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Projectile

Projectile is a body which is under the influence of a single force after it has been given a
certain velocity. For example a ball that has escaped from bowlers hands, a person jumping
from a cliff to some lower region, an electron moving across an electric field (between two
electric plates), etc. Mainly two types of projectiles are studied at this level.

Projectile fired horizontally off a raised platform
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Let a certain body be shot fro
at the surface it feels
from the foot of the
traveled ‘x’ horiz

rface with a velocity ‘v’. As soon as it comes
ty and starts to descend to fall at a distance ‘R’
t’ the body is at the position ‘P’. At that time it has
vertical distance.

Considering

Horizon erequired  =t, and Horizontal velocity =v

C ing vertical motion only,

In1 ertical velocity (u) = 0, Vertical acceleration (a) = g, Vertical distance (S) =y, and the
time required is the same (i.e. equal to t)

1 1
Using the relation, S =ut + Eat * gives y =0xt+ Egt2
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Using the value of ‘t’ from equation (i) gives

2
1 X g 2
=—gl — or, = X (111)
T g(v] ’ (2%]
In equation (iii), the ratio 2% is a constant quantity. Therefore, equation (iii) resembles the
v
equation of a parabola. It means that projectile fired horizontally moves along a parabolic
path.
Time of Flight
It is the total time required by the projectile to reach the destinatio be
calculated by considering the complete vertical motion, for which ical

distance (S) = H, Vertical acceleration (a) = g, and Initial vertic (because

initially the body was not performing any vertical motion).
1
Using the relation, S =ut + 5 at’ gives,

or, H :l T?

of flight is dependent only on the height
elocity of projection. It means whether the
rizontal velocity, they reach the ground at the
ropped from the same height without giving any
be same.

In this equation, the term ‘v’ is ab
and acceleration due to gravity,
body is dropped freely or sho
same time. In additio
velocity, the time t

overed by the projectile before it hits the ground. It can be
complete horizontal motion for which
Horizontal velocity =v, and Time =T

R =vT

Therefore, according to this relationship, the range depends on the velocity of projection,
height as well as on the acceleration due to gravity.

Magnitudes of velocities at various points
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The overall velocity of the proj
vertical velocities there. The
gravity. The vertical velecityai

by

determined by finding the horizontal and
ty is constant, because it is no affected by
sidering the vertical motion only up to P, given

Then the o

erall velocity goes on increasing as it goes off the platform (because of
mething” to ‘v’.

inclination is then given by

ep =tan ' [Q—Rj —tan (V—YPJ =tan "' (g_tj
PQ \% \%

The overall velocity of the projectile at point C, i.e. the velocity while landing is determined
by finding the horizontal and vertical velocities there. The horizontal velocity is again
constant. The vertical velocity is given by considering the whole vertical motion only up to
C, given by
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V,.=0+gT =g /& =,/2gh
g

Then the overall velocity is given by

A =\/Vrc2 =\/V2 +Vyc2 =V’ +2gh

As before, this velocity is greater than the velocity of firing and is maximum at

The angle of inclination is given by

1/2 h
0 =tan' (i—gj =tan"' (&j =tan™’ [ £

C
\ \
S

Projectile fired at an angle with the horizontal
Let a body be shot towards space such that, initia a ‘0’ with the horizontal

with velocity ‘v’. Because of this it will travel ntal as well as vertical distance
which means it has horizontal as well as lo ch are respectively denoted by
vy and vy. The values are respectively giv

v, =vcos 0, and ‘
Y
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Let after some time ‘t’, it reaches a point P where it has traveled a horizontal distance ‘x” and
vertical distance ‘y’. Since it is a case of composite motion, the horizontal and vertical
motions are to be considered individually.

Considering horizontal motion only:
Horizontal distance = x, Time = t, and Horizontal velocity = v, = vcos 0

X X
v, =— or, t =—
t vV,
X
t R (1)
vcosO

Considering vertical motion only,
Initial vertical velocity = v = vsin®, Vertical acceleration (a) = ance (S) =

y and Time required = t.

1
Using the relation, S =ut + Eat * gives,

= vsin0.
4 vcos 0

or, y=xtan 06—

first term gives the expression of a straight line
e and equal to ‘tanf’) whereas the second term gives
the path followed by a projectile fired at an angle to the
of straight line and parabola. It is much straighter in the

In this equation there
(remember y =
the expression of
horizontal follows

beginnin@

on.

equired by the body to stay in space. To derive its expression the time
d flight should be determined first. This can be done by analyzing
otion, i.e. from point O to point ‘A’:

ical velocity (u) = v, = vsin@, Acceleration (a) = -g, Time required = t and Final
velocity (v) =0
v—u _0-vsin®

ives —
g g "

u

Using the relation a =
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vsin®
g

Since the time required for downward flight (t4) should also be equal, t; =

vsin® vsin®
+
g g

Total time of flight (T) =t,+tg =

_2vsin©
g

Or, T

Maximum height (H)
The maximum height is the total vertical distance traveled at the end of upw

So,
Distance traveled (S) = H, Initial velocity (u) = vsin0, Time = t, and

1 .
Using the relation S=u‘c+5at2 gives, H =vsin Oxt o+
Or, H:VSinG.(Vsmej—gx(
g 2
Or H_stinze_vzsinzex
’ g
2 2
or, H:2V sin“0-v

H - vZsin? 0
2g
0

N

Range
This is the hori

traveling of rang
traveled 22 do
Horiz \4
total Ig

Velocity at a certain point

ered by the projectile before it hits the ground. The
the horizontal motion and it is equal to the distance
tal motion. So, considering complete horizontal motion;

= vcos 0, Horizontal distance = R, Time = T, where ‘T’ is the

X

: R

otion, Vv, =—

T
: ) _
Or, R=v xT = Vcosexzvsme _ Vv x2sinBcos 6
g g
R v” sin20

g
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The velocity at point P is determined by obtaining the horizontal and vertical velocities at P
and then obtaining their resultant.

The horizontal velocity is v, which should be equal to v, because the horizontal velocity
does not change.

So, Ve =V, =VvcosO

Y

6 T
Oc---x--->

*cos’ 0+ v’sin’? 0 —2vgtsin 0+ g°t*

v’ (cos2 0 +sin > 9)+ g’t? —2vgtsin O

= \/V2 +g’t> —2vgtsin O

The angle formed with the horizontal at point P is

_if vsin 0 —gt
6, = tan (—j
vcosO

At the highest point, the vertical velocity is zero, so the overall velocity is just composed of
the horizontal; therefore, it (vy,) is given by
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V,=V,=V,=vcos0O only.
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