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Module 5

Kinetics of particle
5.1 | Force and acceleration: Introduction to basic concepts,
equations of dvnamic equilibrium, Newton's second law

of motion (onlv rectilinear motion)

Work energv principle
Impulse and Momentum: Principle of linear impulse and
momentum. law of conservation of momentum, impact

and collision, direct central and oblique central impact.
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Kinetics

Kinetics Is a branch of dynamics that deals with the relationship between the
change in motion of a body and the forces that cause this change.

The basis for kinetics is Newton’s second law, which states that when an
unbalanced force acts on a particle, the particle will accelerate in the direction
of the force with a magnitude that is proportional to the force.

This law can be verified experimentally by applying a known unbalanced
force F to a particle, and then measuring the acceleration a.

Since the force and acceleration are directly proportional, the constant of
proportionality, m, may be determined from the ratio m = F/a. This positive
scalar m is called the mass of the particle.

Being constant during any acceleration, m provides a quantitative measure of
the resistance of the particle to a change in its velocity, that is its inertia.
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Newton’s second Law (NSL)

It can also be stated as if the external unbalanced force acts on a body, the
momentum of the body changes. The rate of change of momentum Is
directly proportional to the force and takes place in the direction of
motion.

Momentum is the quantity of motion possessed by a body. Linear
momentum of a body is calculated as a product of mass and velocity of
the body , -
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Rectilinear Motion
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D’ Alembert’s Principle( Dynamic Equilibrium)

The force system consisting of external forces and inertia force can be
considered to keep the particle in equilibrium. Since the resultant force
externally acting on the particle is not zero, the particle is said to be Iin
dynamic equilibrium.

D'Alemberts' Principle : The algebraic sum of external force (LF) and inertia force (-m.
is equal to zero.

> F +(-=ma) = 0

o For Rectilinear Motion

Y F. +(-may) =0 and L F, +(-ma) =0

e For Curvilinear Motion

Z F{ + (—ma{) =0 and ZFn 2 (—ma,,) =0
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Y Steps for analysis a
‘/I,:,_ﬁz& e P Y ﬁ'\—‘ﬁ i~ | -
. (f‘?g L ,LLLA_‘ (~ —F = ma
 Draw FBD {/p N¢L > T T '
» Show the direction of acceleration and consider positive sign along the

direction of acceleration.
 Assumption for direction of acceleration:

» If the friction Is not given then assume any direction of acceleration.
Positive answer means assumed direction is correct. |F-ve , clonge olired

o Ff N
of

» It friction is given then we must carefully assume the direction
acceleration. Here If we get a negative answer, then one should resolve
the problem by changing the direction.
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Problem

wo blocks A and B having mass 15 kg and 30
g respectively are released from rest on an
clined plane as shown. Find the acceleration of
ach block considering surface to be frictionless.

25°
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(30 +15) x 9.8]
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Problem

Block A of 100 kg moves up with an acceleration
of 1.8 m/s2. Determine the mass of the block B and
the corresponding tension in the cable.

l

' A4 l 100 kg
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Problem

Determine the weight W required to be
attached to 120 N block to bring the system
to stop in 5 seconds if at any stage 500 N is
moving down at 3 m/s. Assume pulley to be
frictionless and massless.
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he system Is released from rest. What Is the X;
eight lost by the bodies A, B and C in 2
econds. Take coeff of kinetic friction at
bbing surfaces as 0.4. also find TAand TB
nsions in the wires. Assume pulleys to be
eightless and frictionless.
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lock A has a mass of 30 kg and B has 20 o C
g. us = 0.2, uk = 0.15. /

ertermine: i

The minimum force F to develop
Impending motion

Acceleration of A if the applied force F =
400 N.
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Module 5

Kinetics of particle
5.1 | Force and acceleration: Introduction to basic concepts,
equations of dvnamic equilibrium, Newton's second law

of motion (onlv rectilinear motion)

Work energv principle
Impulse and Momentum: Principle of linear impulse and
momentum. law of conservation of momentum, impact

and collision, direct central and oblique central impact.
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WD by a force

Position o
@ Osél‘)n
i - x = i F YT
Work done = Force x Displacement I ! )
P | I
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Work done = Component of force in direction of displacement x Displacement
U= FcosOxs
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WD by weight

Work done = Component of weight in the
direction of displacement
x Displacement

U: mgsinexs

U = mg)ﬁ.‘:’ Sil’le
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WD by frictional force

Work done = _Frictional force * Displacement
otk

[/ = __E_lf",.?}iﬂ

@E@ SOMAIYA

&5 VIDYAVIHAR UNIVERSITY
L

@
C.
) K3

“avie¥® K J Somaiya College of Engineering



WD by spring force

= B A

Let x, be the deformation of spring at position . gg;ggz)ag Position Positio
Let x, be the deformation of spring at position @.

Undeformed length Xy dx

Spring force F© = -k x x
Stiffness &

where k is the spring stiffness (N/m)

x is the deformation of spring (m)

_ve sign indicates direction of spring force
acts towards original position.

Work done = Spring force x Deformation
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Work Energy principle

Work done by forces acting on a particle during some displacement is equal
to change In Kinetic energy during that displacement.

Consider the particle having mass m is acted upon
by a force F and moving along a path which can be
rectilinear or curvilinear

Position

S2®

Let v; and v, be the velocities of the particle at

position () and position (2) and the corresponding
displacement s, and s, respectively.

By Newton's second law, we have
2 F, = ma,

FcosO = ma, = m —

d o V2
t ;
d d IFcosOds=Imvdv
FcosO = m £ w2 8y vy
ds dt Gne Al A

dv 2" Ul-2 — _2- mvl ey —2' va
FcosO = myvx — y

ds Work done = Change in Kinetic Energy

FcosOds = mvdy
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Conservative Forces

If the work of a force is moving the particle from one position to another is
Independent of the path of the particle and can be expressed as change in
potential energy then such forces is called conservative forces

e.g. weight force, spring force, elastic force

Non Conservative Forces

Forces in which work done depends upon the path followed by the particles
e.g. Frictional force, viscous force.

Principle of Conservation of Enerqy

When the particle is moving from one position to the other under the action of
conservative forces (Il.e. frictional force does not exist) then by energy
conservation principle we can say that the total energy remains constant

Total energy = Kinetic energy + Potential energy + Strain energy of spring

Total energy = -21 my”* + mgh +% kx?
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0.8 kg collar slides with
egligible friction on the fixed
d in the vertical plane as
hown. If the collar starts from
st at A under the action of a
onstant 8N horizontal force,
alculate the velocity as It hits
e stop at B.
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Problem

collar of mass 15 kg iIs at rest at A. It can N
reely slide on a vertical smooth rod AB.
he collar is pulled up by a constant force F
600 N . Unstretched length of the spring is
m. calculate the velocity of the collar
hen It reaches position B. spring constant
=3 N/mm. AC is horizontal
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Problem

mass m = 1.8 kg slides from rest at A
long the frictionless rod bent into a
uarter circle. The spring with modulus
= 16 N/m has an unstretched length of
00 mm.

. Determine the speed of m at B.

. If the path is elliptical what is the 600
peed at B.
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blocks A and B having masses 10 kg and
kg resp. are connected with cord and
ulley system as shown in figure.
etermine the velocity of each block when tel v, =0 |
e system is started from rest and block B X
ets displaced by 2 m. consider p, = 0.2

etween block A and horizontal surface. 2 Ay = Ay
o V_@ _ \/_A_
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Problem

A wagon weighing 490 kN starts from rest, runs 30 m down on the
Inclined surface having slope 1 in 100. and strikes a post as shown In
fig. If the rolling resistance of the track is 5 N/kN, find the velocity
of wagon when it strikes the post. If the impact is to be cushioned by

means of a bumper spring having k = 14.7 kN/mm, determine the
maximum compression of the bumper spring.




_ Ny . , 7. = () ~
6~ b km\“’ 0:$ 1 i o)) \/)/1\5\\5 W‘/S// -
Leb w be the mox sprivgdefy .

=0 490 # 10" N

k- 14.7 % 10" N/m

—

#3» SOMAIYA

g

&5 VIDYAVIHAR UNIVERSITY

N

: 3
“avie¥® K J Somaiya College of Engineering

Ve bo u'ly .
g = - U(/j djc Wogonm  hun /T
490 x 10° N Stk pogt

WS W= C,L\P\mf,c A KC
A0 o3 ¢! _
L‘( X | g\f\@)(gb ‘S\KQOIOygo

= J)'/Xl’lqo « V. Ll_

———

9 :Q\ v

a0

N-ﬁ/-> \/Jh,/ C,L\D\V\fQ 'h)(}_(_

%/x"llf'-i} x(ol-— %»\ﬁ IOL
v  thao Xlo® wShe x3o — v L9s x30
~ 0~

P S

TRUST



Problem

A body of mass M is released from rest at A. AB Is a smooth surface. For
BC u=0.2. k for spring is 0.8 N/m. Determine the maximum compression
for spring. AB Is a quarter circle of R = 0.7 m.
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Module 5

Kinetics of particle
5.1 | Force and acceleration: Introduction to basic concepts,
equations of dvnamic equilibrium, Newton's second law

of motion (onlv rectilinear motion)

Work energv principle
Impulse and Momentum: Principle of linear impulse and
momentum. law of conservation of momentum, impact

and collision, direct central and oblique central impact.
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Impulse Momentum principle

NSL

t
F = ma Th 2 :
o v el e term I F dt is called impulse and its unit is N.sec.
F=m T k= f ————
Th ity i oy
v g il ¢ term mass x velocity is called momentum.
Integrating both sides 50, we have I "
. 4 mpulse = Final momentum — Initial momentum
j Fdt = I m dv
g Lo
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Impulse of a force

When a large force acts over a small finite period the force Is called
Impulse force.

When an impulse force acts on a system, non impulsive forces like
weight of the body are neglected.

omponent form: f2
j F,dt = mv, —mv,

%
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Principle of conservation of momentum

If resultant force Is zero in a particular system, then the impulse
momentum equation reduces to initial momentum = final momentum.

O~ wmv_-my -y MYy < v

It happens in many of the force system which comprises of only action
and reaction forces. (e.g. gun and shell, man jumping off a boat)
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Impact

« Phenomenon of collision of two bodies, which occurs for a very small
Interval of time and during which two bodies exert very large force on
each other, is called an impact.

Line of impact: It is the common normal to the surfaces of two bodies In
contact during impact.

Common
tangent

Line of impa(j'
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Line of impact ( ‘-"==_”;.'?_._. Line of impact
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Direct Central Impact

Oblique Central Impact
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Coefficient of restitution (e)
o’ -
—
Deformation = Pegivetion
Porition of Defoarmation After Impact
|7, 4 -
f 4
| " (7 ¢
.; I;(i‘,r?::":;: I . Impulse of force Finzl momens
| RErvE j v of deformation = 2ftez deformation - X m u
] m',u: 3 -
7 ' IFD dr myu l /) ’
m¢ m,
- IF, dt )
= 5 =
[ zitial moment Impulse of force Final moment > / % M
{oefore restitution + of restitution = after impact M
L m;u J IFP dt myv, C M (A }l") V
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Classification of impact based on e

erfectly Elastic Impact:
e=1
Momentum is conserved along line of impact.

m'u"_mlub LMIV\TMLVL
KE Is conserved.

Lonag g ) v

3 1\k| ‘\' ;mbub\ ZM;\/IL‘[‘LW\VVﬁ‘
emi elastic Impact =

O<e<l
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Classification of impact based on e

erfectly Plastic Impact:
e=0
After impact both the bodies move together

Momentum IS conserved.
V\’\z(f{lrf mLML: m{—\'mb>(k

KE is not conserved. There is loss of KE during impact.

DS K- - [ 1 )3
O# £ - Am'quﬁgﬁmLMz o ('LW’IVL#]_ v
2 - f 2 &~y
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Problem

2 smooth balls of mass 3 kg and 4 kg are moving with
velocities 25 m/s and 40 m/s resp at an angle of 300
and 600 with vertical as shown. If the coefficient of
restitution between them is 0.8, find the magnitude and
direction of velocities of these balls after impact.
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.vT o Line of impact 2 _ j
4 1ty = 40 m/s A Lo 2o *LI)‘('Q ("Dgé°°> - g(—V VS
I

m,y =4 kg ’1\/“\)-‘— L‘VLLJ - ‘lSvO( —f(’(\/))j)
Common e = —-\V <V . ,
m; =3 kg tougont jii 'y - ‘ 'ﬁ_’ - v)/j _( _,\/(__tﬁ)
v Yy T70 Gos ko~
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uy, =25 m/s
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C«:MPQV\M dj \/fl&u( AQ%WP&
)’A/l,inco!‘impnct O‘%F&V /M/)atf ih& whganO/ O\ﬁ/\ty

W =40 m/s 4
2 ; (O YW D 1o 7L0Vt7 e/t/\/'
1=4k’ \/ - u — . v _
my =4 kg v = T X0 Ky = gy ""‘/SC‘>>
Common___ . \/)/)L _ U ‘
,\t w - Lu Z Z’,D K/ ° -
6" s 2l i)

\/I:\J¥V ?'T\/l’)/

(e

U, =25m/s
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Problem

A 50 gm ball is dropped from a height of 600

mm on a small plate as shown in figure. It I @ ™i=005k
rebound to a height of 400 mm when the plate |
directly rests on the ground and to a height of @ -
250 mm when a foam rubber mat is placed hy=0.6m + |
between the plate and the ground. Determine E
the coefficient of restitution between the plate 1 ;’

and the ball and mass of the plate. & 'L e

. L) l,)
(velocity of plate before and

afler impact will be zero)
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| Py
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(D Whanplae 05 om0 g , UL =V =D (D= ball
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= fu&?uo'g, =3y /S (J) |
V, - | T
| - \B;; <T> };I'O_hm@ |
- Slxo\’glfo-l.f — X8 ""‘/S (T> | :
O_(vl,ub b Vs U'

A, - U, (velocity of plate before and
afler impact will be zero)

...?.--- @ m, - 005 kg
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Problem

heavy elastic ball drops from the ceiling of a

om and after rebounding twice from the floor  eiting *W
End of

aches a height equal to one half of the height
f the ceiling. Find the coefficient of restitution.

= 0 (velocity of surface)
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Problem

A boy of mass 60 kg and girl of
mass 50 kg dive off the end of a
boat of mass 160 kg with a
horizontal velocity of 2 m/s
relative to the boat as shown in the

figure. Considering the boat to be T T e e
Initially at rest, find its velocity just
after
a. Both the boy and girl dive off
simultaneously
b. The boy dives first followed by
girl.
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Problem

e i-!)*;,~
’ - . A

e
 aimhasiais 5.
? J

|
l

= |

- - B T e

A 20 gm bullet is fired with a velocity of magnitude 600 m/s into a 4.5 kg
block of wood which is stationary as shown in figure. Knowing that the
coefficient of kinetic friction between the block and the floor is 0.4,
determine a. how far the block will move and b. percentage of initial
energy lost in friction between the block and the floor.
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Problem

A 750 kg hammer of a drop hammer pile driver falls my = 750 kg
from a height of 1.2 m onto the top of a pile as
shown. The pile is driven 100 mm into the ground. .
Assume perfectly plastic impact, determine the , 1.2 m
average resistance of the ground to penetration. 1 '
Assume mass of the pile as 2250 kg.
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m, = 750 kg Wb primaple
. (750 +2250) x 9.81 .
yy = 1.213 m/s

@ G@ flu@ X8 g 0

0.1 m

@ v, =0
5 “Kf()’/ - 0O —,‘Z//Qng_"z—Hﬁg
U 0 “[ 3
my = 2250 kg T }é Z S/\I
| K - 423 (1)
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Problem

bullet of mass 10 gm is moving with a velocity of 100
/s and hits a 2 kg bob of a simple pendulum
orizontally as shown. Determine the maximum angle
hrough which the pendulum string 0.5 m long may
wing If

a. the bullet gets embedded in the bob

. The bullet escapes from the other end of the bob with
velocity of 10 m/s
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