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Kinematics of Particles and Rigid Bodies

2 Kinematics of Particles and Rigid Bodies 11 CO2
2.1 | Vanable motion, motion curves (a-t, wv-t, s-t)
(acceleration curves restricted to linear acceleration
onlv), motion along plane curved path, velocitv &
acceleration in terms of rectangular components,
tangential & normal E:Dmpnne;nt of acceleration, relative
velocities.

2.2 | Introduction to general plane motion, problems based on
ICE method for general plane motion of bodies (up to 2
linkage mechanism and no relative velocity method)
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Difference between particle and rigid body??
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Difference between kinetics and kinematics

Description of motion without regard to causes of
motion

Kinetics or kinematics???
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Kinematics of particles:

It is the study of geometry of translation motion (rectilinear
and curvilinear) without reference to the cause of motion.
Force and mass are not considered.
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Rectilinear kinematics: Continuous motion

The kinematics of a particle is characterized by specifying, at
any given instant, the particle’s

position, displacement, velocity, and acceleration.
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When the acceleration is constanti.e. a = a_

dv ds
i = = = — — ] 1
it v i a ds v dv ‘

it I .
B . 5 i LY
_/;__ a4u = _/I;“" dt fn:f.'i = f[t-‘u + at) di f vdv = ‘[”L ds
' i 0 - )

N
v =ug + 2as — s)
Constant Acceleration

v =1+ a,
D=t T &I s = 59 + vgt + 501

Constant Acceleration

o Alone 4%,
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Problem 1

The car moves in a straight line such that for a short time its velocity is
defined by v = (3t? + 2t) m/s, where t is in seconds. Determine its position and
acceleration whent=3s. Whent=0,s=0.

Hint
v=ds/dt
a = dv/dt
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Problem 1

The car moves in a straight line such that for a short time its velocity is
defined by v = (3t% + 2t) ft/s, where t is in seconds. Determine its position and
acceleration whent=3s. Whent=0,s=0.

ids 4
=== (31 + 2
it { )
¥ f
fc:’.i = fHa‘: + 21)dt
1] {3
5 ¢
| =r+r
i i
s=rF +r
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Problem 2

Acceleration of a ship, moving in a straight course varies directly as the
square of the speed. If the speed drops from 3 m/s to 1.5 m/s in 1 minute,
find the distance moved in this period.
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Problem 2

Acceleration of a ship, moving in a straight course varies directly as the
square of the speed. If the speed drops from 3 m/s to 1.5 m/s in 1 minute,
find the distance moved in this period.
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Problem 3

A particle starting from rest, moves in a straight line and its acceleration is
given by a= 50 - 36t> m/s?. Determine the velocity of the particle when it has
travelled 52 m.
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Problem 3 A particle starting from rest, moves in a straight line and its acceleration is given by a= 50 - 36t2
m/s2. Determine the velocity of the particle when it has travelled 52 m.

#3 SOMAIYA

&5 VIDYAVIHAR UNIVERSITY
L

X,

\)\OS

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



Problem 4

=0 During a test a rocket travels upward at 75 m/s, and when it is

I

A 40 m from the ground its engine fails. Determine the
| maximum height ss reached by the rocket and its speed just
before it hits the ground. While in motion the rocket is
subjected to a constant downward acceleration of 9.81 m/s?
due to gravity. Neglect the effect of air resistance.
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Problem 4

During a test a rocket travels upward at 75 m/s, and when it is 40 m from the ground its engine fails.
Determine the maximum height sB reached by the rocket and its speed just before it hits the ground. While
in motion the rocket is subjected to a constant downward acceleration of 9.81 m/s? due to gravity. Neglect

the effect of air resistance.
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Problem 5

In Asian games, for a 100 m event an athlete accelerates uniformly from start to
his maximum velocity in a distance of 4 m and runs the remaining distance with
that velocity. If the athlete finishes the race in 10.4 sec, determine (i) his initial

acceleration and (ii) his maximum velocity
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Problem 5

In Asian games, for a 100 m event an athlete accelerates uniformly from start to his maximum velocity in a
distance of 4 m and runs the remaining distance with that velocity. If the athlete finishes the race in 10.4 sec,
determine (i) his initial acceleration and (ii) his maximum velocity
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Problem 6

In a food relief area a helicopter going vertically up with a constant velocity drops
first batch of food packets which takes 4 seconds to reach the ground. No sooner
this batch reaches the ground, second batch of food products are released and
this batch takes 5 seconds to reach the ground. From what height was the first
batch released? Also determine the velocity with which the helicopter is moving

up.
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Problem 6

In a food relief area a helicopter going vertically up with a constant velocity drops first batch of food packets which takes 4
seconds to reach the ground. No sooner this batch reaches the ground, second batch of food products are released and
this batch takes 5 seconds to reach the ground. From what height was the first batch released? Also determine the velocity
with which the helicopter is moving up.
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Problem 7

Tests reveal that a normal driver takes about 0.75 s before he or she can react to a
situation to avoid a collision. It takes about 3 s for a driver having 0.1% alcohol in
his system to do the same. If such drivers are traveling on a straight road at 44 ft/s

and their cars can decelerate at 2 ft/s 2, determine the shortest stopping distance
d for each from the moment they see the pedestrians.

Moral: If you must drink, please don’t drive!
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Problem 7

ests reveal that a normal driver takes about 0.75 s before he or she can react to a situation to avoid a collision. It takes about 3
for a driver having 0.1% alcohol in his system to do the same. If such drivers are traveling on a straight road at 44 ft/s and their
ars can decelerate at 2 ft/s 2, determine the shortest stopping distance d for each from the moment they see the pedestrians.
Moral: If you must drink, please don’t drive!
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Rectilinear Kinematics: Erratic motion

When a particle has erratic or changing motion then its position, velocity,
and acceleration cannot be described by a single continuous mathematical
function along the entire path.

A series of functions will be required to specify the motion at different
intervals.

Hence, it is convenient to represent the motion as a graph.

If a graph of the motion that relates any two of the variables s,v, a, t can be
drawn, then this graph can be used to construct subsequent graphs relating
two other variables since the variables are related by the differential
relationships v = ds/dt, a = dv/dt, ora ds = v dv
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S-t, v-t graphs

_ds = .r.I'_'.| |
0T delt=0 "% dtf|t
, L s
dt
slope of _ velocity
s—i graph
] f
o f iz i3

As = f‘ud.r

area under

displacement = vt graph
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V-t, a-t graphs
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slope of

di

dt

v~ graph

= acceleration

Ay

change in _

velocity

fﬂﬂ’f

area under
a-t graph




\V-s, a-s graphs
| ey~ = o)

velocity times

acceleration = slope of
v—5 graph

_%f'uf — o) = [ a ds
b

area under
a—5 graph
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2 Kinematics of Particles and lgl_ig;id Bodies

11

CO2

2.1

Variable motion, motion curves (a-t, v-t, s-t)
(acceleration curves restricted to linear acceleration
onlv), motion along plane curved path, velocitv &
acceleration in terms of rectangular components,
tangential & normal E:Dmpnne;nt of acceleration, relative

velocities.

2.2

Introduction to general plane motion, problems based on
ICE method for general plane motion of bodies (up to 2
linkage mechanism and no relative velocity method)
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Uniform Velocity Uniform Acceleration Variable Acceleration
Motion Curve Motion Curve Motion Curve
‘ra(m/s ) La(m/s?) a(m/sz)
0 t(sec)| 0 t(sec)| O ((sec)
Zero acceleration Uniform acceleration Straight inclined line
degree=10 degree = 1
A v(m/s) v(m/s) ] v(m/s)
0 t(gec) 0 t(sec)| 0 t(sec)
Uniform velocity Straight inclined line Parabolic curve
degree = 1 degree = 2
“s(m) ‘rs(m) ?s(m)
0 S t(sec)| 0 t(sec) | 0 t(sec)f
traight inclined line Parabolic curve Cubic curve
L_ degree =1 degree = 2 degree =3




5 (ft)

A bicycle moves along a straight road such that its position is 500
described by the graph shown in Fig. Construct the v-t and a—t
graphs for 0 <=t <= 30s.

10

11s)

20 I/ v =M 3

ris)

F(s) a0
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5 (ft)

500

10D

|

5= 20¢ — 100

10k

' ||II_ ]

|

30

f{s)

10

a (ft/57)

¥ ]

i(s
30 ]

fis)

Uniform Velocity
Motion Curve

Uniform Acceleration
Motion Curve

a(m/s?) L a(m/s?)
0 l(:cc) 0 t(sec)
Zero acceleration Uniform acceleration
degree = 0
It(mIS) v(m/s)
0 t(s:cc) 0 1(sec)
Uniform velocity Straight inclined line
degree = 1
Ts(m) Ts(m)
B > >
t(sec)| 0 t(sec
Straight inclined line (sec) Parabolic curve (sec)

e Gegree=1

degree =2




The particle travels along a straight track such that its position is described by the s-
t graph. Construct the v-t graph for the same time interval.

5 (m}

o

5 = 1Us

10 1

t(s)
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The particle travels along a straight track such that its position is described bv the s-

5(mj

t graph. Construct the v-t graph for the same time inter o

1084 s = 108

t{s)

p="%=4(05") = 1.5°
p="2=4(108 =0

v imys)

54 -

tis)
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F12—-10. A van travels along a straight road with a velocity described by the graph.
Construct the s-t and a-t graphs during the same period. Take s =0 whent=0

v (ft/s)

v =—4+ 80

s}

20
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F12—-10. A van travels along a straight road with a
velocity described by the graph. Construct the s-t and a-t
graphs during the same period. Take s =0 whent=0

5 (fr)

HiM —

ris)

ds = v di N

vift/s)

0 — ®lfts

a = "}l"' = p— =y fll.-"'.a: 2

a (ft /55

s}

i |

ris)
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The dragster starts from rest and has a velocity described by the graph. Construct the s-t
graph during the time interval 0<=t <=15 s. Also, determine the total distance traveled during

this time interval.
v (m/s)

. T

v =301t
1500 4 — | ——

v=—151+ 225

5 15
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The dragster starts from rest and has a velocity described by the graph. Construct the s-t

graph during the time interval 0<=t <=15 s. Also, determine the total distance traveled during
this time interval.

v (m/s)
0=1=3s .
] r
ds = vdi f.u'.-.- = f 3¢ i lm_;?"‘”’
0 ] ,
| = Ii'lllil r=—15r+ 225
§ == 1I5:::| i
5 15
5 {m)}
S5 < 1= 15s, 11234
( £ )ds = vdr f dy = f (=158 + 22
TS m s
£ = (=7.5F + 225 — 562.5)m ypel
s = (=7.5)(15) + 225(15) — 5625 m . (6)
= 1125 m 5 15
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The car starts from rest and travels along a straight track such )

. i ———
that it accelerates at 10 m/s 2 for 10 s, and then decelerates at
2 m/s?2. Draw the v-t and s—t graphs and determine the time t’ =
needed to stop the car. How far has the car traveled? e
o 10 7 T
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|' i a (m/s%)
O0=r< 10s; a = (10) rnl.-":-;.:; f gy = f 10 dr, n = 1y ‘_s Uniform Acceleration
i} i}

Motion Curve
. . oL 10 a(m/s?
When = 10s, v = IN10) = 100 m/s. Using this as the initial AT
condition for the next time period, we have 4
" t 1(s)
- 1 10 A, [
I0s<t=1t;a= I_'—E]lm.f:-r:f dv = f —2dtv=(—2r + 1200 m/s -2 -
1060 s I s 0 t(sec)
Uniform acceleration
, v (m/s) degree = 0
V=0 2>t'=60s v = 10 v(m/s)
100 —(—
v=—2+120
5 i
0=r=10s; v=(10)m/s; /ﬂ’.ﬂ' = f 10¢ dt, 5 = (5)m
0 0
Whent = 10s, s = 5(10)° = 500 m. Using this initial condition, L (e) 0 t(sec)

: 10 ¢ =60 Straight inclined line

! ! degree = 1

10s =r=60s; v = (—2t + 120) mf:-‘.;-/ ds = f (—2r + 120) dr Y
500 m s r fm) s(m)

£ — 500 = —r + 120 — [—(10)" + 120010)]

3 £l
g=(—r + 120 — 600) m
When ¢ = 60 s, the positon 18
00— . >
E= —fﬁﬂf + 120060) — 600 = 3000 m Ans. = THR 0 t(sec)
(s) Parabolic curve
10 B0 degrce =2
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a (m/s%)

A more direct solution for ' is possible by realizing that the area =
under the a-t graph is equal to the change in the car’s velocity. We 10
require Av = 0 = A, + A,, Fig. 12-14a. Thus
0 = 10m/s*(10s) + (—2m/s>)(t' — 105) Ay
’ r :
t' =60s Ans o 10 A, l ((s)
v (ms)
v = 10¢
100 [-{—
v=—2+120
NOTE: A direct solution for s i1s possible when ' = 60 s, since the i . ="wa55
triangular area under the v-r graph would yiield the displacement
As =5 —0fromt = 0tos = 6ls. Hence,
As = 460 s)(100 m/s) = 3000 m Ans *om)
3000

00—

— + 120 — 600
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The a-t plot for motion of particle is given. Draw the v-t and s-t plots.
Find the maximum velocity in the time interval and the distance
travelled by the particle in the time interval

a (m/sz) "
0N 10 m/s

~10 m/s’
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a (n\/S:)

10 m/s2
0 15 ?6: 1 (sec)
8 PR

-

N A AWDile

-

- L >
0 15 22.5 RIUFTENN)
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A bicycle travels along a straight road where its velocity is described
by the v-s graph. Construct the a-s graph for the same interval

vim/s)

&b

1

r=02%5%

s(mj)

4L
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A bicycle travels along a straight road where its velocity is described
by the v-s graph. Construct the a-s graph for the same interval

v{m/s)

ads = vdv ﬁ
a = v = 02555 (0.255) = (L0625s

a|i-som = 0.0625(40m) = 2.5m/s" —

10

r=02%

30 s (m)

a (m57)

- 5{m)
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The sports car travels along a straight road such that its
acceleration is described by the graph. Construct the v-s graph for

the same interval and specify the velocity of the car when s =10 m
and s=15m.

uimﬁf]

111 +

] I I I s{m]
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The sports car travels along a straight road such that its acceleration is described
by the graph. Construct the v-s graph for the same interval and specify the

velocity of the car whens=10mand s =15m.

Ford = 5 = 10

uim.-'s:]
a=3x
. | 10
f vy = f.-, s
1] L1 _'m
=5
at s = 10m,» = 10 m
For l0m = s = 15 0 q l=“ 1:5 5 (m)
a = 10
. : v (m/s)
by = 100 o5
161 [ {4]
1,
~? ~ 50 = 105 — 100 10 f‘"’f

v = Y205 - 100

ats = 15 m

§{m}

v = 14.1m/s
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The v—s graph describing the motion of a motorcycle is shown in Fig.
Construct the a—s graph of the motion and determine the time needed
for the motorcycle to reach the position s = 400 ft.

v(it/s)

r=02s + 10
v= 50

| | o

s (i)
200 400
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The v—s graph describing the motion of a motorcycle is shown in Fig. Construct the a—s graph of the motion
and determine the time needed for the motorcycle to reach the position s = 400 ft.

0 = 5 << 200 fi; v = (02s + 10) ft/s
dv d
a==uo = ({025 + 10)—(0.2s + 10) = 0.0ds + 2
ds ds o (R5)
200 ft < s = 400 fi; v = 50fi/s
d d p= 025+ 10
v =5
a = v— = (50)—(50) = 0 sof—/— ==
ds ds
d: d:
0=s<200f; v=Q2+I10f/s d=—==——" 10 1
¥ e 200 400 b
!d L) ds
t = s : 2
o o 025 + 10 I 1/(ax+b) dx = 1/a In|ax+b| a (Btf5)
t=(5In(0.2s + 10) — 5In 10)s
a =004+ 2
At 5= 200 ft, + = 5In[0.2(200) + 10] — 5In 10 = 8.05 s. Therefore, 10—
using these imhal conditions for the second segment ol moton, .
2 =1
ds _ d - s(f
006t < s =400 fu ©v=50f/s; di=—=2= 00 400 ()

(i A0

I £
vk
BikS 5 2 m 50 —rar —

; Therelore, at 5 = 400 fi,

5
— 805 = — — 4: = —+ 4.05 | s
! 50 ! ( ) :

= bl + 405 = 120s
a0
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V-t diagram of a particle moving in a straight line is shown. S=-25mat t =0, draw s-t
and a-t diagram for O<=t<=24

/
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A a (m/s?)
3 m/s*
0 T
-10 m/s?

s (m) A

diagram of a particle moving in a straight line is shown. S=-25mat t =0, draw s-t
a-t diagram for O<=t<=24

170 m

|
' I
3 :-m/szi

20.17 .

7161 10 13 16 \2{4:(se'c)
' 115 m




The motion of jet plane traveling along runway is defined by the v-t graph shown in
figure. Construct the s-t and a-t graph for the motion. The plane starts from rest.
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A
4 m/s® 4 m/s?
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0 5 20 30

The motion of jet plane traveling along runway is defined by the v-t graph shown in
figure. Construct the s-t and a-t graph for the motion. The plane starts from rest.

s (m)

1\

750 m
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2 Kinematics of Particles and lgl_ig;id Bodies

11

CO2

2.1

Variable motion, motion curves (a-t, v-t, s-t)
(acceleration curves restricted to linear acceleration
onlv), motion along plane curved path, velocitv &
acceleration in terms of rectangular components,
tangential & normal E:Dmpnne;nt of acceleration, relative

velocities.

2.2

Introduction to general plane motion, problems based on
ICE method for general plane motion of bodies (up to 2
linkage mechanism and no relative velocity method)
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General Curvilinear motion

 Curvilinear motion occurs when a particle moves
along a curved path.

* Since this path is often described in three dimensions,
vector analysis will be used to formulate the particle’s
position, velocity, and acceleration.
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g

Position rw l

I-'alh

Consider a particle located at a point on a space curve
defined by the path function s(t).

The position of the particle, measured from a fixed point
O, will be designated by the position vector r = r(t).

Both the magnitude and direction of this vector will
change as the particle moves along the curve
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Displacement

Displacement

Suppose that during a small time interval At the particle
moves a distance L s along the curve to a new position,
defined by r’ = r Hr, The displacement Ar represents the
change in the particle’s position and is determined by

vector subtraction; i.e.Ar= r‘-r.
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Velocity

Ar
Yave — 3 Velocity III|
N At Displacement '
dr
‘I’ —
dt

Direction is tangent to path curve. Magnitude is speed

# SOMAIYA
o) @ VIDYAVIHAR UNIVERSITY TRUST
“avie¥® K J Somaiya College of Engineering




Acceleration

Av
H‘.H'nE' Il!

— Hodograph

¥
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Analysis methods of curvilinear motion

* I|n rectilinear motion the displacement velocity and
acceleration are always directed along the path of
motion. In curvilinear motion it changes its direction
instant to instant. Hence analysis of curvilinear motion
is done using different component systems.

1. Rectangular component system
2. Normal and tangential component system
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Rectangular component system

r=xi+y + Kk

] 3 3
r=Vx +y +z

Position

And the direction of r is specified by the unit vector u, = r/r.

o Alone 4%,
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N\

v=nit+unrjtok
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¥

Velocity

where

= — = —(x) +

Rectangular component system

d o
- _!Ui] + —(zk)

et dt dt

——
v = Vu; + vy, + 13

and a direction that 1s specified by the unit vectoru, = v/v..




Rectangular component system

. a=z=a,l+a},1+a.k
where
5
a=ai+aj+ak
Y a =v, =X
ay =0, =Y
X
N a_ —t L‘- —— :
Avcceleration

2 ¥ ¥
a = "'u"ru;+a;—u_:

— ||.
ala.

and a direction specified by the unit vector u,
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At any instant the horizontal position of the weather balloon in is
defined by x = (8t) ft, where tis in seconds. If the equation of the path

isy =x?/10, determine the magnitude and direction of the velocity and
the acceleration whent=2s.
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At any instant the horizontal position of the weather balloon in is defined by x = (8t) ft, where tis in
seconds. If the equation of the path is y = x2/10, determine the magnitude and direction of the
velocity and the acceleration whent =2 s.

d
EQEJ =

=]

I
=

I

=
Il
I

i
—_ — o d
o (Br) = Bft/s — a, = b, = —(2xt/10) = 2(1)¥/10 + 2x(%)/10

= 2(8)°/10 + 2(16)(0)/10 = 12.8 ft/s" |

d .
vy = § = —(7/10) = 2xi/10 = 2(16)(8)/10 = 25.6 ft/s |

a = V(0 + (12.8) = 128 ft/s”

When 1 = 2 s, the magnitude of velocity is therefore

= Vi ft/s)’ + (25.6 ft/sf = 26.8 fi/s A, = tan '% = o0°
by 25.6
f, = tan ' = = tan lT = 72.6°
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For a short time, the path of the plane in is described by y = (0.001x? )
m. If the plane is rising with a constant upward velocity of 10 m/s,
determine the magnitudes of the velocity and acceleration of the plane

when it reaches an altitude of y = 100 m.
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For a short time, the path of the plane in is described by y = (0.001x? ) m. If the plane is rising with a
constant upward velocity of 10 m/s, determine the magnitudes of the velocity and acceleration of
the plane when it reaches an altitude of y = 100 m.

When v = 100 m, then 100 = 0L00Ix” or x = 3162 m. Also, due 1o
constant velocity v, = 10 m /s, SO
¥ = 1 1M m = (10 m/s) r r= 10s=s
y = 0.001x° a, = i, = (0.002)i + 0.002x(%) = 0.002(v; + xa,)

y o=y = .i(().()m_‘-l) = (0.002x)x = 0.002xv, When x = 3162 m, v, = 158l m/s, th =a, =0,
g dt '

0 = 0.002[(15.81 m/s)" + 316.2 m(a,)]

‘ = —0.791 m/s>
10m/s = 0.002(316.2 m)(vy) a, m/s

v, = 158l m/s

X

—_—

a= Va, +a = V(-0791 m/s) + (0m/s")’

= (.791 m/s"

v="Vuvl+ vl = V(1581 m/s)* + (10m/s)* = 18.7m/s
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Projectile motion

Kinematic analysis of projectile motion is often done in
terms of its rectangular components

Horizontal component: (ax = 0m/s?) a constant

!
Yo
v =ty + at B = (th),
X=x; + oyt + éﬂ,.r:: X = xy5 + (vg)t
£ X
v = g+ 2a.(x — xg); v, = (), -+ Xg—
Horizontal component of velocity remains constant. x

Vertical component : (ay = 9.8 m/s2) a constant

Range: Distance from the point of projection to the point

U=ty Tak v, = (ty), — gt of target
V=Yg Tty + %i’!r.?:: ¥y =y + [;_.'LI]:I_I - %3-’1
vt = v + 2a.(y — yoh; = (vg); — 2g(v— w) Time of flight: Time taken by projectile to move from the

point of projection to the point of target.

Maximum height : Height at which vertical component
of velocity becomes zero
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A sack slides off the ramp, shown in Fig. with a horizontal velocity of 12 m/s. If the
height of the ramp is 6 m from the floor, determine the time needed for the sack to
strike the floor and the range R where sacks begin to pile up
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A sack slides off the ramp, shown in Fig. with a horizontal velocity of 12 m/s. If the
height of the ramp is 6 m from the floor, determine the time needed for the sack to

strike the floor and the range R where sacks begin to pile up

Choose the origin at A

Vertical motion:

: T I R,
¥g = ¥a T (Ughdag T 34,045

—-6m=0+0+ %q—'}_ﬂl m,-’ﬁEJIiﬂ

tag = L.11s

Horizontal motion:

g = X4 T (V) dap
R=0+ 12m/s(1.11 s)
R=133m

o Alone 4%,
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The track for a racing event was designed so that riders jump off the slope at 30°,
from a height of 1 m. During a race it was observed that the rider shown in Fig.
remained in mid air for 1.5 s. Determine the speed at which he was traveling off
the ramp, the horizontal distance he travels before striking the ground, and the
maximum height he attains. Neglect the size of the bike and rider.

£l g C
T =
h ]m\
| L B
—

I gy 4,
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The track for a racing event was designed so that riders jump off the slope at 30°,
from a height of 1 m. During a race it was observed that the rider shown in Fig.
remained in mid air for 1.5 s. Determine the speed at which he was traveling off the
ramp, the horizontal distance he travels before striking the ground, and the
maximum height he attains. Neglect the size of the bike and rider.

¥g = Vo T (U0ghiyg T %“f{-:!.rs
—1m = 0+ v,4sin30°(1.55) + 3(—9.81 m/s")(1.5s)"

vy = 13.38m/s = 13.4m/s

Ag = Xy T (V) dsg |

R=0+ 1338 cos 30°m/s(1.5 5)
= 174 m

I gy 4,
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A ball is thrown by a boy in the street is caught by another boy on a
balcony 4 m above the ground and 18 m away after 2 sec as shown in
fig. Calculate the initial velocity and the angle of projection.
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A ball is thrown by a boy in the street is caught by another boy on a
balcony 4 m above the ground and 18 m away after 2 sec as shown in
fig. Calculate the initial velocity and the angle of projection.
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Tangential and normal component system

Ay =

Av

For acceleration, we have 4

«a

g =4

Magniude of geceleration

[Direction tan 1]




Component of Tangential Acceleration (a,)
It can be noted that 57 represents the change in the magnitude of the velocity v.

lim (v —v) = |im LY

"o’, .', al = A‘-—)o Al A'._)O A’
Av
AN -
P L v’ \', : a' dl
rf. i

(Rate of change of speed of the particle)

o Alone 4%,
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Component of Normal Acceleration (a,,)

[t can be noted that ¢x represents rate of change of direction of the velocity
gy =

v AO for o small change in the angle ¢
Av = v AD

! lim (" 'M))
(
> Aty ) /\I

I p s the radius of curvature of the curve then we have

As = p AdO

\) . n
AD = % As being the length of the arc pp'

. Ve . »
”, = I m (~AO) - I i m A!s \
! U
At 0\ At

At - 0 At P

v ds .
Do ™ Somaymm= But d—‘ =y
P it dt
R
_ Vv
(ln =2 F




Component of normal acceleration is always directed towards the centre of curvaturs o =
path. It is also called the centripetal acceleration (a,).

The net acceleration of particle in vector form can be expressed as

a=a +ag
! n

b
dv s . : ) -
where a, = s responsible for changing the magnitude of speed and L e respe

for changing the direction,

Magnitude of ne acceleration ¢ = Va,z + a,,2

. . a
and the direction tan 0 e X
a, »
} ‘ pae!
d e ‘N ¢ , 1 e ¢ : Ty . P % |
If particle is moving along curved path with uniform speed then component © |
iceeleration |
|
ajw 8 o |
d di
2
Net aceelermijon 4 a, = Y.
P
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If at is constant,

pooowtald
l 2
T g .l

-

2 ' T
p* om otk 20,8

here S i (he distance covered along curved path,
whete & o

o is initial speed and v is final speed and
a, is the component of acceleration along tangential direction,
' Al
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given by y = flx) then at point p(x, y) radius of curvature is calculated 1

[ ()]
dt
«'Il2

ation of curve 18

ol o
Ited lation:

I e re
(he followIng s

If data is given in rectangular components form then radius of curvature is calculated |
following relation:

2 2,13/2
(vy + vy)
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Components of velocity along x and y axis is given by

Vy = vcos0, v, = vsin0
tan 0 = ﬂ
dx

and co : .
mponent of acceleration along x and y axis are given by

a = acos(0+a)

a, = asin (0 +a)
a
tang = —

Relg
tionghip, between recy

‘ansentf :
e tleragion al and

angular components
normal components of

y L 4a, sin 0 + a, cos 0
a, cos 0+ a, sin 0
ay = a sin 0 + a, cos 0

= a,cos () - a,s8in 0




Reference used for ppt:

Engineering Mechanics by R.C. Hibbeler
Engineering Mechanics by NH Dubey
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