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Two dimensional motion

Projectile motion

When an object is thrown obliquely into space, it is
called projectile and its motion is called projectile
motion. A projectile moves through the space under
the influence of gravitational force. Two co-ordinate
must be used to describe the projectile motion, since
it moves horizontally as well as vertically. The
motion of a football, cricket ball, missile etc. is
examples of projectile motion.



Everyday Examples of Projectile Motion

1.Baseball being thrown
2. Water fountains
3.Fireworks Displays
4.Soccer ball being kicked
5.Ballistics Testing



Projectile Motion - A Vector Perspective

no vertical moton Projectile Motion is a
y = combination of the two

o %/0"\ motions
Vert’ ca I slow down as it *

Motion of  9oeswp speed up as it

comes down
the ball , \
g
The acceleration
due to gravity is
causing the ball to
g

S The Horizontal Motion of the ball

There is no force in the x-direction so
there is no acceleration




Combining the Components

Together, these 4 PE———
components produce [ 5
what is called a L
trajectory or path. This | _
path is parabolic in
nature.

Component |Magnitude [Direction

Horizontal Constant Constant

Vertical Changes Changes




Some definitions relating to projectile motion

Velocity of projection: The initial velocity at which an object is
thrown upward is called velocity of projection.

Angle of projection: The angle between the velocity of projection
and the horizontal plane is called angle of projection.

Time of flight: The time taken from the point of projection and
return to the ground is called time of flight.

Range: The distance between the point of projection and the
point at which it falls on a plane is called the range.

Trajectory: The path of the projectile under the action of gravity



Derivation of equation of motion of a projectile

Let a projectile begins its flight from a point O with initial
velocity vo and making an angle a with the horizontal direction
as shown in fig-1 . Taking O as origin let the horizontal and
vertical directions be considered along X and Y-axes. So, at t=0,
the horizontal component of initial velocity,

$q




DERIVATION OF EQUATION OF MOTION OF A PROJECTILE

=Yy Cos.2 and vertical component, v,g =V, .

Now trom the equation of motion

V=V, a0t wegd v, =v, =y costt [Va, =0]




DERIVATION:QOE:EQUATION:OE:MOTION:OFE:A
PROJECTILE
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DERIVATION OF EQUATION OF MOTION OF A
PROJECTILE

Now, e vertcal componenof e veloty s, v, =¥, 40.f o, v =v, =y, md-gf [0, =

1 |

0 vrcd dplcementa =, FEN= gt 4 { 3y=0ty - gt

D)=y, - gt B




| Putinge veeoftrom eqaion ()t equaton (), ve
. rol | ¥ o

. - 1
| =N O —— = g——) =xtn -~ ¢ =xtl - ———— 3)
= yost 1 v cosd A lcos @ o

i@

| nguon (), gy ac vt S,k =) = s )t |-

writtenas, y=bx=cx ..........(4). This 15 an equation of a parabola. Hence the path of motion (called

trajectory) of a projectile & parabolic.




Now, we wall demve some tmortant expressions relating projectile mofion,
) Maxmum hetoht of the path of a projectle:

We mow fom euatinof moto, v =1; + i

otce e verticalcomponeat of he projectle  along Y-axis, 50 above eqution reduces o

RS |




Letthe maxtmum betghtreached by theprojectle be H when final veloety v= 0 12, v, = . So, we get from

1.1
I

| equin() 0=, -1gH= 0 2 B 2
g

{0 [10,=-gadv, =y

1
| When =90, thebeihtwill b marimum. So, 7 =;—ﬁwg3)
i :

Baig e i



TIME TO REACH MAXIMUM HEIGHT

() Time to reach maximum height: ~ We know from equation of motion, v=v, +af.

since the vertical component of the projectile & along Y-axis, so above equation reduces to,

AERRR TN S—(

Now, the vertical component of mttal velocity v, = vy s ¢ and at mavimum height fnal velocity v=10. 3o,
Vst

fromeq. (4)we get, 0=vys0 /- gt =3 t=—-——(3) [0, = -¢]
§

By knowing vy, g and o, t can be determined




TIME OF FLIGHT

) ol e e e o, ko it o Bt
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HORIZONTAL RANGE

) Hortzontal range: [he lnear dstance rom the ount ofprojctionto the end ofth fght 5 caledth

hortzontal anee. This s represeated by R

R=horzontal component ofthe ntialvelocity X time of Hhght

N L. 1o
g vielsmaesa . vl
=y B 31=-

f ¢ ¢

R=v,cosx] 3 =y, cosery

......... 0

By knowng vy, zand o, R can be ditermined




MAXIMUM HORIZONTAL RANGE
() Maximum honzontal range: Fromeq (7). 5 evidetthat R willbe mavomum when stnlo=

i
s =0 =0 308 s 2_=...)
{

That s, an bt i trownat anange 45 wih the hozontal detion the ovizotelrnge wl e

AT,




Problems relating projectile
Prob-I: A bouncing ball leaves the ground with a velocity of 4.36 m/s at an angle of 81 degrees abave the
horizontal. o) How long did 1t take the ball to land? b) How high did the ball bounce? ¢) What was the ball's

range!

s 1x436xsin 8l

Solufion: a) We know, T =
g 081

=(§78s

i o (430 (o) e (436)s(248)

b} E =(0%mlsc) R= = =().60m
g - g 98]




Fath ofthe pallet as it

heads towatds the

g‘[ﬂjﬂlﬂ 100t




a) What s the horizontal veloctty! B) Can you show that the vertical velocity s 44.7 s towards the
ground” Note that the horezontal veloaty 1s 1gmored, ) What is the resultant veloaty of the pallet just hefore
it huts the ground!

Solution: &) We know, v, =y, =40m/s b) We have, y:%gf1 =y :Z_y =TE
g

Andagainy, =v; +gt=0+9.80x4.30=443m/ s 2 44T s(shown)

R T TR T




Prob-3: The horizontal range of a projectile 1s 96m and its utial velocity 1s 66 m/s. What s the angle of
projection’

Solution: We know.

vy sin 20

g Ag

S == 3 00=(5) 3 o= (% Y
g " vﬁ (66)

12473 473
==
B3

Self assessment: An object is thrown at velocity 40 w's making an angle 600 with the horizontal plane. Find

R-=

the maximum height and the hortzontal range.




A soccer player kicks a ball at an angle of 37° from the horizontal with an initial

speed of 20 m/s. ( A right angle, one of whose angles is 379 has sides in the ratio 3 : 4:
5or 6 : 8:10). Assume that the ball moves in a vertical plane.
Find out the time t; at which the ball reaches the highest point of its trajectory
How high does the ball go?
What is the horizontal range of the ball?
How long is it in the air?

What is the velocity of the ball as it strikes the ground?



Solution:
tlzvoSinBO _ 20xxsin37° — 122 sec.
g 9.8
2 G2 2 (cin270)2
H =2 or e = 22 ) = 709.8m.
R = vo2sin26, _ 202 x(sin2x379%) — 3924 meters

g 9.8

T=2t=2X122=244sec

v, = vycos0y = 20 X cos37 = 1597 m/s
vy = vgsinby — gt = 20 X sin37 — 9.8 X 1.22 = 0.08 m/s

v = \/v,? + vj = V15.972 + 0.082 = 15.97 m/s




