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UNIT - 03 LAWS OF MOTION

TWO MARKS AND THREE MARKS:

01. Explain the concept of inertia. Write two examples each for inertia of motion,
inertia of rest and inertia of direction.
This inability of objects to move on its own or change its state of motion is called
inertia. Inertia means resistance to change its state.
Examples:
Inertia of Rest :
i) Passengers experience a backward push in a sudden start of bus.
ii) Tightening of seat belts in a car when it stops quickly. o~
Inertia of Motion: /\\O
i) Passengers experience a forward push during a sudden brake in bus. b
ii) Ripe fruits fall from the trees in the direction of wind. \

Inertia of Direction:
i) A stone moves tangential to Circle.

ii) When a car moves towards left, we turn to the right. Q" W
N

A
02. State Newton’s second law. >
The force acting on an object is equal to the rate (@%C of its momentum. F =

03. Define One Newton y QY
One Newton is defined as the force whi cts on 1 kg of mass to give an

acceleration 1 m s in the direction of the f(g‘

\Y
04. Show that impulse is the change of mo m
The integral fttf F dt =] is called #he impulse and it is equal to change in momentum of the

object. 2’
Proof : If the force is cons}\ the time interval, then f Fdt=F f it = F(t;—t;) =

FAt = Ap is called the i nd it is equal to change in momentum of the object.

05. Using free body diagra}n}how that it is easy to pull an object than to push it.
~

A N Free body diagram
I
L—;’ F Jr F cos 6 F N
\ 8
H Block & -
" ST 4}-_7 F sin 8 fs
s F
N >
R £,
mg ) -
N . =mg+ Fcosd N, = mg - Fcos@

push

06. Explain various types of friction. Suggest a few methods to reduce friction.
Static Friction (st):
01. Static friction is the force which opposes the initiation of motion of an object on the
surface.
02. When the object is at rest on the surface, only two forces act on it. They are the
downward gravitational force and upward normal force.
03. The resultant of these two forces on the object is zero.
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Kinetic Friction (]T,;):
01. When an object slides, the surface exerts a frictional force called Kinetic friction (fk)
02. If the external force acting on the object is greater than maximum static friction,

the objects begin to slide.
03. The kinetic friction does not depend on velocity.
Rolling Friction:

The force of friction that comes into act when a wheel rolls over a surface.

Methods to reduce friction:

01. By using Lubricants friction 02. By using ball bearings.

N
. , A
07. What is the meaning by ‘pseudo force’? V
Centrifugal force is called as a ‘pseudo force’. A pseudo for Mo origin.
A pseudo force is an apparent force that acts on all masses whose motion 1 cribed using
non inertial frame of reference such as a rotating reference frame. é
08. State the empirical laws of static and kinetic friction. Agmy' "
i) The magnitude of static frictional force f; satisfies the following 8mpirical relation.

0 <f; < usNg where L is the coefficient of static frictio ‘g

ii) The force of static friction can take any value from ze % .

iii) If the object is at rest and no external force is apl(lgd on the object, the static friction
acting on the object is zero (fs = 0). y

iv) If the object is at rest, and there is an exter Qree applied parallel to the surface, then
the force of static friction acting on the @b “exactly equal to the external force
applied on the object (fi= Fex). But sﬁ%@ﬁs atic friction fj is less than N,

v) When object begins to slide, the st@%o tion ( f;) acting on the object attains maximum.
end¥on the normal force acting on the object.

vi) The static and kinetic frictions
vii) The static friction does not % pon the area of contact.

09. State Newton’s third law. N,
For every action therzfﬁq)?‘;q\.lal and opposite reaction.

10. What are inertial frames?
01. If an objgctis=free from all forces, then it moves with constant velocity or remains at
rest wh from inertial frames.
02. Th exists some special set of frames in which if an object experiences no force
It with constant velocity or remains at rest.

11. U at condition will a car skid on a leveled circular road?
If the static friction is not able to provide enough centripetal force to turn, the

2
vehicle will start to skid. p < :—g (skid)

12. Define impulse.
If a very large force acts on an object for a very short duration, then the force is called
impulsive force or impulse.

13. State Newton’s First law.

Every object continues to be in the state of rest or of uniform motion unless there is external
force acting on it.
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14. Define Inertia of rest, motion and direction.
The inability of an object to change its state of rest is called inertia of rest.
The inability of an object to change its direction of motion on its own is called
inertia of direction.
The inability of an object to change its state of uniform speed on its own is called
inertia of motion.

15. What is free body diagram? What are the steps to be followed for developing free body
diagram?
Free body diagram is a simple tool to analyze the motion of the object using
Newton’s laws. N
The following systematic steps are followed for developing the free body diagramé\'
1. Identify the forces acting on the object. 2. Represent the object as a poin\
4

3. Draw the vectors representing the forces acting on the object. q

16. What is the concurrent force?
A collection of forces is said to be concurrent, if the lines of force

a common point.
[ N

17. State Lami’s theorem. ‘
The magnitude of each force of the system is proportigna ine of the angle between the
other two forces. The constant of proportionality is samefor all three forces.
y
A

18. State the law of conservation of total linear mgmmentym.
If there are no external forces acting on the gystenr, then the total linear momentum of
the system (P ) is always a constant vecto ;‘E,‘ 4
In other words, the total linear momen the system is conserved in time.

19. What is the role of air bag in a cag? %

cars are designed with air b Such a way that when the car meets with an accident, the
momentum of the passengers‘W}\ngduce slowly so that the average force acting on them will

be smaller. \*»)

20. Define frictional force. , Y
Which always{pposes the relative motion between an object and the surface where it is
placed. If tha f@% pplied is increased, the object moves after a certain limit.

21. Define Aﬁﬁ&;}?riction.
Th of friction is defined as the angle between the normal force (N) and the resultant
for@ f normal force and maximum friction force ( f,"* )

22. Define Angle of repose.
The same as angle of friction. But the difference is that the angle of repose refers to inclined
surfaces and the angle of friction is applicable to any type of surface.

23. What are the applications of angle of repose?
01. The angle of inclination of sand trap is made to be equal to angle of repose.
02. Children are fond of playing on sliding board. Sliding will be easier when the angle of
inclination of the board is greater than the angle of repose.
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24. How does the rolling wheel’s work in suitcase?
01. In rolling motion when a wheel moves on a surface, the point of contact with surface is
always at rest.
02. Since the point of contact is at rest, there is no relative motion between the wheel and
surface. Hence the frictional force is very less.

25. Where does the friction force act?
Walking is possible because of frictional force. Vehicles (bicycle, car) can move because of
the frictional force between the tyre and the road. In the braking system, kinetic friction plays a

major role.
PN
26. How did the ball bearing reduce kinetic friction? /\""‘?
If ball bearings are fixed between two surfaces, during the relative motion o @ ling
friction comes to effect and not kinetic friction. %ﬂj\,

27. What is the reason for force changes the velocity of the particle?
01. The magnitude of the velocity can be changed without changi %:\’drirection of the
velocity. “ 14
02. In this case the particle will move in the same direction hat,withacceleration.
03. The direction of motion alone can be changed withou ‘Sging the magnitude (speed).
04. Both the direction and magnitude (speed) of velocj y@e changed. If this happens
non circular motion occurs.

4
~
28. Define Centripetal force. N

requst be centripetal acceleration towards the
e must be some force acting on it with
entripetal force.

If a particle is in uniform circular motion, tl
center of the circle. If there is acceleration gH
respect to an inertial frame. This force is

29. How is the centripetal force act ir%ltyl#’ng motion?

In the case of whirling motig one tied to a string, the centripetal force on the particle
is provided by the tensionakft){ on the string.

In circular motion in a\p.a.r&isément park, the centripetal force is provided by the tension in
the iron ropes. »

30. How did the car move ﬁn circular track?
When a cards mqving on a circular track the centripetal force is given by the frictional force
between the ad the tyres. Frictional force = mv?/r m-mass of the car, v-speed of the car

r-radius of} &Va re of track
vam car moves on a curved track, the car experiences the centripetal force which

is p@ y frictional force between the surface and the tyre of the car.

CONCEPTUAL QUESTIONS:
01. Why it is not possible to push a car from inside?
01. When you push on the car from inside, the reaction force of your pushing is balanced
out by our body moving backward.
02. The seat behind you pushes against to bring things to static equilibrium. So, we can’t
push a car from inside.
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02. There is a limit beyond which the polishing of a surface increase frictional resistance
rather than decreasing it why?
01. Friction arises due to molecular adhesion. For more polishing the molecules of the
surface come closer.
02. They offer greater resistance to surface.

03. Can a single isolated force exist in nature? Explain your answer.
No, a single isolated force cannot exist in nature. Because it will be violation of Newton’s
third law. '

A0
04. Why does a parachute descend slowly? \V)
A parachute is a device used to slow down on object that is falling towards the jground.
When the parachute opens, the air resistance increases. So the person canglantkgafely.
) 4
05. When walking on ice one should take short steps. Why? : . 4
To avoid slipping, take smaller steps. Because these steps c%s more normal force and

there by more friction. 0

o

06. When a person walks on a surface, the frictional foree exerted by the surface on the

person is opposite to the direction of motion. True 1y Ise? False.

W3

07. Can the coefficient of friction be more th:}\) oney
Yes, u>1, friction is stronger than the(fﬂ{ al force.

08. Can we predict the direction of mgtio a body from the direction of force on it?
In free body diagrams, the f, iction is always parallel to the surface of contact. The

force of Kinetic friction is aw pposite the direction of motion.
-\“?)
09. The momentum of a sys{w)) particles is always conserved. True or false? True

4

10. Why is it dan @;;s to stand near the open door of moving bus?

Itis dangir tand near the open door (or) steps while travelling in the bus. When the

bus takes a.gu urn in a curved road, due to centrifugal force the person is pushed away
from the H&n though centrifugal force is a pseudo force, its effects are real.
11. W. xicket player catches the ball, he/she pulls his /her hands gradually in the
on of the ball’s motion. Why?
1. If he stops his hands soon after catching the ball, the ball comes to rest very quickly.

02. It means that the momentum of the ball is brought to rest very quickly.

03. So the average force acting on the body will be very large.

04. Due to this large average force, the hands will get hurt.

05. To avoid getting hurt, the player brings the ball to rest slowly

12. A man jumping on concrete floor is more dangerous than in sand floor, why?
01. Jumping on a concrete cemented floor is more dangerous than jumping on the sand.
02. Sand brings the body to rest slowly than the concrete floor, so that the
average force experienced by the body will be lesser.
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FIVE MARKS QUESTIONS:

01. Prove the law of conservation of linear momentum. Use it to find the recoil velocity of a
gun when a bullet is fired from it.

. . . —= dp
i) The force on each particle (Newton’s second law) can be written as F;,= % and
+ _dpz

ii) Here p,is the momentum of particle 1which changes due to the forceTflz exerted

by particle 2. Further p,, is the momentum of particle 2. This changes due to _F)21 exerted
by particle 1.

dby_ dP;. dPs Py _ . d o = C
dt ~  dt’ dt+dt_0’dt(p1+p2)_0 /\O

iii) It implies that p; + P, = constant vector (always). \y
iv) P; + Pais the total linear momentum of the two particles (Pror = Pq % tis
Stit
p
Hae!

also called as total linear momentum of the system. Here, the two particl ute the
system. A

v) If there are no external forces acting on the system, then the lEQ ar momentum of
the system (ﬁtot) is always a constant vector. e 4

\®
02. What are concurrent forces? State Lami’s theorem. 0
A collection of forces is said to be concurrent, if the(l‘%:,s0 of forces act at a common point.
If they are in the same plane, they are concurrent as welhas ¢oplanar forces.
If a system of three concurrent and coplanar f SIS 1 equilibrium, then Lami’s theorem
states that the magnitude of each force of the systendis’proportional to sine of the angle between
the other two forces. The constant of proporti ity 1s same for all three forces.

[Fal _ [Fo| _ [Fo < \
Sina  Sinf  Siny
Example:

A baby is playing in a swin i€h 1s hanging with the help of two identical chains is at
rest. Identify the forces acting<611 baby. Apply Lami’s theorem and find out the tension acting
on the chain. -\N‘,) B -

Solution '<\) ‘
The baby and the chg,ins are modeled as a particle hung
by two stri own in the figure. There are three ’ | \ e

ngs .
forces actiuéﬁa baby. . \\ p &

i) Dow vitational force along negative y >

diredg Q) X
ii) %an (T) along the two strings These three forces —>
aréscoplanar as well as concurrent as shown in the Lo
llowing figure

_ T _ g .
Sin(180—8) ~ Sin(180—0) _ Sin(26)
Since Sin (180 — 0) = Sin 6 and Sin (20) = 2sin Ocos 0

— mg .
Sin® ~ 2Sin6Cosh) ’

By using Lami’s theorem

We get,

From this, the tension on each string is T =
2Cos0
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03. Explain the motion of blocks connected by a string in i) Vertical motion
ii) Horizontal motion.

Case 1: Vertical motion
1) Consider two blocks of masses m; and m, (m;> m,)
connected by a light and inextensible 7
string that passes over a pulley. S —
ii) Let the tension in the string be T and
acceleration a. When the system is released,
both the blocks start moving, m, vertically upward
and m; downward with same acceleration. ‘ S

The gravitational force m;g on mass m1 is used in ; —
lifting the mass mj. "
Applying Newton’s second law for mass my;,
Tj - mpgj = myaj %
iii) The left hand side of the above equation is the total force that agts » and the
right hand side is the product of mass and acceleration of m irection.
By comparing the components on both sides, we get [ ”
T-m;g =mpa ------------- (D) >

Similarly, applying Newton’s second law for mass m;
Tj —mgj = —mya

As mass m1 moves downward (), its acceleratlog %ng(—])

iv) By comparing the components on both sides;

T-mg=-ma ;mg-T=ma O X (2)
Adding equations (1) and (2), we get A N
m;g — mpg = mja + mpa ; (M ,4112 o= (m; + mpa ---—-—--(3)
From equation (3), the acceleratlo% the masses is a = (%) g 4)
1 2
If both the masses are equal (m; rom equation (4) a=0

v) This shows that if the ma aye equal, there is no acceleration and the system as a
whole will be at rest. To fmd*}e sion acting on the string, substitute the acceleration from
of (1.
2) ; T—m2g+m2(

the equation (4) into the <1'N)
\’ T —myg = m2( ———

By taking még%]mon in the RHS of equation (5)
T=myg (1 FRUCELUL:

m1+m2)
m1+m2+m1_m2)

mi-m mi_m

g~ (5)

mi+m,

b

@\ T= mfn(lmz mq+m,
% T= (m)g

Case 2: Horizontal motion
i) In this case, mass m2 is kept on a horizontal table and mass m1 is hanging through a
small pulley. Assume that there is no friction on the surface.

ii) As both the blocks are connected to the un-stretchable string, if m; moves with an
acceleration a downward then m; also moves with the same acceleration a horizontally.
The forces acting on mass m, are (i) Downward gravitational force (m,g)

(i) Upward normal force (N) exerted by the surface (iii) Horizontal tension (T) exerted by
the string

http://www.trbtnpsc.com/2018/06/latest-plus-one-11th-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnps.com

XI STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS, | 8
SRMHSS, KAVERIYAMPOONDI, THIRUVYANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

The forces acting on mass m; are

(i) Downward gravitational force (m,g)

(ii) Tension (T) acting upwards

The free body diagrams for both the masses

Applying Newton’s second law for m;
Tj—mgj = maj

By comparing the components on both

sides of the above equation, o @
T—-m;g=-ma ------------- (D)

Applying Newton’s second law for m;
Ti — mpal , By comparing the

components on both sides of above equation,

T =mpa -------------- )

There is no acceleration along y direction for mj.
Nj — mpgj = 0, By comparing the components on both sides of the&ab equatlon

g T '-‘i:_-

N-mpg=0;N=mpg ------mm--mmm- 3)
By substituting equation (2) in equation (1), we can f1nd the tens@
mpa—m;g=-mia, Ma+ma=mg ;a= m1+m2 --__

Tension in the string can be obtained by substituting equa@%) in equation (2)

mpmp
T=

mq+my
Comparing motion in both cases, it is clearthat'he tension in the string for
horizontal motion is half of the tension for ve,zt'\é) ion for same set of masses and
e

strings. <

04. Briefly explain the origin of friction. Shg&’ﬁ%‘}; an inclined plane, angle of friction is
equal to angle of repose.
i) If a very gentle force in the hori&idirection is given to an object at rest on the
table, it does not move. 2»
ii) It is because of the oppgs ce exerted by the surface on the object which resists its
motion.
iii) This force is call Thg ct10na1 force which always opposes the relative motion
between an object the surface where it is placed.
iv) Consider aniinclisted plane on which an object is placed. Let the angle which this plane
makes wi %horizontal be 0 . For small angles of 8 , the object may not slide down.
v) As 01 'I%s d, for a particular value of 0 , the object begins to slide down. This value
is c‘a% le of repose. Hence, the angle of repose is the angle of inclined plane with
thefigrizontal such that an object placed on it begins to slide.
Vi ider the various forces in action here. The gravitational force mg is resolved
%6 components parallel (rmg sin 8 ) and perpendicular (mg cos 0 ) to the inclined plane.
%i The component of force parallel to the inclined plane (mg sin 0) tries to move the
object down. The component of force perpendicular to the inclined plane (mg cos 0) is
balanced by the Normal force (N).
N=mgcos -------------- (1)
When the object just begins to move, the static friction attains its maximum value,
f, = £,"™ = us N. This friction also satisfies the relation
™ = ue mg Sin® ------—-————- (2)
Equating the right hand side of equations (1) and (2), we get
(™) /N =sin0/cos 0
From the definition of angle of friction, we also know that tan @ = pg

in which A i< the anole of friction
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05. State Newton’s three laws and discuss their significance.

Newton’s First Law

i) Every object continues to be in the state of rest or of uniform motion (constant
velocity) unless there is external force acting on it.

i) This inability of objects to move on its own or change its state of motion is called
inertia. Inertia means resistance to change its state.

Newton’s Second Law
i) The force acting on an object is equal to the rate of change of its momentum F= dst

ii) In simple words, whenever the momentum of the body changes, there must be a force
acting on it. The momentum of the object is defined as p = mv. In most cases, the mass.of the
object remains constant durmg the motion. In such cases, the above equation gets n;ad!@i into

— d = -
asimplerformF:ﬂzm V—ma.F=ma ’\k)

dt dt
Newton’s third law

i) Newton’s third law assures that the forces occur as equal and palrs An
isolated force or a single force cannot exist in nature. é
a

ii) Newton’s third law states that for every action there i 1s ar -and opposite

reaction.

iii) Here, action and reaction pair of forces do not ac ‘Yﬁ; same body but on two
different bodies.

iv) Any one of the forces can be called as an ac{rf force and the other the reaction
force. Newton’s third law is valid in both 1nert1a1 ar d ertial frames.

v) These action-reaction forces are not ¢ e AN effect forces. It means that when
the object 1 exerts force on the obiject 2, the o xerm equal and opposite force on the
body 1 at the same instant. b%

06. Explain the similarities and differe ot\Qéntrlpetal and centrifugal forces.

Centripetal force /\ Centrifugal force
It is a real force which is exerted It is a pseudo force or fictitious force which
the body by the external agenc H) cannot arise from gravitational force, tension
like gravitational force, tensi&» force, normal force etc.
string, normal force etc.
Acts in both inertial a{rd* non-inertial Acts only in rotating frames (non-inertial frame)
frames
It acts towards f rotation It acts outwards from the axis of rotation or radially
or center of thg Cigcl€ in circular motion outwards from the center of the circular motion

72 mv?

|Fcp| :%}% r |FCf| = mw’r = r
Real ford¢ A1d has real effects. Pseudo force but has real effects
Origin off centripetal force is interaction Origin of centrifugal force is inertia. It does not
between two objects arise from interaction.
In inertial frames centripetal force In an inertial frame the object’s inertial motion
has to be included when free body appears as centrifugal force in the rotating frame. In
diagrams are drawn. inertial frames there is no centrifugal force.

In rotating frames, both centripetal and
centrifugal force have to be included when free
body diagrams are drawn.

http://www.trbtnpsc.com/2018/06/latest-plus-one-11th-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnps.com

XI STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS, | 10
SRMHSS, KAVERIYAMPOONDI, THIRUVYANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

07. Briefly explain ‘centrifugal force’ with suitable examples.
i) Consider the case of a whirling motion of a stone tied to a string. Assume that the stone
has angular velocity w in the inertial frame (at rest).
ii) If the motion of the stone is observed from a frame which is also rotating along with the
stone with same angular velocity w then, the stone appears to be at rest.
iii) This implies that in addition to the inward centripetal force —m®’r there must be an
equal and opposite force that acts on the stone outward with value +ma’r.
iv) So the total force acting on the stone in a rotating frame is equal to zero
(—m(ozr +me’r = 0).
v) This outward force +mw’r is called the centrifugal force.

N
08. Briefly explain ‘Rolling Friction’. /\\O
i) One of the important applications is suitcases with rolling on coasters. Rolli Wels
makes it easier than carrying luggage. L\,
ii) When an object moves on a surface, essentially it is sliding on it. But Wheelg move on the
surface through rolling motion.
iii) In rolling motion when a wheel moves on a surface, the poi mntact with surface
is always at rest. 8 Y
iv) Since the point of contact is at rest, there is no relativexﬁ&ﬁon between the wheel and
surface. Hence the frictional force is very less. At the g.time if an object moves
without a wheel, there is a relative motion between the object and the surface.
v) As a result frictional force is larger. This makeil ifficult to move the object.

vi) Ideally in pure rolling, motion of the point of, cPwith the surface should be
at rest, but in practice it is not so. N
vii) Due to the elastic nature of the surface it oint of contact there will be some
deformation on the object at this poj \‘thré wheel or surface.
viii) Due to this deformation, there 4&}) minimal friction between wheel and surface.
It is called ‘rolling friction’. In @9 ing friction’ is much smaller than kinetic friction.

09. Describe the method of me %’Angle of Repose.
i) Consider an inclined planig &g which an object is placed. Let the angle which this plane

makes with the horizontal r small angles of 8 , the object may not slide down.
ii) As 0 is increased, a particular value of 0 , the \ !
object begins to slide down. [This value is called angle of max
repose. Hence, the an f repose is the angle of inclined /

plane with the horiZgj uch that an object placed on it
begins to slide. A
iii) C({%}r he various forces in action here. The
gravitationﬁ&r mg is resolved into components parallel mgoosd /6
(mg si perpendicular (mg cos 0 ) to the inclined plane.
%g he component of force parallel to the inclined
plane (mag sin 0) tries to move the object down. The g
component of force perpendicular to the inclined plane \\L
(mg cos 0) is balanced by the Normal force (N). ‘
N=mgcos 0 -------------- €))
When the object just begins to move, the static friction attains its maximum value,
fy = ;™ = u, N. This friction also satisfies the relation
£ = pg mg $in0 -----------—- ()
Equating the right hand side of equations (1) and (2), we get
(f™™) /N =sin0/cos 0
From the definition of angle of friction, we also know that tan @ = pg

mg sin 6
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10. Explain the need for banking of tracks.
i) In a leveled circular road, skidding mainly depends on the coefficient of static
friction yg The coefficient of static friction depends on the nature of the surface which has a
maximum limiting value.
ii) To avoid this problem, usually the outer edge of the road is slightly raised
compared to inner edge
iii) This is called banking of roads or tracks. This introduces an inclination, and the
angle is called banking angle.
iv) Let the surface of the road make angle 6 with horizontal surface. Then the normal
force makes the same angle 6 with the vertical.

v) When the car takes a turn, there are two forces acting on the car: o~
a) Gravitational force mg (downwards) /\\O
b) Normal force N (perpendicular to surface) \k)
4

vi) We can resolve the normal force into two components. N cos 6 and N sin
vii) The component N cos 0 balances the downward gravitational force an
component N sin 6 will provide the necessary centripetal accelere}zi?.\ sing
4

Newton second law Y
2 y .
Ncose=mg;Nsin9=% 2 [X‘va
By dividing the equations we get, tan 0 = :—g @«

v=,/rgtan0 (Q
y
Ny

A

Need Banking of tracks .

1) The banking angle 6 and radius 0&6@9}1‘11”6 of the road or track determines the
Safe speed of the car at the turning. If the el of car exceeds this safe speed, then it starts
to skid outward but frictional force cogﬁ \sﬁ) effect and provides an additional centripetal
force to prevent the outward skiddi %

2) At the same time, if the of the car is little lesser than safe speed, it starts to
skid inward and frictional r‘%wmes into effect, which reduces centripetal force to
prevent inward skidding.

3) However if thé‘w’é "of the vehicle is sufficiently greater than the correct speed,
then frictional force e<n})t op the car from skidding.

11. Calculate the ce 'peﬁl acceleration of Moon towards the Earth?

2
i) The ceilté tal’acceleration is given by a = 1;7 This expression explicitly depends
onM WSspeed which is non trivial. We can work with the formula o’R,, = ap,
i) am { ripetal acceleration of the Moon due to Earth’s gravity.

e Earth.
Ra= 60R = 60X6.4X10°= 384X 10°m
As we know the angular velocity w = 2?7'[ and T =27.3 days =27.3 x 24 x 60 x 60
second = 2.358 x 10°sec
By substituting these values in the formula for acceleration

4m?)(384x10°) -
m: ((232;(7)2) am= 0.00272ms’"

The centripetal acceleration of Moon towards the Earth is a,, = 0.00272ms"

angular velocity.
:\%ﬁs the distance between Earth and the Moon, which is 60 times the radius of
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12. How will you confirm Newton’s third law by the way of two bodies in contact on a
horizontal surface?

i) Consider two blocks of masses mi and m2 "

(mi> m2) kept in contact with each other R,

on a smooth, horizontal frictionless surface as T H

shown Lo

ii) By the application of a horizontal force F,

sl 1A v
r i t
both the blocks are set into motion with w E —'«:-:/ i‘f; ;
acceleration ‘a’ simultaneously in the L ' ——
direction of the force F. ; -
iii) To find the acceleration a, Newton’s second /\\-3
law has to be applied to the system

(combined mass m = mi+ m)

\V
F=ma . If we choose the motion of the two masses along@iﬁve
x direction, Fi = mai

By comparing components on both sides of the above equ
F = ma where m = mi+ me

4

a@é}'
b 4
The acceleration of the system is given by a = ——— = (1) ‘
mq +m2_ Pt !
iv) The force exerted by the block m; on m, due ‘_[o“its ‘motion is called force of
contact ( f 21). According to Newton’s third law, the block m2 will exert an
equivalent opposite reaction force ( f12). on block m; i

| ) | f
A i

) » : ‘I-x

/‘/ Fi - flzi = mlai
By comparing the c‘oaé fents on both sides of the above equation, we get
) F-f, =mja;fi, =F-mja - ()
Substituting the val)le\Sf acceleration from equation (1) in (2) we get,

_ F . _ my ]
p Cé\o fp =F- ml(m1+m2) »ho =F [1 my+m,
sz
(Q\, iy =l e 3)
%\?ation (3) shows that the magnitude of contact force depends on mass my which
@e the reaction force. Note that this force is acting along the negative x direction.

. . .. 2 Fmp 4
In vector notation, the reaction force on mass m; is given by f, [

mq+myp
v) For mass mo there is only one force
acting on it in the x direction and it is denoted
by f »1. This force is exerted by mass m;.
The free body diagram for mass m,,
Applying Newton’s second law for mass m,.
f21i = mzai

By comparing the components on both ]
sides of the above equation

f =mpa -----m-eeee “4)

12
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T . . . . Fm
Substituting for acceleration from equation (1) in equation (4), we get fz; = - +r2n
1 2
. . . Fm
vi) In this case the magnitude of the contact force is f1 = 2,
mq+m;

The direction of this force is along the positive x direction.

vii) In vector notation, the force acting on mass mpexerted by mass mjis f 2= m?:lznz i
Note : f 12 :—f »ywhich confirms Newton’s third law
13. Write the salient features of Static and Kinetic friction.
Static friction Kinetic friction ,A"""""
It opposes the starting of motion It opposes the relative motion of the %Y
with respect to the surface
Independent of surface of contact Independent of surface of con‘ga&
us depends on the nature of materials in | p; depends on nature of ma
mutual contact temperature of the surfac
Depends on the magnitude of applied | Independent of magnltu of prhed force
force
It can take values from zero to puN It can never be M always equals to wN
whatever be the (true <10 ms’ )
£ > i Itis less tha(ﬁ%z{tximal value of static friction
Us> U Coeffici netic friction is less than
coeﬁ(@ﬁn\mf static friction

14. Briefly explain what are all the forces act< ‘ﬁ’oving vehicle on a leveled circular road?
i) When a vehicle travels in a curved path, there must be a centripetal force acting on

it. This centripetal force is provi the frictional force between tyre and surface of
the road.
ii) Consider a vehicle of m. oving at a speed ‘v’ in the circular track of radius ‘r’.

There are three forces@ﬁ ~on the vehicle when it moves
1. Gravitation mg) acting downwards
2. Normal for‘%{ g) acting upwards
3. Frictional force (Fs) acting horizontally inwards along the road
iii) Suppose t d is horizontal then the normal force and gravitational force are
exactl éﬁ d opposite. The centripetal force is provided by the force of static
frictio tween the tyre and surface of the road which acts towards the center of

thé\g&ﬂlar track, mTvZ =F,,

the static friction can increase from zero to a maximum value F, < pgmg
e static friction would be able to provide necessary centripetal force to bend the car on
the road. So the coefficient of static friction between the tyre and the surface of the road
determines what maximum speed the car can have for safe turn.
If the static friction is not able to provide enough centripetal force to turn, the
vehicle will start to skid.

2 2
if % > 1 mg , of pg< :—g (skid)
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15. Find i) acceleration ii) speed of the sliding object using free body diagram.
i) To draw the free body diagram, the block is assumed to be a point mass Since the motion
is on the inclined surface, we have to choose the coordinate system parallel to the
inclined surface as shown in Figure (b).

ii) The gravitational force mg is resolved in to parallel component mg sin® along the
inclined plane and perpendicular component mg cos0 perpendicular to the inclined
surface Figure b.

iii) Note that the angle made by the gravitational force (mg) with the perpendicular to the
surface is equal to the angle of inclination 6

1v) There is no motion (acceleration) along the L
y axis. Applying Newton’s second law in S
they direction N
—mg cos 08 + Nj = 0(No acceleration) -
By comparing the components on both -+
sides, N-mgcosf =0 T
N =mg cosb T =
v) The magnitude of normal force (N) exerted
by the surface is equivalent to mg cos6 . & 2
The object slides (with an acceleration) alo v B I N W
the x direction. Applying Newton’s sccoz&)
law in the x direction mg sinf { = aAﬁ:ﬁy
By comparing the components ,én sides, we can equate mg sinf =ma
The acceleration of the slidiag objgct is a = g sinf

{ o A\
L) T

on the angle of inclination 0 . If the angle 0 is 90
degree, the block will mg ically with acceleration a = g. Newton’s kinematic
equation is used to ﬁr‘% peed of the object when it reaches the bottom. The

acceleratlon is congtalt oughout the motion.
v =u® + 2as al the x direction

/’
vii) The acc L%n a is equal to g sin 0. The initial speed (u) is equal to zero as it starts
from,{‘&k ere s is the length of the inclined surface.

K (v) when it reaches the bottom is v = ,/2sg sinf

o

vi) Note that the acceleration ge
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UNIT - 04 WORK, ENERGY AND POWER

TWO MARKS AND THREE MARKS:

01. Explain how the definition of work in physics is different from general perception.
1. Generally any activity can be called as work
2. Butin physics, work is said to be done by the force when the force applied on a
body displaces it.

02. Write the various types of potential energy. Explain the formulae.
1. The energy possessed by the body due to gravitational force gives rise to
gravitational potential energy U = mgh C\
2. The energy due to spring force and other similar forces give rise to ela@?
potential energy. U = V5 Kx*

3. The energy due to electrostatic force on charges gives rise to ele % ¢
potential energy. U =—E. dr 4{
A Y

03. Write the differences between conservative and Non-conseer’e rces. Give two

examples each. y

Conservative forces Non-cope?‘tive forces
Work done is independent of the path | Work done dep&ni upon the path
Work done in a round trip is zero Work dongp a round trip is not zero
Total energy remains constant Energy!igd{ssfpated as heat energy
Work done is completely recoverable | Woik dong is not completely recoverable
Force is the negative gradient of N&suelrrelation exists.
potential energy J Y

{8
04. Explain the characteristics of ela%gn inelastic collision.

Elastic Collisio Inelastic Collision
Total momentum is con r&, Total momentum is conserved
Total kinetic energy is’ ved Total kinetic energy is not conserved
Forces involved are &%s, vative forces | Forces involved are non-conservative
y forces
Mechanical e\&@r is not dissipated Mechanical energy is dissipated into heat,
, C.-\ light, sound etc.

AN
0s. Defin&%following
a

ient of restitution b) Power c¢) Law of conservation of energy

@é of kinetic energy in inelastic collision.
% oefficient of restitution
It is defined as the ratio of velocity of separation (relative velocity) after collision to

the velocity of approach (relative velocity) before collision, i.e.,
_ Velocity of separation (after collision)  (v2—v1)

- Velocity of approach (before collision) * (uq—1u5)
b) Power
The rate of work done or energy delivered.

_ Workdone ()
Power (P) = Time taken (t)

¢) Law of conservation of energy
Energy can neither be created nor destroyed. It may be transformed from one form
to another but the total energy of an isolated system remains constant.
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d) Loss of kinetic energy in inelastic collision

In perfectly inelastic collision, the loss in kinetic energy during collision is
transformed to another form of energy like sound, thermal, heat, light etc. Let KE;
be the total kinetic energy before collision and KE; be the total kinetic energy after
collision. Total kinetic energy before collision,

KEi=§m1L112 +§m2U22 ----------- (1)
Total kinetic energy after collision, KE¢ = % (m+ mz)v2 ———————————— 2)
Then the loss of kinetic energy is Loss of KE, AQ = KE; - KE;

=3 (m1+ mz)V —Emlul + m2u2 -------- 3)
1U1+m2 2
(m;+mjy)

(expand v by using the algebra (a+b)* = a® + b” + 2ab, we get

Loss of KE, 4Q = ; (272 )(u, - uy)’ ,4/3

06. Define unit of power Q
One watt is defined as the power when one joule of work is dongQ Second. IW = 1Js™

Substitutlng equation v = in equation (3), and on s1mphfy1ng/\\:)

07. Explain Work done.

i) Work is said to be done by the force when the force ap a body displaces it.
i1) work done is a scalar quantity. It has only magn1 a dno direction.
iii) In SI system, unit of work done is N m (or) j JO ts dimensional formula is ML*T™

08. When does work done becomes zero?
1) When the force is zero (F =0). ii) Whe lacement 18 ze1o (dr = 0).
iii) When the force and displacement a{e p nd1cular (6 = 90°) to each other.
09. Define Work done by a constant for

When a constant force F acts on y, the small work done (dW) by the force in
producing a small d1splacement 's iven by the relation, dW= (F cos0) dr

10. Define Work done by "B’a e force
When the component oha’variable force F acts on a body, the small work done (dW) by
the force in produging a’small displacement dr is given by the relation dW= (F cos0) dr
[FcosOist e%ponent of the variable force F]

11. Give the g representatlons of the work done by a variable force.

p T

Fcos O

r
12. Define Energy, Kinetic energy and Potential Energy l

Energy: The capacity to do work , Dimension : ML*T?, SI Unit : Nm or joule .
Kinetic energy : The energy possessed by a body due to its motion.

Dimension : ML>T> ,SI Unit : Nm or joule .

Potential Energy: The energy possessed by the body by virtue of its position

Dimension : ML>T?> ,SI Unit : Nm or joule .
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13. Write the significance of kinetic energy in the work — kinetic energy theorem.
1. If the work done by the force on the body is positive then its kinetic energy increases.
2. If the work done by the force on the body is negative then its Kinetic energy decreases.
3. If there is no work done by the force on the body then there is no change in its
kinetic energy

14. Define Work - kinetic energy theorem.
The work done by the force on the body changes the kinetic energy of the body.
This is called work-kinetic energy theorem.

15. Define elastic potential energy N
The potential energy possessed by a spring due to a deforming force which stretches
compresses the spring is termed as elastic potential energy.

\,
16. Define Conservative force ¢ ¥ E)
tt

A force is said to be a conservative force if the work done by or agai orce in moving
the body depends only on the initial and final positions of the body Otyon the nature of the
path followed between the initial and final positions. “ )}

PN 4

17. Define Non-conservative force ‘S
A force is said to be non-conservative if the work dong b gainst the force in moving a
body depends upon the path between the initial and fis ositions. This means that the value

of work done is different in different paths. y y

».
18. Define Average power L &
The average power (P,,) is defined as t @'ﬁf the total work done to the total time

Total work done ¢

taken. P, =
™ Total time taken ,%(\'

19. Define Instantaneous power 2&
The instantaneous powe%)?‘i%,is efined as the power delivered at an instant (as time
g8
interval approaches zero %
20. What is meant by collisi
Collision is a gdn phenomenon that happens around us every now and then. For

example, carozx iffiards, marbles, etc.,. Collisions can happen between two bodies with or
without physj tacts.

21. What is é‘\i)c Collision?
In.a‘edHfision, the total initial kinetic energy of the bodies (before collision) is equal to
t inal kinetic energy of the bodies (after collision) then, it is called as elastic collision.
i'e=={ otal kinetic energy before collision = Total kinetic energy after collision

22. What is Inelastic Collision?
In a collision, the total initial kinetic energy of the bodies (before collision) is not equal to
the total final kinetic energy of the bodies (after collision) then, it is called as inelastic
collision. i.e., Total kinetic energy before collision # Total kinetic energy after collision
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CONCEPTUAL QUESTIONS
01. Which is conserved in inelastic collision? Total energy or Kinetic energy?
The total energy of the system is conserved in inelastic collision. The kinetic energy is not

conserved because it is carried by the moving objects or it is transformed into other form of
energy.

02. Is there any net work done by external forces on a car moving with a constant speed along
a straight road?

At a constant speed, a car can be carrying around corners or driving in a curved path. That
would cause all sorts of acceleration. But an object travelling at a constant speed, in a straight
line and by Newton’s first law of motion. If has no external force acting on it. 2

total momentum and the total energy of the system conserved?

1. If positive and negative charged particles moves towards another E)
2. Atfter collision the charged particles should stick together perma%

03. A charged particle moves towards another charged particle. Under what ¢ 1\&0}3 the

3. So, they should move with common velocity under this situat

total momentum
and total energy of the system is conserved.

FIVE MARKS QLIESTIONQ

01. Explain with graphs the difference between work by a constant force and by a
variable force.

i) When a constant force F acts on a body, thess anl,
work done (dW) by the force in produc Inga

displacement dr is given by the relatior ‘t’F cos()) dr

ii) The total work done in producing & cement from

initial position r; to final positio = frrf dw; | S —
W = ["(F cosf)dr = (F cos

iii) The graphical represgﬁit of the work done by a i _.i ’
constant force .The a@@ the graph shows the work i

done by the constant
Work done by a vatijable force

i) When the C(%grjlent of a variable force F acts on a body, the small work done (dW) by
the force€ cing a small displacement dr is given by the relation dW = (Fcos 0) dr
[F co &@ component of the variable force F] where, F and 0 are variables.

ii) ThQ ork done for a displacement from initial position 1; to final position r¢is given

elation, W = frrif dw; = frrif(F cos0)dr

a raphical representation of the work done by a variable force. The area under the
graph is the work done by the variable force. \

F cos O
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02. State and explain work energy principle. Mention any three examples for it.
1) It states that work done by the force acting on a body is equal to the change produced in
the kinetic energy of the body.
2) Consider a body of mass m at rest on a frictionless horizontal surface.
3) The work (W) done by the constant force (F) for a displacement (s) in the same

direction is, W = FS§ ------————--- (D)
The constant force is given by the equation, F = ma ---------- 2)
The third equation of motion can be written as, v2 =u? + 2as
2,2
A —— (3)

2s

2_
Substituting for a in equation (2), F=m (V -

"
2 2 P
Substituting equation (4) in (1), W = m(% s) —m (u— s) ‘ P
W =% mv’ - Y2 mu’ (5) \
The expression for kinetic energy:

i) The term %2 (mv? ) in the above equation is the kinetic energy of t dy of mass (m)
moving with velocity (v). KE =72 11} — (6) A Yy

i) Kinetic energy of the body is always positive. From equath ) and (6)
Y SR S R 73 1 e — (7) thus, W = ARE Y

iii) The expression on the right hand side (RHS) of e x;; (7) is the change in
kinetic energy (AKE) of the body. @
iv) This implies that the work done by the force’an the body changes the kinetic energy

of the body. This is called work—kinetlc eorem.
03. Arrive at an expression for power and velocify. e some ex ampl»s for the same.

i) The work done by a force F fora dl{ pﬁt df is W = f 7 —— (D)
Left hand side of the equatlon () ca ritten as

W= [dw = f —dt (mul’%& and divided by dt) ——ecemececmes )

ii) Since, velocity v = — d]' vdt; Right hand side of the equation (1) can be
written as [ F.d7 = QW dt = [(F.%)dt [17 = Zr] ———————————————— (30
Substituting equa n and equatlon (3) in equation (1), we get

[ = (22— F.5)dt=0

iii) ThlS rel %true for any arbltrary value of dt. This implies that the term within the
brackgt e equal to z7ero, i.e.,

&K v —0(or)——Fv

04. Arq’@an expresswn for elastlc colllsmn in one dlmensmn and discuss

@ cases.
J My o 55

Before collision o 7
Consider two elastic bodies of masses m; and m; moving in a straight line (along positive
x direction) on a frictionless horizontal surface.
1) In order to have collision, we assume that the mass m; moves faster than mass m; i.e.,
W1 > Uy For elastic collision, the total linear momentum and kinetic energies of the
two bodies before and after collision must remain the same.
From the law of conservation of linear momentum,
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Total momentum before collision ( pi) = Total momentum after collision ( pf’)
miu; + mpuy = mMyvy + Mpvy -------------- (1) (or)
my(u; — vi) =my(Va — Up) ---=-----m-mmmmme (2)
For elastic collision,
Total kinetic energy before colhslon KE; = Total kmetlc energy after collision KEy
%) m1u1 +1n m2u2 =1 m1V1 + 15 m2V2 —————————————————— (3)
After simplifying and rearranging the terms,
m;(ur® — vi?) = my(vo” — uy?)
Using the formula, a?-b’= (a+ b) (a—b), we can rewrite the above equation as

mi(u; + vi) (ug — v) = mp(va + uz) (va — up) ------------ “4)
Dividing equation (4) by (2) gives, C\
my(Us+ V1) (U= V1) _ Ma Vot Up) (V2= Uy) e O
My (ug—vy) M (2 Uz) g\)
u+vi=va+uy, Re—arranging U —Up = Vp — V| —======—-mm—f- 1
Equation (5) can be rewritten as (u; —up = — (vi — vp) & S
ii) This means that for any elastic head on collision, the relative speediof the two elastic
bodies after the collision has the same magnitude as before co, n but in opposite
direction. Further note that this result is independent of mass 7

Rewriting the above equation for v; and v,

Vi=Vy+ Uy —Uj --=====-————- (6) or v, = U1®U2 ---------------- (7)

To find the final velocities v; and v,:
Substituting equation (7) in equation (2) gi g %e velocity of m; as
mi(u; — vy) =my (U + vy — Uz — Uy)
]‘1‘11(1]1 —V1) =mp (ul-f-‘u 2112,
mpu;—-mvy = mpuy + mpvy — 2II]211’*

miuj — mou; + 2moly = mv; + w\\'
(my—my) u; + 2moup = (ml + M %&

2m,
m1+m2 )ul + (m1+m2) b __(8)
Similarly, by substituting (6) 10n (2) or substltutlng equation (8) in equation (7), we
get the final velocity of m Q
_ 2my my—mq
V2 - (m1+m2) ul + (m1+m2 )u2 (9)
Case 1: When bodies he same mass 1.e., =my,
q “ Equation (8) — v; = (0)u1 + ( ) Up; V| =Up -mmmmmmmmmmmn (10)
\ 2m, "
p C Equation (9) —— v, = (W) UL+ (0) Uz} V2 = Uy —memmemmemem (11)
' uations (10) and (11) show that in one dimensional elastic collision, when
{

two,bo of equal mass collide after the collision their velocities are exchanged.
€23 When bodies have the same mass i.e., m; = m,, and second body (usually
@’ called target) is at rest (u; = 0),
%y substituting m; = m; and u, = 0 in equations (8) and equations (9) we get,
From equation (8) — v| = 0 ----------——--- (12)
From equation (9) — v, = u --------------- (13)
Equations (12) and (13) show that when the first body comes to rest the second body moves
with the initial velocity of the first body.
Case 3: The first body is very much lighter than the second body

(m1 K mz, K 1) then the ratlo — =~ (. And also if the target is at rest (u;=0)

Dividing numerator and denominator of equatlon (8) by my, we get
m g 1
vi=|mo Jut|m ) Oy ( )ul Vi=-u 14
—141 g 011/ V1T T H e (14)
myp my
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Similarly, Dividing numerator and denominator of equation (9) by m,, we get

2 1-m1 1_m
VZZ(ﬂni‘21>“1+<m_1—Tf> 0 Vz—<0>u1+<m1 1)<0>;v2=o ----- (15)

m2 m2 m2

The equation (14) implies that the first body which is lighter returns back rebounds)
in the opposite direction with the same initial velocity as it has a negative sign.

The equation (15) implies that the second body which is heavier in mass continues
to remain at rest even after collision. For example, if a ball is thrown at a fixed wall, the ball
will bounce back from the wall with the same velocity with which it was thrown but in
opposite direction.

Case 4: The second body is very much lighter than the first body

(mz K ml, -2« 1) then the ratio — ~ 0. And also if the target is at re@@)

my
Dividing numerator and denominator of equation (8) by m;, we get

orand denomin N
M= e
Vi= (E) (1+0)(O) Q

Vi =Uy - (16) S
Similarly, Dividing numerator and denominator of equat@) by m;, we get

my 1
SR

\7z o)ul A Q<$)

The equation (16) 1mphe@ lhat the dy which is heavier continues to move
with the same initial velocity.

The equation (17) suggests thsecond body which is lighter will move with
twice the initial velocity of the fj st%y

It means that the lig %W is thrown away from the point of collision.

/\A
05. What is inelastic collisionﬁ\(x ch way it is different from elastic collision.
Mention few examples 1< g?' o day life for inelastic collision.

1) Ina colhs10n the totel initial kinetic energy of the bodies (before collision) is not equal
to the total al €inetic energy of the bodies (after collision) then, it is called as inelastic
colhslo

2) Momx?s conserved. Kinetic energy is not conserved in elastic collision.

nigal energy is dissipated into heat, light, sound etc. When a light body collides

%xt any massive body at rest it sticks to it.
1 kinetic energy before collision # Total kinetic energy after collision

%otal kinetic energy] _ [Total kinetic energy 1 _ [Loss in energy during]
% after collision before collision 1 collision
4) Even though kinetic energy is not conserved but the total energy is conserved.
5) loss in kinetic energy during collision is transformed to another form of energy like
sound, thermal, etc.
6) if the two colliding bodies stick together after collision such collisions are known as
completely inelastic collision or perfectly inelastic collision.
7) For example when a clay putty is thrown on a moving vehicle, the clay putty

(or Bubblegum) sticks to the moving vehicle and they move together with the
same velocity.
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06. Deduce the relation between momentum and kinetic energy.
i) Consider an object of mass m moving with a velocity ¥. Then its linear momentum is

P = m® and its kinetic energy, KE = %2 mv?

KE =% mV?; =% m@.¥) ------ (1)
ii) Multiplying both the numerator and denominator of equation (1) by mass, m
KE =2 m? (9.9) - 1 (m¥).(m¥) [f=m#] : = 1))
2 m 2 m 2 m
_ P _r
T 2m”’ T 2m
iii) Where |p|is the magnitude of the momentum. The magnitude of the linear momentum
can be obtained by |p| = p = /2m(KE) ~

iv) Note that if kinetic energy and mass are given, only the magnitude of the m ‘é'@n
can be calculated but not the direction of momentum. It is because the klAné{ energy
and mass are scalars. —

|

. |

07. State and prove the law of conservation of energy. | -
i) When an object is thrown upwards its kinetic e TN

energy goes on decreasing and consequently =
its potential energy keeps increasing (neglecting air = -y

resistance).

I
I
L
|
i

!
!

i
!
——B 1 Pt ownon
i Uzl KE20 F

completely potential. Similarly, when the y '
object falls back from a height its kineti VA
increases whereas its potential energy S\
decreases. Y

A
iii) When it touches the gro@ energy is
1

completely kinetic. At the inter points
the energy is both kineti tential.
20
=L U=0,KE#0(

4
iv) When the body K@)the ground the kinetic
energy is completely@ated into some —
other form of eper like sound, heat, light and
deformationc 0 body etc.
v) Int 's‘%aa)le the energy transformation takes
very point. The sum of kinetic

pldge
and potential energy i.e., the total mechanical energy always remains constant,
implying that the total energy is conserved. This is stated as the law of conservation of

% nergy.

vi) The law of conservation of energy states that energy can neither be created nor
destroyed. It may be transformed from one form to another but the total energy of an
isolated system remains constant.

ii) When it reaches the highest point its energ;f(‘lg’

o

vii) The figure illustrates that, if an object starts from rest at height 4, the total energy is
purely potential energy (U=mgh) and the kinetic energy (KE) is zero at . When the
object falls at some distance y, the potential energy and the kinetic energy are not zero
whereas, the total energy remains same as measured at height 4. When the object is
about to touch the ground, the potential energy is zero and total energy is purely kinetic.
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08. Derive an expression for the velocity of the body moving in a vertical circle and also find
a tension at the bottom and the top of the circle.
1) A body of mass (m) attached to one end of a mass less and inextensible string
executes circular motion in a vertical plane with the other end of the string fixed.
The length of the string becomes the radius (7 )
of the circular path.
2) The motion of the body by taking the free body
diagram (FBD) at a position where the
position vector (7#) makes an angle 0 with the
vertically downward direction and the
instantaneous velocity . =
3) There are two forces acting on the mass. S
1. Gravitational force which acts downward I
2. Tension along the string. N\ o=
Applying Newton’s second law on the mass, = PR

In the tangential direction, N _ U
mg sin 6 = ma;; X“}'_:.‘ﬂ _ ,
m ng 3 m(dv) N o Triast
g sl —m (-

dv
where , a; = — (d ) is tangential retardation in the @&hrectlon

T-mgcosf =ma;;

2
T—mgcosﬁzﬂ

r
o i v, . | )
where , a; = s the centripetal a(:ce}:@y

09. What is conservative force? State how i@g@;nined from potential energy?
i) A force is said to be a conservatiy, YONP it the work done by or
against the force in moving the b@pends only on the initial and
final positions of the body and n%@ the nature of the path followed
n

between the initial and fing\l‘ S.

ii) Consider an obje&ayiht)A on the Earth. It can be taken to
another point B at a height & above the surface of the Earth by three

paths. C\
iii) W &O‘égay be the path, the work done against the gravitational } ‘-\
force 1 ame as long as the initial and final positions are the ‘ \
% T
4 -J‘- w s
%) his is the reason why gravitational force is a conservative force.

v) Conservative force is equal to the negative gradient of the potential

auv

energy. In one dimensional case, Fx = ——
dx

vi) Examples for conservative forces are elastic spring force, electrostatic force,
magnetic force, gravitational force, etc.
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10. Derive an expression for the potential energy of a body near the surface of the Earth.

1) The gravitational potential energy (U) at some height is equal to the
amount of work required to take the object from ground to that
height with constant velocity.

2) Consider a body of mass being moved from ground to the height h
against the gravitational force.

3) The gravitational force ﬁg acting on the body is, 1_5g =—mgjJ (as the
force is in y direction, unit vector is used). Here, negative sign
implies that the force is acting vertically downwards. In order to
move the body without acceleration (or with

|'|F=_,

constant velocity), an external applied force 1_5a equal in magnitude EE -
but opposite to that of gravitational force 1_5g has to be applied on the body g ]
ie., 1_5a - 1_5g This implies that 1_5a =-mgj \,

4) The positive sign implies that the applied force is in vertically upwe;%iil on. Hence,
when the body is lifted up its velocity remains unchanged and thuskits Kinetic energy also
remains constant. 1 4

5) The gravitational potential energy (U) at some height 4 is equ”&o the amount of work
required to take the object from the ground to that height4. ».

U= [FE,.dF 0
RI2 =
=, |Fa| 1d7| cosB ({
6) Since the displacement and the applied force /argg the same upward direction, the angle

between them, 8 =0 . N
= mg and |d7| ,gé)
U=mg foh dr; \Y

’{C
U=mg[r]? ; U=mgh \ \

Hence Cos 0 =1 and I.E'a

11. What is meant by elastic potentia gy? Derive an expression for the elastic potential
energy of the spring? /{%

1) The potential energy d by a spring due to
a deforming force )K?retches or

compresses the spri termed as elastic potential

energy. The work«lone by the applied e /

force agai % restoring force of the spring is i i
stored g stic potential energy in &

the i i

; Y
ider a spring-mass system. Let us assume

: ss, lying on a smooth m horizontal table. —JWWVWWWWU\—
(0]

ere, x = 0 is the equilibrium position. g
ne end of the spring is attached to a rigid wall
and the other end to the mass.

3) As long as the spring remains in equilibrium
position, its potential energy is zero. Now
an external force F, is applied so that it is

stretched by a distance (x) in the direction of the
force.
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4) There is a restoring force called spring force 1_5 developed in the spring which tries to
bring the mass back to its original position. This apphed force and the spring force are
equal in magnitude but opposite in direction i.e., F F . According Hooke’s law,
the restoring force developed in the spring is 1_55: - k)_c’

5) The negative sign in the above expression implies that the spring force is always opposite
to that of displacement X and k is the force constant. Therefore applied force.
is F, = + k&. The positive sign implies that the applied force is in the direction of
displacement ¥ . The spring force is an example of variable force as it depends on the
displacement X. Let the spring be stretched to a small distance dx. The work dong by the
applied force on the spring to stretch it by a displacement ¥ is stored as elasti;,.;bstial

energy
U=[Fd7 C\V
= f:|ﬁa| |d7#| cos@ ; ‘ S
= fox F,dx cosf
6) The applied force F, and the displacement d#(i.e., here d)%i{rgthe same direction. As,

the initial position is taken as the equilibrium position an position, x=0 is the lower
limit of integration.

u=J; kxdx ; £
e S
U=k cmiimmoaee ,<¢)>

\ Y
7) If the initial position is not zero, amﬁ% mass is changed from position x; to x¢, then
the elastic potential energy 1s

U=1Kk (Xf — Xj - mmmmmv 2)
From equations (1) and ( 0 Serve that the potential energy of the stretched spring
depends on the force c and elongation or compression x.

<‘*>“V
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