
or -J(ax+bx }dx-[a—-q'b—:[ W-—+T

Find the value of work done on a particle of mass m by a force which is given

by, F= KL"’ *’;’)m i+ o *':")m ]] (K is a constant of appropriate dimensions), if
the particle is being moved from the point (a, 0) to the point (0, a) along a cir-
cular path of having radius “a” about the origin in the x-y plane.

(R) 2K= 2"" @) X © %= ©) 0
a 2a

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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F= K : - i+ y 3 j
0C+y ) (Yo
Equation of circular path will be
x! + y2 = a: y
F =K % 3 ‘i‘+ La]
. (al)? (al')? (0. a)_
= Kz =
F= a_!(“ + yj)
dW =F.ds = F . (dxi +dyj)

o KI 0
JIX-dl+§J‘y-dy "_"(a.o)
a 0

Work done by Spring Force
Let’s consider that a block is attached to a spring of spring constant k. A man is pulling the
block very slowly as shown.

r Natural length

-‘r- --

At any instant, if elongation in the spring is x, then spring force tries to pull the block
towards itself.
On drawing FBD of the block,

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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k.x T
«— —
As the block is being pulled slowly, so it does not have kinetic energy at any instant and
hence net force on the block will be balanced.
So, T= kx

Work done by spring,

W, = I{kx).dx.cos180° ...(as the angle between spring force and displacement is 180°)
o

27" 2
So, W, = -k{%]., . -kzxo

For total displacement (x.) from A to B,
Work done by man,
iy
W, = IT.dx. cos0°
o

2% 3
= Tkx.dxj = k{x—] = ki
) 2| 2

Similarly, if a man is compressing a spring as shown,

i ' Natural

X . length
MU

——i

b
-

1

|} 1

] 1

1 1
X

- ]

Then, free body diagram of the block at any instant can be drawn as,

kx F

Then,

2
kxg

Work done by spring, W, .. = ](kx)(dx)cos 180° = b
0

pring
2

Work done by man, W, = TF.dx.cos 0° = Tkx.dx = k%

0 o
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A spring with force constant k is initially stretched by x_. If it is further
stretched by x, then the increase in its potential energy is

il . 1
Initial potential energy, U, = Ekxf
Find potential energy, = %k(x + %, )
1,02 .2
= Ek(x1 + X3 + 2%, X,)

Increase in potential energy, AU=U, - U,
1 1 1 1
= Ekxf -+ EIO:; + 5(2kx,x,) = 5'0(3

= %kx, [x, +2x,]

When two springs A and B with force constants k, and k; are stretched by
the same force, then the respective ratio of the work done on them is

We know that, when we stretch a spring of force constant k by a distance x,

then work done is, W = %k:ac2

F
But force F = kx or X= E

— and W,=-—-—
r k

; L. oWk
Required ratio is — = —&

w ok,

PHYSICS A EPSTUDY CIRCLE
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Two blocks of same mass m are connected to a spring of spring constant k.
If both are given velocity v in opposite directions, then the maximum elonga-
tion of the spring is

' 'U

lmv’ +1mv2 = lIo«:
2 2 2

or mv® = %kx’ orkx* =2mv? or x=
Work done by Friction

Find the work done by friction on the block of mass Skg in 2s for the given
system.

n=04

_\ 5kg —— 10N

u=0

_\ 10kg

Let’s assume that both blocks move together, then,

[

L
5+10 3

as=

For 10kg block,

_foa _ px5xg 04x5x10 _ 2
=0T 0 - w0 2m/s

As a < a__, so both blocks can move together.

rmax?
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Friction force between blocks, f =10xa =10 x § = 230N
For Skg block,
In time t = 2s,
Displacement, s = %at2 = %x % x2? = %m
So, Work done by friction on S5kg block,
W, = f.s.cos180°
20 4 80

3
=
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Work Energy Theorem

It states that work done by all forces on a bedy is equal to the change in its kinetic energy.
Zvv(ultomq = AKE.

“'{ll"orcet) = Kﬂnll = Kinbﬁd

A ball is thrown vertically upwards with initial speed 20m/s. Mass of ball is
2kg. If maximum height attained is 18m, find work done by air drag.

By Work energy theorem,

W, + W, = AKE AL
(Mg x 18 x oS 180°) + Wy,yg = Kg =K,

u=25.') m/s |h=18m

(—2x10x18)+Wd,u=[%x2x0’]—(%x2x20’) 2
-360+ W, =-400 7

drag A

Wyog = —40J

-ve sign of W shows that drag force is acting in downward direction.

The position of a body having mass of 4 g, acted upon by a constant force
varies with time as,

x = 482 + t. where x is in metre and t in second.

What is the work done on the body by the force during first 2 seconds?

Here, m = 4 g = 4 x 10™ kg,
Position, x = 4t2 + t

Velocity, v = 2% =8t+1
dt

Att=0s,v,=8(0)+1=1ms"
Att=2s,v, =8(2) +1=17 ms™
By work energy theorem,

1 1
W= Em(v,’ -vo) = 5(4): 107)(17° - ¥)
W= %[4 x107)(288) = 576 x 107*J

W= 0576 J =576 mJ
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| A block of mass 3 kg starts from rest and slides down a curved path in the
shape of a quarter-circle of radius 2 m and reaches the bottom of the path

| PROMOTERS

with a 4 m/s speed. If g = 10 m/s?, the amount of work done against friction
is

Here, mass of the block, m
m = 3 kg
Initial speed of the block,
u = 0 (as it starts from rest) h
Final speed of the block,
v=4m/s

Height, h (in this case, the radius of quarter by
circle) =2 m
The change in kinetic energy of the block is
AK = 2v? - 2 = 2mv? - 0 = 244
2 2 2
The work done by the gravitational force is
W, = mgh = (3 kg) (10 m/s2) (2 m) = 60 J
If W, is the work done by the friction, then according to work energy theorem,
W, + W, = AK
Or W,=$K-W‘=24J-EOJ=-36J
As work done against friction is equal and opposite to work done by the friction,
The amount of work done against friction is 36 J

A body possessing kinetic energy T moving on a rough horizontal surface is
stopped in a distance y. The frictional force exerted on the body is

JT T T
A B) — c) — D
(A) Ty ()y ()y ()7;’

According to work-energy theorem, T =fy

where f is the frictional force exerted on the body

or Frictional force, f = L)
y
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kinetic energy of 40 J after moving 4 m?
(A) 30° (B) 45° (C) 60° (D) 120°

According to work-energy theorem

W = Change in kinetic energy

FScos0 = lm\.lf2 - lmu’
2 2

Substituting the given values, we get

20x 4 xcos0D=40-0 (- u=0)

0

or cosf=—= or 0=cos’ (1) =60
80 2

1
2

A force F = 6t, where t is time, acts on a particle having mass = 1 kg. If the
particle starts from rest, then the work done on the body during the first 1
sec will be

(R) 454 (B) 224 (C)ed (D)18J

We have been given, F = 6t

dv
m— = 6t
or dt

Rearranging and integrating both sides
> [ldv=6f tdt (- m=1kg)
t 6
=6|— v=—=3ms"
. {21 Sl

Work done by the force during the first 1 s is given by the change in the kinetic
energy of the object.

. A block of mass 5 kg is resting on a smooth surface. What should be the
angle at which a force of 20 N should be applied so that the body acquires a

W=AK-E.=%mv’ - w=%x1x(3)’=4.sa

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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A particle is moving along a circle having radius r with constant tangential
acceleration. If the velocity of the particle is v at the end of second revolu-
tion after the revolution has started, then the tangential acceleration is

I PROMOTEE

2 2 2 F

A o (8 o (© o () 5—

According to work-energy theorem,
K -K=W

4+
tangential foree weentr.pml faree ac

%mv’ -0=F xs+0

— %mv’=ma,x(2x2nr):7a,=;

Velocity-time graph for a body of mass 10 kg is shown in figure. Work-done
on the body in first two seconds of the motion is

v(ms-')

50 ms!

(0, 0) 10 s (t)s

Here, m =10 kg, t = 2s v(ms)
us50ms'att=0s
Av. 50-0 3

=—=——=-5ms
At 0-10

Speed of the body at t = 2 s,
v=u+at=50+(-5) x2=40ms" :
Using work energy theorem, (0,0) 2 10 (s

Work done on the body = Change in kinetic
energy of the body

W= %x 10[40° - 50?]

= 5 x (40 - 50) (40 + 50) = -4500 J

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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7 Find K and p when the block stops after 1m after rebounding from spring.
Take m = 2kg.
\ G
m ;
N -
y 5 Y7 ¥0.2m
By work energy theorem for journey A - B,

W, + W, + W, +W, = K; -K,

spring

mg(3) + (pmg cos 37°)(-5) +[—%K(0.2)2] +0=(0-0)

(2x10x3)+[px2x10x§x(-5)]—gx(0.2)z =0
60 = 80u + 0.02K

3000 = 4000 + K (1)

By Work energy theorem for journey B - C;

W + W + W + W, =K. =K,

mg (-y) + (nmgcos 37°) (1) + %K(o.z)’ +0=(0-0)

[
!

2x10x[-%]:|+l:px2x10x%x(-1)]+%K(0.2x0.2)=0

IIT-NEET PHYSICS A EPSTUDY CIRCLE
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‘ -12-16p +0.02K = 0
0.02K - 16p = 12
K -800u =600
-600 = 800y -K (2)
Adding (1) and (2);
2400 = 4800p
n=05
K = 800(0.5) + 600 = 1000N/m

| PROMOTERS
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Potential Energy
The capacity to do work is known as potential energy.
For a system, change in potential energy = Negative of work done by the system.
APE = -[F.dx
|APE = -W, 0 = Uy - U||
A man puts a ball from ground and keeps it on a table at height h. What are
changes in various potential energies?
ROAN
]
\
h i
]
1
1
It is to be assumed that the man moves the ball from the top very slowly so
that the ball does not get any kinetic energy at any instant.

If F is force applied by man, then at any instant, F=mg
Work done by gravity, W, = mg x h x cos180° = =(m g h)
Work done by man, W_ = F x h x cos0° = +(m g h)

(QU).= Change in gravitational potential energy = -W,

AU, = -[-mgh]

Change in potential energy of man,(AU) _ =-W,

m

AU, = -mgh

Potential energy at a point is not defined. Change in potential energy is found

by previous explanation. So, to find potential energy at a point, we need to take

a reference point where potential energy value can be assumed to be zero.
The choice of the reference point is to be taken as per convenience.
Then, U = Uyprencs = 'Wsnum

U,-0=-

systom
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Consider an elemental mass dm of length dx at height x,

Then, potential energy of the elemental mass, dU = (dm)g.x

m
=| —|.dx.g.
(F)axex

h
Total potential energy, U = IdU = ng]x.dx
1}

_mg (X[ _mglh®-0
h |2 h 2

IIT-NEET PHYSICS

| A uniform rod having mass m and length h is kept on ground as shown. Find
gravitational potential energy of the rod.
m ,h

Assuming ground level as reference point (U = 0),

_L dm

dx -/-)
X
PE=0

:KZ}L
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1 A rod of length L is kept on ground as shown. If m is mass of rod, then find
its potential energy.
m,L
53°
Consider an elemental mass dm of length dx as shown in the figure.

' 'U

For elemental mass, dm= [%) dx

Also, sin53° = ¥
X

Potential energy of the elemental mass dm,
du = (dm).g.y

L degxsmsa

u=0

Total potential energy, (Reference line)

e [du= mgsli-nsa"]

x.dx
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Find potential energy of the chain in given arrangement.

- m, L

X

Consider an elemental mass dm of length R.db as shown.

Then, dm = " R.de B d}"’
- R.df
and, y =Rsin®
So, dU=dmg.y "Ey q
§ 2 » Reference
="M Rde.gRsin® \ Point (U=0)
L R
2
du = TER cine.de
L
2 B
Total potential energy of chain, U = JdU = mER sin0.do
@

From adjacent figure,

(el
0, k4
R
eﬁ{z-&]
2 R
and, 6, o
2
so, U=TE [cosﬁ]:’
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= 2
= mlg-R (cos®, —cos8,)
2
o FOER t:os(E - E] -cosZ
L 2 R 2
2
U= meR sinE
L. R
Find the potential energy of the chain shown in figure.
L/3
2L

' 'U

For all mass elements on
length %, U will be zero

as they all lie on reference 1"'1; Reference line (U=0)
ine.
Now, for a small element —dy |

below the reference line,

m ¥
dm=| —|d
(L)

Potential energy of the

elemental mass,
dU = dm.g.(-y)

m
dU=-—gyd
Lg.‘f 4

aL

, — mg
Total potential energy, U= IdU S j y.dy
4]
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Conservative Forces and
Potential Energy

The forces which are internal to a system can be of 2 types:

a. Conservative forces, like gravity; and

b. Dissipative forces like friction.

Internal forces are a result of the natural dynamics of the system as opposed to external

forces which are applied by an external source.
We know that the work done by a force F on a body for small displacement is given as,

dw = F-dr.
If the work done by an internal force F, when the particle moves from a general position r1
to another position r2, can be expressed as the difference in a scalar function of r between
the two ends of the trajectory,

W, = ["F-dr = -[U(5) - U(y)] = U, -V,

then, it is said that the force is a conservative force.

In the above expression, the scalar function U(r) is called the potential energy. It is clear

that the potential energy satisfies dU = -F-dr (the minus sign is included for convenience).

There are two main consequences that follow from the existence of a potential function:

(i) the work done by a conservative force between points r, and r, is independent of the
path. This follows from (1) since W, only depends on the initial and final potentials U,
and U, (and not on how we go from r, to r.), and

(ii) the work done by potential forces is recoverable.

Consider the work done in going from point r, to point r,, W,.. If we go, now, from point r, to

r, we have that W, = -W_ since the totalwork W_+W_=(U -U)+(U,-U)=0

S

In one dimension any force which is only a function of position is conservative. That is, if
we have a force, F(x), which is only a function of position, then F(x)dx is always a perfect
differential. This means that we can define a potential function as

W(x) = -j; F(x)dx

where x is arbitrary.
In two and three dimensions, we would, in principle, expect that any force which depends
only on pasition, F(r), to be conservative. However, it turns out that, in general, this is not
sufficient. In multiple dimensions, the condition for a force field to be conservative is that
it can be expressed as the gradient of a potential function. That is,

F.=-VU.
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3 This result follows from the gradient theorem, which is after called the fundamental theorem
of calculus, which states that the integral
-[*vu-dr=-(u,-v)

is independent of the path between r, and r,. Therefore, the work done by conservative
forces depends only upon the end points r, and r, rather than the details of the path taken
between them.

' F -dr =—L’vu-dr =-(U, -U,)

In the general case, we will deal with internal forces that are a combination of conservative
and non-conservative forces.
F=F, # F . ==¥U+F_

The Gradient Operator, V
The gradient operator, V (called “del”), in cartesian coordinates is defined as

() ()~ é()-
(el id P B0 g
ox oy 0z
When operating on a scalar function U (x, vy, z), the result VU is a vector, called the gradient
of U. The components of VU are the derivatives of U along each of the coordinate directions,

Vus= a_‘—U‘l‘ + ﬂ] + ﬂﬁ
ox oy oz

If we consider a particle moving due to conservative forces with potential energy U (x, y, 2), as
the particle moves from point r = Xi + y] +2k to point F+dr = (x+ dx)f +(y+ dy)] +(z+ dz)ﬁ.
The potential energy changes by dU = [U(x +dx,y +dy,z +dz) -U(x, y,z)].
For small increments dx, dy and dz, and dU, can be expressed, using Taylor series expansions,
as
a—udx-t—ﬂdy«rﬂdz =VU.dr
oX oy oz
where dF = (dx)i +(dy) ]+ (dz)fc
This equation expresses the fundamental property of the gradient. The gradient allows us to
find the change in a function induced by a change in its variables.

du =

Conservation of Energy

When all the forces which are doing work on the system are conservative, then the work is
given by the equation,

W = J:’ F-dr= -[U(r,) - U(r,)] = U, -U,, and the principle of work and energy,

K'l * Wu - K'Z*
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which reduces to,
K+l =K+l
or more generally, since the points r, and r, are arbitrary,
E = K+ U = constant.
The above equation shows that the total energy remains constant, and during the motion

only exchanges between kinetic and potential energy take place,

In the general case, however, we will have a combination of conservative, F., and non-
conservative, F_, forces. In this case, the work done by the conservative forces will be
calculated using the corresponding potential function, i.e., W5 = U, - U,, and the work done
by the non-conservative forces will be path dependent and will need to be calculated using
the work integral. Thus, in the general case, we will have,

K, +U, + I: Fedr =K, +U,

The work done by non-conservative forces which oppose the motion is negative. Therefore,
the sum of K, + U, will be less that K, + U..

Examples of Conservative Forces
Gravity near the earth’s surface

On a “flat earth”, the specific gravity g points down (along the -z axis), so F = - mgk.
Call U = 0 on the surface z = 0, and then

U2 = -[ (-mg)dz,
U(z) = mgz.
For the motion of a projectile, the total energy is then

E= %mv’ +mgz = constant.

; . 1
Since v_and v, remain constant, we also have amvf +mgz = constant .

Gravity
In a central gravity field,

Fig —G—:—V[-—GM—m],
r
and so, taking U(r —» o) = 0,
U= _GM_m.
r

where G is the universal gravitational constant.
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Spring Force
For small displacement, the force supported by a spring is F = -kx. The elastic potential
energy of the spring is the work done on it to deform it by an amount x. Thus, we have

| PROMOTERS

U= ‘r-kxdx = lkx’.
a 2

If the deformation, either tensile or compressive, increases from x to x, during the motion,
then the change in potential energy of the spring is the difference between its final and
initial values, or,

=%k[x,—x,]

In general, if for a force, V xF is equal to zero, it is said to be a conservative force.

If the work done in moving a particle from A to B along three different paths 1,
2, and 3 are W, W, and W, respectively (as shown) in the gravitational field of a
point mass M, then the relation between W, W, and W, is

B

(AW, >W,>W,
BYW, =W, =W,
CW,<W,<W,
D)W, >W, > W,

Gravitational force is a conservative force, so work done by it on a particle is
independent of path followed.
Work done by a conservative force depends only on the initial and final positions
of the particle.

W, =W, =W,
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according to the magnitude of the force on the particle in decreasing order.
U(x)
64

i i 3 1

- AN W oo
4
2

Foas oo
dx

Magnitude of the slope is greatest in the region CD, then in region AB, then in
DE and is zero in region BC.

CD > AB > DE > BC

The general form of potential energy curve for atoms or molecules can be
represented by the following equation U(R) = % - Ri“ . Here, R is the intera-

tomic or molecular distance, A and B are coefficients, n and m are the expo-
nents. In the above equation

(A) First term represents the attractive part of the potential.
(B) Second term represents the attractive part of the potential.
(C) Both terms represent the attractive part of the potential.

(D) Second term represents the repulsive part of the potential.

The first term shows the repulsive part of the potential function and the
second term represents the attractive part of the potential function.

N The figure shows the potential energy function U(x) for a system in which
a particle is in one-dimensional motion. Arrange regions AB, BC, CD and DE

IIT-NEET PHYSICS A EPSTUDY CIRCLE




ub

IIT- NLLI LIJ‘:L

CIRCLE

I PROMOTEE

' 'U

In a diatomic molecule, the potential energy function for the force between

2 atoms is given by, U(x) = iﬂ - L‘ , Wwhere a, b are constants and x is the
x° x

distance between the atoms. If the dissociation energy of the molecule is

D=[U,..,~ U, cuitbriumls then D is

Here
Force
Fanb _i(i_ﬂ]
dx  dxlx® «x°

[—12a+6b] [12a eb]

oy

At equilibrium, F = 0

12a 6b e 2a
W—x—,=ﬂ or x =F

u ; = = = .
at equilibrium [ 72 ), (2&) 4a® 2a 4a 2a

=0

(x = =)

Now, we can find the dissociation energy as,

b? b’
D= [Uun) = U, equitisrium J = [0' ['E)] o E
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The force applied on a particle which is constrained to move along x-axis

varies with x-coordinate as

F(x) = = kx + ax’. Here k and a are positive constants.
For x > 0, the functional form of the potential energy U(x) of the particle is

U(x)+
(A) e X (8)
U(x)t
(C) v* (D)
F(x) = - kx + ax?

Relation between F and U is given by

P 24
dx
So, U= JdU = -IF.dx

U= —I(—kx +ax?)dx

kx? ax®
=—|-—+
2 4

kx’_ax‘
2 4
x]=&
a
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For x> 0, U is zero at,
2k
X = —
a
Also,atx=0,U=0
For x < ,KE Uis +ve
a
For x> ,’ﬁ Uis -ve
a
Force is zero at x=0, this shows that the slope of U-x graph is zero at x=0.

' 'U

U(x)

So, U-x graph can be drawn as
Find the equilibrium position if the potential energy of a conservative system
is given by V(x) = (x? - 3x) joule, where x is measured in metre.

Here, V(x) = (x* - 3x) J

For a conservative field, force,

F=-—rnm
dx

¥ . S
F= dx(x 3x) = 3- 2x

At equilibrium position, F=0
-2x+3=0 or

x=§m=1.5m
2
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A block (B) is attached to two upstretched spring S, and S, with spring
constants k and 4k, respectively (see figure I). The other ends are attached

to identical supports M, and M, not attached to the walls. The spring and
supports have negligible mass. There is no friction anywhere. The block B is
displaced towards wall 1 by a small distance x (figure 11) and released. The
block returns and moves a maximum distance y towards wall 2. Displace-
ments x and y are measured with respect to the equilibrium position of the
block B. The ratio y/x is

When the block B is displaced to the right, the spring S, will have no tension, it
will be in the natural length. And when the block B is displaced to the left, the
spring S, will have no tension, it will be in its natural length. Whenever a spring
pulls a massless support, the spring will be in natural length.

Sy : S
M, 4 k k M,

y
IS8 B IS

At maximum compression, velocity of B will be zero.
By energy conservation,

1, .2

1
—(4k)y* = —kx* or
> [Ak)y = =

x|

1
2
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distance x. Then the spring constant is
mg O"}:"“"'--------- ......

(R)
(h+x) bt &

h
mg s |
() (h + 2x) w
©) 2mg(h + x)
x:
mg
(0) (2h + x)

Loss in potential energy of the ball = mg(h + x)

Gain in elastic potential energy of the spring = %kxz

As per law of conservation of mechanical energy,

2mg(h + x)

x‘.!

mg(h +x) = %kx’ & ke
Two rectangular blocks A and B of masses 2kg
and 3kg respectively are connected by a spring I—
of spring constant 10.8 N m~' and are placed on s
a frictionless horizontal surface. The block A A B
was given an initial velocity of 015 m 5" in the

direction shown in the figure. The maximum
compression of the spring during the motion is

o

At maximum compression of spring, both blocks have same speed.
By conservation of momentum,
2(015) = (2 + 3) V

Ve 2x0.15

=2x0.03=0.06m/s

By energy conservation,

T | 2_1 2
2 KX = 2 (D(0.15)° - 2(2+ 3)(0.06)

10.8 x2_, = 0.045 - 0.009

1
X =, 0—=0.05m
- 300

N A ball having mass m is dropped from a height h on a platform fixed at the
top of a vertical spring, as shown in figure. The platform moves down by a

IIT-NEET PHYSICS A EPSTUDY CIRCLE




A: P
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

Equilibrium
At equilibrium condition, net force on a body = 0.
There are 3 kinds of equilibrium
(a) Stable equilibrium
(b) Unstable equilibrium
(c) Neutral equilibrium
Let's say 3 balls are kept as shown in equilibrium.

.

\ revrrvrrebtoeen

Case-1 Case-?2 Case-3

If ball is slightly displaced in case 1, the ball will come back due to presence of a restoring
components of mg. So, the placement of ball is such that the ball tries to restore its initial
equilibrium condition. This is called “Stable equilibrium™

If ball is slightly displaced in case 2, the ball will fall further. There is no restoring force. Such
an equilibrium condition is “unstable equilibrium.

If ball is slightly displaced in case 3, it stays at equilibrium even at displaced position. There
is no restoring force, nor is any disturbing force. It is called “neutral equilibrium™

Relation between Force and Potential Energy
Force (F) and potential energy (U) are related as

du
F=-"t
dx

(Negative of slope of U = x graph is equal to force).
U - x graph for stable equilibrium can be drawn as-

u

A,

> X
~Equilibrium paint
(Slope =0)
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= U-x graph for unstable equilibrium can be drawn as-
U ]
1 ' —Equilibrium point
' (Slope =0)
> X
U-x graph for neutral equilibrium will be-
U
A
_— All points are
equilibrium points

> X

When body passes a point of stable equilibrium, slope of U-x graph increases with x.
When body passes a point of unstable equilibrium, slope of U-x graph decreases.
For stable equilibrium,

d
: (Slope) = +ve

dx |_dx

d[du]—-we e dz—u—we
T dx?

For unstable equilibrium,

d
—(Slope) = -ve
dx( pe)

i[d—l'j]—-\..ma» ie diu—-ve
dx dx ] ' dx®
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Power
Rate of doing work is called power.
Power is delivered by a force. SI unit of power is watt (W).
Powet, Pl i(?.ﬁé
t dt
p-p gt
dt
When force Fis constant,
P=F¥ [ ¥ v)
dt

Above formulae give instantaneous power.

For a time interval, average power can be defined as,

w
Average power, P = —%
gep T

Also, P=F.¥ =ma.v

. - d;
Putting a = —
3= Gt

Power, P = mv. L]
dt

=3 jP.dt = jmv.dv

Also, 3 = i’.d—v
dx

So, P = mv.d—v.v
d
jP.dx = f m.v?.dv

These are the equations related to power, displacement and velocity.
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For given projectile motion, find power delivered between 0-A and instanta-
neous power at maximum height and at O.

' 'U

-
- -

For journey O - A

Average power, P,, = — T Wi

'H S
_ (-mg)H C/fe | >~ B
- [ e NG

6

-2mgH
T

. -2mgH _ mg'H
s (2usin0] usin®
g

At point A, instantaneous power, P, = P, = mg . ucos8 . cos90° = 0
At O, instantaneous power, P = P_ = mg. u. cos(90 + 0) = -m g usin0
At B, instantaneous power, P, = P, = mg. u. cos(90 - 0) = m g usind

2000 stones each of mass S5kg each a loaded on a truck at a height 12m by a
crane in time 10 minutes. Find power delivered.

n|{mgh
Average power, P, = o = [ ghl
At At

_ (2000x5x10x12)J

: =2000W
(10x60)s

Commercial unit of power is “horse power (h.p.)"
1h.p. =746 W

So, Power of crane = 2000W = %hp = 2.68hp
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Find the power of a tube well motor if it pumps water of 10kg/s at a height of
12m at speed 5m/s.

Power of motor, P = K.E. /s + P.E./s

=%x1ox5’ +(10xg xh)

= (%x10x25]+(10:¢ 10 x 12)

=125+ 1200
=1325J/s = 1325 Watt

To increase the flow output of a tube well n times, what should be the in-
crease in power of the motor?

Power, P = Fv

In 1s, mass of water coming out, (::I_T = pAv

If flow output is increased n times,

Then, [Z—TJ = (pAv') = pAV =npAv= v =nv

Now, F = b = dimv]
dt dt

-, p = momentum

As v is constant, so :—: =

Then, F = wv. d_m
dt

dm) dm
So, new force, F'=v'| —| = 7 el
o, new force v[dt) (nv)n(dt]
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= F'=n’[v.d—m]=n’F
dt

New power, P' = F'.v' = n’F xnv

' 'U

P'= l'IJP

A particle is moving along x-axis under the action of a force, F which varies

with its position (x) as F « " . How the power of this applied force varies

x
with x.

1
Force, Foc x *

i
Then, acceleration, a = x 4

1
a=kx * (where k is a proportionality constant)

Then, a = e L =kx *
dt dt dx

dv
dx

1
=kx *

1

vdv =k x *.dx

]v.dv =J'kx-%.dx

«hlw

a
v -
?— ——,then,v::x"

5

Now, power, P = Fv

Px—, ie., |P=<x®

X

2
xﬂ
1
4
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Provided a racing car does not lose traction, the time taken by it to race
from rest through a distance depends mainly on engine’s power P. Derive the
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distance S in terms of t and P, assuming that power P is constant.

Power, P = mav = mv.d—v
dt
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