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When a body is projected in effect of gravity
in such a manner ‘that its path is parabolic, is
called projectile motion. Projectile motion is an
example of 2-D motion.

There are two types of projectile motion:-

1. Oblique or angular projectile motion.

2. Horizontal projectile motion.

OBLIQUE OR ANGULAR PROJECTILE MOTION:-
When a body is thrown at an angle from horizontal
then motion under gravity is known as oblique
projectile motion
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Projectile Motion

Definitions

Whenabodyis projectedineffect
of gravity in such a manner, that
its path is parabolic, is called
projectile motion.

Definitions

When a body is thrown at an
angle from horizontal then
motion under gravity is known
as oblique projectile motion

Sr‘ .. Concept Reminder

The shape of the trajectory
of motion of an object is not
determined by acceleration alone
but also on initial conditions (like
initial velocity).

For example, the trajectory of
motion under gravity can be
straight line or parabolic.
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u, =ucoso u, =usin6 ¢ Oblique or angular projectile
motion
+ Horizontal projectile motion

ax =0 ay ==
SK;\\ Concept Reminder
V, =ux +at Vy—uy+at

b A projectile is any body which once

thrown or projected into space

1, with some initial velocity moves

X 5 2 y =Yy ant thereafter under the influence of
gravity and air resistance alone.
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Projectile Motion

Projectile Motion - A Vector Prespective

Yy
) 4
Th:ﬂz;;tr'fal on vertical motion
i g at the top

Projectile Motion is a
combination of the two
motions
speed up as it
comes down
> X

slow down as it
goes up
The acceleration
due to gravity is
causing the ball to

Adding
Vectors

The Horizontal Motion of the Ball

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




EQUATION OF PATH:-
Concept Reminder:

r 3
Equation of Path:

_ &
2u? cos? 0

2
y =xtan6 -

X
=xtanO|1-—
Y [ R}

v

At time t particle is at point P.

For x-axis:

1 KEY POINTS
X=ut+ Eaxt2 [ a = OJ

*Equation of trajectory

X =ucosft =t = Ucos 0 (1) * point of projectile
For y-axis:
1 0
y = uyt + ant
. 1 5 .
y =usinft—-—gt ..(ii)
2 Rack your Brain >
From equation (i) and (ii)
2 o . o a
The equation of projectile is
y =usinfx 1 X 9 pro]
ucos® 2 (ucosH Bl
y =16X ———.
4
2
y = xtan — — & Find horizontal range ?
2u” cos® 0

= Equation of trajectory.

& .8

Let tan®=A and =
2u? cos? 0

So, y=Ax-Bx?
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Projectile Motion

This is an equation of parabola so path of e

projectile is parabolic.

gx’

2u° cos? 0

X
=xtan6|1-—

y =xtan6 -

Where (R = horizontal range)

A

% . Concept Reminder

Vertical component of velocity
is zero when particle moves
horizontally i.e., at the highest
point of trajectory.

t f projectil
(top o prOJe(:C|OeS)e

u
usino4 >90" cosB
., P.O.I.
2] a<90 (Point of incident)
P >
Point of projection ucoso
(P.O.P.)

J

(i) At P.O.P (Point of Projection)

u

Uy op =UCOSOi +usinbj

(ii) At T.0.P. (Top of Projectile)
_ >V

Viop. =ucosef+oj

T.O.P

Rack your Brain >

Two seconds after projection
a projectile is travelling in a
direction inclined at 30° to the
horizontal after one more sec,
it is travelling horizontally, what
are the magnitude and direction
of its velocity ?



(iii) At P.O.l. (Point of Impact)

Vp o, =Uc0s0i —usinbj

(iv) At any point for y-axis

vy = uy + ayt
Throughout the motion F =0,a, =0,

SO horizontal component of  velocity
(u cosf = constant)

At highest point acceleration and velocity are
mutually perpendicular to reach other.

—
\%

ool

Time of Flight:

The time taken by projectile between point of
projection and point of impact is known as time
of flight.

usin®

A ucoso B

When projectile reach at point of impact then its
height becomes zero.

At highest point of projectile
alv

Rack your Brain «

The velocity of a projectile at

point of projection is 2i+3j.
Find its velocity of point of
impact.

Definitions

The time taken by projectile
between point of projection and
point of impact is known as
time of flight.

Projectile Motion



Projectile Motion

If time taken is T during motion between points

Ato B
2 - 1. 9
So, Sy = uyT + anT
_ g
0= uT-=T
2u Definitions
T=—Y
g : N :
. During projectile motion
2usin® . . .
T=" maximum height attained by
g object on vertical axis is known

as maximum height.

Maximum Height :-

During projectile motion maximum height
attained by object on vertical axis is known as
maximum height.

A

-yl .
usinG4 u 4 Rack your Brain po

For a projectile, what is the ratio

of maximum height reached to

e A
the square of flight time?

‘'ucos

At maximum height

vy=O
2 2
SO, Vi = Uy +2aySy
0 =ul - 2gH
2
H:u_y
2g
H_u2$in29
2g
at 0 =90°

H becomes maximum, so greatest height



max :E

Horizontal Range:- During projectile motion,
distance travelled on x-axis is known as horizontal
range.

A

L

usind4

v

ucoso
R

AT
Yo

Time taken to reach at point from point Ais T
(time of flight).
For x-axis

1, 2
S, =u T+ EaXT

R:uxT+O

where a =0

R=uxT
2u
R=u -—*
g
Rz2uxuy
g
R = 2ucos0-usin® u?-2sin0cos®
g g
_ u?sin20

R
g

sf‘ _ Concept Reminder

v

For oblique projectile

% T_2uy
g
2
fH= D
g

2uxu

* R=UxT= Y

Keywords

Time of flight
Maximum height
Horizontal range

Rack your Brain »

The speed of a projectile at its
maximum height is half of its
initial speed. Find the angle of
projection.

Projectile Motion



Projectile Motion

_u’sin20

g

at 6 = 45° range becomes maximum so,

_u’sin2x45° U

Rmax
g g

Value of height when range is maximum,

_u’sin®45°  W?

he— >0 ™ 2
2g 4g
Relation between R and H:
_u’sin20
g
H - u?sin?6
2g
From (i) and (ii)
u®sin 20
R _ g
H u’sin’0
2g
5 4
H tano©
Rtan6 = 4H

()

..(ii)

Sf‘\\ Concept Reminder

\

It was Gallileo who first stated the
principle of physical independence
of the horizontal and vertical
motion of a projectile in his book
“Dialogue on the great world
system” in 1632

Relation between R and H:
Rtan6 = 4H



At what angle horizontal range becomes n times of maximum height.

According to question

R =nH
u’sin20  nxu’sin® 0
g 2g
tanG:i
n

0 =tan’ (ij (Angle of projection)
n

if R = 4H

Then angle of projection is 6 = tan™ (ij =1
n

tan0 =1
0 =45°
If R =2H

4
tan = —

0 =tan’ (2)
2
5

cosO=—, sin0 =
NG

1
V5
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Projectile Motion

A body of mass m is thrown at angle 6 with horizontal from ground. The

2
gx . Find-
2

equation of trajectoryis y = \/gx -

1. Angle of projection

2. Initial velocity

3. Time of flight

4. Maximum height

5. Range

6. Horizontal and vertical component of initial velocity.

Equation of trajectory
2

y:xtane—L
2u? cos? 0
2
y:\/gx_gi
2
1. tane=\/§
0 =60°
2. u’cos?6=1

u? x cos? 60° = 1

ule:’l
u:2m/s
3. Time of flight T = 24Sin®
T:2X2X8in600:0.2 3 sec.
10
4. podsife 4x3 g0

28 4x2x10

X

, A
5. y:\/gx—g%:\/g1—%

R:%:O.Q\Em

10.



6. Horizontal component of initial velocity
u =ucos@ = QX%: 1m/s
Vertical Component of initial velocity

u, :usin6:2x£:\/§m/s

2

During a projectile motion initial velocity is 6i + 8} . Find -

(i) Angle of projection (ii) Time of flight
(iii) Range (iv) Initial speed
(v) Maximum height

Initial velocity

G:uxi+uyj:6i+8j

ucosb =6
usin =38
u
1 tanp=— =8_2
u, 6 3
tan6 = 4
3
6 =53°
2. Time of flight
2u
__y:ﬁ:’],6 secC.
g 10
3. Horizontal range
Rty 2xBx6 g4
g 10
4. Initial speed

i = V6> +8> =10m/s

2
u 2
5. H Y 8

=YL= =3.2m
max T 2g  2x10

1.
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Projectile Motion

A body of mass m is thrown at angle 0 with horizontal from ground with

initial velocity v. Find the angle of projection at a point where -
1. Velocity is half of initial velocity.

2. Velocity is ?3 times of initial velocity

Velocity at highest point = ucos6

1. ucosezE
2
= 0 =60°
2. ucosG:@
2
= 0 = 30°

A body is thrown at angle 6 from horizontal with initial velocity u. Find -
1. Time when direction of velocity become perpendicular to its initial veloci-

ty.
2. Also find velocity at that time.

1. Let at point P, velocity becomes perpendicular to initial velocity

So, u-v, =0

(ucost+usin6j)-[ucose?+<usin6—gt)j_ =0

u?cos? 0 +u’sin’f—usinbgt =0 u
4
2 2 2 H A
u (cos 0 + sin 6)—usm6gt:0 Ao
. v,sin
u i
t = N "" 1 P:
gsind /a8 i 0 A

u
t =—cosec6

2. A sin® =ucos®

v, =ucoto

12.



Important Concept

Comparisons of Two Projectiles of Equal Range:
When two projectile are thrown with equal speeds
at angle 6 and 90 — 6 then their ranges are equal
but maximum height attained are different and
time of flight are also different.

Range of projection angle 6

2 .
R, = u“ sin20
g

Range for projection angle (90 - 6)
U2 Sin2(90—9) u2 sin 26

2 g g

So, R, =R,

R

Also equal for angle (45° - oc) and (45° + oc).

0 90 - 0 R,and R,
30° 60° R, =R,
60° 30° R, =R,
16° 74° R, =R,
74° 16° R =R

Maximum Heights of Projectile at (0) and (90-0):

2 .2
H, = u®sin“ 0
28
2 .2 1)
y u® sin (90 —6) u?cos?2 0
2 28 -2

4

90° - 6

v

Definitions

According to Galileo, in his book
“Two New Sciences” stated
that for elevations by which
exceed or fall short of 45° by
equal amounts, the ranges are
equal.

13.
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Projectile Motion

H,

sin0

tan’ 0

H, cos®6

=

H1><H2=

H
H2

1

=tan?0

u*sin?0cos? 0

4g?

2 . 2 2
_(2u sme-coseJ 1X1 R®

u’sin®0  u’cos’® U’

H,+H, = + —

(Maximum height when thrown vertically upward

2g 2g 2g

from ground)

Time of Flight of Projectiles at (0) and (90-60):

T _2usinf _2usin(90—6)_2ucose
! g~ ° g g
T .
—1:S|n9:tan9
T, cos0

T1
= — =tan0

T2

At angle 6 and 90 - 6:

R, =R,
i=tan26
H2
R2
HH, = —
RRSTS
2
H, +H, =—
— =tan®
T2
T, xT, «R

9

Rack your Brain

Two stones are projected with
the same magnitude of velocity,
but making different angles
with horizontal. The angle of
projection of one is =n/3 and
its maximum height is Y, what
maximum height attained by the
other stone with at n/6 angle of
projection ?

14.



2 .
TT =4u smecosezﬁ

1°2 gg g
T1><T2ocR

If angle of projection is 45° then range would be
maximum.

2

u’sin2x45° u
RmaX = g = g




Projectile Motion

When a projectile is thrown for maximum range then calculate maximum
height attained by projectile.

Range is maximum at 6 = 45°
_usin®6 _u’sin45° _u® R,
2g 2g 4g 4

H

A person can throw a body to attains maximum range. He can throw same
body to attain maximum height with same velocity. Then what is relation
between maximum height and maximum range.

For Rmax, For Hmax
0 = 45°, 0 =90°
2 2
R-LSINY S'g” 26 H o = ;—g (i)
2
u .
Rmax = E (|)

16.



Find the relation between -

A
y [ e e
X—> R, R,
(MR,,R,and R, 2T, T, and T,
(3)H,,H and H_ (4) u,, u, and u,
1. H, = H, = H_ (uy)A = (uy)B = (uy)c
2
2. H=-L
2
3. T, =T, =T,
o2
g
a R. >Ry >R,
R - 2uxuy
g

17.
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Projectile Motion

Body of mass m is thrown at an angle 6 with horizonal from ground horizon-

tal range is 200 m and time of flight is 10 sec. Find-
1. Maximum height 2. Initial speed

Time of flight =
2usin®
. -
10 x 10

T= 10

usin® = =50 m/s

u’sin20  2u’sinBcosH

Range(R) = 200 =

g g
. 2
2(usm6) x Ccos 0
200 = !
gsind
2X(50)2 5000 5
tanf = = =—

10x200 2000 2

2
o u?sin @ (50)

= =125m

2¢g 2x10
. 5 129 5
sind = —

V29 a

. 2
To 2usin®

g
u=-287T

2sin0

u= 12X ;O J29 = 10429

X

18.



If projectile is thrown at an angle 6 with horizontal with ground towards a
wall 4m away from point of projection and height is 4m this projectile just
touches and thrown on other side at 14m horizontal distance from foot of
wall. Find, angle of projection and initial speed.

A

4 m
; 4m o 14 m :
2
1. y=xtan9—L
2u® cos? 0
X 9 4130
y=xtan9[1——]
R
4= atano|1- = 7
18
1=tanb 1A
18
tanG:E:g
14 7
G:tan(gJ
7
2 .
0. Rz2u sinfcos 6
g
18 = 2x U? x 9 x ! xl
7130 /130 8
22U x9x7 2 - 18x130x¢g
1830x g ’ 9x7x2
» 1300
7
u= 1300 =>u=10 3
7 7

19.
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Projectile Motion

Change in Linear Momentum:
We know that change in momentum

AP:m(vF—vl)
Now we discuss about change in momentum

between different points on a projectile path.

A

T.O.P.

PLLF PLLL

|

bop = UCOsSOi +usingj

2. V;,p =ucos0i+0j

3. V,,, =ucosbi-usingj

4. v,

1. Between P.O.P and T.O.P:

ol = ucosef+(usin9—gt)j

AP = —-musin 6}

2. Between P.O.P and P.O.l :

P = —2musin 9]

3. P.O.P and K.O.| :

AP = -mgt

AP = weight x timej

Rack your Brain a

A particle of mass 100 g is
fired with a velocity 20 m sec™
making an angle of 30° with the
horizontal. When it rises to the
highest point of its path then find
the change in its momentum.

S?‘ _ Concept Reminder

Change in momentum of projectile
during its half journey and full
journey is

-Musin 6] and -2 musin 6f
respectively.

20.



top = usin® — AP = -musin @ ]
g

=2usTm9:>E=—2musin6 ]

t=T

Angular Momentum (]) -

It is moment of linear momentum.

OR
Or it is product of linear momentum and
perpendicular distance between line of action of
motion and reference point.

V4

v

Xy

Reference
Point dL

i_ine of action
of motion

cl
Il
—_—
A
X
Ol
~——

(@)
l_
kel
(@)
ol
[
o

(G
l_
Ul
(e
0!
Il
o

Sr‘ _ Concept Reminder

If in case of projectile motion range
R is n times of maximum height H
i.e., R=nH

Then angle of projection

0 =tan™ (ij
n

Keywords \

Linear momentum
Angular momentum

Rack your Brain »

A particle is projected from
ground with speed 80m/s at
an angle 30 with horizontal
from ground. Find magnitude of
averageint=25stot=65s.

21.
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Projectile Motion

When a body of mass ‘m’ is thrown at an angle 6 with height from ground

with initial velocity (v). Find angular momentum about point of projection

1. When it at highest point

2. In above is question if angle of projection are -

(a) 45° (b) 60°

3. In above question find angular momentum with respect to P.O.P when it is
at point of impact.

A
v vcoso
H
5]
1. JO:H-mucose
vZsin? 0 mv? sin® O cos 6
o =—————-mvcosH =
2g 2g
3
2. (@) J0=mxv NRLIV sin45°=cos45°=i
2xg 2 \/5 \/E
s, - mv?3
J2g
3
(b) JO:mV xgxl sin60°:£,(30360":l
28 4 2 2 2
_3mv°®
°  16g
3. Jo =R-mvsing
Yy
2 .
J, :mvsin6><2V sinBcos 6
g
.2
J :2mv3mcose & » mvcosH
0 g P.O.I. R
mvsin®

22,



Projectile of mass m is thrown with initial velocity u at an angle 0 with

horizontal from ground. Find angle made by straight line which join topmost
point according P.O.P with horizontal.

A

v

v

r

R/2

2H
tan¢ = —
¢ R
2 1.2
tan¢ = 2xu°sin“0-g
2g x 2u® sin®cos O
tanq):tane

Kinetic energy, gravitational, potential energy and total mechanical energy
when projectile thrown from grown:-

»

T.0.P.
) ucoso

v

P.O.P. P.O.1.

(M G.PE = mgh

.. 1 9
I KE = —mu
(i) >

23.
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Projectile Motion

(iii) Total ME =KE +PE

A. P.O.P (H = 0)

1. G.PE=0
2. KE = Lmu? = E,
2
3. Total M.E = E,
B. T.0O.P (H = H)
2 -2
1. GPE=mgH="T8U SN0 £ g2 g
2g
1 2 1 2 2 2
2. K.E:Emv :meu cos G:Eocos 0
3. Total M.E = E, '(sinQ 0 + cos? 6) =E,
E = tan2 0
K.E
C. P.O.I (H=0)
1. GPE=0
2. KE =~ mu? = E,
2
3. Total M.E = E,

Total M.E. at every point (P.0.P, T.0.P and P.0.l) is same.

When body is at top of projection and initial kinetic energy is 4J then find
kinetic energy and gravitational potential energy at T.0.P when angle of pro-
jection is 45°.

24,



Find angle of projection when kinetic of energy at topmost point is % times

of initial kinetic energy.

3
(K'E)T.O.P - Z(K'E)P.O.P

1
—><u2c30329:3><1mu2
2 4 2

cosQE):i
4
cosE):\/E
4
COSG:E
2
0 = 30°

25.
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Projectile Motion

Direction of velocity of projectile when thrown
by making angle 0 with horizontal from ground:-

(Vp)y _ usin® — gt

tanao =

(v ) ucos @ v dlna
P /x P
v, .
_ - a=
(vp )x =ucosf = Vv, cosa i < cosf
(v ) =usinf gt ¥, c03d
Ply
usin®
1. TOP=t. = g 0
. gxusin® P.O.P. P.O.IN"
using - =2——
tanao = g v
ucos9
tana =0°
a=0
2usin® Sr‘ _ Concept Reminder
2. POl t=T= = Time of flight C -

a=0

In terms of H :-

(Vp )y _ u”sin? 0 - 2gh

tanao =
(v) ucos
p X

2 1.2
h=u sin“ 0

2g
At T.O.P
2 _ 2 _ Nno
vy = Uy +2aysy, tana =0
oa=06

3(1

p

tan = tana + tanp

26.



If a projectile of mass m is thrown at an angle 6 with horizontal from ground
then average velocity in between
1. P.O.P and T.O0.P 2. P.O.P and P.O.I

0
— R/2 —>1

_ Total displacement

1. AV -
Total time
2
2
Ay = —~2
T
2 . 2 2 22
(QU sm6c:oseJ +[u sin 9]
2 x 2
AV = & - &
usin®
g
u*sin®0 ) -
\/4g2[(4003 9)+(sm 6)}
Av = -
usin®
g
u?sin®
AV=2.—g\/3C0829+1
usino
g
AV=§\/3COSQQ+1
2. Av:B
T
Ay = 2u® sinBcosfH x g

gx2usin6

Av =ucosf = (vavg)

27.
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Projectile Motion

Horizontal Projectile:-
When a projectile thrown from certain height H
horizontal direction then

u =u, a =0

Uy=O, a, =-g H

1. x-direction:

1—
s, =ut+ Eaxt < R >|

X =ut
t=2
u

1.0
2. S, = uyt+5ayt

— 1 x?
SO, SV ——Eg’ V—2

1. Time of flight [T]:
— — 11—
s, =u,t+ ant

S‘ ~ Concept Reminder

_H — _lgTz Gl
2 If an object is dropped or projected
o horizontally, in both cases Time of
T=|— 2H
g flight remains game i.e., T = E
u=0
(@) l 7= /A
g
KEY POINTS
LU * Horizontal projectile
(b) T= 2
g

28.



When a projectile is thrown from height H
horizontally and dropped from same height
strike to the ground in same time.

Range SP‘ _ Concept Reminder
........ . In Horizontal projectile
T = f2_H
g
R=uT=u |2
I R >| g
s, =ut+oat
2H
R=uT =u,|—
g
(Vo .
v,coso Rack your Brain >
P Two paper screens A and B are
seperated by 100 m distance. A
bullet pierces A and them B. The
hole in B is 10cm below the hole
_ gt in A. If the bullet is travelling
u horizontally at A calculate the

velocity of bullet at A.

— —n

Vp=VXI+VyJ=4I—gtJ

_ 2 2.2
vspeed = \/u +g°t

Projectile Motion

29.



Projectile Motion

A
from another
t=T-= 2H straight line.
g
v = U+ g’t?
v =Ju? + 2gH
@) VI (b) ©
. IV
h
v, =[v* + 2gH v, 5[v? + 2gH

When a particle is thrown vertically upward
and thrown vertically downward and horizontal
project the its speed when it strike to the ground
is same.

_ Concept Reminder

projectile s

v, 5/v2 + 2gH

The path of a projectile as seen

a

30.



Aeroplane is moving horizontal with 72 km/hr. when it is at height 19.6 m.
standing on ground a bomb will strike to the person. If not then time to the
strike to the ground of person when strike to the ground.

No
2. T= E: /—2X19'6:25ec.
g 9.8

H
l< »]
< ”l

3. R=u E=72><£><2=4><2><5=40m
g 18

31.
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IMPORTANT CONCEPT
e When a ball is thrown from a stair in horizontal
direction then-

«— ] 7. nladder

nb

nb =u
"2 - 2 “2nh A ball rolls off the top stair way
g with a horizontal velocity 10710
hu? m/s. If the steps are 0.25m high
n= ob? and 5m wide then ball will hit
the edge of the n* step. Find
value of n.

32.



A person is throwing a ball in horizontal direction from a 18m height build-
ing. The ball is caught by another person which is at another building of 8.2m
height from ground. If horizontal range is shown in figure. Then calculate
initial velocity of ball.

A
m H
H =

9.8 m

18 m 6.2

8.2 m

v 6.2 m v

H=18-8.2
H=9.8m
R =6.2m
R=u 2_H
\]g
6.2=u 2x9.8 = u:E
9.8 J2
u:£:4.4 m/s
1.41

33.
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Projectile Motion

When bullets are fired with same velocity u from
stair give in different direction then maximum

area covered by any bullet.

Area = nR?

2
anax

4
u
Area:nx—2

g

When a projectile thrown at an angle 6 with
horizontal upward with at some height:-

(i) Time of flight (T):-

—_— 14..2
sy —uyt+§ayt

—H:usineT—%gT2

gT? —2usindT —-2H =0

T usin® + /u? sin? 0 + 2gH

g
(i)  Range (R):-

1 —_
s, =ut+ Eaxt2

R =ucosOT

When a body is thrown at an angle 0 with
horizontal downward from some height:-

u, =+ucos9
a, =0
u, =-usin®

a, =g

am -

usind
N T .
P.O.P DN
1 ucosO i
H
v .
P.O.P ucoso
0
usin® Y u

[ Krd

34.



Time of flight {T):- S"‘ ~ Concept Reminder

s, =ut+—at? ‘
vy o2 If an object is dropped from

horizontally  flying  aeroplane

. 1
+H = +usin 9T+58T2 the object falls in a straight line
vertically down with respect to
2H = 2usinOT + gT? pilot/plane. But with respect

to ground the obj9ect executes

gT? +2usin@T —2H =0 projectile motion.

S sin @ + /u’ sin” 0 + 2gH

- g

Range:

1
R=s, :uxt+5axt2, R =ucosOT

Maximum time when strike to the ground. _ __P'(%P
2h A A (e - 0)
h
2(H-h) @
2. t2 =
€ H * u
2(H-h
T=t +t, = %+ (g )
dr _d [n), d [2(H-h)
dh dh({\{g | dh g r ol

ey
ar 2{1 1(—1)]

Projectile Motion
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Projectile Motion

Collision of two projectile :-

Check:-
1. Step - I (UA)y :(UB)y

A B
2. Step -1
. 1 N
(i)  x<R,+R,
< X >

(i)  x=R,+R,
(i) x>R,+R,

AN AN A

Ri—> l—R,—>
te R, >l
I« X > = X . e = N
Both called the v and V:-

u =(U
(0], = (),
vsin60° = Vsin90° Y

J3

Vi |7V Keywords

( 2 ] \Y;

v_2 60° 900r Collision

V43
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Find out condition for collision (collision will occur or not) ?

10m/s 5/2

30° 45°

< 15m >

1. (uA )y = (uB )y
10sin30° = 542 sin45

10 _ 52
2k

_ 2u”sinBcos0

2. R,
g
2xu?sinBcosO
R, = .
R —2x 100, 1 V3
10 2 2
2x25x2 1 1
R, =25 —x—
NN
R, =53
50
:_:5
2 10
R, =1.732x5, R=5
R, = 8.660

R,+R, =8.6+5=13.6

Collision not occur.
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Projectile Motion

IMPORTANT CONCEPT

Projection from a moving Platform:-

Case (1) : When a ball is thrown upward from a truck moving with an uniform
speed, then observer A standing in the truck, will see the ball moving in
straight vertical line (upward & downward). The observer B sitting on road
will see the ball moving in a parabolic path. The horizontal speed of the ball
is equal to the speed of the truck.

Case (2) : When a ball is thrown at some angle ‘0’ in the direction of motion
of the truck horizontal & vertical component of ball’s velocity w.r.t. observer
A standing on the truck is u cos 6 and u sin 0 respectively. Horizontal &
vertical component of ball’s velocity w.r.t. observer B sitting on the ground is
u =ucos 0 +vand u, = usin 6 respectively.

usin®

Case (3) : When a ball is thrown at some angle ‘0’ in the opposite direction
of motion of the truck horizontal & vertical component of ball’'s velocity
w.r.t. observer A standing on the truck is u cos 6 and u sin 0 respectively.
Horizontal & vertical component of ball’s velocity w.r.t. observer B sitting on
the ground is u_= ucos 0 - v and u, = usin 6 respectively.
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usin®

Case (4) : When a ball is thrown at some angle ‘0’ from a platform moving
with speed v upwards horizontal & vertical component of ball’s velocity w.r.t.
observer A standing on the moving platform is ucos 6 and usin6 respectively.
Horizontal & vertical component of ball’s velocity w.r.t. observer B sitting on
the ground is u = ucosb and u, = usin® + v respectively.

usin®

Case (5) : When a ballis thrown at some angle ‘0’ from a platform moving with
speed v downwards horizontal & vertical component of ball’s velocity w.r.t.
observer A standing on the moving platform is ucos and usin6 respectively.
Horizontal & vertical component of ball’s velocity w.r.t. observer B sitting on
the ground is u_= ucos6 and u,=usinb - v respectively.

usin®
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Projectile Motion

Projectile Motion on an Inclined Plane:-

Let a particle be projected up with a speed u from an inclined plane which
makes an angle a with the horizontal velocity of projection makes an angle
6 with the inclined plane. We have taken reference x-axis in the direction

of plane.

Hence the component of initial velocity parallel and perpendicular to the
plane are equal to ucos6 and usin6 respectively.

ie.u =ucos® and u, =usin®

The component of g along the plane is gsina and perpendicular to the plane
is gcosa as shown in the figure

ie. a=-gsina and a, =g cos a

Therefore the particle decelerates at a rate of gsina as it moves from O to P.

Time of flight :
. L . 2usin®
We know for oblique projectile motion T = g
u
or we can say T = —=
€
2usin®
Time of flight on an inclined plane T=——
gcosa
Maximum height :
) o _ u? sin® 0
We know for oblique projectile motion H = T
u2
or we can say H=—
2a

1
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2 oia2
u“sin“ o
Maximum height on an inclined plane H =

Horizontal range:

. . . 1
For one dimensional motion s =ut + Eat2
Horizontal range on an inclined plane R = u, T +%a”T2

R =u cos OT—%gsinOLT2

2usin® 1 . 2usin® 2
R=ucosf| —— |——gsina| ——
gcosa 2 gcosa

2u? sinBcos (0 + a)

By solving R =
g cos’ a

(i) Maximum range occurs when 6 = % —%

(i) The maximum range along the inclined plane when the projectile is

u2

thrown upwards is given by R~ = ﬁ
+sina

(iii) The maximum range along the inclined plane when the projectile is

u2

thrown downwards is given by R__ =

2g cosa

B g(1-sina)
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Projectile Motion

EXAMPLE

A particle will project with 20 m/s at angle 53° with horizontal find out time

at which its velocity will make an angle 45° will horizontal.

vcos0
t, =

[tan 6 — tana]

20c0s53" [tan53° — tan 45°]

In the following diagram find out velocity of ball with which it will project
horizontally from top of tower A to reach a top of tower B.

A -
h=80
100m ~B
R=40
20m

40m

R=u 2—h
g
40 = u 2x 80
10

40=4u
u=10
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A ball with throw from ground at angle 45° then it will just pass top of the
tower which is located at the distance of 6 m from projection point and the
ball will hit the ground at the distance of 4m ahead of tower. Find out height
of the tower.

(6,h)

R=10

X
= xtan0|1-—

A particle will throw horizontally from height 20 m with 20\/5 m/sec then
find out magnitude and angle with horizontal of hitting velocity.

20m

204/3

ﬁghl\"

a = 30°
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Projectile Motion

Particle of man ‘m’ will project for parabolic motion. Find out change in mo-
mentum fromt=0to t.

A bird is sitting at the horizontal distance of 50 m from hunter find out the
height above the bird at which he will place a gun and fire horizontally to hit
the bird. It speed of bullet at the instant of firing is 500 m/sec.

A_
10 \s
1 _h
100 5
he L

20
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Particle will project for parabolic path then find out relation between ele-
vation angle at top most point observed from projection point and angle of
projection.

At any point velocity of particle is v = i+ 3’1: and acceleration is 2i + ] then

find out magnitude of rate of change of speed. [i.e. magnitude of velocity]
i.e. component of a along Vv -
a-v)a. non consider a-v
vV > - ,
v only magnitude Vo

= |a|—2+3_i_\ﬁm/sz
Jio Voo V2

45.

Projectile Motion



Projectile Motion

If two particle having some mass and speed of projection will project for
parabolic at any place (g = constant). Find out ratio of range for both if ratio
of minimum kinetic energy is1: 2 and ratioof H _ is3:1.

u and g same 0 K, o< cos?6
Roxsin®.cosH cos 0 o K .-
R o (Kin “Hiax (i) H,_. o sin’0

17 3 .
= EXT smeoc,/Hmax
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Mind Map

Horizontal Projectile Motion

Velocity vector at time t
V=V +V
x y

Horizontal range
of projectile

R=u@

Position at time t

X = ut

y =1/2 gt?

Equation of path of
projectile motion
y = gx?/2u?

Time to reach at ground

H
I
v, =u2 + 2gH

47.

Projectile Motion



48.



49.




