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Acceleration
The mte of change of velocity of a particle with respect to time is called accelerahon

If Vand (V + dV) are the velocities of a particie at time t and (t + At) seconds respectively,
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The two stones will cross each other ot 4 distance of 19.62 m from the top of the tower, after
» seconds,

Example 4.2,

A stone, dropped into 2 well, is heared 1o strike the water afier 2 seconds, Find the depth
of the well, if the velocity of sound is 340 my's ' SR

Saolution

Velocuty of sound, V. = 340 mys
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62321, - 138.64=0
t,=195s
L=2-1,=2-195 =0.05s
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Therefore h= 340 «
=340 » 0.05
=17m
Velocity-time curve
[ the velocity - time diagram, the abscissa represents time of motion and the ordinate
represents the velocity.
. . ds
Velocity V=—
dt
ds=V dt
[dS= [Vdt

$= [vdt. The area under the velocity time curve represents the displacement
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Let L be the trme duning which the car remaims at rest

L, =20s(given)
[0 calculate the time taken w atain 11,11 m/sin 250 m

hal 1fs

stemad ot 150 m. and comes umiformiy ¢
st at the signal. It remains at rest for 20 s, As allowed by the signal, it uniformiy accelerate
yned it 40 Kmiph in 250 m. Caleulate o
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Total time ol ravel LFLHL =27 + 20 + 45=192

Therefore time lost due o sigmal = (LU -T=92 - 16 = <

Motion of particle with variable ncceleration.
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Ihe equations, whal, Vi=u'+Qasands=ut+ — 3 are apphicable only when
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the particle moves with uniform acceleration. When g particle is acted upon by a force
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The motion of a particle along a strmight line is defined as S
§ in MEITES and t is in seconds. Find, (i) the velocity and acceleration at

il the time the particle reaches maximum velocity and (ii1) the maximum velocity

if the particle

splution
S=251t+5¢ =21
Velocity, V = 25 + 10t - 6 t* and
Acceleration, a = 10— 121
jate=0

Velocity, V=25 +0-0=25m/s
0= 10ms

Acceleration, a = 10




Euis |n|rl- 4.6

ae af whieh ecel e 2o

Time ot which velocity |

\ I £ <
I { 4 ]
1=8
Example 4.7
A paint s moving ina straight line with acceleration given by a 151 L)
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. a 15 10 20
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i4. Kinetics

Kenetics 18 the stody of the relation existing between the forces scting on a body, the
mss of the body and the motion of the bady. It 15 used to predict the motion caused by given
r to determine the forces required to produce a miven motion. There are three gen-

e O b0y

a1l approaches to the solution of problems in kinetics.
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4.6. Motlon of connected bodies,

Consider two bodies conpected by b light inexte

fsihle string PaSSIng over a smooth prualley
Since the pulley is smooth, the tension in the

strmg on both sides of the pulley will be the
and the

same. The body of greater mass moves downwarids
Consmidering the motion of each body separalely
F =mya, the acceleration of the

oiher mass moves upwarnds
and applying Newton’s |aw of mition,

body and the tension in the string can be determined
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psample 4.12

Two blocks are joined by an mextenmble stmng as shown m Fag 4. 14 11 the svitem is

leserd froun rest, determine the velocity of block aflter it has moved 2 . Assume the

eificsent of fnction betwedn the block and the plane s (.23 The pulley 15 weightless and

m, =200 kg, m,=300kg pn =025




Let T be the tengivn i he st fE. SIS

LConsder the motion of block A
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Adding equations (1) and (1) |
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Exampirc 4.13 Fig 4. 16
The systern ol bodies shown in Fre. 4 17 starts from rest. Determine the acceler ion of
the body B and the tevsron is the strmng sapporting body A

Salution

For a given venical displacement of bogh A the displacermient uf B along the mclined plgne

Wil be half of thay of A

Let T be the tension i the string
Cotisider the downward miotion of bodyv A
et force s « Bcceleration

mEg-T=m «a,

sl
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of 100 ky
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petermime the tension in the string and acceleration of the two bodies of mass 300 kg and
whned plane -,..p.l_-.u'.|m-.!u=!l~\ astring-and frictionless and weightless palley as shown in Fig 4.18
Solution
=
(9 e downward displacement of 300 ke mass will be only half of the upward displacement
af 100 kg mass
|
The acceleration, a, = — a,
A S00N :
Consider the downward motion of body A
Net foroe = mass » socelerntion
me—2T=m=g,
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150 080 - T = 150 n (1)
Consider the apwaed mistion of body 1 f A J
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Example 4.15,

e WY i 2L e nlace
I“l"\I'I-IIHIH] mclined |r|.1||1', |.\||_|'|'\.- TN ||||_|||||r'.. with herson f-ll i ' T e placed
i i | seted
back to back. Two bodies ol mags 10 ke and % ki are nlo ed on theém and nre connec i hy
. (| TI
A strmg as shown in Fie 4019, Caleulate ihe tension i the stiimg ind the aceeleralion W the
boddies
Solution

|hl'tliﬂ-\rm.lld-Ir.pl... ement ol body A will be egual 1o the upward placement ol body B

along the inclined planes

B, =0 =
Constder the motion of A
Net force =m, xn
m, g sin - m.a
|.L A "“\__l : ."f
- - .
10x 98105 -T= 104 - x-z/ N
Consider the motion of body B “““m‘/
'll‘l“_-"*-ﬁ

= - _
T-m, gsin20 My, = Fig 4.19
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pumple 4.17. |
Weights W and 23 are supported in o vertical plame Iy o string and plleys araaged o
wwn 1t Fig 4.22. Find the magniude of an additiona) weight O e .

ich will have 4 downward ncceleration 0 08| m
winIbn

When the downwird sceeleration of weight W is 098 ) nvs", he cotresysaniding ard

'.II
seleration of wenght 2W wall be 4905 m/s

Net foree = mass < accelemmtion

SR
2T - 2W '—“- < (L4905
9.51




| W ELEKS W
Downward ncceleration of w cight W is 0981 m's

Net force = mass = acceleratio

W
W0 -1 < )l (i)

01 (W +0O)
Q=010=0.1W +1L.05W - W
09 =01W-W+105W
015w
Q=0.167TW
Example 4.18 | KTU Jan, 2016 |

Two equal weights W are connected by a stning passing over a frictionless pullev. A small
weight w s attached to one side, as shown in Fig. 4.23, causing that the w eight o fall
Determine the acceleration of the system assuming that the weights starts from rest.

Solution
Consider the upward motion of weight W,

Nel force = mass » acceleration

Lolr)
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Lonsader the upward motion of weight B

Fri-ma) =0
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lemberty

1 of pulley
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g ey
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W
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i |-rh 1 O
Vo the werghtiess pulley B
F i maj 0
F=0
[ I i»
| 27T
2 15 £3
I 75 -D765n - x
e cagrns {051 ) and {v)
6—006]l(a —8) =T75_076%5
a '2_:_"‘.1.—24r'\-—---——--.|.

guatioms (v ) and (v ),
2054 a =442

a=215m's

-.-p.+"'.ll‘-|

a -019%a =1.96
a = 1.96+0196 215
=238 m/s

Acceleration of P=a=2 15 m's

Accelerationof Q = a. —a =238 -215

=[.23 m's

Acceleration of weight R=a, +a =238+ ' 3 5.
= 453 ms’
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W =750 N
R =900 N
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a
Q0 = 750 1 4 i

Example 4.22.

a = |.96 m/s

Y0y

An elevator of total weight 5000 N stans 1 move upwards with a constant acceleration
of | m's". Find the force in the cable during the acceleration motion. Also find the force al
the floor of the elevator under the feet of & man weighing 600 N when the clevator moves up
with a uniform retardation of 1 mvs®




Exumple 4.13,

An elevator has an upwird nccoleration of 1 ov's® . W hot pressure will be transmitied &

the floor of the elevator by a mun weighing 600 N travelling in the elevator ? What pressure

will be transmutted il the elevator bas a downward acceleration of 2 mis
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600 1 — |
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R=47768 N

48 Work energy equation in rectilinear translation

In mechanics. work is said to be done whenever the point of application of a force 15
moved along the line of action of that force or slong the line of sction of the component of the
that furce. The work done by a force F during a differentinl displacement 45 ol its point ol
spplication is F cos B dS, where 8 is the angle between F and dS. F cos 8 is the force in the
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\common example of work done by a variable force 15 the work of extension o S

pression of a spring. Consider a spring of stiffness k. The spring force 18 proportional to the
keformation of the spring.

snng force a x

Spring force = k x. where k is called stiffness of spring. When a spring of stiffness kis




St A
p—
3 ]
¥ . = emrinie free vanes Imom | i
compressed by an amolint x fiom its free length, then the spRTE i i TRy
Work done = averape force » displacement

Encrgy.
. hat-of work . The Y
Erergy is the capacity 1o do work. The unit of energy 18 sam: as thatof work. Ine kinetje

f (] m U Patent ST T,
enerey of a hl_hl'.1|r['|‘1',:-.-.;!__:||:u.k‘-||:_| witha velocity V is m V. Potential energy "TJL\f'qJ\_.

ol wenght W held at o beight his W h meh

The work energy principle states that the work done by a system ol IOrCe aclng on a hl'q_{-_.

during n displacement is equal to the ¢ hange in kinetic energy of the body dunng the same
displacement. Consider a body of mass m moving with a velocity w. Let 5 be the displace.
ment of the bodv and V be the final velocity, Lat F be the resultant force acting on the bogdy
in the direction of displacement

Resultant force | m« a . where n 15 the acceleration of the body
dv dy ds dv

d us i [ b

d¥
v
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kinetip

"a body

a body
B same

Woik dope { ||:|i'|:!,_- i KT

£1 ““p]r 4.14.

1 P WLK .
dculate the work done in pulling up a block weighing 20 kN for a lensth of S m on

_ooth plane inclined 20° with the horizon a

P hl

L P i) i1s = ¥ o 2
When & &) -||_'. s l‘H.["'T onan melined I"In!f'll.‘ the gravity foree acting along the plane is mg

x 11
Work done = mg smf « S
20 10« $sin 20% 5

= 34202 J

19, Impulse momentum equation.

principle of impulse and momentum is derived from Newton's second law, F = ma, This
prciple relutes force, mass, velocity and time and, is suitably vsed for solh ing problems

where large forces act for o very small time.

When a large force acts over a short period of time, that force 15 called an impulsive force

o : ; il | [ F &
The impulse of n force F acting over a time interval t 1o ¢ is defined by the mtegml l

I F is the resultant force acting on a body of mass m, then from Newton's second law,
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Fit -1 }=my 11

Fi=miv v.)

Impulse = Final miymeni

Linit of tmpulse 15 Ns

Linit of momentum s

m
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Example 4.25,

A body weighing 40 N drops freely from a height o8 50 m and penctrates mto the ground J

by 1060 em, Find the average resistance (o penetrs
Solution

Velocity body when it just strikes the ground,

V= J2gh =28

m = Inthial momentum

atieen and the tiime "1.I".‘I'I|\HT ation
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Example 4.26.

An automobile weighing 25 KN is moving at a speed of 60 kmph, when the brakes are
fially applied causing all four wheels to skid, Determine the time required 1o stop the atamo
tle. The coefficient of friction between the road and tyre is 0.5
Solution:

Initial velocity, V', = 60 kmph

5
£ {!" A .
I8

= 16,67 m/s




Mitchale - 4 "

Final velocity, v
The average Torce during stopping | 11
- Pl

Ty hile
R Normal reaction = Weight of sutomo

" & 0o
I i R
f} V& VN I [V N
APy ang :III|_II.I-.-\ e b couation,
Fxl il L'
25 x )
L, 1l I 0= 16.67)
o ) %1

4.10. Equations. of kinematics in curvilinear translarion

th, When the path 18 a curve ihe particle &
Wheenever a particle moves it describes 3 path, When the path is a cu ’ cle
alled

i slnmne th O LOT 1%
said to have curvilinear motion. When this curved path lies in a plane., the motion

.Y b Inr m
the merhicn 18 called crrculor o

plane curvilinear motion, When the curve is circular

- " rilinat L and v o
moten of ratation. To define the position o | o particle in g plane, two codrdinates T v 2
required. As the particle moves, these coordinates chanpe with time and hence x and v grz

lanciions of time
N EUED s LAl)

X = 1,(1) ropresents the rectilinear motion along the « axis of the projection P of the pitrticle
P moving along the curved path as shown in Fig. 4,40, % [t} represents the rectilines:
motion aloeg the v axis of the projection P of the particle P. Thus the curvilinear motior

a particle P may be considered as the resultant of the rectilinear motions of its pProjections P

and P along the x and v axes

The displacemnt of P i Al seconds s the veolor sum ol Ax and Ay
A5 = Ax -+ Ay
Dividing by AL S Ax Ay

at M Aar—1M) I At is infinitely diminised to the

r- o AS
limit of zero, the ratio ~ becomes the nstantaneous velocin of the particle

V= l_l!]|:l\ = -dl"

| L . S |

We hu

e

perpe

aceely
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the particle s
pnon 5 called
ular mition oy
s, x and v are
e xoand y ane

i ihe particle
1e rectilingar
sar mohon of
rojections P,

inised to the

1

along x and ¥ axes are wi )
e ivien
I o Il. (A8 1 i
M ani
M
LT I
0T
M ]
(RTALR
g X Y
r 1
i ol |
f
v =V Vo the vector surs af v and' V.. Since V and 'V aee necnendicalar 1h
o pude ad 'y elocity, ¥ 'lll' ¥ and directi m of velocity, i

- the velocity of the particle ch

anges by AV during a time interval At, the average

Jpration during the displacémens is i Tnr A A s adn Sy

gl

tion tends to insant; ¥ Brtalers '
_\_:l._-r.t.h'l"l pds te msantaneous acceleration & Thus.

AV W
1 = Lim =
“ M &
‘-
i AV _dV,
im—=—
e | dt "o
AV, dV,
p.=him———=—
Y Ar-eh AL dt p=—r" "

e hve, V= -"'-, g "'l_ - g

1 -
nifferentiating with respect 1o time, a 8~ .
v _dv, 4V =

dt di dt o

a=a_+ A, the vector sum of accelerstions along X and Y axes. Since o and a_are

srpendicular, the ‘magnitude of acceleration a=./a," +a .~ and the direchion ol

-l a!’
iceleration @ =tan"'| — |.
a

x4




Modiife . 4
Normal and tangential aceeleration .
o, 11 18 sOMElIMEes Cogy
Instead of resolving the scceleration along the x and y II|I . I' sth. Such ..r-1r‘-|r-':!“h“
10 resolve the acceleration along normal and tangential to IH- S s, Ny .
-nthal cleration ! are denogeyy
heceleration are called normal aceeleration and tangent L b et o ;”'.'
M n L L | o ur i =
i, and o respectively. Since normal and tangential oomg = Gy
andd the direction 15 Biven 3
nitisde of scceleration i the gyven instant y i .
1 Y
R T I -
a
H
.
JJ. LY
rd v+dy
.-/
2
|’I
7 fmedm
al'
0 Fig. 441
g - R T —— et t
Consider a particle moving on a curved path from A to B in dt seconds. Let the angyj,,
+ dV be the instantaneous velocities of the

rotation in dt seconds be d0 Let V and V :
particle at A and B. o and @ + dm be the angular velocities of particle st A and B The

I arsna &
"-h;"’gc In the velocity in di seconds is the vector difference of V and \ dv

The change in veocity in dt seconds, ab=ac+ch

Dividing by dt,

il;_.l_; CE!
de gt

&

e [
—— 15 the tangential component of acceleration and L8 the normal component of accek
dt

£ration.
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i

rhe tangential comporient js due ¢ the chunge

) i the magnituide of
ves with uniform velocity the tangen:

velocity. When a part cle
0 1al component of acceleration is FEr

the normal component of acceleration.

ch 'V dV ) =i o
B, =— =

di dt

When dO tends 1o 2ero, sin d6 tends to 46,

IV +dV)an

Vi + dv do
dt .

neglecting the product of two small values dV and do,

H
|;|‘|:"||"li Vei=trww
fi§

s (V) \
=uhr=|—=| tr=—
oy
i :\Iad_-_ =w' I




Mindule . 4

The normal component of scoeleration is d

when a particle moves along o sirnigl

”1-:‘T|-."||T'|.|Erum|‘ nent of scocleranion i always direcic
) H i . e
15 also called centripetal componnt of scoeier ation o

Example 4,27

The motion of a particle is described by the fol

Show that the path travelled by the particle 5 rec
aceeleration of the particle at 1

Subuton

V. = 3x2{e+1)
ft

V. =4{t+1)
v a

a -- 4111

xf=2)xfr+1)"

i LR 2L

Given: x=2(t+|f and ¥ .

fes

xxy=2(t+1) = g
iE+i]

n directhion of vehocity Al }m’

sl

e and

wed by @

ali

=< my's

ianeyvlar byperbola, Find the

factelermlum s ppp,

cemire of rl'”’“”‘hh-]
L
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ane!

Soly

poit




d

Y&

vt foscaty

and I""h"'-t'
clerabwon s Do,

e of Tistation By

i the \u‘h\',h- angd

rperbola

i }
¥ 4
1 Mool &
al Is b ‘ r
(s "
. 1
1 e
{1y
o al parbcle alter Is
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v & [ =05)

802 m's
cceleration of particle after 1s a Ja. +a,

vt a0 78

4.07 mds

grample 4.28.
prove that if the ends A and B of a bar AB of length [ are constrained 10 move along the

yand Y axes respectively, its midpoint C describes o circle of radius — with centre at the

otigm O and any intermediate point 1 describes an ellipse with semi major and sems minor

[}
m_‘-.if_h

and

o 1-"'|l‘t'..-s|1-cc1|.tch

Soluon:

At any instant when the bar AB is inclined 0" with horizontal, the coordinates of mid
point C,

/ e
i=—cosllandy =—sinil
3 2

Squaning and sdding,

LY - -
- o™ B+ 5" 8|
¥ |
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iy

b o I with centro al the OTINR Oy
= b | I| l~||||_hr.'[|l'| cits o cirele ol raidies I 5

4
The coordinates of [) are

-
A !
K
| | o
A\ blcos O amd v, = | h|sinH | ~
| Je ¥p = = -
- N,
| S T |
u i1 b -
5 } \"“: .
s | 5] q i Ny v ]
i . el gt y ! " b b L
b [ . i i} 2
. ;
| N
{ ) 5
Sjunring and addimg | o s
'y, (
' s Fig. 442 :
- b - b
| f
|4 K 2k i B
which fepresents an ellipse of semimajor axis | 5+ b land semiminor axis | ——b

i'f\amplr 4.19.

A particle moves with a constani speed of 6ny's along the parabolic path, y = e
Determine its acceleration af point (1 Um, 3mj on the parabola
Solution

Since the particle moves w 1th constant sy

weed, its langential component ul'.lu‘cl::r:ain'm s
LETO

: \
Ihe normial component of goceleration a — Where p s the radius of cury ature af the
pith
V= kx*
MA y=Smand x =10 t
S=kxi
I
k=-_
i 20

wil v

Tl

Thet

Exan

Ap
§=ct
the pa
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Fd | =

a8 X
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< h]
| J
h, y = kx.

celeration s

Bture of the

¥
20
, udius o CUIVAUre B g piyen b /
J
| 1"y ."‘l
dy (I’,-"‘J
i 10 m y
i 5 | F A
|
Ix ,f’/ g
.__‘.—" m
-
O — =
ey 5
20
Fig 4.43
iy y
'1' and —2 I
dy 10 dx 0
[}
I ; I|||
P T il X=10m,
I 4 L
| ||||
|
= T

l+1)
P=2R2Mm

The normal component of acceleration,

A, =—=
P 2828

= 273m/%

Acceleration, a= ‘-".:l;' +a3; =y(1.273F +0° =1273 m/s°

Example 4.30.

A particle moves along a circular path of radius r such that the distance covered is given by
s=¢t', where ¢ is a constant. Find the tangential and normal component of acceleration of
the particle.
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Sotution

Velocity b &l

Fangential component ol acoeleraiion

Maoemal component of aveeleralion,

Example 4.31.

A car starts from rest on - curved road of mdius 600 mand aquires by the end of the firm
6 seconds of motion a spead of 24 kmph. Find the tangential and normal acceleration af the
mstand, 1= 30 seconds

Solution
Sincethe car datsfromrest, V =0, w, = 0

£
After 60s, V. = 24 kmph = 24> Tl
Velocity, V.= r. @
.8
; il =
v, IR
by =—== —= =01 | rad's
1 600

To caleulare the angular acceleration a,
oy =0 el
0,001=04ax60

= 000018 rad/s’

= at (= 3s, angular velocity,




'T-U‘It' rtﬁ;
Hin @t “H:

LR

s 0 040 )

.00%s rad
1

i 1 COTNPOnEnt Of gy |-‘|d.'| Wit

O} = 1) bWy
(10K m

sl camponent of dcceleralion
L1t »

= ILDB55= 600

= (L0118 ms
prample 4.32.

A car starts from rest on a curyed road of 250 m radius and o i ik St
i I5 3 Ao QICTRICS 1 3 SOnsiant

pmeential acceleération of 0.6 m/s?

. Determine the distance and the time for whick that car

il rravel before the mapr .
will b agnitude of the (otal :I'-"—"-'h-'r'-il-:“'”;I'.Iil!rh.‘ii b it becomes 0,75 mis

Solron

At point B, the total acceler a=10.7 " I
P . celeration, a=0.75 m/s’ and tangential acceleration s 0.6 m/'s

— S
a=ya i /————k
\¢ B
a =n +a, \
- II"-
R, =a —n° e
+ . L "“'., '
=075 =D.6 2025 ‘\ 1
> y . d \
1t =a%-p =075 - 06" = 02025 o
Normal acceleration at B, a, =wm,'r = J0.2025 = 0.45
'I“_* 922 _ 0,0424 radt i g
Angular velocity at B, W, = Ve =\ HOSn TYY Fig. 4.4




Ihe tangential acceleral

Angular o lerail
.
il Tl = {101}
WA .
Tiie of travel, !
L) |
Ihstance travelled A i
|
i I 0
] NiEid=] /.0 L 75 rad
The distance travelled S }=250x U370
93.75m
Example 4.33.
the form of a quarier of a circle, of radius |0y

A car enters a curved portion of a road, in
mat I8 Rlllph and leaves at 36 l'.mph If the car 15 tray .L-H!IIL_'_ with a constant tangentigl
n the car (1) enters and )y

acceleration, find the magnitude and direction of aceeleration W he
leaves the curved portion of road

Solution:
Linear velocity at entrance is |18 kmph = 5 m/s
\ 5
Angular velocity at entrance i§, w, =— = —=0,05 md's
r LY

Normal component of acceleration at entrance, a_ =w;r =10 05" <100 =025 m/s’
Linear velocity when the car leaves the curved portion is 36 kmph = 10 mv/s

Normal component of acceleration when the car leaves, a, = wir=0.1" <100 =1 m/s’

v 10
=—=—=[1] nd's

ro 100

Angular velocity when the car leaves the road, w,




0
I rmal's and

-
iy oy v o0k
p
1 (L%
W
ui pooeleTalion i :
)  § I|l|‘|I ‘||i|
al nccelembion, 4 s i
LN U224
L4 rad
024 my/'s
f normal and tangenh

ST SuUm o

vion of the car whien i enters the rosd ; i
15 d is the »

=033 m's

ieection of accelerntion with horizontal

g The Qi

tan B, =

ceeleration

he car leaves the road, the constant tangential a

When th
a. =024 m/s* and normal acceleration is I m's
i

scceleration of the car when it leaves the road,

a=yal va; =024 +1

= 1.03 m's




Example 434

Wl
A CAF it s corrvesd PRt - [
i ] I Y "
of 36 kmaph. Delermine the componenis y— ] F i v
Xa i il I i Via
Y direchions | 5 seconds afler it has enter d1 ved | .
Sofuiion
; e e ufi
Since the car maves with uniform speed - "
angental o h
seconds the velocity of car s 36 kmph | 1L e ¢ Sy
- 4 L yronta -l
path as shown in Fig 4 48 Let a be the inclination b - . Whene
8 15 the angular displacement after 155 TS
(hmy's ) |
1] i ——-_\I- | -
TR,
o\
5 1 | | Bt
L) = al's b,
R 20My 20 X
4 \.-\.
| -
= 15=0T75md N
20 \
b
- (i ’ A
4297 1 A
1!
lI
i
x ) - 6 \
A
90 4297 —]l
8 i

= 47.03° Fig. 4.48
Component of velocity in X direction is V, cos a
=10x=cos 47.03
= 6.82 mv's
Component of velocity in theY direction is V, sina

=10xsin 47.03

=732 m/s




y = [0, the @angent;

. Ml e Pong i LRI ]
A Tiliog
M Pone 1 i Loy

sal component of accele
eleration : = \ 0

jrected 1wwards the centre of rodiady
. Wrom

Total .IL'."_"i.,-rd““H .
'L T

0.5 m's
isclined 8 with X axis

mponent of acceleration in X direction

=acusl =08 xgps 47 g7
=037 m's
(omponent of acceleration m Y direction
asint=0.5sin 4297

=034 mvs

puample 4.35.

\ particle moves along a curve x = 0,64 y'. s taw of motion 15 x =41, where x and v are
i meters and tin second. At t=3g, calculate,

i) the displacement of the particle from the origin
() velocity of the particle
(i) acieleration of the particle
Solution.
The equation of motion is x =41,

The equation of curve is x = 0.64 y°.

att=13s, x=4x¥

=36m
=064y
y=75m

att=3g, x=36mandy=75m
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Phe displacement of particle from the orgin s

W TT m
Ciiven that x = 41
Velocity tn the x direction
%
\ i
al

Agsin, x =47 and

g o= 0. g
{8 = (.64 y
% s
y=2351
. 0y .
Velocity in v direction, ! T

BIr=3s V. =8t=8x3=24m/s

Yelocity V=,V +¥

Y

2l e
V24" 42

24.13 ms

Acceleration in the X direction, 8, = Sl odd,

Acceleration in the Y d_ln_'.:"{m‘ B=—==_0

S Accelermt =N EFTn 3
on, a l."‘. a, =i 40

=8 m/s
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4 &
L1]
ul"l‘h— e
eclangular components oy
The ” gl 3t 124 1% I;l particle MOVINgE in o curved path is given oy
i . = L W Co-ardin nes: of o o .
: : 2 . b pomt on the path at an mstent.
yare (H=7 Establish the Equanom of pugly : i
i
- T
thal b =
: 121+ 12
il
V, = d—‘ =[21-3)
it
dx = (2t - )
I.t.
imtegrating, X = 34
4
L 1| T i
0, x=4m
it
4=0-0D+c¢
e, =4
X =1 it + 4 ; (1)
dy :
V. =—==3"-12t+12
di
dy =D —121+12) i
B e
Integrating, y=————tlll+c
¥ 1 3
i t=1M,¥ 8

§=0-0+0+%c
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4.11. Motion of projectile

L
fe to the Borczontal is called a projeey,
i ) s ted tntee ST nl an angic |u_l i
A partche which s profected it

wiorv. Th locity swith which the proje Yl &
The r"-"T’l traceid by the projectile 15 ¢ illed trajectory. I he vi : BRI o
; r L L the angic with e honzonig)
prajected mio space is called velocity ol provjection and

jection. The tume dunng for wha b
which the projectile is projected is called angle of projection

I\
(» = = \
! Horizontal mnge |

Range

\\‘u‘.

—

N Lo
Fig. 4 49

Projectile is in motion is called time of flight. It is the interval of time
projected and hits the ground Range 15 the horizontal distance between the
tion and the point where the projectile strikes the ground. Horizont
distance between the point of projection and the
point of projection meets the tra jectory. The

stnce the projectile is
poant of projec-
al range is the horizontal
point where the horizontal line through the
point from which the

projectile 1s projected into

wl
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MeCtile 1x
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which the

jectile is
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sted into

O and B jy )

J & pariw e projected
Ertically |
LT T

1 1 T t
LH | M
i i I¢ 8% a certain heigh 1 :
h i
When, | . ¥ =)
()] u 3 ok
L4
h_ ~ i
S - § —
e to attun maximum height can bée abtained
MU usng s il
V=u-g
B x| 8
B=u-—gi i
u }
erige 01 GTLIEEN T IITALETTD hewghtt, = —
i B
- -
2u
mierefore, ime of flipht =3¢, =—
B

ance = 90 , the particle will come buck to the point of projection after § se s Flee
the range of particle is zero.

Motion of a particle thrown horizontally into space.

LT R

Consider a particle thrown horizontally from a pomt A, b, bove the ground
fie4 51. At any instant, the particle is subjected

wrzontal motion with constant velocity u.

svertical downward motion with imitial velocity zero nnd boceleration duc o gravity

Canssder the vertical motion.
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R eCtion gy
ninl diree.

nial com-
fvelocity,
wrce. The

4.5

sicle after t secon
pepurticie R O IROSS. X S e
. il .1"‘“‘”"‘1 travelled mt e i) Hllh. h
L e the

avelled in U Sevond
il

LU ST u 4 i
L0 ¢ Itang ravell
| L} )

X n U second and v is the
byt

w qal distanoe tr .
L pianiitad CESEREC - Himponent of velocity is constant,

X CUeos g )y

I A

U Coi o 1)

L/sing the relation h - (u it
VL) i

(¥

¥ ={u sin o) I“_

cgring Tor L from eqquation | 1)
Jual] B4 8E - L

[

X |

W —g

RCOR @

¥ WEIN ax X

T
Ucosn

¥Y¥=Xtanq - X

b | =

™ cos” o
rhis is an equation of a parabola. Hence the trajectory is a parabola.

g lprﬂ‘i““ for maximum height,

nitial velocity in the vertical direction is u sin o At maximum height the vertical velocity
is 2er0. 16, Bt W= Doy s V=0

ising the relation for vertical motion,

V =y -2gh
OG={usina) -2gh__

. u’ sin’ a

T

fipression for time to attain maximum height.

Using the relation,
V=u-gt

=
W

{usina)— gt

u sin @

E
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Time of flight, T I
L sl I
Expression For horizontal range, K.
Lok i ) £ aneosiile siliass & 2
Hortzontil range R is the borizoninl distance travelled in 2 tseconds where ¢ s the tifre
inken to altain the o omum hielight. Simce the horizonta Hmponenl of velocity i = T
andd equal to u cos a
R 0¥ 0 i
L s1m
U Cios 1

Example 4.37

A pilot flving his bomber at a height of 1000 m with uniform hortzontal vieloeity of
W mv's wants to strike o tarpet on the eround At what distance from the targer, he should

release the bomb?

Solutton: Consider the vertical motion of the bomb. Inital vertical velocitvy =0
| : \ u 30 mus
h=uit+ i1
- &
| =
1000=0+— g+ i &
5 & -
I.""_
_ 2000 : B
& \ g T 14293 X

¥ . ; Fig. 4.53
Since the horizontal velocity remains constant, the horizontal distance mon ed in 14.29 sec-
onds 15 velocity x time.

X=30 %1420 = 4287 m.
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omponent ol " i
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||!|L||||' relation Yy u 2eh
0 “l_'|'|'||:| 2% 20
U, Sin = 6264 { i1}

U, Sinm 62 64
Ug COKO
tan o = L.B9S
= 4182
Fpon equation i 1)

u M CO% o1
]

T =1, coid] 82

e =939 m's

Example 4.39
A particle s projected with a given velocity uat an angle of clevation a from the ongin
|t passes through two points | 15. §) and (40, 9) on its path. Find the greatest heighl reac hed

by the particle and its range.
Solutioe:

The equation of trajectory 15,




@ o 40 ) i

1 O K| = 0
d0tan @ -4 « )
i Ooh

dtana —9 40°
|Stana -8 15
d0mn-9=711{15mna~8§)
| 0665 mna - 36,88
66,65 mno =47 K8
mno =072
a=3575

From equation (1),

|
[5tn 3878 —8 = —= 5
2 ucos 35.7%

u=2447 m's

U sin® o

28

Greatest height, . =

24,47 5in’ 3575
2x9K]1

]

1042 m
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1 the form F,-ma, =0and F -ma 0. Ty
: e3¢ equations have the samis form ol

v of static equilibriom. ¥ § I
i ¥ x =U T F
Fy=0 “Maand - ma are the inertia foree

5 the ind ¥ axes, Fy and F
F, +(-ma_)=0
F.+F_=q
Fo+l-ma )=0
F. +Fi. =0

= «nd F are the compone =eulie
F, and !II : I[:' eats of resultant force acting on the moving body along x and +
soiions and . and . are the inerts = ale 5 : i ;

direction I- % fie inertia force along x and y directions. Thus the net external
e ting on the body along s brmivkin T

aree acting y along with the inertia force keeps the body in dynamic equilibrium
=1 goparent trunsiormation ¢ . ' ; A

This apf 0 @i & problem in dynamics to one in statics is D' Alembert's

pRIACIPiE

Frample 4.40

A body of weight W is suspended in a vertical plane
by two strings as shown in Fig. 4.55. Determine the tension
[ i the inchimed stnng, DA,

iihan mstant before the honzonial siring 18 cut, and,

1) an mmstant just after the string 18 cul

Sokution
(i) An instant before the horizontal string 1s cut, the system 13 in static equilibrium

Resolving the forces acting at A, vertically

Teos=W




(Rd '.". HEn |r'.‘ stnng LA 15 cut :ll' |"'t§" s b 4
.
oviag along o curved puth of radius OA 8

Ihe bady is in dynamic eguilibrium with the /

W
imtrduction of mertia force o ®' as shown in | g 4.57

Resolving the forces in the direction of tension

F—Weost=0

W east TW Fig. 437
Example 4.41
A ball of weight SON 15 supported in a vertical plane as shown in Fig 4.58, Find the

compressive force m the bar BC just afier the stinng AB 18 cut. Neglect the weight of the
har BC

Solution

Fig. 459 30N
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AT my  and m\
resultant with respect to () 15

Compoments with rey

moment of

i cgaE] e ths
jgebric sum of the moments of i1 qual to the

,"-.-.-ﬂi: ol momeniumn, WKl 1o the same point O T he

Hii=m=Vx0Ox
=mY, xy-mV x=x

x II'I.['\._') —\_\J

L.I"L-L"'" 15¢ moment 1s Illkt‘ll a5 1Ly and counter ¢lockwise moment 18 mken gs negative

The resultant force F acting at P can be resolved in o recangular componems F

and F and
the moment of resultant force F about O is equal 1o the al

gebric sum of moments of F_and
F about O, The moment of force about O,
M, =FxOC=F xy-F xx

The equation of motion of the particle at P s given by

f=mxa, and F, =mxa, _a anda are the components of acceleration a at P along x and

vdirections. Multiplying F_ by yand F_by x.

Fl,.3=ma.-:3..'sml

Fxx=ma«x
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Fxy—Faux=m(a v—a X)
:
d
Vi VX
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d
Rt H

This equation states that, the moment of the resultant force acting on a particle with respeq

o any poant in its plane of motion 1s equal to the mate of change of moment ol Momentum of
the particle with respect to the same point
Example 4.42

Fi

A particle of mass | kg is moving with a velocity of 3m's as shown m Fig 4.6] The
coordinates of the particle are (3,2). Find the angular momentum about the ongin O
Solution:

mass m = | kg
Y=5ms 2
V. =35 cos 60

V.= 5 sin 60

X=3m O %

i

y=2m

Angular momentum about O,
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414 Work energy equation in curvilinear motion

When the resultant force and resultant acceleration are resolved along the tangent and
normal to the curved path, the differentia) equations of curvilinear motion at a grven mstant

i

F=mxa, and F, =muxa,

F=mxa,
d\r‘ ds
i , multiplying both sides by
di di
£ ds  dV ds
LR dt i




Infegrating thi above « N pression

: D T « hivdy 1N between positiom
| F, ds js the wark done by the resuliant force acting on the body in between positign, Iy
1

I 1 : T -
5 mYy Iil‘h':' | is 1_|=‘. kh.l.ll_\l-__'l.‘ n kinelc ._-I]LI_!Q__\ Betwieen the twi resitions 2 and 1

vz Th | il -
Thus the work encrgy principle for curvilinear molion states that the change in KINetic en,
ergy of u body between any two positions 15 equal to the work done by the langentiy

components of the forces acting upon it during the motion between these two POsiThang
Exnmple 4.44

A simple pendiilum 15 released from rest at A with the string honizontal and Wi
downward. | apress the velocity of the bob as a function of the angle B. Also obtain the

expression for angular velocity of bob when, the string is in the vertical position
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frample 4.45
\ particle of weight W starts from rest a1 A and slides under the influence of gravity

Jong a smooth track AB in a vertical plane. Find the velocity of the particle at B

| ¥

Fig. 4.64
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Solution:

Work done when the particle moves from Ao R 15 W= Vertical

distance between A and B
Workdone « w | V.,

¥ul
Change in kineti energy between A and Bis

| | =
mVy mV, mV,
1 o ] »

Equating the workds e and the change in kinetic energy

| y
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