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PROJECTILEMOTION

A body which is in flight through the atmosphere but is

not propelled by any fuel is called a projectile. A body or

particle moving in atmosphere under effect of gravity only.

Motion of projectileistwo dimensional motionin avertical

plane.

Ex. Stonethrowninair by aboy, Bullet fired from a gun,

Javelin thrown by an athlete, Football kicked by a player,

Bomb released from an aeroplanein flight.

Trajectory : Path followed by a projectile is known as

trgjectory of projectile.

When we consider motion of a projectile, following

assumptions are made :

(i) Thereisno resistance dueto air.

(i) No effect due to curvature of earth.

(iii) No effect due to rotation of earth.

(iv) For all pointsontrajectory acc. dueto gravity g (which
isdownward) remains same.

Threetypesof projectilemotion :

(i) ObliqueProjectile: Body projected at acertainangle
with the horizontal.

(if) Horizontal projectile: Body projected horizontally
from a certain height with a certain velocity.

(iii) Projectile motion on inclined plane

PRINCIPLE OF PHY S CAL INDEPENDENCE OF MOTIONS

Motion of projectileistwo dimensional motionin avertical

plane. It can be resolved in two motions along horizontal

& vertical direction These two motions are independent

of each other. This is called principle of physical

independence of motions.

At any ingtant velocity of proj ectilehastwo components:

(i) Horizontal Component : No acc. along horizontal
(a,=0) so velocity along horizontal remains unchanged
throughout the flight. Horizontal motion is uniform
motion.

(if) Vertical Component : Acceleration dueto gravity in
downward direction will change the vertical
component of velocity continuously throughout the
motion. Vertical motion is uniformly accelerated
motion.

OBLIQUEPROJECTILEMOTION

Consider the motion of a body which is projected with
initial velocity g making an angle 6 with the horizontal
direction. Let ustake X-axisal ong ground and Y-axisalong
vertical. j can beresolved as

0

u, =ucos6 (aong horizontal)

& u,=usind (along vertical)

motion of body can be resolved into horizontal and vertical
motion.

In horizontal direction thereisno acc. so it moveswith
constant velocity v, = u, = u cos 0

So distance traversedintimetis

X
X=u,torx=(ucosb)tort=——— ... i
" ( ) Gcose W
Uy= U cOsO
Y, —
vy=0
A
. H
| u
L S
]
1 i
3|40, Ux= u cosd H X
[ =24 R =

—— a=0 + $ay=-9
usn®
ucoso
—_— - > )
Horizontal Vertical
component component

Themotioninthevertical directionisthe sameasthat of a
body thrown upward with aninitial velocity U, =u sino
and acc. = — g (downward).

So at timet vertical component of velocity
v,=u,-gt=usin6-gt .. (i)
Displacement along y direction

. 1
y=(usin®)t— > oz (iii)
Substituting thevalue of t fromeqn. (i) in eqgn. (iii)

et —(us‘ne)( X ]—1[ X ]2
weget, ¥= ucost) 22 L ucoso
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or y=xtan0- zg 5 X% = ax — bx2
2u“ cos” 0

Thisiseqgn. of parabola.
Thetragjectory of projectileisparabolic.
Theprojectilewill riseto maximumheight H
(wherev, = ucos®, v, = 0) and then move down
reach the ground at a distance R from origin.
Setting x=R andy=0
(since projectile reaches ground again)

(2usin®) u?sin20
so R=u,.T =(ucose)L g Jor R:T

velocity at timet

d ~ ~ ~ ~
int Vi = Vy i +Vy j=(ucosB) i +(usinf—gt) j
againto

V= \/u2 cos29+(usine—gt)2

If v makesanglea with horizontal

9 2 Vyt  usino—gt
O=Rtan0- -5 5 - _oyt_usno-gt
20 cos” 0 @ne=y " ucose
2 0s? 1 2 Note:
Weget R= 24700570 SN0 o o 24" §nocose
cosf g . . _ X
(i) Alternative eq". of trajectory y = x tan6 [1— E)
2
orRange R = u7sin20 )
2u“sin6coso
where R=————
g
v (i) Vertical component of velocity vy = 0, when particleis
= at the highest point of trgjectory.
i (iii) Linear momentum at highest point = mu cos 0 isin
sy V= ucosB =0 horizontal direction.
= (iv) Vertical component of velocity is+ivewhen particleis
> moving up.
Ve U COS ol (v) Vertical component of velocity is —ive when particle is
N ¥ moving down.
2 2 (vi) Resultant velocity of particle at timet
»
= v
'S V= Vg Vg atanangleq):tan’l(—y\ :
= A0 dugucos 6 kva
O« R > X
2= (vii) Displacement fromorigin, s= \/x? + y?
'V ______
If time for upward journey ist SPECIAL POINTS
at highest point v, =0 1. Incaseof projectilemotion :
s0, 0= (usin6) —)ét (v, = T gt) The horizontal component of velocity (u cos 0),
) y acceleration (g) and mechanical energy remains constant.
o t= usind Speed, velocity, vertical component of velocity (u sin 6),
g momentum, kinetic energy and potentia energy al change.
T=2t (itwill take sametimefor downward journey) Velocity and K.E. aremaximum at the point of projection,
ousing while minimum (but not zero) at the highest point.
T= Usny  timeof flight 2. Ifangleof projectionischanged from
9 to
At the highest pointy = H and v, = 0 0 »6" =(90-0), thenrange
2 . , 2 . 2 .
2 , u“sin20” u“sin2(90-6) u“sin20
u 2 2 R = = = =R
_ Y —us -
So that , H_Z_g [vy =uy—29y] 9 g 9
2 .2 High
o H= u”sin”0 Maximum Height Trajectory u

29
we can aso determine R asfollows, x=u, t
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Same range : A projectile has same range for angles of
projection 6 and (90 — 6). But has different time of flight
(T), maximum height (H) & trajectories.

Rangeis aso same for

u? 0s2a
g

For angle of projection 6 and (90 — 0). Range is same but
maximum height isdifferent.

0,=45°—aand 0,=45° +a. {equd

. ) u?sin?0
Maximum height: H=—7F7-—
29
. u?sin?(90-6) u®cos’6
and H' = =
29 29
:n2
i,:sm eztanze
H  cos?
by - Uisin?0cos’0 _ R
_T_E3 R = 4JHH’
26n2 2 2
A L cos*0 _u?
29 29 29
Timeof flight ;
T_2usin6 T'_2usin(90—6)_2ucose
g g g
l:S'_ne:tane
T’ cos6
2 .
TT':4U smzecosezﬁ TT' « R
g g

For maximum Range
R=R=20=90°
U2
ax = E [Forsn20=1=sn90° or 6 =45°]

for 6=45°, R,

When range is maxi mum then maximum height reached

u?sin®45 u?
H:2—g (WhenR, ) or H=—
hence maximum height reached (for R ..,.)
H — Rmax
4

If abody is projected from a place above the surface of
earth, then for the maximum range, the angle of projection
should be dlightly less than 45°. For javelin throw and
discus throw, the athlete throws the projectile at an angle
slightly less than 45° to the horizontal to achieve the
maximum range.

For height H to bemaximum
3 u?sin?0
29

H = max i.e sin?0 =1 (max) or for 8 = 90°

u2

S0 that Hpnay =~
9

When projected vertically (i.e. at 6 = 90°)
In this case Range

3 uzsin(2><90°) a u?sin180° 0

R
g g

u2

Hmax = _g (For vertical projection) and
U2

Ryax= E (For oblique projection with samevel ocity)
R

SO Hppoy = gax

If aperson can throw a projectile to amaximum distance
. u?
(With6=45°) R, ., = E

The maximum height to which he can throw the projectile

. o Rmax
(With® =90°) H 5 = 5

At highest point : Potential energy will be max and equal

u?sin?
to (PE),, =mgH=mg. 2—g

WhileK_.E. will be minimum (but not zero) and at the highest
point asthe vertical component of velocity is zero.

or (PE),, = 1 mu?sin?o
H 2 .

1 1 1
(KE), = Emvﬁ :Em(ucosﬁ)2 =3 mu? cos? 0

1 1
s0 (PE), + (KE)y = Emuzsin29+ > mu? cos? O

1
=5 mu2 = Total M.E.

Soin projectile motion mechanical energy is conserved.

1 mu?sine
(E] R tan® 0
KE 4 %mu2 cos? 0

[+
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6. Incaseof projectilemotionif range Risntimesthemaximum
heightH,i.e.R=nH

u?sin20 u?sin?e n.sin®
then —— =N-———— or 2cosO =
g 29 2

_1( 4
or tane:i = 0 =tan 1[—]
n n

Ifn=1lieR=H,tan0=4=0=76°
If6=45°,n=4=R=4H

7. Weight of abody inprojectilemotioniszero asitisafreely
falling body.

8. Changein Momentum:
Asin projectilemotion velocity in horizontal directionre-
main constant (AP), = 0 butiny-direction velocity changes
(AP)y # 0. Let uswrite momentum at different position

AtA, P,=mucosd i +musin® ]
AtB, F)B:mucosef
At C, ﬁc=mucosef—musine]

u B U Coso

A C\QXB

u
APag = Pg—Pp=—musindj
APac =Pe-Pa=-2musind]

OBLIQUEPROJECTILEMOTIONFROM HEIGHT H
(A) Projectionfromaheight H at an angleq abovehorizontal

=+usn®
;a,=—g

. 1
—H:(usme)t—z gt?

U, =ucoso ;
X =(ucos0)t

gt2—(2usin @) t—2H =0

| H2usin0+ (2usin6)® +8Hg
_ .

_usin0 _ [(usin0)® 2H

ortg Lng

R =ucoso x t
(B) Projectionfromaheight H at an angleq down horizontal

; uy:—usme

1a=-9

U, =ucoso
X =(ucos0)t

. 1
-H=(-usin®)t- Egt2
gt2+(2usin®) t—-2H=0

- —2usinf + (2usin9)2 +8Hg

29
, . 2
—usin® |(usin®)” 2H
or t= + —
g g g
R =ucosH x t
Examplel:

A projectile of mass m is projected with velocity v at an
angle 6 with the horizontal. What is the magnitude of the
change in momentum of the projectile after timet ?
Sol. Changeinmomentum =impulse=force x time=mgt.
Example2:
A projectileof massmisfired with velocity v at anangle 6
with the horizontal. What isthe change in momentum asit
rises to the highest point of the trajectory?

Sol. Changein moment = force x time= Mg x =mvsino

Example3:

A ball of mass m is thrown vertically upwards. Another
ball of mass 2 misthrown up making an angle 6 with the
vertical. Both of them stay in air for the sametime. What is
theratio of their maximum heights?

Since the two bodies are in air for equal interval of time
therefore the velocity of projection of first body is equal
to the vertical component of the velocity of projection of
the second body. So, the maximum heights are the same.
Therequiredratioisl: 1.

Sol.

B




@ PROJECTILEMOTION D

SOAL

ODM ADVANCED LEARNING

Example4:
What isthe angle of projection of an oblique projectile if
i . 3 V2 5
itsrangeis 7
2
. g_ _ _ vZ sin 20
Sol. Comparing the given expressionwithR= ————
. 3
wegetsin20 = % or 26 =60°or 6=230°
Example5:

Two boys stationed at A and B fire bullets s multaneously
at abird stationed at C. The bulletsarefired fromA and B
at angles of 53° and 37° with the vertical. Both the bullets

L ‘ ‘ . ‘ aAlf
vg =60 units? Given: tan37° = 3/4
Sol. The vertical components must be equal. c
Vg

A h

i 13

i53° iy
N /B

€ >

10m cos 37°

V, €C0s53°=v, cos37° OfF V=V — %
A B ATTB os (90° —37°)

60 60 x 4
or v,=60cot37°= tan 37° 3

=80 units

HORIZONTAL PROJECTILEMOTION

O Ux=§

v
Y

Suppose a body is thrown horizontally from point O, with
velocity u. Height of O from ground = H.

Let X-axis be along horizontal and Y-axis be vertically
downwardsand origin O isat point of projection asshown
infigure.

Let theparticlebeat Pat atimet.

The co-ordinatesof Pare(x, y).

Distance travelled along X-axis at time t with uniform
velocity i.e. velocity of projection and without accel eration.
The horizontal component of velocity v, = u

and horizontal displacement x=u.t (D)
displacement along vertical directionisy

to calculatey, consider vertical motion of the projectile
initial velocity invertical directionu, =0.

acceleration along y direction a, = g (acc. dueto gravity)
So vy =4t
or v, =gt
(as body were dropped from a height)

Resultant velocity at timetis v = ui+ (gt)]

V= \/uz + (gt)2
if B istheangleof velocity with X-axis (horizontal)

t 1
tanﬁzg— and y=—gt2
u 2

——59[5]2 from equation (i)t =
or Y= AT [fromequation (i) t= u]

ory= —%-XZ or y=—kx2 here k = 9 (kisconst.)
2u 2u°

Thisisegn. of aparabola.

A body thrown horizontally from a certain height above

the ground follows a parabolic tragjectory till it hits the

ground.

- _ 2H 1 2H
Timeofflight T=,— [~.y=-gt® T=/—
(i) Timeof flig g [y=39 g !

(il) Range = horizontal distance covered =R.
R=uxtimeof flight

2H g
u- |— = —
\ g [ H 2u2R2]

(iii) Velocity when it hitsthe ground Vg = \/uz +2gH

Example6:
A projectileisfired with ahorizontal velocity of 330 mst
from the top of acliff 80 m high. How long will it take to
strike the ground at the base of the cliff? With what vel ocity
will it strike? Neglect air resistance.

Sol. Let usconsider the vertically downward motion.

R=

1) u=330m/s
4
80m
* V,= Uz 330 mis
5
vy \"

[5
I'_
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‘w’=0, a=+9.8m/s?, S=80m,t="?

. 1 1
Using, S=ut+ > a2, weget 80 = > x9.8t2

160
or t?= 98 =16.33 = t=4.04sC

Distancefrombase R = ut = 330 x 4.04 = 1333.20 m.
Now, v, = u, +2,t=9.8x 4.04 ms1=39.59 m/s

Speed = /3302 + 39.592 = 332.37 M/s

39.59
tanp = — = 0.12 = B =6.84°
and tanf === = B=6.84

Example7:
A bomb is dropped from an aeroplane flying horizontal
with avelocity of 720 km/h at an altitude of 980 m. After
what time, the bomb will hit the ground?

2h 2 x 980
Sol. t= o "\ o8 $=10+/2 sec=14.14 sec

Example8:
A horizontal stream of water leavesan openingintheside
of atank. If the opening is h metre above the ground and
the stream hits the ground D metre away, then what isthe
speed of water asit leavesthetank intermsof g, hand D?
Sol. Thegiven problemisthe problem of horizontal projectile.
The stream of water shall follow the parabolic path.

Zh_ DD g
g VTt TP o

Now, t=

PROJECTIONONAN INCLINED PLANE

X OA =rangeR M
A
u gg\& -
£
%]
B o
ol To)B i gcos[iv R
€ RCOS B wmemsmemememsesess > > X
a,=-gsinp =-gcosp
u, =ucos(a— ) uy:usin(oc—B)
or T:M isthetime of flight
gcosp

1
X= U t+ o a, t? givesthe Range

3 2u’s n(a. — ) cosa

R
gcoszﬁ
For maximum ran ed—R—O oc—£+E
imu 9 do = 4 2

u2

max~ g (1+sinp)
For down theinclined plane replace by — .

R

R 2u? sin(a. + B) coso.
90052[3
F 1 a—E_E . R _L
or maximum range, =2 27 Ruex™ gi—sinp)

Example9:
A ball isthrown from bottom of anincline planeat an angle
o from the inclined surface up the plane. Another ball is
thrown from apaint on theinclined planewith same speed
and at same angle a. from the inclined surface down the
plane. If inthe two cases, maximum height attained by the
ballswith respect to the inclined surface during projectile
motion are hy and h, then:
(A) hy>h, (B)h;<h,
(D) All the three can be possible
Sol. (C). For both the particles
u,=usin®anda,=gcoso
So, y motion will be similar for both the particles.

(©) hy=h,

= Max. height and time of flight will be same for the
both.
= h;=h,.

TRY IT YOURSELF

For Q.1t0Q.5

ProjectilesA, B, C, and D arefired at the sametimefroma
height h meters above the ground. With the exception of
Projectile D, whichisdropped fromrest, al the projectiles
(i.e, ProjectilesA, B, and C) have the same muzzle vel ocity
V,, (though each is fired at a different angle--see the
sketches below and note that the angle defined as 6 isthe
sameinall cases). It takest, secondsfor ProjectileAto get
to the top of itsflight. It takes t, seconds for Projectile D
to reach the ground.

[




@ PROJECTILEMOTION D

SOAL

ODM ADVANCED LEARNING

Q.1

Q.2

Q.3

Q4

Q5

V, vA=0
) 90 -- 0.
0
h hq vq h

Projectile B ProjectileC  Projectile D

Projectile A

Attimet,, ProjectileA's.

(A) Velocity will be perpendicular to itsacceleration.

(B) Velocity will bev,coso.

(©) X-component of acceleration will betwicewhat it was
at=0.

(D) All of the above responses are true.

ProjectileA's:

(A) Accelerationisgreater on the way up than on the way
down.

(B) Velocity changes at the same rate going up as going
down.

(© Y-component acceleration sign is the same as its y-
component velocity sign while going up.

(D) Velocity, when at h going upward, will be the same as
its velocity when at h coming down.

Consider the graphs:

/ -
L | AN

a.) b.) c) d.)

AN VAV
e\.) | f) | g) | h.)
\

| i) | J)
ProjectileA's:

(A) Y-component of Positionvs. Timegraphlookslikegraph

a

(B) X-component of Podtionvs. Timegraphlookslikegraph

j-

(© Y-component of Velocity vs. Timegraphlookslikegraph
b.

(D) X-component of VVelocity vs Timegraphlookslike graph

C.

Thetimet,:

(A) Depends only on h and constant(s).

(B) Isthesametimeit takesProjectile B to hit the ground.

(© Ismorethanthetimeit takes Projectile C to hit the
ground, but less than the time it takes Projectile A to hit.

(D) All of the above

If hweredoubled, ProjectileD's:

(A) Timeto touch down will double.

(B) Velocity just before touch down will double.

(© Acceleration just before touch down will double.

Q.6

Q.7

Q.8

Q9

(D) None of the above.
Thetrajectory of aprojectileisrepresented by :

V3 x=gx?/2. (y, xinmetre) Find theangle of projection,
initial speed of projection, range and maximum height.

Therangeof agunwhich, firesashell with muzzle speed V
isR. Find the angle of elevation of the gun.

A cricket ball isthrown at aspeed of 28msinadirection
30° abovethe horizontal. Calculate

(@ themaximum height,

(b) thetime taken by the ball to return to the same level,
(c¢) the distance from the thrower to the point where the
bal returnsto the same level.

A particlestartsfromtheorigin at t = 0 swith avelocity of

10.0 ] m/s and moves in the x-y plane with a constant

acceleration of (8.0i + 2.0j) ms 2 () At what timeisthe

X- coordinate of the particle 16 m? What isthe y-coordinate
of the particle at that time? (b) What is the speed of the
particle at thetime ?

Q.10 A cricketer can throw a ball to a maximum horizontal

distance of 100 m. How much high above the ground can
the cricketer throw the same ball ?

ANSWERS
@ O (2 (®B) 3 (©
4 O OI®)
2J3 3 1. (R
(6) 60° 2ms, ?m, 29 (7) 5 sin ! [sz
(8) (8)10.0m,(b)2.9s,(c)69m  (9) 2s,24m, 21.26m/s

(10) 50m

USE OFRELATIVECONCEPTSINPROJECTILEMOTION

@

®)

If two projectile are projected with speed u; and u, at an
angle of projection 6, and 6, simultaneously from origin
then path of one projectile observe from other projectile
will beastraight line.

Relative x = (u; cos0; —u, cos0,) t

. . 1 ) 1
Relativey = (u; sin0; t- —gt?) - (U, Sin 6, t— - gt?)

=(u;SnB;—u,sinB,)t

% = constant = st. line

Prgjection fromamovingbody :
Consider aman who throwsaball from amoving trolley.
Let thevelocity of ball relativeto man beu

- - -
Vpall, trolley = Vball — Vtrolley

. - - -
1€ Vpal = Vbal,trolley + Vitrolley

[7
I'_
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Horizontal component = ucos 6+ v
Vertical component=u sin®

Horizontal component = u cos@—v
Vertical component=u sin 6

Horizontal component = u cos6

Horizontal component = u cosg ' .
Vertical component= u sin8—v

Vertical component= using +v

(¢) Projectile motion in a lift moving with acceleration a
upwards
1. Initial velocity = u (relativeto lift),
acceleration = a+ g (V) (relativetollift)
2. Velocity at maximum height = u cos®

a
. 2using Lift i
3. 17 g+a !
4. Maximumheight (H)
_ u?sin?e u
T 2(g+a)
£ R _uzsinze 3
. ange = —g+a N6 0
A Range B
_ _ 2usina
Timeof flight (T) = (g+a) cosp > . o
et oo Hy = u“sin“o
Max. height fromincline plane ( )'—2(g+a)cos[3
a
?
" |
\
\
\\
\\ H o B
\\ o S
e
BA

. _ o u?sin2a
Maximum distanceonincline plane (Range) = (g+a) cosp

Example10:
Two particlesA and B are moving with constant velocities
v, and v,. At t = 0, v; makes an angle 6, with the line
joining A and B and v, makes an angle 0, with the line
joining A and B. Find their velocity of approach and time
of collision.

D>
N
D7
N
(o8]

Sol. Velocity of approach isrelative velocity along lineAB

vapp =V, COS 61 +V, COS 61

. . d d
Timeof collison, t = =
Vgop  V1€0S61 +V, C0sO,

ADDITIONAL EXAMPLES

Examplel:
If t, be the time taken by a body to clear the top of a
building and t, bethetimespentinair, find theratiot, : t,.

Sol. Total time of flight = 2 (time taken to reach max. height)
t,=2t t_z_E
—RThT T
Example?2:

When the angle of elevation of a gun are 60° and 30°
respectively. The height it shootsare h; and h,, respectively.
Find the ratio h,/h,.

Sol. For angle of elevation of 60°, we have maximum height

ho u?sin?60°  3u?
2 8¢
For angle of elevation of 30°, we have maximum height

(ALl R e
? 29 8g ' hy 1

_u?sin?30° u?  h 3

Example3:
A particleisprojectile angle 6 with the horizontal with the

speed u. Find the velocity perpendicular toinitial velocity.
When particle makes an angle 90° with theinitial velocity
it will be an angle 90° — 6 with horizontal.

Horizontal velocity
at A and B should
be same

Sol.

ucosO =vsno

V= U(_:OSQ =ucot0 /
sin® A0

A

B
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Example4:
A block slides on a smooth inclined plane as shown in
figurefind thehorizontal distance fromtheend of theplane

when block will strike the ground.

Sol. Change in potential energy = Change in kinetic energy

mg[3—1]=%mv2:>v=2\/§
Vertical component of vel ocity when block |eavesthe plane
=vsin30°= /g
1
Sy:uyt+5ayt
-1= gt—%th:%gtz—\/&—lzo

R
%' o MR RN
Horizontal displacement = Horizontal vel ocity x time
x = 2,/g 00s30° x t

N XzZ@x?x{Jjjl}:@—k\/é) m=4.73m
9

Example5:
Two particles A and B are projected with the speed
v, = 20m/sand v = 10 m/s from the ground as shownin
thefigure. They collide after 0.5 sec. find the (i) angle© (ii)
valueof x.

A

& >
< »

X

Sol. If both the particles will be at same height at same time
then they will collide.

Y =Yg [Consider upward direction +ve]

1 1
(uy)At_Egtz = (uy)Bt_Egtz

Sol.

= (uy)A = (uy)B

= (Vo SiNG) =vp :205in6:10:>Sin6:%:6:30°

Assume the horizontal distance x travelled by A in
0.5sec.

X=(U)at

x = (20c0s30°) 0.5= 10 ? = 5/3m

Example6:

Two particlesare projected smultaneously fromtwo towers
as shown in the figure. Find the value of d for collision.

20m

10m d
N
[T Ik kvl

Here acceleration of B relativeto A iszero

Therefore, time of collisiont = (v,)
y/BA

whereyg, = vertical displacement of BwrttoA =10m
(vy) A = vertical component of velocity of B wrt A

= 0—(-104/2sin45°) =10m/s=t =%=1s

d =relative horizontal displacement of B wrtto A
= (Vy)ga x t = (10+10y/2 cos45°) x 1= 20m

Example7:

A gun, kept on a straight horizontal road, is used to hit a
car travelling along the same road away from the gun with
auniform sped of 72 kmv/hr. The car isat adistance of 500
m from the gun, when the gun isfired at an angle of 45°
with the horizontal. Find

~~~~~
.,

v

» <&
<

500 m " vT
(a)the distance of the car from the gun when the shell hitsit;

(b) The speed of projection of the shell from the gun.
(g=9.8M/s?)

B
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Sol.

The speed of thecar v =72 x (5/18) =20 m/s
Thetime of flight of projectile

2usin® u+2
T= =— [as 6 =45 (D
g g

and rangeof projectile

24 2

u“sin26 u
Re———=— (2

g g

During the flight of shell the car will cover a distance
R=500+VvT

Substituting the values of T and R

formEgn. (1) and (2) inthe above,

2
“Ezsom uv2

x 20 oru?—20+/2u -4900=0

or u=(1/2) [20v/2 £,/(800+ 4 x 4900]
or u=10[/2++/51]

As negative sign of u is physically unacceptable,
u=10[1.414+7.141] =85.56 m/s
Substituting the above value of uin Egn. (2)

2 2
u (85.56)
R=—= =
g 98 746.9m

Example8:

Sol.

Two particlelocated at apoint beginto movewith velocities
4m/s and 1 m/s horizontally in opposite directions.
Determine the time when their velocity vectors become
perpendicular. Assume that the motion takes place in a
uniform gravitational field of strength g.

Velocity of first particleat time t=4i —gt j

Velocity of second particleat time t=—i —gt j

Since the dot product of perpendicular vectors is zero
therefore (4i —gtj) . (—i—gtj) =0

or 4+g’2=0or g’t2=4 or t=2/g

Example9:

Anobject Aiskept fixed at the pointx =3mand y = 1.25m
on a plank P raised above the ground. At time t = O the
plank starts moving along the +x-direction with an
acceleration 1.5 m/s2. At the same instant a stone is

projected from the origin with avelocity {j as shown.

y
A
1.25mp-- lp_)
T
5 > X

Sal.

A stationary person on the ground observes the stone
hitting the object during its downward motion at an angle
of 45° to the horizontal. All the motions are in x-y plane.
Find g and the time after which the stone hits the object.
Takeg =10 m/s?

Let t be the time after which the stone hits the object and

0 be the angle which the velocity vector U makes with
horizontal. According to question, k we have following
three conditions :

(i) Vertical displacement of stoneis1.25m.

. 1
1.25=(usin®) t— > gt? whereg = 10 m/s?

or (usin6)t=1.25+5¢t2
(i) Horizontal displacement of stone
= 3 + displacement of object A

1
(ucosO)t=3+ — a?, wherea=1.5m/s?

2
or (ucosB)t=3+0.75t2 .. o)
Horizontal component of velocity (of stone) = vertical
component (because velocity vector isinclined at 45°
with horizontal)
(ucosB)=gt- (using) .. (3
(The right hand side is written gt — u sin 6 because the
stoneisin its downward motion.
Therefore, gt > usin 6 in upward motionu sin 6 > gt)
Multiplying eq. (3) witht we canwrite:
or (ucos)t+(using)t=10t?
Now, egs(4), (2) and (1) gives
4.25t°-4.25=0 or t=1s
Substitutingt = 1sin eg. (1) and (2), we get
usin6=6.25m/s or = 6.25m/s
anducos6=3.75m/s or u,=3.75m/s

(i)

Therefore, U= uxf+ uy] m/s

of TU=(3.75i+6.25)) m/s

Example10:

Sal.

Isit important in the long jump that how much height you
takefor jumping.

Itisimportant in the long jump how high a person jumps.
2 2
As h= u“sin“ o
29
2
hence — = 2h
g sin’0
u? sin 20 2h .
andrangeR = =——— xsin20=4hcot 6
g sn“ 6

i.e. therange of jump is determined by initial speed u and
angle 6 or height h and angle of projection 6.

[+
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Examplell:
A train is moving along a straight line with a constant
acceleration a. A boy standing in the train throws a ball
forward with a speed of 10 m/s, at an angle of 60° to the
horizontal. The boy hasto moveforward by 1.15 minside
the train to catch the ball back at the initial height. The
acceleration of thetrain, in m/s?, is —

_2usin®
g

Sol. 5. T

T=—2X10><\/§ =J3sec ; R= UCOSO.T — L ar2
10x 2 2

1.15=10x 1«/§—1a(\/§)2
27 2
ga= 5,3-1.15 : 3—2a =8.65-1.15=75

a:7.5><§z5mlsec2

Examplel2:
If a projectile has a constant initial speed and angle of
projection, find the relation between the change in the
horizontal range due to change in acceleration due to

gravity.
) u? sin 20
Sol. Horizontal range, R= T
Differentiatingt w.r.t. we have
dr u? .
@Z—g—zsmze [.. uand 6 are constant]
2
u“sin20d d
or dR=—"5 — 9 =—R ) ord_R:_@
g g g R g
Example13:

A body falling freely from agiven height H hitsaninclined
plane in his path at a height ‘h’. As a result of this impact
the direction of the velocity of the body becomes
horizontal. For what value of (h/H) the body will take
maximum time to reach theground ?

Sol. Time taken by the body to strike the inclined plane

After impact the vel ocity becomes horizontal

so time taken to reach the ground  t, = ,Z_h
g

Total time of motion

t=t,+t,= Vh+(H-N)] E

_ dt)
Forttobemammum( ah =0
d 12 12, |2
ie —[h“+(H-h —=0
e, gy [N+ (=M 2

1 1
12 L = (H_h\Y2(_1) =
or > h=te + 5 (H-h)Y<(-1)=0

N |-

h=H-h, i n
or h=H-h e,

Examplel4:

A ball rolls horizontal off the top of a stairway with a
speed of 1.52 n/s. Thestepsare 20.3 cm. highand 20.3 cm.
wide which step does the ball hit first ?

Sol. Lethbetheheight of astep and w bethewidth. To hit step
n, the ball must fall adistance nh and travel horizontally a
distance between (n — 1) w and nw. Take the origin of a
coordinate system to be at the point where the ball leaves
thetop of the stairway. Takethey axisto be positiveinthe
upward direction and the x axisto be horizontal .

The coordinates of the ball at timet are given by

1 5
X=Vg tandy = _Egt .

Equate y to — nh and solve for the time to reach the level

2nh
stepn: t= /—
g

The x coordinate then is

X = Vo, /2—”h — (L52m/s) LZO?"Z“) — (0.309m) Vn
g 98m/s )

Try values of n until you find one for which x/w is less
than n but greater thann—1. Forn=1, x = 0.039m and
x/w =1.52. Thisisgreater thann. For n=2,x=0.437mand
x/w =2.15. Thisisalso greater than.

For n=3,x=0.535mand x/w = 2.64. Thisislessthannand
greater than n — 1. The ball hits the third step.
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QUESTION BANK

CHAPTER 4 : PROJECTILE MOTION

EXERCISE-1[LEVEL-]]

Choose onecorrect responsefor each question.

PART -1:

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q.7

Q.8

BLI EPROJECTILEMOTION
The path followed by a body projected along y axisis

givenasbyy = /3x—(1/2) x2. If g=10 m/s? then the
initial velocity of projectilewill be- (x andy areinm)

(A) 3 410 m/s (B)24/10 m/s
(C)10 /3 mis (D) 1042 m/s

When the angle of elevation of a gun are 60° and 30°
respectively. The height it shoots are h; and h,
respectively, hy/h, equals to-

(A)3/1 (B)13

©12 (D)2/1

The height y and the distance x along the horizontal at
plane of the projectile on a certain planet (with no
surrounding atmosphere) are given by y = (8t — 5t2)
metre and x = 6t metrewheret isin seconds. The vel ocity
withwhich the projectileis projected is-

(A)8n/s (B)6m/s

(C)10m/s (D) Dataisinsufficient

A body isthrown at an angle 30° to the horizontal with
the velocity of 30 m/s. After 1 sec, itsvelocity will be
(inm/s) (g=10m/s?)

(A) 107 (B) 700410
(©)100y7 (D)~/10

A ball thrown by one player reaches the other in 2 sec.
The maximum height attained by theball above the point
of projection will be about-

(A)25m (B)5m

(©75m (D)10m

Kalpit and Mukesh are playing with two different balls
of masses m and 2m respectively. If Kalpit throws his
ball vertically up and Mukesh at an angle 6, both of
them stay in our view for the same period. The height
attained by the two balls arein the ratio-

(A)2:1 B)1:1

(C)1:cos6 (D) 1:sec6

A projectileisthrown at angle 6 and (90° — 6) fromthe
same point with same velocity 98 m/s. The heights
attained by them, if the difference of heightsis50 mwill

be- (inm)
(A) 270,220 (B) 300,250
(C) 250,200 (D) 200, 150

A particle is projected with a velocity u so that its
horizontal range is twice the greatest height attained.
Thehorizontal rangeis-
(A) u?lg

(C) 4u?/5g

(B) 2u?/3g
(D) u/2g

Q9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

A particle is projected such that horizontal range and
vertical height are same. Then the angle of projectionis
(A) tan™L (4) (B) tan™1 (1/4)

(oyp 2k (D)n/3

A projectileat an angle 30° from the horizontal hasrange
R. If the angle of projection at the same initial velocity
be 60°, then find the range.

AR (B)2R

(COR/2 (D)4R

If theinitial velocity of aprojectile be doubled, keeping
the angle of projection same, the maximum height
reached by it will

(A) Remainthe same (B) Bedoubled

(C) Bequadrupled (D) Behaved

The range of a projectile for a given initial velocity is
maximum when the angle of projectionis45°. Therange
will beminimum, if theangle of projectionis

(A)90° (B) 180°

(C)60° (D) 75°

At thetop of thetrajectory of aprojectile, the directions
of its velocity and acceleration are

(A) Perpendicular to each other

(B) Pardllel to each other

(C) Inclined to each other at an angle of 45°

(D) Antiparallel to each other

A projectile thrown with a speed v at an angle 6 has a
range R on the surface of earth. For same v and 6, its
range on the surface of moon will be

(A)R/6 (B)6R

(OR/36 (D)36R

A gunisaimed at atargetinalineof itsbarrel. Thetarget
isreleased and allowed to fall under gravity at the same
instant the gun isfired. The bullet will

(A) Pass above the target

(B) Pass below the target

(C) Hit thetarget

(D) Certainly missthetarget

The equation of motion of aprojectilearegiven by x =36
t metre and 2y = 96 t — 9.8 t2 metre. The angle of
projectionis
(A) sin (4/5)
(C)sin1 (4/3)

(B)sinL (3/5)
(D) sin! (3/4)

PART -2: HORIZONTAL

PROJECTILEMOTION
Savitathrowsaball horizontally with avelocity of 8 m/s
from the top of the her building. The ball strikesto her
brother Sudhir playing at 12m away from the building.
What isthe height of the building ?

(A)11m (B)10m
(©8m (D)7m

=
I12
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

From the top of atower 19.6 m high, a ball is thrown
horizontally. If thelinejoining the point of projectionto
the point whereit hitsthe ground makes an angle of 45°
with the horizontal, thentheinitial velocity of theball is
(A)9.8mst (B)49ms1

(C)14.7ms? (D)2.8mst

Two paper screens A and B are separated by 150 m. A
bullet piercesA and then B. Theholein B is15cmbelow
theholeinA. If thebulletistravelling horizontally at the
time of hitting A, then the velocity of the bullet at Ais —

(A) 100./3 m/s (B)200./3 m/s

(C)300,/3 /s (D) 500./3 m/s

An aeroplaneisflying at a constant horizontal velocity

of 600 km/hr at an elevation of 6 km towards a point

directly above the target on the earth’s surface. At an

appropriatetime, the pilot releasesaball sothat it strikes

the target at the earth. The ball will appear to befalling

(A) On aparabolic path as seen by pilot in the plane.

(B) Verticaly adong a straight path as seen by an ob-
server on the ground near the target.

(©) On aparabalic path as seen by an observer on the
ground near the target.

(D) Onazig-zag path as seen by pilot in the plane.

A body isthrown horizontally from the top of atower of

height 5m. It touchesthe ground at a distance of 10 m

from the foot of the tower. The initia velocity of the

body is (g = 10 ms™2)

(A)25mst (B) 5ms?

(C)10mst (D)20mst

A particle(P) isdropped from aheight and another particle

(Q) isthrown in horizontal direction with speed of

5 m/sec from the same height. The correct statement is

(A) Both particleswill reach at ground simultaneoudly.

(B) Both particleswill reach at ground with same speed.

(©) Particle (P) will reach at ground first with respect to
particle (Q).

(D) Particle(Q) will reach at ground first with respect to
particle (P).

PART -3: PROJECTILE MOTION ON

ANINCLINED PL ANE

Initial velocity is10 m/sec and angle of projectionis60°,
find range R

y

() 20 ®Fm
(© 53m @ Fm

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Time taken by the projectile to
reach fromA to B ist. Then the
distance AB is equal to —

t
™ R
© Vo D

A particleisthrown at anangle p with vertical. It reaches
amaximum height H. Then the time taken to reach the
highest point of its path is —

2H

H H
(A)E () E © 25 © ygo0sp

Two stonesA and B are projected with the same vel ocity
at angles of projection 20° and 70° respectively. If H,
and Hg be the horizontal ranges, then —

(A)HA>Hp (B)H,<Hg

(O Hp =Hpg (D) None of these

A cricketer can throw a ball to a maximum horizontal
distance of 100 m. The speed with which he throws the
ball is (to the nearest integer)

(A)30ms (B)42ms1

(C)32mst (D)35mst

PART -4: MISCELLANEOUS
A projectile has the same range R for two angles of
projection. If t; and t, are the times of flight in the two
cases, then.
(A)tjt, <R (B) tyt, oc R?
O tyt,c UR (D) t,t, oc UR?
The ceiling of a long hall is 25 m high. What is the
maximum horizontal distance that a ball thrown with a
speed of 40 ms™1 can go without hitting the ceiling of
the hall ?
(A)150.5m (B)160m
(©)170.4m (D) 145.2m
A stoneis projected from the ground with velocity
50 m/s at an angle of 30°. It crosses awall after 3 sec.
How far beyond thewall the stonewill strike the ground

(g=10m/sec?)
(A)50.5m (B)60m
(C)704m (D)86.6m

Two boys stationed at A and B fire bullets
simultaneoudly at a bird stationed at C. The bullets are
fired from A and B at angles of 53° and 37° with the
vertical. Both the bullets fire the bird simultaneously.
What isthe value of v, if vg = 60 units?
Given:tan37°=3/4

(A)80 (B)90

(©)100 (D)70

A particleprojected fromthe origin (x =y =0) movesin

Xy plane with avelocity v = 2f+4x] , where | & ] are

the unit vectors along x and y axis. The equation of the
motion of the particle is —
(A)y=x2

(C)y=x%2

(B)y=2x
(D)y=x%4

E
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Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

The height y and the distance x along the horizontal
plane of a projectile on a certain planet (with no
surrounding atmosphere) are given by y = (8t — 5t2)
meter and x = 6t meter, wheret isin second. Thevelocity
withwhich the projectileis projected is-

(A) 8 m/sec (B) 6 m/sec
(C) 10m/sec (D) Not obtainablefrom
the data

A cannon ball has the same range R on a horizontal
plane for two angles of projection. If h; and h, are the
greatest heights in the two paths for which this is

possible, then
(B) R=4,/h;h,
1

(A)R=h, h,
(D)R=(hyhy)a

(©OR=3h; h,
A very broad elevator isgoing up vertically with a con-
stant acceleration of 2 m/s?. At the instant when its ve-
locity is4 m/saball isprojected fromthefloor of thelift
with aspeed of 4 m/srelativeto thefloor at an elevation
of 30°. Thetimetaken by the ball to return thefloor is

(g=10m/s?)
(A)(V2)s (B) (1/3)s
©)Wys (D)1s

An astronaut in a strange planet observe that he can
jump amaximum horizontal distance of 2m, if hisinitial
speed is 6 m/s. What is the acceleration due to gravity

of the planet?
(A)3m/s? (B) 9m/s?
(C) 18m/s? (D) 36 /s

A projectileisthrownwith velocity U = 20m/s+ 5% at an
angle60°. If the projectilefallsback on the ground at the
same level then which of following can not beapossible
answer for range. [Consider g = 10m/s?]
(A)39.0m (B)375m
(C)346m (D)32.0m
A stone projected at angle 53° attains maximum height
25m during its motion in air. Then its distance from the
point of projection where it will fall is —

(A) %m (B)50m

(©)60m (D)75m
A body is thrown horizontally with a velocity ./2gh

from the top of atower of height h. It strikes the level
round through the foot of the tower at a distance x from
the tower. The value of x is —

(A)h (B)h2

(©)2h (D) 2h/3

If the range of the projectile be R, then the potential
energy will be maximum after the projectile has covered
(from start) adistance equal to-

(AR (B)R/2

(COR/A4 (D)R/8

Ratio of the ranges of the bullets fired from a gun at
angle 6,20 & 49 isfoundintheratiox: 2: 2, thenthe

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

value of x will be (Assume same speed of bullets) —

(A)2 (B) V3

©1 (D) None of these

A ball of mass misthrown vertically upwards. Another
ball of mass 2misthrown at an angle 6 with the vertical
with some velocity. Both of them stay in air for same
period of time. The heights attained by thetwo ballsare
inthe ratio of-

(A)2:1 (B) 1: cos6

©1:1 (D)cosH:1

An arrow is shot into the air on a parabolic path to a
target. Neglecting air resistance, at its highest point —
(A) both velocity and acceleration vectors are horizon-
tal

(B) the acceleration vector is zero but not the velocity
(C) the velocity and acceleration vectors are both zero
(D) the upward component of velocity is zero but not
the acceleration

A jogger runs with constant velocity v through a forest
of coconut trees. A coconut startsto fall from aheight h
when thejogger isdirectly below it. How far behind the
jogger will the coconut land ?

2hv? hv?
Rl ®) | 5

-1 29°
Chv 0 =

A body is projected horizontally from the top of atower
with initial velocity 18mv/s. It hits the ground at angle
45°, What isthe vertical component of velocity when it
strikes the ground ?

(A) 18/2m/s

©) 92mi/s (D)9 m/s

A cricketer hitsaball with avelocity 25 m/sat 60° above
the horizontal. How far above the ground it passed over
afielder 50 mfromthe bat (assumethe ball isstruck very
close to the ground)-

(A)8.2m (B)9.0m

(©11.6m (D)12.7m

A particle is projected from the ground with an initial
velocity of 20m/sat an angle of 30° with horizontal. The
magnitude of change in velocity in time interval of 0.5
sec starting from instant of projection is —

(Neglect air friction and take g = 10 m/s?)

(A)5m/s (B)2.5m/s

(©)2m/s (D)4m/s

A body of massmis projected at an angle of 45°with the
horizontal with velocity v. If air resistanceisnegligible,
thentotal changein momentumwhenit strikesthe ground
is
(A)2mv
©)mv

(B) 18m/s

(B)V2mv
(D) mvA2

W
124
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Q.1 A stoneis projected from a horizontal plane. It attains 1
maximum height ‘H’ & strikes a stationary smooth wall (A) J3km (B) E km.
& fals on the ground verticaly below the maximum
height. Assume the collision to be elastic, the height of 1
the point on the wall where ball will strike is — (©)3km (D) gkm
Q.6 Arocket drifting sidewaysin outer spacesfrom position
‘a’ to position ‘b’ with constant velocity. At ‘b’, the
rocket’s engine starts to produce a constant thrust at
‘ ]h right angles to line ‘ab’. The engine turns off again as
the rocket reaches some point “c”. Assume that rocket
is subjected to no other forces. Choose the incorrect
(AYHI2 (B)H/4 statement —
(C)3H/4 (D) None of these
Q.2 Ariflethat shoots bullets at 460 m/sisto be aimed at a a n b
target 45.7m away and level with the rifle. How high M Q'Q > >oe
above the target must therifle barrel be pointed so that 7
the bullet hits the target ? (A) The path of rocket from point b to c will be
(A)4.84cm. (B)2.12cm. o
(©)3.14cm. (D) 5.34cm.
Q.3 Aparticleisprojected fromapoint (0,1) onY-axis(assume
+Y direction vertically upwards) aiming towardsa point
(4,9). 1t fell onground along x axisin 1 sec.
Takingg=10m/s?and al coordinatein metres. Findthe 777 “ i ,
X -coordinate whereit fell. (B) The path of rocket from point b to c will be
(A)3.0 (B)(4,0) £
(©)0) (D) (245,0) /
Q.4 A bead of massmislocated on aparabolic wirewithits
axisvertical and vertex at the origin asshownin figue i
and whose equation is x2 = 4ay. The wire frameis fixed b
and the bead can dide on it without friction. Thebead is ’
released from the point y = 4a on the wire frame from
rest. The tangential acceleration of the bead when it ] ’
reaches the position given by y = ais: (C) The path of rocket beyond c will be ,
®c
m (D) The speed continuously increase from b to c.
Q.7 A smal bal isthrownfromaheight of 15maboveground
and at ahorizontal distance d from avertical wall. The
o X ball first hits the wall and then strikes the ground and
thenit fliesback to itsinitial position of throwing. Take
(A) g/2 (B) V3g/2 both collisionsto be perfectly el astic and neglect friction.
Theinitial speed of the ball is 10,/2 m/s and angle of
© g/\/E (©) g/\/g projection is 45° with the horizontal as shown. Find the
Q.5 Aprojectileisfired at anangleof 60°with muzzlevelocity horizontal distance of point of throwing from the wall ‘d’

100 m/s as shown. At what elevation y doesit strike the
hill whose equation has been estimated as
y =103 x2. Neglect air friction. (Takeg= 10 m/s?)

y=10"x2

in meters. (Neglect air resistance and take g = 10 m/s?)

u=102m/s

a5
d

15m

Moo

(A) 20m
(C)40m

(B)10m
(D) 30m

[+
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Q.8 A projectileisthrown fromtheorigininx-y plane, where
x-axis is along the ground and y-axis is the vertically
upwards. Thevertical velocity and the horizontal velocity
vary with respect to time according to the graphs shown.
Accelerating due to gravity isg. What is the value of t;

vy Vi (mis)
10
10 \
cE u 2 t(s) \N t(s)

k
(A) 10/g (B) 20/g
(C)30/g (D) 10/2g

Q.9 Inthe above question, what is the value of k —

(A)10 (B)-10
(©20 (D)-20

Q.10 In the above question, what is the initial angle of
projection
(A)45° (B) 7%°
(C)60° (D)30°

Q.11 A bomber plane moving at a horizontal speed of 20m/s
releases a bomb at a height of 80m above ground as
shown. At the sameinstant aHunter starts running from
apoint below it, to catch the bomb at 10 m/s. After two
seconds he realized that he cannot make it, he stops
running and immediately holds hisgun and firesin such
direction so that just before bomb hitsthe ground, bullet
will hit it. What should be the firing speed of bullet.
(Takeg=10m/s?)

i Z;m/s‘:—~‘\\‘\\\
80m i K
10mis Ground '
(A) 10m/s (B) 2010 m/s
(C) 10J10 m/s (D) None of these
Q.12 Anobject ismoving inthe xy plane with the position as

afunction of timegiven by T = x(t)i + y(t)j . Point Ois

at 7 =0. The distance of object from O is definitely
decreasing when —
(A)vX>O,vy>0

(B)vx<0,vy<0
(C)xvx+yvy<0

(D) xvx+yvy>0

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

A particlestartsmoving at t =0in x-y planesuch that its
coordinates (mm) withtime (in sec.) asx =2t and
y=5sn(2t). If magnitudeof itsacceleration g, then at all

the times —

(A)asxx (B) acc\/x% +y?
(Cacy (D)a=0

In the above question, maximum speed of the particleis
(A) 12m/s (B) V29 m/s

(C) 2J/26 m/s (D) 10m/s

In the above question, the path of the particle will be -
y y

(A) Fvé X (B) FU;‘ X
y
’ y

(C) X (D) FWLX

In which of the following cases the time of flight is min —

u=10m/s

90°
(B) E
0=30°

u=10m/s

(A)

[T

\;:;‘;@

©

(D) 1 lome

lift)

Lift

Velocity of astone projected, 2 second beforeit reaches
the maximum height, makes angle 53° with the horizontal
then the velocity at highest point will be (Neglect air
friction and take g = 10 m/s?)

(A)20m/s (B) 15m/s

(C)25mis (D) 80/3m/s

If aparticleis projected with speed u from ground at an
angle 6 with horizontal ,then radius of curvature of a
point where velocity vector is perpendicular to initial
velocity vector is given by —

u?cot?0 _ u? u?tan?o

© 35 O Geoso

u? cos? 0

g ®) gsino

—
I16
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EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

NOTE: Theanswer toeach questionisaNUMERICALVALUE. Q.3

Q.1

Q.2

A particle of massmisprojected at an angle of 60° with
avelocity of 20 m/srelative to the ground from a plank
of same mass m which is placed on a smooth surface
initially plank was at rest. The minimum length of the
plank for which the ball will fall on the plank itself is

10x A x\/gm . Find the value of A.

L ~
. ~.

Distance between a frog and an insect on a horizontal
planeis 10m. Frog can jump with a maximum speed of

/10 m/s. Find the minimum number of jumps required
by the frog to catch the insect.

Q4

Q5

A truck startsfromorigin, accelerating with 'a m/sec?in
positive x-axisdirection. After 2 secondsaman standing
at the starting point of the truck projected a ball at an
angle 30° with velocity v m/s.The relation between 'a
2 2
and V' is 3y = a{A +X] such that ball hits the
g g
truck. (assume truck is moving on horizontal plane and
man projected the ball from the same horizontal level of
truck). Find the value of A.
Three stones A, B and C are simultaneously projected
from same point with same speed. A isthrown upwards,
B is thrown horizontally and C is thrown downwards
from a building. When the distance between stone A
and C becomes 10m, then distance between A and B is

5./a . Find the value of a

A train is moving along a straight line with a constant
acceleration a. A boy standing in the train throws a ball
forward with aspeed of 10 m/s, at an angle of 60° to the
horizontal. The boy has to move forward by 1.15 min-
side the train to catch the ball back at the initial height.
The acceleration of thetrain, in m/s?, is —

[4
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EXERCISE -4[PREVIOUSYEARSAIEEE/JEE MAIN QUESTIONS]

Q.1 Aball whosekineticenergy isE, isprojectedatanangle Q.8 A boy canthrow astone up to amaximum height of 10m.

Q.2

Q.3

Q.4

Q5

Q.6

Q7

of 45°to the horizontal. Thekinetic energy of the ball at

the highest point of its flight will — [AIEEE 2002]
(A)E (B) Ev/2
(@)1= (D) Zero

A boy playing on theroof of a10 mhigh building throws
aball with aspeed of 10 m/sat an angle of 30° with the
horizontal. How far from the throwing point will the ball
beat the height of 10mfromtheground ? [AIEEE-2003]
(A)4.33m (B)2.60m

(©)866m (D)5.20m

A projectile can have the same range ‘R’ for two angles
of projection. If “T,” and ‘T,’ be the time of flights in the
two cases, then the product of the two time of flightsis

directly proportional to — [AIEEE-2004]
(A) UR? (B) IR
OR (D) R?

A ball is thrown from a point with a speed v at an
elevation angle of 6. From the same point and at the
same instant, a person starts running with a constant
speed vg/2 to catch the ball. Will the person be able to
catch the ball ? If yes, what should be the angle of

projection 6 ? [AIEEE-2004]
(A) Yes, 60° (B) Yes, 30°
(CO)No (D) Yes, 45°

A particle is projected at 60° to the horizontal with a
kinetic energy K. Thekinetic energy at the highest point

is [AIEEE-2007]
(A)K (B) zero
(O K/4 (D)K/2

A small particle of massmisprojected at an angle 6 with
the x-axis with an initial velocity v, in the x-y plane as

Vosino
g

shown inthefigure. At atimet < , the angular

momentum of the \Particle is— [AIEEE 2010]

Vo

A X

(A) —mgvyt? coso (B) mgv,t cosd k

© —% mgv0t2 cos6 k (D) %mgvot2 cosO i

A water fountain on the ground sprinkleswater all around
it. If the speed of water coming out of the fountainisv,
the total area around the fountain that gets wet is —

[AIEEE 2011]
2 4 4 2
AW @y (O Oy
9 g 24 g

Q.9

Q.10

Q.11

Q.12

Themaximum horizontal distancethat the boy can throw
the same stone up to will be: [AIEEE 2012]

(A) 202m  (B)10m  (C) 1042m (D)20m
A projectileisgiven aninitial velocity of (f+ 2]) nvs,

where i isal ong the ground and ] isalong thevertical.

If g =10 m/s?, the equation of itstrajectory is :
[JEEMAIN 2013
(A)y =x-5x2 (B) y =2x—-5x2
(C) 4y = 2x—5x2 (D) 4y = 2x— 25x2
Two gunsA and B can fire bullets at speeds
1 km/s and 2 km/s respectively. From a point on a
horizontal ground, they are fired in all possible
directions. Theratio of maximum areas covered by the
bullets fired by the two guns, on the ground is:
[JEE MAIN 2019 (JAN)]
(A)1:2 (B)1:4
(©)1:8 (D)1:16
A planeisinclined at an angle o. = 30° with arespect to
the horizontal. A particleis projected withaspeed u= 2
ms~1 from the base of the plane, making an angled = 15°
with respect to the plane as shown in the figure. The
distance from the base, at which the particle hits the
planeiscloseto : (Takeg= 10 ms2)
[JEEMAIN2019(APRIL)]

(A)14cm (B)20cm

(©)18cm (D)26cm

Thetrajectory of aprojectile near the surface of the earth

is givenasy = 2x— 9x2. If it werelaunched at an angle6,

with speed v, then (g = 10 ms2) :
[JEEMAIN2019(APRIL)]

(A) 6p = cosl[i] andvg = gm/s

J5

1 1 5
B) 6 = 1(—] dvg=—m/
(B) g =sin NG and v 3m ]
.1 2 3
C) 6p=sin l[—]andv =—m/s
(© 69 z 053

(D) 69 = oos‘l[ij and vg “3mis

=
I18




@ PROJECTILEMOTION D

QUESTION BANK

SOAL

ODM ADVANCED LEARNING

Q.13 A shell isfired from afixed artillery gun with aninitial Q.14 Two particlesare projected from the same point with the

speed u such that it hits the target on the ground at a
distance R fromit. If t; and t, are the values of the time
taken by it to hit the target in two possible ways, the
product t;t, is: [JEEMAIN 2019 (APRIL)]
(A)Rig (B) Ri4g
(©) 2R/g (D)R2g

same speed u such that they have the samerange R, but
different maximum heights, h; and h,. Which of the
followingiscorrect ? [JEEMAIN 2019 (APRIL)]

(A)R?=2hyh, (B)R?=16h,h,

(O R?=4h;h, (D) R?=h;h,

EXERCISE -5(PREVIOUSYEARSAIPMT/NEET EXAM QUESTIONYS)

Q1

Q.2

Q3

Q4

The speed of aprojectileat itsmaximum height ishalf of
its initial speed. The angle of projection is —

[AIPMT (MAINS) 2010]
(A) 60° (B)15°
(C)45° (D) 30°
A missileisfired for maximumrangewithaninitial velocity
of 20 m/s. If g = 10 m/s?, the range of the missile is —

[AIPMT (PRE) 2011]

(A)20m (B)40m
(©)50m (D)60m
A projectileisfired at an angle of 45° withthe horizontal.
Elevation angle of the projectile at its highest point as
seen from the point of projectionis:

[AIPMT (MAINS) 2011]
(A) 60° (B) tan™1 (1/2)

©) tan1(\/3/2) (D) 45°

The horizontal range and the maximum height of a
projectile are equal. The angle of projection of the
projectilesis [AIPMT (PRE) 2012]
(A) 6 =tan™1 (1/4) (B)6=tan™1 (4)
(C)o=tan1(2) (D)6 =45°

Q5

Q.6

Q.7

Thevelocity of aprojectileat theinitial
(2i +3j) m/s It'svelocity

(inm/s) atpoint Bis— [NEET 2013] P B, x
(A) 2i +3j (B) -2i -3
©) -2i +3j (D) 2i -3j

A projectileisfired from the surface of the earth with a
velocity of 5 ms™ and angle 6 with the horizontal.
Another projectile fired from another planet with a
velocity of 3m/s at the same angle follows a trgjectory
which is identical with the tragjectory of the projectile
fired fromtheearth. The value of the acceleration dueto
gravity on theplanetis (inms2) is(giveng= 9.8 ms2)
(A)35 (B)59 [AIPMT 2014]
(©)163 (D)110.8

The x and y coordinates of the particle at any time are
X =5t—2t2 and y = 10t respectively, wherex and y arein
metersand t in seconds. The acceleration of the particle

att=2sis— [NEET 2017]
(A)5m/s? (B) -4 m/s?
(C)-8m/s? (D)0

E
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PROJECTILE MOTION
TRY IT YOURSELF

(D).

(A) Atty, theprojectileisat thetop of itsarc. At that point,
its velocity vector is comprised of its x-component (that
component stays the same throughout the motion as there
are no x-direction forcesand, hence,nox -direction
acceleration acting to change it) but noy-direction velocity
(it'sat thetop of itsarc and, hence, will go no farther upward).
That means the velocity direction at the top is in the
horizontal. The acceleration vector throughout the motion
is in the y-direction (i.e., gravity pointing down), so the
velocity vector and the acceleration vectors are
perpendicular to one another. This response is true.

(B) At the top, the only velocity component that is non-
zeroisthehorizontal component. Asthe x-component of the
velocity will be constant throughout the motion, and as that
component does, indeed, equal vcos 0 , this response is
true.

(© Thex-component of the acceleration iszero. Twicezero
isstill zero, so this statement is true.

(B).
(A) Theonly acceleration actingisgravity inthey-direction.
It is aconstant, so this statement is false.

(B) Thisisthe same as saying that the acceleration of the
body is a constant, which it is. This statement is true.

(© They-component of acceleration isthat of gravity. Its
sign is negative. The y-component of the velocity going
upward isin the direction of motion, or positive. Clearly the
two are not the same.

(D) Assuming there is no friction, the velocity magnitude
when the body is at h going up will be the same as when
going down, but the directions will be different. Aswe are
dealing with vectors, this difference in direction makes the
velocitiesdifferent.

(C). A graph for each of the major parameters for this
situation is shown below. This is something you should
have been able to both visualize and sketch on your own. If
you think you wouldn't have been able to do that, use the
graphs provided as a stimulus to do the visualization part.

X yh Vx
t ‘ t t

EN

|

4

©)

©)

™

(D).
(A) Usingx, =x, +v,t+0.5at2 witha=-g, v, =0,

and X, — X4 = 0 - (h) = -h, we get the relationship

—h = 0.5 (—g)t2. This selection is evidently true.
(B) Thetimeit takesto hit the ground isay-motion related
guestion. As the initial velocity in the y-direction for both
cases is the same (it's zero), and as the gravitational
acceleration is the same in both cases, the two projectiles

should hit the ground in the same amount of time. This
statement is true.

(©) BecauseProjectile C had adownward initial velocity in
the y-direction, it will take less time to hit the ground than
does Projectile D which had no initial velocity in the y-
direction. And as Projectile A had an upward y-component
of itsvelocity, it will takemoretimeto reachtheground. This
statement is true.

(D).
(A) Usingx, =x, + Vvt + .5at? witha=-g, v; =0, and
X5 —Xq =0 (h) =-h, we get the relationship
—h = 0.5 (-g) t2. This means that t = (2h/g)Y2. If his

doubled, t goes up by afactor of (2)2, not by afactor of 2.
Thisresponse is false.

(B) Usingv, =v, +atwithv, being the velocity just before
hitting the ground, v, = 0, and a = —g, we get

Vv, = —gt. We have already determined that doubling h
does not mean t doubles, so this statement is false.

(©) Acceleration in these cases is aways constant in both
the x and y-direction. False.

The equation of path of aprojectileis,

gx*

y=xtan0- — 2
2u? cos’ 0

Comparing this equation with the given relation

tan6=./3 " 0=60°
ucosf=1
2 . .
u“sin20 4xsin120° 2\/5
L u=2mis, R= = ===m ;

g g g

~ uzsin29_4x(3/4)_im
mxT 29 29 2

H

If the angle of elevation is O then

u’sin20  V®sin20

g g
: gR 1. ,(9R
sn20="17 e:Esn1[$j

[4
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(8) (a) Themaximum height isgiven by,

_ (vosin6g)* _ (28sin30°)” _14x14

= =10.0m
29 2(9.8) 2x9.8

hm

(b) Thetimetaken to return to the samelevel is
T;=(2vysin6y)/g=(2x 28 xsin30°)/9.8
=28/9.8s=29s

(c) The distance fromthe thrower to the point where the ball
returns to the same level is

a_ (v3sin26,) _ 28x28xsin60° _
g 9.8

F=0t+=a?

N~

©) i=10.0j, 3=28.0i + 2.0j,

F=10.0t j+ % (8.0i +2.0j) t

(a) xco-ordinate=4.0t2=16 or t=2s
y co-ordinate=10.0%x2+1.0x 2% 2=24m

(10)

(b) V= %(?) = 8tj+ (10.0+ 2t)]
Att=2s, v=16i+14]

V=162 +14% = \[256+196 = /452 = 21.26 ms !
M aximum horizontal range= 100m

V2

. —=100
g (1)

Weknow that v (t)2— v (0)2=2a [x (t) - x (0)]
Now, v(t)=0,v(0)=v, x(t)—x(0)=h(say)
5 02=v2=2(-g)h

2
or hzlxv_
2

o h= %x 100m = 50m [Fromeg. (1)]

[+
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CHAPTER-4:
PROJECTILE MOTION

EXERCISE-1

(B). Given, thaty = v/3 x—(1/2)x2  ..()
The above equation is similar to equation of
trajectory of the projectiles
y=tan6 x-1/2 %
u“cos” 0
Comparing (1) & (2) we get

x2 .02

g
tan0= /3 =0=60°and 1/2=(1/2) ————
3 ( )u200526

= u2cos?’f=g = u?cos?60=10

— W2 (U4)=10 = 12=40 = u=2v10 ms

(A). For angle of elevation of 60°, we have maximum height
B u? sin 60° _ ﬁ

1Y 29 &g

For angle of elevation of 30°, wehave maximum height

(C).v,=dy/dt=8-10t=8,whent=0
(at thetime of projection.)

vX:dx/dt:6,v:,/v)2(+vf, = ,82+62 =10MV/s

(A). Horizontal component of velocity

Vv, = U, =ucos6 =30 x cos 30° =15\/§m/s
Vertical component of the velocity

vV, =usin6-gt=30
sin30°-10x1=5m/s

v2:vX2+vy2:7OO:u:10ﬁ m's

2usin® _ 2usin®

=2

(B).T= = usnf=g

26n2 2

_usn%e_g° g __

29 29 2

(B). Letu, and u, betheinitial velocities respectively. If
h, and h, are the heights attained by them, then

¢ _ ujsin’6
h=gg and b= 50— )

Thetimes of ascent of ballsare equal,
we havet = u,/g = u, sin 6/g

u; =U,sin@ )]
2
Fromeq. (1) ﬂ: 2u—12 -3
h2 Uzgn 0
From(2) & (3), ™ =
’ h2 1

™

®)

©

(10)

(1)

(12)

(13)

(14)

_ u?sin®0 _ u?sin?(90-6)
(A).h; = 29 and h, = 29
h, + h, = u?/2g (sin?0 + cos?0) = u?/2g
~ 2x10 490
h,-h,=50, .. h;=270m and h,=220m
_ _ u®sin?
(C). Greatest height attained h = 2—g -
Horizontal range
u?sin20  2u®sinOcos6
= = (2
g g
Giventhat R=2h

2u®sinfcosd  2usin?6

= = tan06=2..(3
g 29 ®)
Hencesin=2/,/5,cos0 =1/4/5,
From (2) R=4u?/5g
u?sin20  u?sin?0
(A).R=H; = ;tano=4
g 29
2 2 2
u“sin20 u 3 u 2R
PR T
g g 2 g 3
u?sin120°  u®cos30°
When 6 =60°, R,= =
g g
R 2R 3
= —F— X — =
REKENER
2502
©). H=1 ZS 9 Heu?

If initial velocity be doubled then maximum height
reached by the projectile will quadrupled.
u?sin20
(A). Range=——;when6=90°,R=0
i.e. the body will fall at the point of projection after
completing one dimensional motion under gravity.
(A). Direction of velocity is awaystangent to the path so
at the top of trgjectory, it isin horizonta direction
and acceleration dueto gravity isalwaysin vertically

downward direction. It meansangle between v and

g areperpendicular to each other.

u?sin20

(B). Rangeis given by, R=

Onmoon g, = % .HenceR,,=6R

E
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(15) (C). Became vertica downward displacement of both 2 82|3
i co
(barrel and bullet) will beequal. 25) (B). H= : UCoSp = \/E
d
(16) (A).x=36t - Vy = EX = 36m/s
) _ucosp _|2H
y= 48t— 492 - vy = 48—9.8t time, t= = 9
att=0,vx=36andvy=48m/s
. . u- .
So, angleof projection (26) (C).Use, horizontal rangeH = —sinZa.
vy (4 9
0 = tan k_J =tan (—) or 9=sin"}(45) At a, 90 — o range remains same.
Vy 3 )
u
(17) (A).R=ut =>t=Ru=12/8 (27) (©). Rmax =—=100 = 4, =10/10=32m/s
Nowh=(1/2) gt? = (1/2) x 9.8 x (12/8)2 =11'm g
(18) (A). Since angle with the horizontal is45°, (28) (A). TherangeR issamefor the angles of projection
therefore vertical height = range 6 and (90°-6).
19.6=ux20ru=9.8ms ousing 2usin (90°— 0)
-. tl = y t2 = -
:\/2:h: /2x19.6:2$% g g
g 9.8 5 . 5 .
_u"sin20  2u”sinfcosb
(19 (D).Range=150=utand h=-—> - L, g2 g g
100 2
2x15 30 Ne (2usin®) (2ucos6)
o 2= X2 2 bh=1"g g
100xg 100 10
4u’sinfcosd 4u®> Rg 2
150 150x10 1 ol
=== =" -500y3ms = = =R
t \/é Of g2 g2 2U2 g
(20) (C). The pilot will see the ball faling in straight line tit, R
becausethereference frameismovingwiththesame (29)  (A). Maximumheighth, ., =25m,
horizontal velocity but the observer at rest will see Horizontal range, R = ?, Velocity of projection, v=40m/s
theball falling in parabolic path. v2sin20
Weknow that Nmax =———
_ 2h 5 29
(21) (C). S=ux,|— = 10=u2x—> =u=10ms
g 10 25x2x9.8
or sin0 = W =0.30625 or sing = 0.5534
(22) (A). For both cases t = 2h = constant.
9 or 0 =sin"}(0.5534) = 33.6°
Because vertica downward component of velocity ). _
will be zero for both the particles. Again, R = v©sin20 _40x40sin67.2°
2y () 1= 2N _ 20w 2 ’ 9 98
" geos30°  10(V3/2) /3
( ) or R= 16?30 x 0.9219m = 150.5m
1
— ot _ = ; o +2
R=10cos 30°t 2gsm30t _ _ ousne  2x50x1
(30) (D). Totd timeof flight=——— = T2x10 =5sec
_10¥3(2) 1 10 20 , 9
= L\/—J S ) 2= 10—§=? Timeto crossthewall = 3 sec (given)
) Time in air after crossing the wall = (5-3) =2 sec
(24) (C).Horizontal component of veIOC|ty . Distance travelled beyond the wall
Uy = ucos60° = u/2 \/_
3
t = = —_— =
AC=uyxt= = andAB =AC e 30° (ucosB)t =50x o= x2=86.6m
(31) (A). Thevertical components must be equal.
= (u_t] [i] = ut/3 cos 37°
2/\3 " Vp €0S53° = v COS37° OF Vp =V o5 900379
[ 24
I—
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2 2
C u
(36) (C).As, 2:; g'=47=§=18m/52
202 x sin120° AR 24U
@7) (A).R==— ——=203="7=""5
A ; £ h 25
: to _£X _
e I = AR=" x 20033 = 24/3
AL—— ~ 20/3- 23 <R < 2043+ 243
10
60’“ - 60 60x4 _ =3L1Im<R<381m
OfVA=00COLS/T= gng7e = 75 ~o0UNIGS H tan 4H
_ =T o R=——
o ) . (38) (D). Weknow that R 2 o
(32) (A). V=2 +4x, V=VXI+VyJ
_ 4x25 4x25 75m
dy dx d = "= o -
V=2 vyma; oY B W, 53 4/3
X y dt  dx dt dx
u=/2gh
. X2 2
Integrating, y=27=x h
(39) (©). b
dx 7 /X 7
(33) (O).x=6t Vy="-=6
t Using equation to trajectory
dy 2
y=8t-5t*, V,=-—-=8-10t ~h=xtan(0?)- —— X =
oy _8dt @) Saghycog oy P X=2
initial (t=0) V= (40)  (B). PEismaximumat highest point. Hencex = R/2
\V; :\/VX2+V3 = \/62 +82=10m/s (41) (D). Sincerangesfor angle of projection 20 and 49 are
same so 20 = 90° — 40
h — u?sin?a o0°
(34 (®). M= 2g = 60=90°=0="—=15°
h_u?sin®(90-0) _u?cos’a x sn20 sn3°  x 1/2 2
2" 2 2 Now, 5 == =— =>—-= S X=—
g g "2 sn40 sn60° 2 /3/2 J3
(2a \2 2 (42) (C).Astimeinairissame, velocity iny direction should
hyh, _1/u"snacosa ZE[E) be same hence height should be same.
! 4L g 4\ 2 height and time depends on velocity in 'y direction)
R=4\’h1h2
y V=UCos0
u=4m/s (43 D). |% al: g
0
(35 (B).
1 2h
o h=0xt+=gt® = =
30 . 44 (A). X th ort g
Components of velocity of ball relativetolift are 5
Uy = 400s30° = 23 m/s Siogaer =Vt = || 2
and uy=4sin30°=2m/s g
(45) (B).Horizontal velocity V, =u, =18m/s
T—2u_y—u_y—2—}s vV
12 6 63 Now, tan45° =% 5 V=V, =18
X
[ 25
I'_
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(46)

y=50tan60° - ——>— _ o 12

(47)

(48)

1)

)

(A).y=?,x=50
3
9(50)* 9.8x 4 N

2(25)? cos? 60° T 2% @4
(A). Ashorizontal component of velocity remains
constant. Hence, magnitude of changein velocity = mag-
nitude of changein vertical component of velocity
=|vy—uy|=gt=10><0.5=5m/s

mu- muA
(B). B = mucos45°i + musin4s°j = \/— \/-

=8.2m

= mU'* muA

R = \/’ \/’ ;

EXERCISE-2
2 4

-B=—J/2muj

(©). H- %9(202 - 29

H 3H
By(1)and(2), h=H a4
(A). Take the y axis to be upward and the x axis to the
horizontal. Placetheorigin at the firing point, let thetime
0, bethefiring angle. If thetarget
is adlstance d away, thenitscoordinate arex =d, y = 0.
The kinematic equations are 5

1
d=vgtcos@yand 0=vgtsinO,— Egtz.

Eliminatet and solvefor 6,

The first equation gives t = d/v, cos 0y,

This expression is substituted into the second equation
to obtain 2v3 sinB, cosf, —gd = 0.

Use the trigonometric identity

(6)

. 1.
sinB, cosb, = Zsn (20¢) to obtain v3sin (26,) = gd

2
gd (9.8m/s%) (452.7m) 2121073

V3 (460 m/s) (7
Thefiring angleis 6= 0.0606°. If thegunisaimed at a

sin (20,) =

1
point a distance ¢ above the target, then tan6g = 3

¢ =dtan6y = (45.7m) tan 0.0606° = 0.0484m = 4.84cm.

9-1 . 1 .
tangq=——=2 —-1=usno (Q)-—=g
(). 2 0 2 now W--9@®
i q=4 and sinq=£1> u=25m’/s
Using 5
now, X =ucosq(d) =(2V5)’ T:
(4.9)
1
g |
B |
u_-~T I
O, Lrsi, |
<~ °C
(C).x2=4ay
Differentiating w.r. o M_X
ifferentiating wir.t. y, weget, - =~
y
m
8 X
9

d
. At (23, a), %=1, hence 0 =45°

the component of weight along tangential directionis
mg sin 6.

Sile

Hence tangential accelerationis 9Sin0 =

(D).6=60°; u=100m/s,
y=103x2=x+/3 =5 x4x 1074x2

3x103x /3 10°
= X= \/g m

—1O_3><£ xﬁ_ 103 _Ekm
Y= V37 J3 7 3 "3
(A).
(B) Accelerationisupward with horizontal initial velocity
so trgjectory is parabolic.
(C) Acceleration is zero so velocity is constant.
(D) Dueto acceleration speed increase
(A). Assume the wall to be absent. Let C and E be two
pointslying ontrajectory at same horizontal level aspoint
of projection.

=
I26
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AE
Thenthewall must be placed adistanced = 3 fromA.

The maximum height of ball abovegroundat B is
2

H=15+ 10
2xg

=20m

1
.. Timetakentofall fromBtoCis 5= Eg'[2 or t; =1sec.

2x20
——— =2sC
10
.. Timetaken by projectileto movefromAto C =4 sec.
Hence2d=4cos® x4=40 or d=20m.
(8) (A), (9) (B), (10) (A).
Slope of Vy versus t graph is — g

-10

u
As displacement along y-axis is zero k = —Vy =-10

Timetakentofal fromBtoDis t, =

so=g=

u
tano =—- =1
uX
(C). In2 sec. horizontal distancetravelled by bomb
=20x2=40m.
In 2 sec. vertical distance travelled by bomb

(1)

1
=5 x 10x 22=20m.

In 2 sec. horizontal distance travelled by Hunter
=10x2=20m.
Timeremaining for bomb to hit ground

_ /2X80—2:238C.
10

LetV, and Vy bethe velocity components of bullet along
horizontal and vertical direction.

2Vy 0
T=2:> Vy =10m/sand

=2=V,=30m's
~20

X

Thus velocity of firingis V = [V + V2 =10/10 m/s

(C). If component of velocity along position vector is
—ve then distance from origin will be decreasing thus

(12)

Vi<0 =XV, +yv, <0
Alternate : OA=distance=+/x? +y?

A(X.y)
-
v

d(OA
If distance i strictly decreasing % <0
d 2 2
d(OA): X4yt 1 {ZXd—X+2yﬂ
dt dt Zm dt dt
= ;(ZXV +2yv,)
2X*+y? g Y
. d(OA)
Hence, if xv, +yv, <0 then T<O'
That is OA is decreasing.
(13) (©),(14)(C), (19 (D).
x=2t, y=5sn2t
v, =2, v, =10cos2t
aX:O,q,:—ZOSinZt
a=-4y; aoxy
Vinax = V14+100 = 2,/26
2u
(16) (D).Timeincase(A)tZEZZSSC
B _t_4><2u_§sec o t_4x2usin60°_isec
t—L—ﬂ—ﬂ% . . .
(D): t= 9+(/2) = 3 3> Hencemin. timeincase
D)
Vy
(17) (B).tan53°=_——
VX
usine—g(g—zj usine—lo[us;ne—zj
tan53° = ucoso :>§: ucoso
y
Vy
53°
VX
X

4 _usinf-usinf+20

= 4ucos6 = 60
3 ucoso

60
= UC059=7=15 = ucosf=15

At maximum height vertical component of velocity iszero
so velocity at maximum height = u cos6 = 15m/sec

[4
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u

(18 v
0 ) 90°-0
gsind u
[
v €os (90°-60) =ucos6 ;vsnO=ucosH;Vv=ucotO
2 2
VT u“cot” 0
— =R
AtR R =a. ; gsinG
EXERCISE-3
20m/s
1 4. ]
L/2 L L/2

Since the mass is same therefore the length of the plank
should be twice the range

2 .
u“sin20
E:ZR:ZX—Q =40/3m

(2  10. For minimum number of jumps, range must be maxi-
mum

Maximumrange= E:—_

Total distance to be covered = 10 meter
So minimum number of jumps= 10

(3) 2. For horizontal motion of truck and ball

1
vcos30° x (t—2) = Eat2

For vertical motion of ball

1
Eg(t—2)2:0
2vsin30° v \Y;
:(t—2):T=§:>t=2+—
Jév v_ v)? x/§v2_af v)?

sl

(4 2. Let the stones be projected
att =0 sec. withaspeed ufrom
point

©)

1)

)

3

4

A
O. Then an observer, at rest at °
t = 0 and having constant 5m
acceleration  equal to 5m
acceleration dueto gravity, shall Oe B
observe the three stones move

with constant velocity as
shown. o

5m

C
In the given time each ball shall travel a distance 5m as
seen by this observer. Hence the required distance be-

tweenA and B will be /52 ;52 _5./2

2usin®

5 T=
g

2x10xf e

=ucoso.T — laT2
10>< 2 2

1.15:10><1\/§—£a(\/§)2

27 2
ga= 5,3-1.15 : 3—2a=8.65—1.15= 75
a= 7.5X§z 5m/ sec?

EXERCISE-4

E
K.E. at highest point = E cos? 0 = E cos? 45° = >

10m's
B .
(C).IOm
2 2 .
u“sin20
RangeR:—:M_lo £:5\/§
g 10
2using 2usin(90-0)
©). T = s =————
g
T 4u?sin@cosd  2u?sin20 T 2R
1Ty = = : _ =
g g 127 g

(A). Horizontal velocity of ball = v, cos0

Vo
VpCos0 = 7 . 0=60°

[+
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(5) (C).Kinetic energy at highest point = K cos? 6 = K/4

® (C).L=m(FxV)
= - . 1 5%
L=m vocoset|+(vosm9t—zgt )]
><[vocoseiA+(vosin(9—gt)]]
l ~ 1 2 ~
= mvgcosot — Egt k = —Emgvot cosO k

2 2 4
A\ \Y \Y;
(7 (B). Rmax ZESIHZO:E : Area=nR2= n—

U2 >
® (D) hma = 2 =10; u2=200 ..., 1)
2
Rinax = — = 20m
9
9 @B).v=i+2] ;x=t )
y= 2t—%(10t2) ......... @)

Fromeg. (1) and eq. (2). y = 2x - 5x2

u?sin20

(100 (D). R= ‘A=7mR2 ; AcR2; Ao U?

Ay uf [1}4 1

A, ud 2] 16
t_2><2><sin15°_ _ . 1 . 52
(1 @®). T T goos3c S=2cosl5° xt- 5 gsin30°t

Put values and solve, S=20cm
(12) (A). Equation of trajectory isgiven as

y=2x-9x¢ .. 1)
Comparing with equation :
g 2

=xXtanf- ————x~ .. 2

Y 2u? cos? 0 @

Weget; tan6=2 .. cose:i

NG

Also, —9 -9

2u° cos? 0
—10 —u2:>u2—§
2)(9)((1/\/5)2 9 u=5/3m/s

(13) (C). Range will be same for time t; & t,, so angles of
projectionwill be® & 90° - 6.

«—R—> «—R—>

_2usin (90°-0)
g g

2 .
R=u sin20

and

tt 4u®sin0cosd 2| 2u®sinBcos 2R
ity = == ==
9° g g

g
u u

For samerange angleof projectionwill be6 & 90-6.

24 2 .2 2an2
R:u 25|n60039; h1:u sin“0 ; h2=u sin“(90-6)
g 9 g
2
R_:16
hih,
EXERCISE-5

(1) (A).Letvbevdacity of aprojectile at maximum height H

V = ucosd

>

using 4

I

v=ucosH
According to given problem, v = u/2

%=U005630089:%39=60°

u? _ (20)?

(@  (B). Rmax :E 10 =40m

E
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(5) (D). Fromthefigurethe X-component remainsunchanged,
whilethe Y-component isreverse. Then, the velocity

(€) at point B is 2i -3j m/s.
2
gx

6) (A).y=Xtang-—=——

© ®) 2u° cos? 0

For equal trajectories for same angle of projection

g ant 98 ¢
— =constant = 5 =5
u? 52 3
~9.8x9

25

(7)  (B).v,=5-4t vy = 10

’

=3.528 /2 =3.5m/s?

aX:_4,ay=O§:aXiA+ay’j=—4iAm/Sz

25in20
(4  (B).Horizontal range, r=230 .2
) ) u?sin?o
maximum height H :T ..... 2
Here, eq. (1) = eq. (2)
u?sin20  u?sin6 sin®
= ;20080 = ——
g 29
0 =tanr? (4)

[¢
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