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‘ ~ WORK

Work is said to be done whenever a force acts on a body and the
body moves through some distance.

ENERGY ]
It is defined as the ability of a body to do work. It is measured by |
the amount of work that a body can do. The unit of energy used |

W=F.§= FScos0 (where 0 is the angle between force applied F
and displacement vector S.) m

F al lhc atomic level is clcclron volt (c\’ ) and SI unll is ] ]

— ey R r—

| The STunitof work is joule (). ! v
———— — — Kinetic Energy
U’ [t is the energy possessed by a body by virtue of its motion. The K.E.
Nature of Work Done ofabody of mass mmaoving with speed vis
1f0=07 W= FSie., workdoneis maximum. K =1mv2 = p_2
If6=90°, W=01i.e.,work doneiszero. 2 2m

v

Potential Energy
It is the energy possessed by a body by virtue of its position (in a
field) or configuration (shape or size). For a conservative force in
one dimension, the potential energy function U(x) may be defined

nd dU(x)
dx

Work Done by a Variable Force
The work done by a \.mable force in changing the displacement

F(x)=-~

orAU=U; =U; = -II-(.\)dt

from 8§ to S, isW = f F-dS = Areaunder the force-displacement

graph 5 *
Power Y Potential Energy of a Spring
The rate of doing work is called Work Energy Theorem Acc'ording i lookex law, “jhm 2
Dower The work done by the net force  SPringis str'etched thrf)ugh a distance
AveiagaPoses acting on a body is equal to the x, the restoring force Fis such that
Itisdefined as the ratio of the small changein kineticenergy of the body. fim(mas ks lh-c spri.ng-: S
= amount of work done W to the W=Change in kinetic energy S and s unit sN mL) €=
TSR Ay STl oy WeAKE The work done is stored as potential
metaken f taperfor : vor =Smy =smi = W=ak. energy Uofthespring
P-'&- The work energy theorem may be < 7
t regarded as the scalar form of W= J’ kxdx = B = U= 1 fy?
TheSTunitof power is watt (W), Newion's second law ol motion. 0 2 2
Head-on Collision or Oblique Collision

One-Dimensional Collision
It is a collision in which the colliding bodies
move along the same straight line path
before and after the collision.
o

",
Alter dollislon

Betors Collivion
Velocity of approach = Velocity of separation
oru| - ll;, = Vz - \'l

my = m, 2,
Sl + 1ty and

Also, v =

my+my My + 1y
2m; my = ny
= Iy +—= M

m, + my "y + ny

CBSE-PHYSILCS,

COLLISION
A collision between two bodies is said to
occur if either they physically collide
against each other or the path of the motion
of one body isinfluenced by the other.

If the two bodies do not move
along the same straight line
path before and after the
collision, the collision is said to
be oblique collision.

Types of Collision
Elastic collision :

conserved.

Both the momentum and
@ kinctuicenergy of the systemremameonserved. s "
Inclastic collision : Only the momentum of the
system 1s conserved but Kinetic energy is not
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IN PHYSICS .
“Work is said to be done by a force acting on a body provided the body is displaced actually in any

direction except in a direction perpendicular to the direction of force”.

IN OTHER WORDS.
Work is done by a force when the force produces a displacement in the body to which it acts in any

direction except perpendicular to the direction of fos€e”,

® For work to be done . Two conditions must be fulfille
[i] A force must be applied

[ii] The applied force must be produce a displacement.i
applied force. &

(a) Suppose you are pushing the wall very hard but the wall does not move. In this case, you
are doing zero work on the wall because its displacement is zero. You may feel tired after
~ pressing hard against the wall but from physics’ point of view, work done is zero.
(b) Suppose a man holding bucket of water is walking on a horizontal road. According to
~ the definition of work, the man is doing no work. In this case, the man is applying an
upward force ; equal to the weight of the bucket. The direction of the force F he
applies is perpendicular to_the horizontal motion of the bucket (object). Therefore, there
is no component of force F in the direction of motion (displacement). Hence work done
by man on the bucket is zero.

body in any direction except +*" to the direction of

@ Work done by a constant force --- Suppose a force F is applied on a body in such a way that the body suffers a

displacemeVQ the direction of force.

F
-»> >
. "awork done, W=F, S
S

@ Work done by a constant force acting on a body at an angle 6 with the horizontal :-

Let a force P be appligd on the body such that it makes an angle 8 with the horizontal direction
Now, Rect. Comp. of F
..... i) _ECos 0 (in the direction of displacement)
..... i) F Cos 6 (L= to the direction force)
Since the body is applied in the direction of F Cos 6
Therefore, Work done, WjF CosB)S=FSCos 6
W =F. S (dot)
Thus, e —_—
“work done by a force is equal to the dot or (scalar) product of the force and the displacement of body.”

Thus, work done is scalar quantity.

O SPECIAL CASE :-- Although workdone is a scalar quantity its value may be positive, negative or even zero.
0 Case |. Positive work :- When 0 < 6 <90
Then, Cos O = positive value
.. W =FS Cos 0 = positive value
“Workdone by a force is said to be positive if the force has a component in that direction of the displacement”.
o Case Il. Zero workdone :- When 6 = 90°
Then, Cos90°=0
.., W=FS Cos 0 =Zero
“Workdone by a force is zero in the body is displaces in the direction perpendicular to the direction of the force”.
o Case Ill. Negative force :- When 90 < 6 <180
Then Cos 0 = Negative value
. W =FS Cos 0 = Negative
“Workdone by a force is said to be negative if force has a component in a direction opposite to that of the

displacement.” - 1>
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® DIMENSION FORMULA ------ Workdone = force x distance 3
w =[MLET2][L]
w =[ M1L2T2]
@ Unit of work ---- [|] Absolute unit [II] Gravitational unit
Absolute unit --- [i] joule [ii] erg
[i]Joule [inS.1]----from, W=FSCos©
J=N-m
“ Work is said to be 1 joule, when a force of 1 N moves a b tu through a distance of one meter in the

direction of applied force”.

[ii] erg [ in cgs] -——-- from, W=FSCos©
erg = 1dyne.lcm

“Work is said to be 1 erg when a force of 1 dyne rhs a body actually through a distance of 1 cm in the
direction of applied force”.

® Relation between joule and erg,
As, W= FxS

’ Joule= 1Nx1m = 10°dyne x 100cm = 107 dyne cm
ie., 1 Joule = 107 erg.

Gravitational uu'%—-—-- i] Kilogram — meter [ kg —m] [ll] gram — centimeter [ g —cm]
[

[i] Kilogram — meter [ Saljt-—-- from, W=FSCos® 1kg—-m=1kgf.m 1kgm=9.8N.m
“Work is said -@ 1 kg m when a force of 1 kgf moves a body through a distance of 1 m in the direction of
the appli i

2 1 gcm =980 cm.
“Workdone is said to be 1 g — cm when a force of 1 gf moves a body through a distance of 1 ¢cm in the direction applied force”.

[ii] ? imeter [ in cgs] ---------- from, W=FSCosB 1lgcm=1gfx1lcm = 980dynecm

Relation between kg =m and g=em : 1kg=m = 10® gx10’cm , lkgm =10°gcm

® Workdone in terms of rectangular component
In term of rectangular components, F and S may be written as —
F=Fdi+FJ+Fk

and, S=5,0+5J+5k
W=F .S

= [ Fd + FyJ + F.k]. [ 54 + SyJ + S.k]

=[RS (.1 +[FSy 1 (T.T)+[FeS: 1 (1. k) +[Fy S (3.7 + [Fy Sy 1 (3.0) + [Fy S21 (k) + [F2 Si] (ki) + [F2 S] (k.J)

+ [F:S;] (kk)
= [Fx S (1) + [Fc Sy] (0) + [F« S:] (0) + [Fy 54 (0) + [Fy Sy] (0) + [Fy S:] (0) + [F2 Si] (0) + [F2 Sy] (0) + [F. S:] (1)
J. W=F.S = [Fc S + [ FcSy] + [F. S:]

E WORKDONE BY A VARIABLE FORCE -- It is not possible that applied force is constant in magnitude as well as direction
and, there,force, we can calculate work done by a variable force.
Consider a force whose magnitude is changing acts on a body (but acting along fixed direction)
Calculation of workdone by a variable force :----

A C
D, __-—~f-~.R---17iC
: 1y |
! i :
i /I i
| )/ i
: /] B, =
0 X1 ' T X3 g B>
Distance ------- i Distance

g
I=I: Sinea 2001
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First of all, divide total displacement from X; to X; (i.e. from A to B) into a no. of infinitesimals displacement (dx).
. PQ =dx 4
The inderval dx is so small that Fx is consider over that interyal.
Therefpre, small amount of workdone in moving the body from P to Q is
dW =F x dx =PS x PQ
= Area of thg strip PQ RS
Therefre, tetal'wo Tﬁ‘ i movmg the body from A to B

1 1
. W =3 dw : P
| /f /5 W BT F s o ; sy
In calfulus, W = / AJ F dx|= **[ Area of the strip P

1 1
: [ /Mg

Workdone by variable force in numerically equEI to th ent acis.

—> —>
O CONSERVATIVE & NON CONSERVATIVE FORGESS; ----------
Conservative forces -------- “A force is said to be conservative if workdone by or against the force depends only
on the initial & final position of the body, and not on the nature of the path followed between the initial and final

position”. Example — ‘Gravit force’ is a conservative force

Calculation of amount of workdomne against gravity - Consider a body (of mass ‘m’) is displace (or lift)

a heught AB = h over different paths from A to B B

14 e,W1=F.S=FSCos® = FSCos0° = mgh (1) h

¥ Case llI---- Rody being taken along smooth inclined plane
Force applied = mg Sin ©
F=mgSin 6
workdone = FS Cos 6
W, = F CB Cos 0°
W2 = mg Sin 6 [CB Cos 0°]
=mg AB/BC CB (1)

’

=mgAB [ Sin 8 = AB/BC] C
W= mgh (2)
¥ Case lll--- Rody is being taken through the height ‘h’ over a staircase 4

Let, no. of steps =n
Height of each step = h"
Width of each step = x

Therefore, workdone, W3 = n [mgh’ Cos 0° + mgx Cos 90°] h
=n[mgh’ + 0]
=nh’mg
W= mgh [Since nh’i=h] s (3)

¥ Case llI---Zhe body being carvied through the height ‘h’ over >ig — zag path.
Let dx = infinitesimally small horizontal distance
dh = Infinitesimally small vertical distance.
Workdone, Wa = % (mg) (dh) Cos 0° + X (mg) Cos 90°
Wi =3 (mg) (dh) Cos 0° + 0
Wa =2 (dh) (mg) (1)
Wi = mgh seeemennennnnune (1) | 2(dh)=h]
From [1], [2], [3] & [4]. we get,
Wi=W2=W3=W,

| im-see 1 neeT I cBs |
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Non conservative forees - “A force is said to be non conservative if work done by or against the force in moving 5

a body from one position to another, depends on the path followed between these two position. Sxample — _Lrictional force.

O PO WE R :- “Hower is defined as the rate at which work is done”.

In other word,
“Prower is defined as the time rate of doing work”.

i.e., POWER = Work/ Time
® When a body takes place lesser time to do a particular work its power is%ﬁ'e greater & vice verca.

Expression Power = Work / time
P=W/t =F. 5/t
or > > >
P=F.V ('.’v=s/t)Q~
/. By the def" of dot produet \ —>
F

-
P =Fv Cos 8 { where 8 is the smaller@e ween & V}
! - —
Th_l.‘s, ”ggwer is the scalar product of force F & velocity v.” )
@® If both F and v point is the same direction,then 6 = 0 v
P= .
]
“Instantaneous) power is the power at any given instant”. ;
Example~--- Supppose ona‘g&d s an infinitesimally small amount of work done dw in an infinitesimally small time dt.
Then, P =dw/dt )
But, dw = F.ds % <
. P=F.d t
P
Thus, Pawer agent at any instant is equal to the dot product of the force applied and the velocity at that instant.

When a e elivers power at a uniform rate, the average power is equal to the instantaneous power.

® l)lS;;NSlON OF POWER :- P=W/t = ML*T?/T = [MLT?
v

@® Units of power :- Watt (W) (SI) . (Absolute unit)
P=W/t 1W=1J/1sec = J/sec
“Power is said to be 1 watt if one joule of work is done in on second by an agent”.

@ Units of power :- (i) 1 kilowatt = 103 watts
1kw=10°w
(ii)1 Megawatt = 10° watts
1 Mw = 10°¢,
® Cgsunit lwatt=1j/a
1 W =107 erg / sec ( Absolute unit)

O Practical unit :- Horse power(h.p) : 1hp=746 W

O Gravitational unit : (i) kgf m/s (SI)
“The power of an agent is said to be 1 kgf m/s if it does 1 kgfm of work in 1 sec.”
(ii) gf cm/s (in cgs)
¥ Power is a scalar quantity.

OXE NE R G Y :--- “The capacity or ability of the body to do work is called energy”.
O Energy is measured by the total amount of work that a body can do.

O It is a scalar quantity.

O Units -—------- [S.1] -=---- Joule
--------- [cgs] - erg
--------- Practical units --- [i] erg = 107 joule ; ----[ii] Calorie = 4.2 joule

----[iii] Kilowatt hour (Kwh) = 3.6 x 10° joule ; ---[iv] Electron volt (eV) = 1.6 x 10"° joule .
“The energy [KE] acquired by an electron when it passes through a potential of volt, is called electronvolt”.
leV =1.6x 10 Cx 1 Volt
=1.6 x 10" joule [Since1Cv=11]]

>
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[9)]

> Difference between power & energy :-
[i] Power determines the rate of doing work. However,
Energy of the body shall gives us an idea of the total amount of work that the body can do.
[ii]lPower depends on time in which the work is done.
Energy has nothing to do with time.

» Forms of energy :--- There are many forms of energy but in this particular chapter, we shall discuss only mechanical
energy [ PE + KE].

(It KXEINETIC ENE RGY - [KE] “Kinetic energy is thé?energy of a body by virtue of its motion”.

A body moving with higher speed should posses more KE than a body i ith lower speed.

Ex:- Flowing water, moving air, a bullet fired from a gun. etc
Expression for KE :--- KE of a body can be obtained either fo V
ing body

r
[i] the amount of workdone on stopping th

or from — [ii] the amount of workdone in gi sent velocity to the body from the state of rest.
Non calculus method --- 8
Consider a body (of mass ‘m’) initially at rest. V  —

Let, A constant force F be acting on the body due t@ whic
it starts moving with an acceleration ‘a’

Therefore, F= Ma inininmansas [i] !
Let the body acquires velocity ‘v’ after ing a'distance ‘S’ < S >

Then from, vi—u
vZ= [ Since u = 0, initially at rest]
or,
From [i], =
If ‘W’ is the workdone rcethen, W =F . S = FSCosB =FSCos0°=FS
[Since F & S are in the same direction, 8 = 0] .
or, v2xS 3
2S
or , % mv? (

This workd on'the body is a measure of KE, therefore
KE=W = % m?

CALCULUS METHOD ---
Consider a body (of mass’m’) lying on a horizontal frictionless surface .
-F= force applied on the body; dx =_small displacement ( in the direction of‘h ;
Small amount of workdone, dW = .dx = FdxCosB = Fdx Cos0°
dw = Fdx [i]

’

If ‘@’ = acceleration produced in the body , then, A/N’s 2" law of motion,

F=ma
= dW = ma dx [from (i) ]
dW=m dv dx
dt
dW = m dx dv
dt
dW= mvdv [Since dx/dt =v]
.. Workdone by the force In increasing the velocity from zero tov
v v v
IdW = Imvdv = mIvdv=m[ v2/2] = m/2[ v’—O] = % mv?
0 0 o

KE= % mv?

i.e. “KE of a body is numerically equals
to half the product of mass & square of the velocity of the body”.

Conclusion : [ from the expression, KE = % mv?]

@ KE a m , Which means, a heavier body possess greater KE and vice versa.
® KE a v? , Which means that a body moving faster possess greater KE and vice versa.

@ KE =1/2 m v? Holds even when the force applied varies in magnitude or direction or in both i.e the expression is
Valid irrespective of how the body acquires the velocity.

|
CBSE-PHYSICS, - Ghcte:
—
.

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS



I: I: : Since 2001._.. BSE-IEHRYKI[:S
A STUDY CIRCLE 2<U WPE‘.'."E.{‘.;Y

ACCENTS EDUCATIONAL PROMOTERS

@ KE of a body is always positive , it can never be negative.

® Kinetic energy of the body depends upon the frame of reference.
Ex. KE of man sitting in train moving with velocity v is % m v2 [ in the frame of earth]

KE of same man sitting in train moving with velocity v =0 [in the frame of the train]

REIATION BETWEEN KE AND LINEAR MOMENTUM-------
LINEAR MOMENTUM of the body ( of mass ‘m’), P=mv ‘, where, v = velocity of the body

Also, KE = % mv?
= 1m’v¥ = mv)?
2 m
& KE = P? [since P =mv] V
2m
m

®Casel --—-- IF P=constant then, KEa 1/m
@®Case Il ---—-- IF KE = Constant then P2 a m a
@®Case Il ----- IF m = constant then, P2 a KE \ P a VKE

OWORK ENERGY THEOREMN, -5

cing a body measures the change in KE of the body”.

“Workdone by a farce dis
P Insimple, Work & energy[KE] are equi quantities.
Explanation--- When a force does some w on a body ,the KE of the body increases by the same amount .Also , when

@ body , its KE decreases and decrease in KE is equal to the workdone
rdin

An opposing force is a
by the body against the

PROOF--- {Work eneﬂ theore ider , a body of mass ‘m” moving with velocity ‘v’ .
Let be rce in the direction of motion.

—>

ds =small displace (in direction of )

Small amount of wo = F. aE = FdsCos0°=Fds = mads [Since F=ma]
mdv_(ds)

[Since a = dv/dt]

dt
[Since v = ds/dt ]

dW = mds dv =mvdv
dt
Total work the force in increasing the velocity of the body from utov
v v v
Idw = I mvdv = mIvdv =m [ v’/2] = m [v-u?]
u u u 2
W= mv? - mu’
2
i.e.
@® Workdone by a force is a measures of change in KE of the body
Non-calculus method --------------=-----
W=FS=masS - ————————————— [i] [Since F =ma]
Let the body acquires ‘v’ velocity after traveling a distance ‘S’, then
From v --u? = 2aS
a= v2 --u?
2S

Putting the value of ‘a’ in equation[i], we get
W=m[vV-u]S=m[ v-u’] = m? - mu
2S 2 2 2

2

W = Final KE -- Initial KE = Change in kinetic energy

» Conclusion---- [i] If there no change in the speed of a particle then,
Final KE —initial KE = 0
e W=0

[ii] Workdone by a force is negative , if there is decrease in the KE of a particle or a body .In this case,

Force and displacement are directed in opposite direction.
[iii] Workdone by the force is positive , if there is increase in the velocity and hence KE of the particle .

In this case , the force and displacement are in the same direction.

POTENTIAL ENERGY - | PE}

“ Potential energy is the energy possessed by a body by virtue of its position in a field of force or by its configuration(shape)”.

or
“The energy possessed by a body by virtue of its position or configuration is called potential energy”.

CBSE-PHYSILCS, AIEP
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Gravitational PE

Ofypes of PE =.EE......¢ pe

“ Gravitational PE of a body is the energy possessed by the body by virtue of its

O GRAVITATIONAL PE==sm===
Position above the surface of earth”.

® The amount of workdone in carrying the body from the surface of earth to its present position against the gravitational Force of

earth, is stored in the body in the form of gravitational PE.

Expression :--  Consider a Block (of mass’m’) which is to be raised to a heightyh’
i &ht ’ye' . mg)

The force required to lift the body must be equal to i
in upward direction .

reference level

(Assumption:--Height ‘h’ is not to large and the value of ‘g’
Practically Constant)

> > > > \
W= F .S =F.h = Fh CosG@osO"
= Fhx1
W= (mg)xh A [T T = mg] mg
= mgh.
At the surface of Earth, h&\J

GPE= U =Zero

® ® GPE vari ctly as the mass of the body .
v, @ aeheight . 5 above the surface of the earth.

® ® GPE ’ e
ciated with only VERTICAL POSITION

is défined only for conservative force .
s said to be POSITIVE , when work is done by the body in going above reference position .

GPE is NEGATIVE, When work is done on the body to bring it back to the reference position .

Yyvyy

O CONVERSION OF GPE TO KE :---
When a falls from a certain height its KE begins to increase at the expense of the GPE which is reduced. (but, total

mechanical energy remains conserved . A
Consider a body of mass in to be at a position A. Y -
Let ‘h’ be the height of the body above reference level
X
@At the position ‘A’_:-- h
KE =%mvZ=0 [~ v=0,thebodyis at rest.] —
PE = mgh h-x
Total mechanical energy ( ME ) = KE + PE = 0 +mgh = mgh -vYC - —®@R-leVel

@At the position ‘B’ :--
Let the body be at the position ‘B’ after fallen through distance x:

PE = mgh - mgx = mg(h-x)
If ve =velocity of the body at B then V% —0 = 2 gx

VZB =2gXx

KE=%mV% =m x2gx = mgx
.Total ME= KE + PE = mg(h—x)+ mgx = mgh -----uuuv (n)
@ At the position ‘C’ :- Now ‘h’ can be regarded as Zero. ="~ PE = mgh= 0
Also Let V. be the velocity with which the body just touches the ground .
“V%-0 = 2gh <. 'V% = 2gh
W KE =%mV: = %mx 2gh = mgh.
. Total ME= KE + PE = mgh + 0 = mgh - ()

From (1), (I1) & (lll) the sum of the KE & PE (i.e.ME) of freely fallen body is constant at all stages of motion.

CBSE-PHYSILCS, A
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Numerical (KE) 9
i i i . After passing through a mud wall 100 cm thick,

1.) A bullet of mass 20 g is fired from a rifle with a velocity of 800 m /s
Velocity drops to 100m/s by the wall neglecting friction due to air .

mass (m) = 20g = 20/1000 kg

Sol"
u= 800m/s v = 100 m/s
work done = change in KE
FxS = % mu? - % mv?
Fx100cm = % x2 =1 x 2_ [ (800)%-(100)%]
100 2 100
Fx100 m = 6300
100
| F= 6300N.
2.) A body of mass 5 kg initially at rest is subjected t of 20 N. What is the KE acquired by the at end of 10 sec.
Sol " = 5kg, u , ZN = 10sec.
a= f/m = _0 = 4m/s2
5
Now, v = u+at? = 0+4x10\= 40m/s

L}
** KE =% x 5 x (40)? @0]0 e.

Potential energy of a sprin
Consider a spring is stretched o essed from its normal position (say, x = 0) by a small distance x. Then
restoring Force is develop in‘th ring to bring it to the normal position.

x=0

The Restoring force proportional to the displacement ‘x” and its direction is always opposite to the displacement
(where, K = spring constant or force constant)

i F —>
e a -X
F=-kx

------ Hooke’s law

¥Spring constant , K = -F/x
“Force constant (or spring constant ) is defined as the retarding force per unit displacement of the spring

® UNIT--- [i]In Sl -——- K = -F/x = N/m; [ii] In cgs----- K = -F/x = dyne/cm
® DIMENSION---- K = -F/x=MLT?L = MT?

m Greater the force constant smaller will be the stretch or compression of the spring for a given force

If x=1 then F =-ux1 oru = -F
Hence, force constant of a spring is numerically equal to the force required to produces unit displacement in the

spring
EXPRESSION for PE of a spring : T
The external force is just equal & opposite to the restoring forces F
-’
F(ext) = X .
->F(ext) = +Kx [ F=-Kx ]
Let the body be displaced further through infinitesimally an small distance ‘dx’ , against the restoring force.
CBSE-PHYSIECS, AI: 1 s
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. Work done in doing so is, 10
dw = ext . AX
= FexdxCos0° = Fea dx
". total work done to stretch the spring through a distance x from its normal position (x=0)
I dw = I Kxdx
0
X
W = KI xdx %
0 V
W= K| x*|* ‘ ,
[ 2 o
W=_KI[ %}
2 \O
This work done is stored as PE of the stretched spring at that point.
PE, U= % Kx?
Thus, associated with the state of compression or extension of spring (elastic object) is known as elastic PE.”
“A collision is said to take pl her two bodies physically collide against each other or when
the path of one bod&l y the influence of the other body.”
Example:(i) A hammer stri ana
(ii) an o - parti pegding towards nucleus of an atom gets deflected by the electrostatic force of repulsion.
» The force invo, ina ision are action & reaction i.e. the internal force of the system
» Due to collis! momentum & Kinetic energy of the interacting bodies change . Since forces involved are internal Forces
(action —géactiom) , therefore , the total momentum is conserved. Also , the total energy is conserved.
@ T sion:- > Elastic collision

— Inelastic collision
O[1] ELASTIC COLLISION :-- “ A collision is said to be perfectly Clastic collision if both the KE &~ MOMENTUM ave

conservved in the collision.”

m This simply means , the linear momentum & the KE of the particle before and after collision are same.
m n an elastic collision ,the forces of interaction are conservative in nature.
m Perfectly elastic collisions are extremely rare physical phenomenon

Example :- i) Collision between atomic & sub — atomic particles are elastic collision
ii) Collision between two ivory or steel or glass ball is also nearly elastic collision.

» Characteristic of an Elastic Collision:-

------ 0i) Linear momentum, & --------Qii) KE (in fact, total energy) is conserved.
Mechanical energy (KE) is not converted into any other forms of energy (like heat energy, sound energy)
------ 0 iii) Forces involved are conservative .
» If a ball dropped from a certain height rebounds to its original position, then
Collision is elastic because there is no loss of KE in this case.

O[2] INELASTIC COL

“ A collision is said to be inelastic if the LINEAR MOME

Conserved but its KKE energy is not conserved.”

of the system remains

m The KE lost in the collision appears in the form of heat energy, sound energy, and light energy etc.
m The forces of interaction in an inelastic collision are non-conservative forces.
m Most of the collisions between macroscopic bodies are inelastic collision.

Example:-If a ball is dropped from a certain height and the ball is unable to rise completely to its orlglnal helght This simply means
that the ball has lost some KE and therefore the collision is inelastic. @«

=@ Perfe In elastic collision (plastic collision
“AA collision is said to be perfectly inelastic if the two bodies
after collision stick together and move as one body .”

Example : When moving bullet hits the stationary wooden block then it is embedded in the
wooden block and both move as one body.
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11

» CHARECTERISTICS : O1) Linear momentum is conserved.
02) KE is not conserved.
03) Total energy conserved.
O1) Some of the foreces are not conservative.

-- The degree of elasticity of a collision is determined by a quantity called Coefficient of
Restitution .

Def" : “Coefficient of Pestitution is defined as the ratio of relative velocity of separation after collision to the

velative “Yelocity of approach before the collision”
@ Denoted by ‘e’

e=Va—Vi - .
T——— Where , u1 & u2 are velocities of t ore collision .and
ui—uz v1 & v2 are the velocitiesfafter collision.

® The value of ‘e’ depends upon the nature of the colliding b
® The smallest value of e can be zero and the max. value of .

% For perfectly elastic collision . v,—v: u
2 e= —vi =1

OCoefficient of Restitution :

Uui— uz
¥ For Inelastic collision : Relative veIociWk:aration after collisioni.e. V2— V1 = 0
\ 0 = 0

Rl 1 =
Uz Ui—UuU2
» P> P> Conclusion— Jﬁ& othgr collision ‘e’ lies between O and1 1.6. O < e < 1.

Determination of ‘e’ --
Consider two sphere of ses ‘m* & ‘M’ suspended as pendulum .Sphere of mass ‘M’ hangs

freely At rest (.i.e. uz; =

Let sphere of mass ‘m’ is raised through a height ‘h’
andt refeased . After collision , let the masses ‘m’ &' M’
a nd to heights h; & h; .

Now using the relation , v = \ 2gh

u; = \JZgh , V1= \,2gh1 , V2= \,Zghz

o e= vy --vi =y2gh; --y2gh; = VvV 2g [Vh; --Vh,]
ui—u; Y¥2gh --0 v2g Vvh
[ e = [Vhy --Vhy] ]
vh

O Elastic collision in one dimension | [ =Df-------- (Means two bodies moving initially along the same straight line
, strikes against each other without loss of KE and continuing

to move along the same straight line after collision.)
Thus, 1-D elastic collision is that elastic collision in which the colliding bodies move along the same straight line path

before and after the collision’.
Expression---- let two bodies A & B, masses m; & m,; moving in a straight line with velocities u; & u, (such that u; > u; ).
Before collision collision After collision

o8
[
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Relative velocity of approach ,before collision =

1 e [i]
A & B collide, Let the collision be perfectly elastic

12
Suppose after collision , their respective velocities changes to vi & vz
If v2>vi, then, relative of separation after collision = va.-vi

----------------------------- [ii]
According to law of conservation of linear momentum

Total linear momentum before collision = total linear momemtum after collision
miuz +mz2uz

mi1( ui—vi) = mz(vz2 -- uz) --
As the collision is elastic , so KE of the system is conserve, therefore

mivi + M2 U2

[A]
Total KE [before] = Total KE [ after]
% miu + amau? = % mava? + % ma o2 V
mi[ui?=vi?] = ma[ va? --u? ]
ma [ (u1+vi1) (u1 --vi)] = mz[(vz-u)(va+u) ]*™------ -- --- -oc oo oo -[B]
Dividing [B] by [A] we get,

ma [ (us+va) (U --vi)]
mi( ur—vi)

(u1+wvi)
u; ...uz

i.e . Relative velocity of appro@ﬂelative velocity of separation, therefore

e =V --Vp = 1
U1—Uz,

d

Thus, CoeffncneanQntutlon of a perfectly elastic collision in 1-D is unity{1}
i.e. For perfectly elastic collision ,e=1

V2—Vi1

V2 = Uui1—uz +va [D]
ing the value of v, ineq. [A], we get
m1( U1—V1) =

my [(ur—uz2 +vi1) --uy]
m;( U1—V1) mz[(u1—2uz +V1)]
mMiUi— M1 Vi maui—2mauz + My Vi
v1(m1+m2) - 2mMauz; --m> uU; + MUz
vi(mi+m;) 2mau; == Ui [my +m]
vi(mi+m;) 2mau; + ur[mg --m;]

vi=2mau; + Ui [m; --my]
(m;+m;)

For body B------
Putting the value of v in eq. [D] we get
Vo= (Ui—uz2) + 2maus + Ui [my --m;
(m1+m;)
Or,

Vo=2miui+ u;[m

- ml
(m1 +m; )
Special cases ----
DcCase 1:- When the bodies have equal masses i.e.m;=m;
Velocity of A after collision , vi= 2mauz + ui[mi --m2] = 2mu
(m1+m2) 2m
e Vi = U2
i.e. Velocity of A after collision = velocity of B before collision
Velocity of B after collision, v2= 2miui+ ux[m; --mi] = 2mu
(m1+m;y) 2m
V2 = U1
i.e. velocity of B after collision = velocity of A before collision
Conclusion ----------

When two bodies of equal masses suffers 1-2) elastic collision , they interchange their velocities

Ocase Il :- When the Target B is at rest i.e. u,
Velocity of A after collision  vi =

=0
2m2 x 0 + ui(mi—mz2)
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Sovi = ui(mi—-mg) 13
mi + ma2
Velocity of B (after collision) v2 = 2mius + uz(m2—m1)
mi+ ma2
V2 = 2mius
mi+ mz
SUB CASES :-- Uz =0
OCase (a) :-- When both the bodies have same masses . i.e.
Velocity of A
vi=2mx0 + ui(m-m)
mi +ma2 V
vi=0 C)
Velocity of B
vz = 2mui + u(m-m) \
m +m ( ’
V2= 2mus
2m
V2 = n1

O Case (b) :-- When bodyBii very very heavy. i.e. mz;>>m; (in this case m; can be neglected )
Velocity of A

Va X + ui(-mp
ma2
Qm -m2
m2

o=

i.e. bodyA comes torestand B sta@g hinitial velocity A i.e. 100% transfer of Y.L of A to J3.

Vi == i.e. A rebounds with its own velocity and J3 continues to be at rest (practically )
OCase . en body B at rest has negligible mass i.e. m; > m;
fA
vi = 2mou, + ui(mi;—m,)
mi+m;
vi = 2x 0 x u;+ ui(m)
ma
Vi = U M
ma
Vi = U
Velocity of B
va = 2mius + u(0—ms)
mi
V2= 2miu
m i.e. A keeps on moving with the same velocity of its own
va=2u and J3 starts moving with double the initial speed of A.

O Elastic Collision in Two Dimensions:--
(Means two bodies travelling initially along the same straight line collide without loss of KE and move along different
directions in a plane after collision )
Consider a particle of mass mi1 moving X-axis with initial velocity ui collides elastically with another particle of mass m2
and velocity with u.. After collision, let the mass m1 moves with velocity vi1 at 8: w.r.t the X-axis and particle m2 moves

with velocity vz at an angle 8, w.r.t X-axis y

whenu; > u; , the bodies collides

A
Since, collision is elastic
=+ Total KE before collision = Total KE after collision 0,
A (VEY > 2 Uf X
%o omu? + % mau? = ¥Bmavi? + Bamyvy? B
my ud +  m; uy? = mavid + my vt (A) V2
Also linear momentum is conserved . VAl
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m Along X-axis 14
Total L.momentum before collision = Total linear momentum after collision,
myu; + m u, = myVvy COs 91 + myv, Cos ez """""""" (B)
m Along Y-axis
Total linear momentum before collision = Total linear momentum after collision.
0 = mw, Sin vy Sin 0,
(Both the bodies are moving along X-axis ).
O In Elastic collision in 1 -D { g
Two bodies of masses mi & mz moving with initial velocity a single axis.
- . P
& 3 \:3/ A * LY »
mi m; mi Vi m; V2
(B.C) (A.C)
when ui > uz, the two bodies will collide invo mg some loss in KE.
Suppose , After collision, final veIocntyo
Since , the two bodles form ones
. Total linear momentum(y\ = total linear momentum ( A.C )
myuy &Vmﬂ’i + myv;
e
= 0)
As momentum is conserved.
Therefore, 7otal linear momentum (B.C) = 7. (L momentum ( A.C )
miu1 + mauz = MV where , M = mi+ m2
mw +0 = Vimi+mz)
YV = my,
R m; <1 e
mi+m; YV < wu
OLess in KE in perfectly inelastic Collision:--
Total KE(B.C) = % muus® + %mauz? = omaui? + 0
KE1 =1/2 l'l'lj,l.hz
Total KE(A.C) = % mav® + bmv? = % v2[my+mj]
JoOKE; = BVi[mi+my] = % [mi+my] miui? [since V = miu;
[ M1+ my) 2 mai+ m;
KE; = 1 mi’u;?
2 m.m;
Lossin KE = KE; - KE; = lmll.h. —m1 u; 2
2 2[m1+m;y)
= mlulzjm1 + mz] e I'T'llzl.llZ
2[mi1+my]
= miui? + mimpus? - m;?us?
2 [ mi + m2]
= m; myuy
2[my + my]
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L 2 Formula Used

1W=Z 1= S
i

S
2w=] } d¢
S1
3. W = Area under the force-displacement curve between the initial and fi
* Units Used
In SI, force f is in newton, distance s in metre and work done W in joule.
Q. 1. A 2 kg particle starts at the origin and moves along the positive x-axis. The

| positions of the body.

t force acting on it measured at intervals of 1 m is:

27.9, 28.3, 30.9, 34.0, 34.5, 46.9, 48.2, 50.0, 63.5, 13.6, 12.2, 32.7, 4 27.0 (in newtons). What is the total work done on the
particle in this interval?
Sol. As the forces and displacement are in same direction, s
W=2XFs5=279x1+283x1+309x1+ 6.9x1+482x1+50.0x1
i + +13.6x1+122x1+46.6x1+27.0x1 =496.3)

Q. 2. A body moves from point A to B under the action 6f a forcejvarying in magnitude as shown in Fig. Obtain the
work done. Force is expressed in newton and displacement in metre.

Sol. Work done = Area under F —s curve
Wag = W23 + W34 + Wys = Area under AP + Area under PQ + Area under QR — Area above RB

=10x1+%(10+15)x1+%x1x15-%x1x15=10+12.5=22.5)

Q. 3. A woman pushes a trunk on railway platform which has a rough surface. She supplies a force of 100 N over a distance of 10 m.
Thereafter she gets progressively tired and her applied force reduces linearly with distance to 50 N. the total distance by which the
trunk has been moved is 20 m. Plot the force applied by the woman and the frictional force, which is 50 N. Calculate the work done
by the two forces over 20 m.

Sol. Plots of force F applied by the woman and the opposing frictional force F are shown in Fig.
|
100
50
0
A 10m 20 m X
] B !
G f (friction) H

Clearly, at x =20 m, F = 50 N. As the force of friction f [= 50 N] opposes the applied force F, so it has been shown on the negative side of
the force axis.
Work done by the force F applied by the woman
W = Area of rectangle ABCD + Are of trapezium CEID
=100 x 10 + % (100 + 50) x 10 = 1000 + 750 = 1750 J
Work done by the frictional force,
Ws = Area of rectangle AGHI = (—50) x 20 = 1000 J

Q. 4.A particle moves along the X-axis from x = 0 to x = 5 m under the influence of a force given by F = 7 — 2x + 3x2.
Find the work done in the process.

Sol. Work done in moving the particle from x = 0 to x =5 m will be
5 5
W =] Fdx=[(7-2x +3x?) dx
0 0 % 5
=[7x—2_x2+3_x3] = [7x=x2 + %3]
2 3 o =35=25+125=135 ]

0
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Q. 5.

Sol.

B
22X

A particle of mass 0.5 kg travels in a straight line with velocity v = ax3/2 where a =5 m™%/2s71, What is

the work done by the net force during its displacement fromx=0tox=2m.
Velocity, v = ax*/? Work done,
Acceleration =dv =3 ax’2dx =3 ax?.v

dt 2 dt 2 W=[Fdx=
0

=3 ax?2 . ax3?

2

3
2

ca
rm
1

2
I ma2x?dx =3 ma?( x3)?
0 0

<
A
ca
A

W

0 o
I'I'IO’ o
zix

fm

A

)

P,

2 3

= 3 a%x? =3x0.5x(5)?[2*-0% =501

L 2

Q. 1.

Sol.

Q. 2.

Sol.

Q. 3.

Sol.

Sol.

Q. 5.
Sol.
Q. 6.

Sol.

Sol.

Formula Used
1.W=§.;=Fscose

2. If a body of mass m is raised through height h, then.

2 2%3
Force, F = m x acceleration = 3 max? @
2
Examples based on Work done by a Constant F‘Q‘N

3. If a body moves up a plane inclined at angle 6 wi stant speed, then W=mgsin 0 x s

Units Used

In SI, force F is in newton, distance s in metre and work done W in joule. In CGS system, force F is in dyne,

distance s in cm and work done W in erg,
Conversion Used
1J=10"erg

A person is holdi

distance of 5 @ an en climbs up a vertical distance of 10 m. Find the total work done by him.

For horizontal ion, the angle between force and displacement is 90°.
re =10N, s=5m, 6 =90°
ork done, Wi = Fscos 0 =10 x5 x cos 90°=0

For ve | motion the angle between force and displacement is 0°.

ere F=10N,s=10m, 6 =0°
Work done, W, = 10 x 10 x cos 0° =100 J
work done = W; + W, =0+ 100 = 100 J

A cyclist comes to a skidding stop in 10 m. During this process, the force on the cycle due to the road is 200 N and is directly opposed
to the motion. (a) How much work does the road do on the cycle? (b) How much work does the cycle do on the road?

Work done on the cycle by the road is the work done by the stopping force of friction on the cycle due to the road.(a) The stopping
force and the displacement make an angle of 180° with each other. Thus, work done by the road, or the work done by the stopping

forceis, W, = Fs cos 0 =200 x 10 x cos 90° =— 2000 J
It is this negative work that brings the cycle to a halt.

(b) From Newton’s Third law, an equal and opposite force acts on the road due to the cycle. Its magnitude is 200 N. However, the road

undergoes no displacement.
R Work done by the cycle on the road = zero

A body constrained to move along the Z-axis of a co-ordinate system is subject to a constant force F =

—i+2j?3kN, wheref, J, k

are unit vectors along the X-, Y-, and Z-axis of the system respectively. What is the work done by this force in moving the body a

distance of 4 m along the Z-axis.

Here, =—1+2]+3kN
As the body moves a distance of 4 m along Z-axis, so s = ach
Y W=F.3=(-1+27+3k).(4k)

=(-T+27+3k).(01+0j+4k)
=—1x0+2x0+3x4=12)

A force?= i+ 5]+ 7k acts on a particle and displaces it throughs =61 %k. Calculate the work done if the

force is in newton and displacement in metre.
W=F.S=(1+5]+7k).(67+0J+9k) = 1x6+5x0+7x9=69)

A force % —K (y1+x]), where K is a positive constant, acts on a particle moving in the XY plane. Starting from the origin, the
particle is taken along the positive X-axis to a point (a, 0) and then parallel to the y-axis to the point (a, a). Calculate the total work

done by the force on the particle.

Position vector of point (a, 0), 3= ai + 0] Also, ?= — K (yi + x])

Position vector of point (a, a) r; = ai + aj Work done, W=F.r=—K (yi +

Displacement_vector, As X=a,
r=n-n=(@i+aj)-(al+0j) = aj

SO

?)—>

7aj = —Kax.
W = —Ka?

A uniform chain of length 2 m is kept on a table such that as length of 60 cm hangs-freely from the edge of the table. The total mass

of the chain is 4 kg. What is the workdone in pulling the entire chain on the table?
Take g =10 ms2.

Mass of length 2 m of the chain =4kg

Mass of length 60 cm or 0.60 m of the chain = 4x0.60=1.2kg
2

Weight of the hanging part of the chain = 1.2x10=12N

As the centre of gravity of the hanging part lies at its mid-point, i.e., 30 cm or 0.30 m below the edge of the table, so the work required in pulling

the hanging part on the table is W = force x distance =12 x 0.30=3.6J

CBSE-PHYSICS,

AEP ==z
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS



YSICS

A
gWE

B0 O

R
RG3®Y

4\ I- I: Sinca 200L... B S E -
IIT-JEE | NEET | CBSE 2 E
STUDY CIRCLE U w

ACCENTS EDUCATIONAL PROMOTERS

Q. 8. A A rain drop of radius 2 mm falls from a height of 500 m above the ground. It falls with decreasing 17

acceleration (due to viscous resistance of the air) until at half its original height, it attains its maximum (terminal) speed and moves with
uniform speed thereafter. What is the work done by the gravitational force on the drop in the first and second half of its journey?
What is the work done by the resistive force in the entire journey if its speed on reaching the ground is 10 ms™1?

Sol. Whether the rain drop falls with decreasing acceleration or with uniform speed, the work done by gravitational force on the drop
remains same. Density of water, p 103 kgm—3
Herer=2mm=2x103m Mass of rgin drop, m = Volume x density=4 3 p
Distance moved in each half journey, h = 500 = 250 m 3
2 Anx(2x103)3x103=32nx 10 %kg
h=500=250m 3
2

Work done by the gravitational force on the rain drop in each journey, =Fxs=mgxh

=327 x10°x 9.8 x 250 =0.082 )

3

For entire journey,
Work done by gravitational force + Work done by resisti
2 x 0.082 + W, = % mv?
or, W,=1x32nx10%x(10)2-0.164 =
2 3
Q.9. Calculate the work done in raising a stone of mass 5 kg and specific gravity 3, lying at the bed of a lake through
a height of 5 m.
Sol. Specific gravity of stone = Mass of stone in air
a n equal volume of water

nin K.E.

0.164=-0.1623)

or 3= 5
Mass of an equal velume of water
Mass of an equal vo f water = 5 kg.
3

According to the Ar ed inciple,
loss in the weight of stone whel immersed in water = weight of water displaced =5 kg wt
3
App: t weight of stone in the lake =5 -5 = 10 kg wt
3 3

ed to lift the stone in the lake, F=10kgwt=10x9.8N

3 3
e'in raising the stone through a heightof 5m, W=Fxs=10x9.8x5=163.3)
3

ith a depth of 2 cm. How much work would have been done in raising water to the height of clouds? Take = g = 9.8 ms2 and density
of water = 103 kgm3.

Sol. Area, A=10°m2Depth,d=2cm=2x102m Force used in raising water to the height of clouds.
~Volume of water = Ad = 105 x 2 x 102 =2 x 10* m3 F = Weight of water=mg =2 x 107 x 9.8 N
Mass of water, m = Volume x density Work done,
=2x10°x103=2 x 107 kg W=Fs=2x107 x 9.8 x 1000 = 1.96 x 10* )

Q.11. Alocomotive of mass m starts moving so that its velocity varies according to the law v = avs, where « is a constant and s is the
distance covered. Find the total work done by all the forces acting on the locomotive during the first t seconds after the beginning of

motion.
Sol. Velocity, v = o Vs = o s1/2 s=ut+¥atl=0xt+%x%alt?=%ult?
Acceleration,a=dv=1as?? ds=1lax¥2.v Work done,

dt 2 dt 2 W=Fs=VmaZx%o2t2=1ma’*t2
=%as? as2=%a?
Force, F=ma=%ma?
Distance covered by the locomotive in first t seconds,

Qiz. A scooter skids on a road and stops after 20 m. The force on the scooter due to the road during the
process of skidding is 100 N, due to which the scooter’s motion is opposed. Calculate (i) The work done by
the road on the scooter and (ii) Work done by the scooter on the road.
Solution:- Here, F=100N, S=20m.
(i) Force F acts in a direction opposite to the displacement of the scooter.

Work done by the road on the scooter, W = FS cosO = FS 180° = —FS
=-100x20 = -2,000]
(ii) Scooter also exerts a force = 100 N on the road as per Newton’s third law of motion. But road is not displaced
from its positioni.e. S=0 Work done by the scooter on the road, W=F5=0

Qi3. A particle moves along x-axis from x = 0 to x =4 m under the influence of force given by F = (5 — 3x + 2x?) N. Calculate
the work done by the force.
Solution:- Work done by a force F to displace the particle through a distance dx is given by dW = F dx ..(1)
*. Total work done to displace the particle from x = 0 to x = 4 m can be calculated by interpreting egn. (1) between these limits

i.e. X34
‘JF dx = |(5-3x+2x?)dx (since F=5—3x+ 2x?)

A et
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Qia. A bus weighing 10,000 kg is moving with a speed of 36 km h-1. How much retarding force is required to 18
stop this bus in a distance of 50 m?
Solution:- Here, m = 10,000 kg u=36kmh?!=36x5 =10ms?
v=0 S=50m. 18
FxS=%mvZ-%mu? we get
F=%m(vZ—u?) = 10,000(0—100)=-10,000 N
S 2 x50
Retarding force = 10,000 N.
CONCBPRURN DS oo corsaionanionsionmsrsssasmysnsosmesmasasssrssamnissiomissaisreommssns s
MThe work-energy theorem is not independent of Newton’s second law. It gftay be viewed as scalar form of second law.
| The WE theorem holds in all inertial frames. It can be extended @ ngfi-inertial frames provided we include the pseudo
force in the calculation of the net force acting on the body under cogsideration.
MWhen force and displacement are in same direction, the kinetic We body increases. The increases in K.E. is
equal to the work done on the body.
MwWhen force and displacement are oppositely directed, the ic energy of the body decreases. The decrease in K.E.
is equal to the work done by the body against theg tding force.
MwWhen a body moves along a circular path with uniforfia spéed, there is no change in its kinetic energy, By WE theorem,
the work done by the centripetal force is \
MWwhen K.E. increases, the work done is positive aild wh .E. decreases, the work done is negative.
MIn deriving the WE theorem, it has been assgmed e work done by the force is effective only in changing the K.E.
of the body. However, the work dope on a body may also be stored as the P.E. of the body.
Examples based on K.E. and theerem
* Formula Used
1. Kinetic energy, K = % mu? . According to work-energy theorem, W = K¢ — K; = % mv2 — % mu?
* ic energies K; and K;j are all in joule
* 1029
Q1 |ly at rest is subject to a force 16 N. What is the kinetic energy acquired by the body
at the end of
Sol. Here m = 4 kg, ,t=10s v=u+at=04x10=40 ms™
Acceler ,a=%=16 =4 ms2 The kinetic energy acquired by the body,
m 4 K=%mv2="% x4 x (40)2=3200)
Q. 2. y rogket of mass 0.1 kg has a small fuel of mass 0.02 kg which it burns out in 3 s. Starting from rest on a horizontal smooth track
a ed of 20 ms™! after the fuel is burnt out. What is the approximate thrust of the rocket? What is the energy content per
u s of the fuel? (Ignore the small mass variation of the rocket during fuel burning).
[NCERT]
Sol. Here m=0.1kg,u=0,v=20ms, t=3s Energy content per unit mass of the fuel
Thrust of the rocket=ma=myv—-u=0.1x20-0=2N Total energy = 20)J =1000 J kg™*
t 3 3 Mass of the fuel 0.02 kg
Kinetic energy gained by the rocket,
K=%mv2Z=%x0.1x(20)2=20J
Q. 3. An electron and a proton are detected in a cosmic ray experiment, the first with kinetic energy 10 keV, and the second with 100 keV.
Which is faster, the electron or the proton? Obtain the ratio of their speeds. (Electron mass = 9.11 x 10-3! kg, proton mass = 1.67 x
1027 kg, 1 eV = 1.60 x 1079 J) [NCERT]
Sol. K.E. of the electron = % me vZ. = 10 ke V or v2. = 1670 =183.3
K.E. of the proton = % m, vp? = 100 keV vz, 9.11
2 YimevVe: = _10keV =_1 or Ve =13.53
Y mp vp? 100 ke V 10 Vp
or 9.11 x 1031 xve2=_1 Thus the electron moves faster than the proton.

1.67x1027 xv3, 10
Q. 4. A bullet weighing 10 g is fired with a velocity of 800 ms~. After passing through a mud wall 1 m thick, its

velocity decreases to 100 ms™. Find the average resistance offered by the mud wall. [NCERT]
Sol. Mass of bullet, m =10 g = 0.01 kg According to work-energy theorem,
Velocity of bullet before passing through mud wall, u = 800 ms—! Work done by resistance offered by mud wall
Velocity of bullet after passing through mud wall, v = 100 ms = Decrease in K.E.
Distance covered by the bullet,s=1m or Fs=%m (u2—-v3)
Let average resistance offered by the wall = F * F=m (u2—v?) =0.01 x (8002 —-100%) = 3150 N
2s 2x1
Q. 5. A shot travelling at the rate of 100 ms™ is just able to pierce a plank 4 cm thick. What velocity is required to
just pierce a plank 9 cm thick?
Sol. Herevi=100ms™,s;=4cm,v2=?s,=9cm or V2= _;_=\]§' =3
K.E. lost by the shot = Work done against plank’s resistance \Z1 \]-:: 4 2
“hmvi’=Fxs: and % mva2=F x sa. v2=3 xv1=3x100=150 ms™*
Ondividing, V%=s2 2 2
Vi s
Q.6. In a ballistics demonstration, a police officer fires a bullet of mass 50.0 g with speed 200 ms~! on soft plywood of thickness 2.00 cm.

The bullet emerges with only 10 % of its initial kinetic energy. What is the emergent speed of the bullet?

[NCER
Sol. Here m = 50.0 g = 0.05 kg, u = 200 ms™ ] v=J2x100 = ’ 2x100=63.2 ms*
Initial K.E. = % mu? = % x 0.05 x (200)? = 1000 J m 0.05

Final K.E. = 10 % of 1000 J = 10 x 1000 = 100 J Clearly, the speed reduces nearly by 68% and not by 90% by
100 or % mv2=100)J which the K.E. reduces.
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It is well known that a raindrop or a small pebble falls under the influence of the downward gravitational force 19
and the opposing resistive force. The latter is known to be proportional to the speed of the drop but is otherwise
undetermined. Consider a drop of small pebble of mass 1.00 g falling from a cliff of height 1.00 km. It hits the ground
with a speed of 50.0 ms™. What is the work done by the unknown resistive force? [NCERT]

We assume that the pebble is initially at rest on the cliff. If W, is the work done by the resistive force on the

u=0,m=1.00g=10"kg, h=1.00km=10*m,v=50ms™.| pebble, then from the work-energy theorem,
The change in K.E. of the pebble is AK=Wg+ W,

AK=Ymv?-=¥%mu?=%x 103 x (502-0=1.25) or |[Wr=AK-Wg=1.25-10.0=-8.75)
Assuming that g = 10 ms™ is constant, the work done by the gravit i force is

Two identical 5 kg blocks are moving with same speed o -1 towards each other along a frictionless horizontal
surface. The two blocks collide, stick together and co “WConsider the two blocks as a system. Calculate work
done by (i) external forces and (ii) internal forces. [CBSE 91]
As no external orcsare acting on the system, s or, Wext + Wit =0—[ % mv?+ % mv?] =—mv?

Wext = Fext. $=0 or 0+Wint=—5X(22=—20

According to work-energy theorem, Wint =—201J
Total work done = Change of K.E. = Final KiE. — Initial K.E.

The negative sign indicates that internal forces of action
and reaction act on the two blocks in a direction opposite
to their motion.

Q. 10. If the linear momentum of a body incre %, what will be the % increase in the kinetic energy of the body? [AFMC 97]

Sol. Initial kinetic energy of the K’ =(6p/5)2=36 _p?> =36K
K=%mvi=%m 2m 25 2m 25
Increase in kinetic energy
Increase in mom m= ofp=_20 xp=p =K' -K=36K-K=11K
100 5 25 25
Final momentu +p=6p % Increase in K.E
5 5 =K' —Kx100=11/25Kx 100=44 %
Final ic energy of the body, K K
Q. 11. If the kinetij y of a body increases by 300 %, by what % will the linear momentum of the body increase? [Delhi 1995, 99]
Sol. itial kinetic energy, Final momentum
K=%mv=%m?v?=p? p’ =V2mK’ =vV2m x 4K =2 vV2mK = 2p
m 2m % Increase in momentum
Initial momentum, p = V2mk =p’—px100=2p—p x 100 = 100 %
Increase in kinetic energy = 300 % of K =3 K p p
Final kinetic energy, K’ =K+ 3K =4 K
Q. 12. A body of mass 2 kg initially at rest moves under the action of an applied horizontal force of 7N on a table with
coefficient of kinetic friction = 0.1. Compute the (i) Work done by the applied force in 10 s, (ii) Work done by the friction
in 10 s, (iii) Work done by the net force on the body in 10 s, and (iv) Change in kinetic energy of the body in 10 s.
Interpret you results. [NCERT]
Sol. Herem=2kg,u=0,F=7N, uk=0.1,t=10s (ii) Work done by the friction,
Force of friction, fu = ukR = kmg =0.1x2x 9.8 =1.96 N W2=—fixs=-1.96 x 126 =—246.9)
Net force with which the body moves, (iii) Work done by the net force,
F=F-fk=7=196=5.04N W3 =Fs=5.04 x 126 =635
Acceleration,a=_F_ =5.04=2.52 ms™ (iv) final velocity acquired by the body after 10 s,
m 2 v=u+at=0+2.52x10=25.2ms™
Distance, s = ut+ % at? =0 + % x 2.52 ms™ x (10)? Change in K.E. of the body
=126 m =Vimvi—-%mu?=%x2x(25.2)>-0=635)
(i) Work done by the applied force, Thus, the change in K.E of the body is equal to the work done by
Wi=Fs=7x 126 =882 the net force on the body.

Q. 13.A body of mass 0.3 kg is taken up an inclined plane to length 10 m and height 5 m, and then allowed to slide down to the
bottom again. The coefficient of friction between the body and the plane is 0.15. What is the (i) Work done by the gravita-
tional force over the round trip, (ii) Work done by the applied force over the upward journey, (iii) Work done by frictional

force over the round trip, (Iv) Kinetic energy of the body at the end of the trip? How is the answer to (iv) related to the first

three answers? [NCERT]
Herem=0.3kg, |=10m, h=5m, uk=0.15
sin@=h=_5 =1=0.5
| 10 2
0=30°
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(i) Work done by the gravitational force in moving the body up the inclined plane, 20

W=Fs=—-mgsinO x| =—0.3x9.8x0.5x10=-14.7)
Work done by the gravitational force in moving the body down the inclined plane,
W =Fs=+mgsinOx|=+14.7)
Work done by the gravitational force over the round trip,
W;=W+W =-147+14.7=0
This is in conformity with the fact that the work done by the conservative force (e.g. gravitational force) over one round trip is zero.

(ii) Force needed to move the body up the inclined plane, |(iv) Kinetic energy of the body at the end of round trip
F=mgsinO+fi=mgsinO+ R ork done by the net force in moving the body
=mg sin 0 + i, mg cos 0 = mg (sin O + p cos 0) down the inclined plane
Work done by the applied force over the upward journey, Sin O — pxcos 0) /
W, =F x| =mg(sin 0 + p, cos 0) | =mg (sin O — pk cos 0) [
=0.3x9.8(0.5+0.15x 0.866) x 10=18.5J =0.3x9.8x(0.5-0.13) =109
(iii) Work done by the frictional force over the round trip, |Frem answers to (i), (ii) and (iii), net work done on the body
Wi=—f(I+1)=—2fc+/ =0+185-7.6=109)
=—2uemgcos O x / = K.E. of the body

=—2x0.15%x0.3x9.8xcos30°x10= X hus kinetic energy of the body is equal to the net work done on the body.
Examples based on P.E. and Conservation of Energy

L 2 FORMULA USED
1. Gravitational P.E., U = mgh 4. When work is done only by conservative forces only, mechanical
2. For a conservative force, F = —dU energy is conserved.

Force is in newton and work done W, kinetic energy K and potential energy U are in Joule.

Q.1 A vehicle of m 5 quintal climbs up a hill 200 m high. It then moves on a level road with speed of 30 ms-. Calculate the potential
energy gaine: its total mechanical energy while running on the top of the hill.

Sol. Here m = 15 qui 500 kg, g =9.8 ms2, h=200m

: U =mgh =1500 x 9.8 x 200 = 2.94 x 10°)

2vehicle runs on a level road with speed of 30 ms, its K.E. is

=% mv? =% x 1500 x (30)? = 0.675 x 10

hanical energy, U=K+U=(0.675+2.94) x 10° = 3.615 x 10°)

Q-2 of mass 0.3 kg falls from the ceiling of an elevator moving down with a uniform speed of 7 ms~. It hits the floor of the
elevator (length of the elevator 3 m) and does not rebound. What is the heat produced by the impact? Would your answer be
different, if the elevator were stationary? [NCERT]

Sol. As the elevator is moving down with a uniform speed (a = 0), so the value of g remains the same.

Herem=0.3kg,h=3m,g=9.8 ms2
P. E. lost by the bolt =mgh =0.3 x9.8 x3=8.82J
As the bolt does not rebound, the energy is converted into heat.
& Heat produced = 8.82 )
Even if the elevator were stationary, the same amount of heat would have produced because the value of g is same in all inertial
frames of reference.

Q. 3. Calculate the velocity of the bob of a simple pendulum at its mean position if it is able to rise to a vertical height of 10 cm. Take g =
9.8 ms2.

Sol. By conservation of energy,

K.E. of the bob at the mean position = P.E. of the bob at the highest position

or % mvZ =mgh
R v=V2gh=v2x9.8x0.10=v1.96 =1.4 ms™..

Q. 4.The bob of a pendulum is released from a horizontal position A as shown. If the length of the pendulum is 1.5 m,
what is the speed with which the bob arrives at the lowermost point B, given that it dissipates 5 % of its

initial energy against air resistance? 1.5m A [NCERT]
: Y
: i
1 i
: ’
! ’
I
1.5m /,
I ,’
] 74
] 7’
I 7
v 1 . -
__@. B--
Sol Heve, b= 1.5 m = ? or 2x95xgh = 2x95x9.8x1.5
P.E. of the bob at A = mgh 100 100
K.E. of the bob at B = % mv? =v27.93=53ms™
As 5 % of the P.E. is dissipated against air resistance, so
% mv? = 95% of mgh or %hmvi=_95 x mgh

100
Q. 5. A girl of mass 40 kg sits in a swing formed by a rope of 6 m length. A person pulls the swing to a side so that the rope
makes an angle of 60 °with the vertical. What is the gain in potential energy of the girl?
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Sol. Here, m=40Kg, OA=0B=6m 21
0I
1
bo"
i
1
1
c 3 -7 A
| //
1 -
h ! S
Bl \/
From right AOCA, L Height through which the girl is raised,
OC = cos 60° h=CB=0B-0C=6-3=3m
OA 0 P.E. gained by the girl
OC=0Acos60°=6x%=3m =mgh=40x9.8x3=1176
Q. 6. A ball at rest is dropped from a height of 12 % of its kinetic energy in striking the ground, find
the height to which it bounces. How do you a r the loss in kinetic energy?
Sol. K.E. gained by the ball in falling down = P{E. Lost e ball in falling down = mgh
On bouncing upwards, the ball loses 25 % of its kinetic energy and the remaining 75 % changes back into
potential energy. If the ball boun o height h’, then
mgh’ =75 % of mgh or h"=0.75h=0.75x12=9m.
mgh’= 75 xmg he loss|in kinetic energy of the ball occurs because a part of it changes
100~ > into sound and heat.
Q.7 A bullet of mass 0.0 g izontal speed 70 ms~! strikes a block of wood of mass 0.4 kg and instantly comes to rest with
respect to the blo&looc is suspended from the ceiling by means of thin wires. Calculate the height to which the block rises.
Also estimate mounbof heat produced in the block. [NCERT]
Sol. Mass of bulle 1012 kg, Speed of bullet, v=70 ms~!, Mass of block, M = 0.4 kg
If V is the velocit e combination after collision, then from the law of conservation of momentum,
=(M+m)V
or =_mv =0.012x70 =_0.84 =2.04ms™?

M+m 0.4+0.012 0.412
b e height through which the block rises. Then from the conservation of energy,
P.E. of the combination = K.E. of the combination
(M+m)gh=%(M+m)V2

or h=V2=_(2.04)2 =0.212m
28 2x938

Amount of heat produced = Loss of K.E. of the bullet
= Initial K.E. of the bullet — K.E. of the combination= % mv2—-% (M + m) V2

=% x0.012 x (70)2—% x 0.412 x (2.04)? =29.4-0.86=28.54)
Q. 8. Fig. shows a frictionless hemispherical bowl of radius R. A ball of mass m is pushed down the wall from a point
A. It just rises up to the edge of the bowl. Calculate the speed with which the ball is pushed down along the wall.

Y e B

“
Sol. Let the ball be pushed down along the wall with a speed v. According to law of conservation of energy,
Total energy at A = Total energy at B
or % mv2 + mgh =0 + mgR
or vZ=2g(R-h)
or v=Vv2g(R-h)
Q:9: A body of mass M = 9.8 kg with a small disc of mass m = 0.2 kg placed on its horizontal surface ab, rests on a smooth horizontal

plane, as shown in Fig. The disc can move freely along the smooth groove abc of mass M. To what height (relative to the initial
position) will the disc rise after separating from the body of mass M when initial velocity v=5 ms is given to it in the horizontal
direction?

7 7
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Sol. Let V be the velocity with which the two bodies together move. By law of conservation of momentum, 22
(M+m)V=mv or V=__mv Suppose the disc rises to height h after separating from the
M+m body of mass M. Then
But m = 0.2 kg, M =9.8 kg, v=5ms P.E. gained by the disc = mgh = 0.2 x 9.8 x h joule
V=_02x5 =0.1ms? By conservation of energy, P.E. gained = K.E. lost
9.8+0.2 0.2x9.8xh=2.45
K.E. lost by the disc = % mv? =% (M + m) V? or h=_245 =125m
=%x0.2x25-%(9.8+0.2) x0.01=2.45) 0.2x9.8

Q. 10. The potential energy function for a particle executive linear simple?harmonic motion is given by V (x) = kx?/2,
where k is the force constant of the oscillator. For k = 0.5 Nm™,&he graph of V (x) versus x is shown in Fig. Show that a
particle of total energy 1 J moving under this potential must “turn'baegk” when it reaches x = +2 m. [NCERT]

X
Sol. At any instant, the energy of the oscillator y kinetic and partly potential. It total energy is
E=K+V o K =% mv?+ % kx?
An oscillating particle turns ba tt oint where its instantaneous velocity is zero i.e., the particle will turn back at
such a point x wherev =0

E=0+%kx? 1=%x0.5 xx* or x2=4

ButE=1J, K= Nm | or x=+2m

Q. 11. A person trying todose wei (dieter) lifts a 10 kg mass 0.5 m, 1000 times. Assume that the potential energy lost each
time she lowers the mass is dissipated. (a) How much work does she do against the gravitational force? (b) Fat supplies
3.8 x107 J of'len per kilogram which is converted to mechanical energy with a 20 % efficiency rate. How much fat
will the dieter use up? [NCERT]

Sol. (a) H =10kg, h=0.5m, n=1000,g=9.8 ms™
Waor against the gravitational force, W =n x mgh = 1000 x 10 x 9.8 x 0.5 = 49,000 J

chanical energy supplied by 1 kg of fat = 20 % of 3.8 x 107 of 3.8 x 107 J

=20x3.8x10"=76x 10°)

Fat consumed for 76 x 10° J of energy = 1 kg

=1x49,000=6.45 x 103 kg

76 x 10°
Q. 12. Two inclined frictionless tracks, one gradual and the other steep meet at A from where two stones are allowed to slide

down from rest, one on each track. Will the stones reach the bottom at the same time? Will they reach there with the
same speed? Explain. Given 6: =309 6: =30 6: = 60°and h = 10 m, what are the speeds and times taken by the two

stones?
B ’ c
Sol. Let a1 be the acceleration of the stone 1 down the inclined track AB, Then
ai=gsin 6
If the stone 1 takes time t1 slide down the track AB, then Given 01 =30°,02=60° h = 10 m, g =10 ms™
AB=0+%a1t:? [s = ut + % at?] ti= = ,2x1o 2V2s
h =%gsin0B:t:? or ti?= 2h sin GlJ_ sin 30°
sin 01 gsin? 01 th=_ 1 2x10=2[2 s
or =1 F sin ij g sin 60° 10 3
sin0:V g v=v2gh=v2x10x 10=v2 x 10
Similarly, for stone 2, we can write =1.414x10=14.14 ms ™.
t2= 1 2h
sinB:NV g
For both the stones, h is same.
As0:< 0, sin O; < sin 6,
Consequently, t; >t Thus, the stones 2 on the steeper plane AC reaches the bottom earlier than stone 1.

As both the stones are initially at the same height h, so
P.E.atA=K.E.atBorC
mgh =% mv? ; v=v2gh i.e., both the stones will reach the bottom with the same speed.
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Q. 15. A ball falls under gravity from a height of 10 m with an initial downward velocity u. It collides with the ground,
loses 50 % of its energy in collision and then rises back to the same height. Find the initial velocity u. [IIT] 23
Sol. If m is the mass of the ball, then its total initial energy at height h = % mu? + mgh
Energy after collision = 50 % of [ mu? + mgh] = % [% mu? + mgh]
As the ball rebounds to height h, so
% [% mu? + mgh] = mgh or Y% mu?=%mgh
or u=v2gh=v2x9.8 x 10 =14 ms™!
Q.16. A particle of mass m is moving in a horizontal circle of radius r, under a centripetal force equal to —(K/r?), where K is constant. What

is the total energy of the particle? (L]
Sol. As the particle is moving in horizontal circle, so
Centripetal force, F=mv2 =K r
roon [—5]dr=KIr2dr==—5
This gives mv? = K L ” r
r otalenergy=K+U= K - K =—K
K.E. of the particle, K =% mv? =K 2r r 2r
2r
As F=-dU \

dr
CONCEPTURL TIPS cnncmvsnniesmsasussnimmmaissisaisows Tt sassontssssnts
M The notion of potential energy applies to only those forces where the work done against the force gets stored up as
energy by virtual of position or configu f the body. When external constraints are removed, this energy

appears as kinetic energy.

M The potential energy of a body @ 0 a conservation force is uncertain upto a certain limit. This is because the
point of zero potential energy is atter of choice.

M For the gravitational P.E. potential energy is chosen to be the ground.

M For the spring potenti rgy 72 kx?, the zero of the potential energy is the equilibrium position of the oscillating mass.

M Every mechanical f; is nobassociated with a potential energy. The work done by friction over a closed path is not
zero because no tidl energy can be associated with friction.

Examples on Potential Energy of a Spring

* F USED
ing to Hooke’s law, F = — kx 2. Force constant, k=F
X

rk done on a spring or P.E. of a spring stretched through distance x, W = U = % kx?

* UNITS USED Force Fis in newton, distance x in metre, potential energy U in joule and force constant k in Nm™.
Q.1 Two springs have force constants k; and k2 (ki > k2). On which spring is more work done, if (i) they are
stretched by the same force and (ii) they are stretched by the same amount?
Sol. (i) Suppose the two springs get stretched by distance x, and (ii) Suppose the two springs are stretched
x2 by the same force F. Then by the same distance x. Then
F=k1X1=kzXz m=%k1X2=Kl
Wi=Xkixi2=kixi.xa=F.xi=x1=ks » Ykax? k;
W, %k, Xzz kaxa.x2 F.x2 X2 ki S K; > Kz s W;>W,;
As k1 > kz W;<W; or W;>W,
Q. 2. The length of a steel wire increases by 0.5 cm when it is loaded with a weight of 5 kg. Calculate (i) force
constant of the wire and (ii) work done in stretching the wire.
Sol. If a force F applied to a wire increases its length by x, then accordingly to Hooke’s law,
F=kx
Where k is force constant (ii) Work done in stretching the wire,
Given F=mg=5x10=50N, W=%kx2=%x1.0x 10% x (0.5 x 1072)2
x=0.5cm=0.5x102Im =0.125)
k=F= 50 =1.0x 10* Nm~?
0.5 x 1072
Q. 3. The potential energy of a spring when stretched through a distance x is 10 J. What is the amount of work done
on the same spring to stretch it through an additional distance x? [AFMC 91]
Sol. P.E. of the spring when stretched through a distance x,
U=%kx?=10]

When x becomes 2x, the potential energy will be
U=%k(2x)2=4x%kx2=4x10=40)
Work done=U"-U=40-10=301
Q. 4. To simulate car accidents, auto manufacturers study the collisions of moving cars with mounted springs of
different springs constants. consider a typical simulation with a car of mass 1000 kg moving with a speed 18.0 kmh~! on a smooth road and
colliding with a horizontally mounted spring of spring constant 6.25 x 10° Nm~1. What is the maximum compression of the spring?
[NCERT]
Sol. Here m = 1000 kg, k = 6.25 x 103 Nm™,v=18 kmh™ =18 x 5ms™* =5 ms™
At the maximum compression xm, the kinetic energy of the car is converted entirely into the potential energy of the

spring. Therefore, Gain of P.E. of the spring = Loss in K.E. of the car
or % kxm? = % mv?
or 2m=mw-;gm1§1§—4
6.25 x 10° Xm=2.0m
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Q. 5. Consider example 50 taking the coefficient of friction, p, to be 0.5 and calculate the maximum compression of the spring. [NCERT]
24
Sol. In presence of friction, both the spring force and the frictional force act so as to oppose the compression of the
spring, as shown in Fig. ":/7
The change in K.E. of the car is ’_,f'//f/ N
AK = Kj—= K= 0 =% mv? ﬁ ‘%
The work done by the two opposing forces is %WT\_
W =% kXm? — L MBXm ﬁ %
By work-energy theorem, W = AK ﬁ +umg L
Y kxZm + 1L MG Xm = % mv2 .’/_.’f;
or kXm? + 2UMEXm —mv2 =0 Equilibrium position
or 6.25 x 1032, + 2 x 0.5 x 1000 x 10x, — 1000 (5)2=0
or 5x2m + 8xm—20=0 mg
Xm ==8 1 V64 + 400
10

As X is positive, so

Xm=—8+21.54=1.354m
10 As expected gthi is less than the value obtained in the above example.

Q. 6. The spring shown in Fig. has a force constant -1, The mass of the block attached to the spring is 4 kg. Initially the block is at
rest and spring is unstretched. The hori is frictionless. If a constant horizontal force of 10 N is applied on the block,
then what is the speed of the block whenl it has been moved through a distance of 0.5 m?

Sol. Here k =24 Nm~, m =4 kg, x = 0.5.m

By the law of conservation of epé 4 Kg
Work done on the spring = Gai
or Fx = ¥ mv2 + % kx?
or 10x0.5=%
or 5=2v+
v=1
Q. 7. A 1 kg block situa
released from

?
:'/'7///
L Fﬁ

n a rough incline is connected to a spring of spring constant 100 N.m~! as shown in Fig. (a). the block is
the spring in the unstretched position. The block moves 10 cm down the incline before coming to rest. Find

the co nt of friction between the block and the incline. Assume that spring has negligible mass and the pulley is frictionless.
CERT]
Sol. e m=J1kg, k=100 Nm-1, g = 10 ms=2
y, from Fig. (b), we have R=mgcos 0; f=pR=pumgcos O
k =100 N/m
R
f
mg cos 0 in 0
37° mg . |
37°
(a) (b)
Net force on the block down the incline mg (sin 0 — p cos 0) x = % kx?
=mgsin O —f =mgsin 6 —pumgcos 6 or 2 mg (sin 6 — p cos 0) = kx
=mg (sin 0 — 1 cos 0) or 2 x 1 x 10 (sin 37° = cos 37°) = 100 x 0.1

Distance moved, x=10cm =0.1m or 20(0.601 — p x 0.798) = 10

In equilibrium Work done = P.E. of stretched spring n=0.126
Q. 8. A ball of mass m is dropped from a height h on a platform fixed at a top of a vertical spring, as shown in Fig.

The platform is depressed by a distance x. What is the spring constant k?
m&
h
| | h+x
| D |
Sol. The ball falls through a total distance of (h + x) By conservation of energy,
P.E. lost by the ball = mg (h + x) Y kx?=mg (h +x) k=2mg(h+x)

Work done on the spring = % kx?

xZ
= D
CBESE-PHYSICS, AI:I
.

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS



STUDY CIRCLE &

ACCENTS EDUCATIONAL PROMOTERS

Q. 9. A block of mass 2 kg initially at rest is dropped from a height of 1 m into a vertical spring having force constant 490 Nm~. Calculate
the maximum distance through which the spring will be compressed. 25
Sol. Herem=2kg, h=1m, k=490 Nm,
As shown in Fig. let the spring be compressed through distance x. Then the block falls through a height h + x
Get in P.E. of the spring = Loss in P.E. of the block
% kx2=mg (h +x)
or %ax490 x x2=2x9.8 x (1+x)
or 125x2-x-1=0
% x=1+V1+4x12.5=1+V51=0.3256 m
2:%:12.5
Q.10. Two blocks A and B are connected to each other as shown in Fig. The stri nd spring is massless and pulley frictionless. Block B
slides over the horizontal top surface of stationary block C and the bloc i
vertical side of C both with same uniform speed. The coefficient of friction‘hetwe he blocks is 0.2 and the spring
constant of spring is 1960 Nm~. If mass of block A is 2 kg, calculate (i) the mas: lock B and (ii) energy stored in spring.

[T 82)

p B

A

Sol. Various forces acting on the'blocks A and B are shown in Fig.
Let mass of block
Tension in the st -
For block A: [+ m=2kg] B N
For block B: Tef=pR=pumg=0.2 x mg i
5 2 x =2g il T

or =_2 =10kg f ‘
0.2 mg
=2g=2x9.8=19.6 N.
e e the extension of the spring due to the tension T. Then T = kx C
(o) x=T= 19.6 N =0.01m
k 1960 Nm™

Energy stored in the spring ‘ A
U=%kx?*=% x 1960 x (0.01)?> = 0.098 J

2g
(0 oo R b] ) [ O  C r S e Y RL Rk S e
Min the principle of conservation of energy, we include mass into total energy, because mass can be converted into energy.
M The principle of conservation of energy cannot be proved mathematically, but is an empirical principle. The deductions
made on the basis of this principle are found to be true.

Examples based on Mass-Energy Equivalence

. Formula Used
According to Einstein, energy equivalent of mass m is E =mc?,where ¢ =speed of light in free space=3 x 108 ms™!
. Units Used
Mass mis in kg and energy E in joule.
* Conversions Used
1. eV=1.6x10"1) 2.1MeV=10%eV=1.6x10"13) 3. 1amu= 931 MeV

Q.1 Express:
(a) The energy required to break one bond (102°J) in DNA in eV. (b) The kinetic energy of an air molecule (10-21)) in eV.
(c) The daily intake of a human adult (107 J) in kilocalories.

Sol. (a)1ev=16x10"1) (b)1ev=1.6x101)
Energy required to break one bond in DNA Kinetic energy of an air molecule
=1020) = 1070 eV =0.1eV. =10"21J= 102! =0.01eV.
1.6 x 1072? 1.6 x 109

(c) 1 Kcal =4186)
The average daily human consumption
=102 J = _107 kcal = 2389 k cal = 2400 kcal

4186
Q. 2. How much mass is converted into energy per day in Tarapur nuclear power plant operated at 107 kW?
Sol. Power, P =107kW =10 W =10%0Js! As E =mc?
Time, t=1day=24x60x60s M=_E =864 x10%
Energy produced per day, ¢z (3 x108)2
E =Pt =10%x 24 x 60 x 60 = 864 x 102 ) =9.6 x103kg=9.6g.
Q.3 If 1000 kg of water is heated from 0° C to 100° C, calculate the inctease in the mass of water.
Sol. Here m = 1000 kg = 10° g, 0=100-0=100°C

Specific heat of water, s =1 cal g* °C?
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Heat gained by water = ms 0 x 10 x 1 x 100 = 108 cal = 4.2 x 108 [“1cal=4.2]] 26
Increase in mass, Am=4.2 x108=4.2 x 108 = 0.466 x 108 kg.
c2 (3 x 108)2

Q. 4. Calculate the energy in MeV equivalent to the rest mass of an electron. Given that the rest mass of an
electron, mp=9.1 x 1031kg, 1 MeV = 1.6 x 10713 ] and speed of light, c =3 x 108 ms

Sol. E=moc2=9.1x 10731 x (3 x 108)2 =81.1 x 10715=0.512 MeV.

=819x10715) 1.6 x 1013
Q.5 Estimate the amount of energy released in the folowing nuclear fusion reaction:
1H2 + 1HZ2 > ;He3 + o n?

Given mass of 1H? = 2.0141 amu, mass of ;He3 = 3.0160 amu, mass of on’.#1.0087 amu and
1amu =1.661 x 10727 kg. Express you answer in units of MeV.

Sol. 1H? + 1H? > 2He3 + o n? 0.0035 x 1.661 x 107" kg
Total initial mass (1H? + 1H?) =2.0141 + 2.0141 = 4.0282 a ~ o Energy released
Total final mass (2He® + 0 n?) = 3.0160 + 1.0087 = 4.0247/amu =Amxc?=0.0035 x 1.661 x 1077 x (3 x 10%)?
Decrease in mass, =5.232 x 1013 )=5.232 x 1013 =3.27 MeV

A m=4.0282-4.0247 =0.0035 amu 1.6 x 10713
U235, a possible fission reaction is

Q. 6. When slow neutrons are incident on a target contdinin
92UZ5 + on! — 56Bal?l + 36Kr%2 + 3pn! Estimate o energy released using the following data:
1

Given, mass of 5,U?35 = 235.04 amu, mass of oi! # 1.0087 amu, mass of sgBa'4! = 140.91 amu, mass of
36Kr®2 = 91.926 amu and energy equivalent to 931 MeV [NCERT]
Sol. 92U235 + on1 - 5533141 + 36Kr92 + ()I'I:l
Total initial mass (s2U%3° + on?) = 235. 087 = 236.0487 amu
=140.91 + 91.926 + 3 x 1.0087 = 235.8621 amu
q 35.8621 = 0.1866 amu
Energy released = Am x 931 = 866/% 931 = 173.725 MeV.
Examples based on Power

* Formula Used
1. Power = Work

2.AlsoP=F.v 99

t When 6=0° P =Fv
L 2 Units Used joule, force F in newton, time t in second, velocity vin ms™, Power P in watt.
* Conversi 1 Kilowatt = 1000 watt or 1 kw = 1000 W
1 horsepower = 746 watt or 1hp=746=746 W.
Q: 1. A ighing 60 kg climbs up a staircase carrying a load of 20 kg on his head. The stair case has 20 steps each of height 0.2 m. If
e ta s to climb, find his power.

Sol. m=60+20=80kg, h=20x0.2=4m ; 8=9.8ms2t=10s

P=W=mgh=80x9.8x4=3136 = 313.6W.

t t 10 10
Q. 2. A car of mass 2000 kg is lifted up a distance of 30 m by a crane in 1 min. A second crane does the same job in 2 min. Do the cranes
consume the same or different amounts of fuel? What is the power supplied by each crane? Neglect power dissipation against friction.

Sol. Here m=2000kg, s=30m, t;=1min=60s, t2=2min=120s

Work done by each crane, W = Fs = mgs = 2000 x 9.8 x 30 = 5.88 x 10°J
As both the cranes do same amount of work, so both consume same amount of fuel.

Power supplied by first crane, Power supplied by second crane,
P;=W =5.88 x 10° = 9800 W P2 =W =5.88 x 10° = 4900 W
t1 60 t2 120

Q. 3. A pump on the ground floor of a building can pump up water to fill a tank of volume 30 m? in 15 min. If the tank is 40 m
above the ground, and the efficiency of the pump is 3 %, how much electric power is consumed by the pump?

Sol. Mass of water = Volume x density As Efficiency = Qutput Power x 100

=30 x 1000 = 3 x 10* kg Input power

Output power = Work done = mgh Input power = Qutput power x 100

Time t Efficiency
=3 x10%x9.8 x40 =39200 W =39200 x 100
15 x 60 3 3x30
=436 x10°W  =43.6 kW

Q. 4. The human heart discharges 75 ml of blood at each beat against a pressure of 0.1 m of Hg. Calculate the power of

heart assuming that pulse frequency is 80 beats per minute. Density of Hg = 13.6 x 10* kgm™.

Sol. Volume of blood discharged per beat, Time,t=1min=60s
V=75ml=75x10%m3 Power = Work = 80 x PV
Pressure, P = 0.1 m of Hg Time t
=0.1x13.6 x 103 x 9.8 Nm=2 [~ P = hpg] =80x0.1x13.6x103x9.8x75x10°
Work done per beat = PV 60
Work done in 80 beats = 80 x PV =133 W.

Q.5 An electric motor is used to left an elector and its load (total mass = 1500 kg) to a height of 20 m. The time taken for the job is 20 s.
What is the work done? What is the rate at which work is done? If the efficiency of the motor is 75%, at which rate is the energy
supplied to the motor?

Sol. Here m = 1500 kg, h=20m, N=75%,t=20s As n = Output power
Work done, Input power
W = mgh = 1500 x 9.8 x 20 = 2.94 x 105 J 75 =_1.47 x 10
Rate of doing work = W = 2.94 x 105 = 1.47 x 10* W 100 Input power
1 20 Input power or the rate at which energy is supplied

=1.47 x10%x100=1.96 x 10* W.
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Q. 6.Calculate the horse power of a man who can chew ice at the rate of 30 g per minute. Given 1 hp =746 Wand J =4.2 J cal-'. 27

Sol. Mass of ice chewed by man,m=30g Power, P=W=4.2x30x80=168W
Latent heat of ice, L =80 cal g* t 60
Heat required to melt ice, H=mL = 30 x 80 cal =168 =0.225 hp.
Work done, W = JH = 4.2 x 30 x 80 cal 746

Time taken,t=1min=60s
Q. 7. A machine gun fires 60 bullets per minute with a velocity of 700 ms-1. If each bullet has mass of 50 g, find the power

developed by the gun.
Sol. Mass of 60 bullets = 60 x 50 = 3000 g = 3 kg
v=700ms, t=1min=60s
Power=W =K.E.=_1 .mv2=3x(700)? =12250 W
t ot 2t 2 x 60
Q. 8. An elevator which can carry a maximum load of 1800 kg (el
frictional force opposing the motion is 4000 N. Determine t
well as in horse
Sol. The downward force on the elevator is F = mg + Fr = 1800 x 1
The motor must supply enough power to balance this forc&
P =Fv=22000 x 2 = 44000 W
= 44000 hp = 59 hp

746
Q.9. The blades of a windmill sweep out a circle of area A. (a) if the wind flows at a velocity v perpendicular to the
circle, whatis the mass of the air passing thro itiin time t? (b) What is the kinetic energy of the air? (c) Assume that the windmill
converts25 % of the wind’s ene electrical energy, and that A =30 m?, v = 36 km/h and the density of air is 1.2 kg m==. What is
the electrical power produc [NCERT]
Sol. (a) Volume of the air passi h the windmill in time t (c) K.E. of air converted into electrical energy in time t
= Area of circle x ered by wind in time t K'=25%0fK=_25 x_1 pAV¥t=_1 pA/Vt
=Axvt 100 2 8
Mass of the airpassingithrough the windmill in time t, Electrical power produced
m%xvolume:pAw. =K=1pav’
(b) Kinetic ener; the air is t 8
=xrmZ=YipAvtxvi=Y%pAvit. =1/8 x 1.2 x 30 x (10)®
Q. 10. rgefamily uses 8 kW of power (a) Direct solar energy is ipcident on the horizontal surface at an average rate of 200
r square meter. If 20 % of this energy can be converted to useful electrical energy, how large an area is needed to
S 8 kwW? (b) Compare this area to that of the roof of a house constructed on a plot of size 20 m x 15 m with a
ission to cover upto 70 % [NCERT, Delhi 2003]

(b) Area of the roof of the given house,
A’=70%0f 20m x 15 m =70 x 20 x 15 = 210 m?

Sol. (a) Let the area needed to supply 8 kW = A m?
Energy incident per unit area = 200 W

Energy incidentonarea A=200xAW 100
Energy converted into useful electrical energy = 20 % of 200 x A=40 AW Required ratio=A=200=20:21
But 40 AW =80 kW = 8000 W A’ 210
or A = 8000 = 200 m?
40
Q. 11A well 20 m deep and 3 m in diameter contains water to a depth of 14 metre. How long will a 5 hp engine take a empty it?
Sol. Radius of the well, r=3 m
2
Area of cross-section of the well = tr222 x 3 2=99 m?
7 2 14
Volume of water in the well = Are of cross-section x depth =99 x 14 =99 m3

14
Mass of water in the well = Volume x density
= 99 x 10°kg
As the well is emptied, the height through which water has to be raised by the engine chages from (20 — 14) m in the
beglnnmg to (20 - 0) m at the end.
Average height raised =6 +20=13m
2
Work required to empty the well, W =mgh =99 x 10° x 9.8 x 13 = 12612600 J
Power, P=5hp=5x746 W
Required time, t = W = 12612600 = 3381.6 s
P 5 x 746
Q. 12. The turbine pits at the Niagra falls are 50 m deep. The average horse power developed is 500. If the efficiency of the
generator is 85%; how much water passes through the turbines per minute? Take g = 10 ms™.

Sol. Useful power developed = 5000 hp Total work done by the falling water in 1 min or 60 s,
Efficiency =85 % W = Pt = 100 x 5000 x 746 x 60 = 26.94 = 10% )
Total power generated 85
=100 x 5000 hp Now, mgh =W
85 S m=W =26.94 x 107 = 5.39 x 10° kg.
=100 x 5000 x 746 W gh 10 x 50

[ im-see | neeT | case |

CBSE-PHYSICS, AEP ==

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS




\ I: l: Sinca 2001... BSE"EHYSIES
A\ 7oy 90 WBgdEs.,

ACCENTS EDUCATIONAL PROMOTERS

Q. 13. A man cycles up a hill, whose slope is 1 in 20 with a velocity of 6.4 kmh™ along the hill. The weight of the mass and the
cycle is 98 kg. What work per minute is he doing? What is his horse power? 28
Sol. Refer to Fig. given below. If the inclination of the hill with the horizontal is 0, then
sinf=_1
20
v=6.4kmh™?=6.4x5ms™
18

=1

9

m=98kg t=1min=60s V mg sin 0.
As the velocity of the cyclist is uniform, so the only forcé he R

has to exert is against gravity. It is given by
F=mgsin 0

Power of the man,
P=Fv=mgsin0xv

=98x9.8x_1 x16W
20 9
=98 x9.6 x 16 hp =0.
746 x20x 9
Work done per minute,

08 x 9.8 x 16 x 60=5122.1

(oo Ty Tol=T o {VE: | I o1 S T,

MTotal linear momentumj nse at each instant of every collision.

MTotal energy is cons d in‘all collisions.

MThe total kinetic enér y or may not be conserved during a collision.

MEven for an elastic collision, the kinetic energy conservation holds after the collision is over an does not hold at every
instant of lision.

s collide; they get deformed and may be momentarily at rest with respect to each other.
eformation during a collision may convert part of the initial kinetic energy into heat and sound.

Min aRlelastic collision, the kinetic energy conservation holds only after the collision is over. It does not hold during the short
duration of actual collision.

At the time of collisions, the two colliding objects are deformed and may be momentarily at rest with respect to each other.

MWhen two equal masses suffer a glancing collision with one of them at rest, after the collision. the two masses move at right
angles to each other.

Examples based on Collisions
- FORMULA USED

1. Linear momentum is conserved both in elastic and inelastic collisions/ mMiui+mauz=mivi+mava

2. Kinetic energy is conserved in elastic collisions. % mau1® + % mara? = % m1 vi? + % ma v2?

3. In one-dimensional elastic collision, velocities after the collision are given by
Vi=Emi=—mz2.uUi+_2mz  .uW

mi+m:2 mi+m;
V2= _2m1  .ur+m2+mi.u2
mi+ ma mi + maz

4, Coefficient of restitution for a collision is givenby e=-vi—va=|vi—v;
ur—uz |ur—uz|

5. For a ball rebounding from a floor, e=v

u
6. For an elastic collision (involving no loss of K.E.), e =1
7. For an inelastic collision (involving loss of K.E.), e < 1

* UNITS USED

Masses mi1, m; are in kg, velocities u1, uz, vi, v2 are in ms™, linear momenta in kg ms™, kinetic energy in joule and
coefficient of restitution ‘e’ has no units.

Q. 1; Two bodies of masses 5 kg and 3 kg moving in the same direction along the same straight line with velocities 5 ms™
and 3 ms™ respectively suffer one-dimensional elastic collision. Find their velocities after the collisions.
Sol. Here mi=5kg, u1=5ms™?, mz=3kg, uz=3 ms™?
Vi=Emi—mz.ui+ 2m .u2 V2= 2mi . uir+m2—mi. uz
mi+ ma mi + maz mi+ mz mi+ maz
=5-3x5+2x3x3 =2x5x5+3-5x3
5+3 5+3 5+3 5+3
=2x5+6%x3=5+9=14=3.5ms™. =50-6=44=55ms™"
8 8 4 4 4 8 8 8
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Q. 2.

Sol.

Q. 3.

Sol.

Q. 4.
runs on the trolley from one end

Sol.

Q. 5.

Sol.

Q. 6.

Sol.

A 10 kg ball and 20 kg ball approach each other with velocities 20 ms™ and 10 ms™ respectively. What are their 29
velocities after collision if the collision is perfectly elastic?

Here m1 =10 kg, m2=20kg, u1 =20 ms™, uz=—10 ms™ V2= 2mi .ui+m2—mi.uz
ur=20ms? uz=—10 ms mi+ m; mi+m;
Vi=Emi—ma2.uUi+__2m2 .Uz = 2x10 x20+20-10x (—10)
mi+ m:2 mi+ m:2 10+ 20 10+ 20
=10-20x20+ _2x20 x(-10) =40-10=30=10 ms™
10+ 20 10+ 20 3 3 3
=—20-40=-60=-20ms™*
3 30 3
Two ball bearings of mass m each moving in opposite direc ith equal speeds v collide head on with each other.
Predict the outcome of the collision, assuming it to be perfec stic. [NCERT]
Here mi=mz2=m(say), u1=v,uz2=—v = 0-v=-v
V2= 2m1 LU+ ma—ma. U2

As the collision is perfectly elastic, velocities afte, @
ViEmMi—Mm2.ui+__2m2 . U2 mi + m; mi+ mz

mi1+ mz mi+ m2 2m __ .v+m-m.(-vV)
m-m.v+_2m _ (-v) m+m m+m

m+m m+m v+0=v
Thus the two balls bounce back with gqual speeds after the collision

A trolley of mass 200 kg move s W ith a uniform speed of 36 km/h on a frictionless track. A child of mass 20 kg
A r (10 m away) with a speed of 4 m s™ relative to a trolley in a direction opposite to

the trolley’s motion, t of the trolley. What is the final speed of the trolley? How much has the trolley

moved from the tinie the.child begins to run? [NCERT]
The child gives aft'i Ise to the trolley at the start and then runs with a constant relative velocity of 4 ms™
with respect trolley’s new velocity.
Total initial entum, pi = (m1+ m2) u1 pf = pi
=(20 + ) x 5=2200 kg ms™ 220 v2—-80=2200
18 v2=2280 =10.36 ms™
et new velocity of the trolley = v2 220
’s velocity relative to the trolley in opposite direction = 4 ms™Time taken by the child to cover length of the trolley
Ch ctual velocity (relative to ground) =v2 -4 = 10m =25s
?\ Total final momentum, ps = mivi + mavz 4 ms™t
=20 (v2—4)+200v2=220v2-80 Distance covered by the trolley in 2.5 s
By conservation of linear momentum, = 10.36 x 2.5=25.9m.
A railway carriage of mass 9000 kg moving with a speed of 36 kmh™ collides with a stationary carriage of the same
mass. After the collision, the carriages get coupled and move together. What is their common speed after collision?
What type of collision is this?
Here  m1=9000 kg, u1 =36 kmh™ =10 ms™ =% m1 ui® + % my uz?
m2=9000 kg, u2=0,vi=va=v="? =% x9000x 10x 10+0
By conservation of momentum, = 450000
m1u1+mzuz2=(mi+my)v Total K.E. after collision = % (m1 + my) v2
9000 x 10 + 0 = (9000 + 9000) v =% x 2 x 9000 x 52
or v =90000 =5 ms™ =225000J
18000
Thus total K.E. after collision < Total K.E. before collision. Hence, the collision is inelastic.
What percentage of kinetic energy of a moving particle is transferred to a stationary particle, when moving particle
strikes with a stationary particle of mass (i) 9 times in mass (ii) equal in mass and (iii) 1/19*" of its mass?
For the moving particle, m1 = m (say), initial vel. = us K.E. of the stationary particle after collision,
For the stationary particle, mz2 = xm (say), initial vel. =u2=0 Ka=Vamava?=%. 4uq?®
Asva=__2mi  .ui+mMz—mi.u; (1 + x)?
mi+ m2 mi+ m2 = 4x LYamui = ax . Ka
v2=__2m  .u1+0=_2u (1 +x)? (1 +x)?
m +xm 1+x % of K.E. transferred
K.E. of the moving particle before collision, =Kyx100=_4xK; x100=_ 4x x 100 %
K1 =% m1ui? = % muy? K1 (1+x?) K1 (1+x)?

(i) When moving particle strikes with a stationary particle 9 times in mass, x =9
% of K.E. transferred =_4x9 x100=36%
(X+9)%
(ii) When moving particle strikes with a stationary particle of equal mass, x =1
% of K.E. transferred=_4x1 x 100=100%
(A+1Ip
(iii) When moving particles strikes a stationary particle 1/19'" of its mass, x = 1/19
% of K.E. transferred = 4 x (1/19) x 100 =19 %
(1+1/19)?
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Q.7 Slowing down of neutrons: In a nuclear reactor a neutron of high speed (typically 107 ms™) must be slowed to 10° ms™ so that it can
have a high probability of interacting with isotope 23°5;U and causing it to fission. Show that a neutron can lose most of its kinetic
energy in an elastic collision with a light nucleus like deuterium or carbon which has a mass of only a few times the neutron mass.
The material making up the light nuclei, usually heavy water (D,0) or graphite is called a moderator. Or [NCERT] 30
A body of mass M at rest is struck by a moving body of mass m. Prove that fraction of the initial K.E. of the mass m
transferred to the struck body is 4 m M/(m + M)? in an elastic collision.

Sol. Here mi = mass of neutron =m Fraction of the Initial K.E. transferred,
m2 = mass of target nucleus = M f=K2=2Mm?u?x_2 = _4mM
ur=u and u2=0 Ki (m+M)? mu? (m+M)>?
Nowva=__2mi  .ui+mz—mi.uz (i) For denterium, M = 2 n, therefore,
mi + ma2 m1 + ma2 f=dm x2m =8 =~ 0.9
=_2m .u+0=_ 2mu y (m+2m) 9
m+M m+ M About 90.% of the neutron’s energy is transferred to deuterium.
Initial K.E. of mass m, K1 =% miui’=%m (ii) For carbon, M = 12 m, therefore
Final K.E. of mass M, f=4m x 12 m=0.284
Ka=%mav2?=%M(_2mu }? = (m+12m)?
[m + M] bout 28.4 % of the neutron’s energy is transferred to carbon.
Q. 8. A ball is dropped to the ground from a height'ef 2 m./The coefficient of restitution is 0.6. To what height will the ball rebound?
Sol. As the ball falls to the ground, its potentidl ener, 1, changes into kinetic energy % mv?;.

i)
anges into potential energy mgh..
(i) But hy=2m, e=v;=06
Dividing (ii) by (i), we get Vi
h: =(0.6)>=0.36

mghy = % mv?;
After rebounding, its kinetic energy. % mv;
mgh; = % mv;?

hz =(v2) 2
hi | va 2m or h2=0.72 m.
Q.9. A ball is dropped lly from a height of 3.6 m. It rebounds from a horizontal surface to a height of 1.6 m. Find the coefficient of
ateri

restitution of f the ball.
sol. Here hy = 3.6 906 m v=v2gh,=v2 x 9.8 x 1.6 = 5.6 ms!
Velocity of the b, h which it reaches the horizontal surface, Coefficient of restitution, e =v =5.6 = 0.667
V2ghi=V2x9.8x3.6=84ms! u 8.4

the ball with which it rebounds,

Q. 10. allis deopped from a height h. It rebounds from the ground a number 'of times. Given that the coefficient of
tution is e, to what height does it go after the nt' rebounding?
Sol. et e the velocity with which the ball strikes the ground first time and v, the velocity after nt" rebounding. Then the
coefficient of restitution will be
@=VI=SV2=V3= ... = __Vn Where H is the height to which the ball rises after nth rebounding.
Vo Vi V2 vn—1 Hence, e"=vn= ,_g_il—l = |H
e"=VIXV2XVIX..X_Vn  =Vp Vo 2gh \I:
Vo VioV2 va—1 Vo or H=he?"
But Vo = v'Zgh and Vn = v’ZgH

Q. 11. A sphere of mass m moving with a velocity u hits another stationary sphere of same mass. If e is the coefficient of restitution, what is
the ratio of the velocities of two spheres after the collision?

Sol. Hereui=u,u;=0 or va=u(l+e)
’ e=V—Vi=Vo—Vg 2
up—-u; u-0 Again, from (ii),
or V2—-Vvi=eu (i) vi=u—v2=u-—-u(l+e)=u(l—eg)
By the law of conservation of momentum, 2 2
mu + m x 0 = mv; + mv; Hence, v;=1+e
or vi+va=eu ... (i) vi 1-e
Adding (i) and (ii), 2v2=u+eu=u(l+e)
Q. 12. A ball moving with a speed of 9 ms™! strikes an identical ball sudh that after the collision the direction of each ball makes an angle

30°with the original line of motion. Find the speeds of the two balls after the collision. Is the kinetic energy conserved in the collision

process?
Sol. Let m be the mass of each ball and v, and v, be their final velocities after collision. |
Here ur=9ms?tu;=0
Initial momentum = Final momentum along the original line of motion Y
mx9+mx0=mv;cos 30°+m v, cos 30°
or mx9=mﬁ(v1+V2) vy
2
or Vi+v;=18=6x3=6V3 (1) m
Vi V3
By conservation of momentum along a direction A B 30°
perpendicular to the original line, we have @ -
m x 0+ m x 0=mvi sin 30° - mvzsin 30° u1=90 ms™ uz=0 N 30°
or O=m(vi—v2) x % m m X
or vi—v2=0
or V1=V2 .. (2) B
From (1) and (2), we have V2
vi=vz2=3V3ms?
Total K.E. before collision
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Q. 13.

Sol.

Q. 14.

Sol.

Q. 15.

Sol.

=¥hxmx(92+0=81m=40.5m
2

Total K.E. after collision

=Vixmx(3V3)2+%xmx(3xV3)2=27m
i.e. Total K.E. after collision < Total K.E. before collision ; Hence, K.E. is not conserved in the collision process.
A ball moving on a horizontal frictionless plane hits an identical ball at rest with a velocity of 0.5 ms™. If the collision is elastic,
calculate the speed imparted to the target ball if the speed of the projectile after the collision is 30 cm s~1. Show that the two balls
will move at right angles to each other after the collision.
The situation is shown in Fig. Let m be the mass of each ball.
As the collision is elastic, so K.E. is conserved.

“muiZ+¥%muy2=%mviZ+ % mvy?
or Us? + Up? = vy + vy?
or (0.5)2+0—(0.3)% + vy? <

ge

or v;=0.4 ms?

Applying law of conservation of momentum along X-axi A
0.5m+0=0.3mcos 01+0.4m cos 0 vi=0.3ms™
or 5=3cos 01+ 4 cos 02 \ m
or 3cos 01=5-4cos 02 .. (1)
Again, applying law of conservation o mo@n along Y-axis, we get A
0.3 msin 01 =0.4 msin 02
or 3sin 01=4sin 02 ae (2)
Squaring and adding equati nd (2), we get u1=0.5ms™ u2=0 m 01
9 (cos? 01 + sin? Oy) = cos 02)% + (4 sin 02) -
or 9 = 16 (cos? O+ sin%02)% 25 — 40 cos 02 m %
or 02
5
Fro c0591=;[5—4xg]=§
3 5 5
nce, sinBi1=4 and sin02=3 V2
5 5
W, in (01 + 02) = sin 01 cos 02 + cos 01 sin 02
=4x4+3x3=1
5 5§ 5§ 5

01+ 02=90° Hence, after the collision, the two balls will move off at right angles to each other.
Consider the collision depicted in Fig. to be between two billiard balls with equal masses mi = mz. The first ball is called
the cue while the second ball is called the target. The billiard player wants to “sink” the target ball in a corner pocket,
which is at an angle 6: = 37 °. Assume that the collision is elastic and that friction and rotational motion are not

important. Obtain 6. [NCERT]
By conservation of momentum, we have

mui+0=mvi+mv2 or ur=vi+wv2 . (i)
By conservation of energy, we have

% mui? = % mvi? + % mva? or ui?=viZ+vy? ... (ii)

From (i), we have

-?1.?1= 1+V2). 1+_?2
R G G

or u?=vi2+v2?2+2vi.v2
or u=u2 + 2. [Using (ii)]
or ?1 .?z= 0
Thus the angle between?l and?zis 90°.
or 01+ 02 =90°

01=90°-02=90-37°=53°

A nucleus of radium (ssRa??°) decays to ssRn??? by the emission of a-particle (:He®) of energy 4.8 MeV. If mass of

86Rn??2 = 222.0 amu and mass of :He* = 4.003 amu. then calculate the recoil energy of the daughter nucleus ssRn®? [NcerT]
The nuclear decay may be represented as follows:

Ra?%® Rn?? o - particle
Decay
O O .
At rest K.E. =? K.E. = 4.8 MeV
The kinetic energy of a particle is givenby K= p?
2m p= V2mK
As momentum is conserved in the absence of an external force, so mK = constant
or Men Krn = Ma Ka,
or Krn = Mo Ka = =4.003 x 4.8 = 0.0866 MeV.
MR 222
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Q. 16. The nucleus Fe*” emits a y-ray of energy 14.4 keV. If the mass of the nucleus is 56.935 amu, calculate the recoil energy

of the nucleus. Take 1 amu = 1.66 x 10?7 kg.
Sol. The nuclear decay may be represented as follows:
Fe>’ — Fe>’ + hv
Exited state Ground state
According to de-Broglie hypothesis, momentum of a photon of energy E is
p=E=14.4keV=14.4x1.6x107)
c c 3% 10* ms™ =7.68 x 107" kg ms*
By conservation of momentum, the momentum of daughter nucle
p = momentum of y-ray photon =7.68 x 107 -
The recoil energy of the nucleus will be
K=_p? = (7.68 x 107242

2m 2 x56.935 x 1.66 x 107/ =0.312 x 107
=0.312 x 102 keV =1.95x1
1.6 x 107 (

(y-ray photon)
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