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A particle in x-y plane with y =% and v, = 4 — 2t. The

displacement versus time graph of the particle would be
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Starting at time t = 0 from the origin with speed 1 ms™1, a particle follows a two-dimensional

2
trajectory in the x-y plane so that its coordinates are related by the equation y = x? The x and y

components of its acceleration are denoted by a, and a,, respectively. Then

,(A{ax = 1 ms™? implies that when the particle is at the origin, a,, = 1 ms 2

_,(Eﬁlx = 0 implies a, = 1 ms™2 at all times

\UZ{ at t = 0, the particle’s velocity points in the x-direction

,QDﬁx = ( implies that at t = 1 s, the angle between the particle’s velocity and the x axis is 45°
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Projectile Motion
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Projectile Motion
Ar=0 = Unifdm Moo
Distonce = Spaod x time
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A particle is projected with a velocity v such that its range
on the horizontal plane is twice the greatest height attained
by it. The range of the projectile is (where g is acceleration

due to gravity)
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Find the average velocity of a projectile between the
instances it crosses half the maximum height. It is
projected with speed ‘u’ at an angle 8 with the
horizontal.

(A) using AJCOSG

Vavy.= Total al.isplmj’
: ) (C)u Totd Time (D) utane

h (Vo) =0

\MT,
—D",\ Sx %O (\/‘W;)x = U0







A particle is projected at an angle 60° above the horizontal
with a speed of 10 m/s. After some time the direction of
its velocity makes an angle of 30° above the horizontal.
The speed of the particle at this instant is

(a) % m/s (b) 53 m/s

{¢) Sm/s | ﬂ{ %rm’s







A particle is projected with a speed 5 m/s at an
angle of 30N from the horizontal. The time at
which the velocity of the projectile becomes

perpendicular to the initial direction of projection is

(A) 0.25s (B) 0.5s

yﬁ S (D)15s



| w/q\ \I,L-z_ux+om
i'; %)f > 9

O? ax-gmjs .
\4",,/ ("—t—? V=0 q.x—_--ZCoAGO :—g/L

- g
2
L=o i t=lo Sxz= gt
i 4 SXx_ ¢t

= | S« 2




<~_7
V""J':%-{w( Displacevedt
Total T ime
— Ri4+R tRy+ - - ~ - -
T4Tad. . - — —
é&.‘ 5:3.,7.8) + @"E;"N _r(‘%;)s;nw
= _ d &
UoSinb Us/ \Cn
2 ___.1.‘2( 7)S 0+ -
F s s
|
anz.z U:S'mzu "\'Z;, ,,(6 -
PUSEY |+
Vorlylao ..
« *QG
\\

Uy Hu.-"' T 2

. A ball is thrown from ground at an angle 6 with horizontal

and with an initial speed u,. For the resulting projectile

- motion, the magnitude of average velocity of the ball up

to the point when it hits the ground for the first time is V.
After hitting the ground, the ball rebounds at the same angle

. - u . .
6 but with a reduced speed of — . Its motion continues for
o

+ | . along time as shown in figure. If the magnitude of average

velocity of the ball for entire duration of motion is 0.8 V,,
the value of a1s
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Projectile Motion
b (G of Epual foye)
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Two projectiles are fired from the same point with
the same speed. They fall at the same point. Time of

flight of the projectiles are 3 sec & 4 sec
respectively. Their projection speed is

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

) 25 m/s (D) 30 m/s
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A shell is fired from a fixed artillery gun with an initial
speed u such that it hits the farget on the ground at a
distance R from it. If #, and 7, are the values of the time
taken by it to hit the target in two possible ways, the
product #¢, is : [Main 12 April 2019 (I)]
(@) Ridg (b) Rig () R2g (P 2R/g
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A projectile is fired with a speed of 10 m/s at an angle of
45D from the horizontal. What is the height achieved by
“’“\"\ the particle when it is at a horizontal distance of 4 m
\0"'\5 i from the launching point.
Aus” " — jB/
—-———‘—?14 Zirn (A) 1.6 m ) 2.4 m
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“4. (C)25m (D) 3.4 m
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#; ax-bxn* The trajectory of a projectile in a vertical plane is y = ax —

. bx*, where a and b are constants and x and y are respectively

a = @w Q x -.?_9____1% horizontal and veitical distances of the projectile from the
U*Cod '

point of projection. The maximum height attained by the
particle and the angle of projection from the horizontal are
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A particle is projected over a triangle from one extremity
of its horizontal base. Grazing over the vertex, it falls on
the other extremity of the base. If the base angles of the
triangle are 30° & 60° then the projection angle is

(A) tan-1(1//3) (=)

tan-1(2/+/3)

(fz)/ta n-1(4/+/3)

tan-1(6//3)
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o Projectile from a Height
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A paﬂiclﬂ is projected from a point (ﬂ,l) on Y-axis
(assume +Y direction vertically upwards) aiming towards
a point (4, 9). It fell on ground along x-axis in 1 sec.

Taking g = 10 m/s” and all coordinates in metres. Find the
X-coordinate where it fell.

(@) 3,0 (b) (4,0)

&y 2,0 @ (245,0)
ta0 = _ET. =2 ) \rg:
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\“go;' ) A ball is projected with a speed of 5§ m/s at angle
Pl of 5311 with respect to a trolley which is moving
/% 3> S5 with 1 m/s on horizontal road. The horizontal
O D—-?"’ Im1s distance covered by the ball with respect to
ground is
Gy .
@ 5§53 (A) O m (B) 2.4 m
[ > S0eb53% 4 | 932m (D) 4.6 m
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Projectile from a Height
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A helicopter on a flood relief mission flying
horizontally with a speed ‘u=25 m/s’ at an altitude
h=20 m has to drop a food packet for a victim standing
on the ground. At what horizontal distance ‘D’ from the
victim should the food packet be dropped?

(A)15m (B) 25 m

(C€)35m ~ (D)50m
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o Projectile on an Inclined Plane

&4




Projectile on an Inclined Plane -

Up the Incline Down the Incline
2
Range A= 2 snacosa+p) 2u? sinacos(a — B)
gcos™p gcos’p
W Time of flight L —
0 gcosfp gcosp
f Angle of projection for n P = B
@ maximum range 4 2 4 2
2 2
Y Maximum Range . .
g(1+sinf) g(1-sinp)

Where a- Angle of Projection  B- Angle of Inclined Plane
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A particle is projected at an angle of 37’ with an
inclined plane. Calculate its time of flight.

(A) 2.2 sec (5))

2.4 sec /

(C) 2.6 sec

secC
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A ball is thrown at an angle @ up an inclined plane with
a velocity Vo such that it hits the incline normally. If
angle of incline is a, then the value of tan@ is

(A) tana (B) cota

(C) tana)/2 Mma\/?







o Relative Motion in 2D
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A smooth square platform ABCD is moving towards right
with a uniform speed v. At what angle 6 must a particle be
b projected from A with speed u so that it strikes the point B

c
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"+ Yy Sw.& 1V
) (a) sin” [ cos {—)
than = \|? M o
— (¢) cos™ (3] (d) sin™! (1]
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Two boats A and B are stationary in the middle of sea
with a distance of 20 km between them. Boat A starts
Liown| M moving along North with a constant speed of 30 km/hr
—<¢] \ while boat B starts moving along West with a constant
speed of 40 km/hr. What will be the minimum distance
between the boats
L0km
2ok,
)
Va =39 (A) 5 km (B) 12 km
V n al
B=-4o; '
(2) 16 km (D) 20 km
A= obsowver (Rt
\/‘“‘ = “'Vn = Lo, — 30§
~
\
I =
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J A particle is projected vertically upwards from O with
f?/ T velocity v and a second particle is projected at the same
P , ®--- - _\_/£= J . » instant from P(at a height  above O) with velocity v at an
' Vs <y @8) i+(vS9) ] angle of projection 6. The time when the distance between
\ ; them is minimum is
)
| s - S h h
! ] = Ve- (a) (b)
v ! Vea = Vo \i‘“ 2vsin@ 2vcos 6
=V 0 N *
0 — k%ﬁ)( -I-(VSmG -v)) ({:) hiv @ﬁfzv
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Two towers AB and CD are situated a distance

d apart as shown in the figure. AB is 20 m high and CD is 30 m
high from the ground. An object of mass m is thrown from
the top of AB horizontally with a velocity 10 m/s towards CD.
Comment Simultaneously another object of 2 m is thrown from the top

of CD at an angle of 60° to the horizontal towards AB with the

Uselarve = same magnitude of initial velocity as that of the first object. The
two objects move in the same vertical plane, collide in mid-air
and stick to each other. Calculate the distance d between the

w B
f\./ l““ " @1om @ 17Tm  (©)21m (d) 25 m
& |
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A swimmer can swim in still water at a rate 4.0 km/h. If
he swims in a river flowing at 3.0 km/h and keeps his
direction (with respect to water) perpendicular to the
current, find his velocity with respect to the ground)

(A) 3 km/hr (B) 4
km/hr
(25 km/hr (D)7
km/hr






The stream of a river is ﬂom;iﬁg with a speéd of2km/h. A
swimmer can swim at a speed of 4 km/h. What should be

8 the direction of the swimmer with respect to the flow of
YR ; the river to cross the river straight?
— =: [Main 9 April 2019 (D)]
— : @ 9%° (b 150° (& 1200 (d) 60°
— S )
) BN VSin = u Tt
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A 4Sing = 2 {MM e Low™ 9'+9
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A man can swim at a speed of 3 km/h in still water. He
wants to cross a 500 m wide river flowing at 2 km/h. He
A keeps himself always at an angle of 120° with the river

Q| !
g i flow while swimming. At what point on the opposite
- i Soom bank will he arrive ?
2 ’bv\\'?-\ .
—_— N? VG230
—*jﬁ\ (A) 1/3+/3 km (B)
v
Sindb o e =
B :X o i 1/2/3 km
RS
=15 M, (C) 1/6+/3 km / (D)
1/4+/3 km
~
\
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A man standing on a road has to hold his umbrella at
30° with the vertical to keep the rain away. He throws
the umbrella and starts running at 10 km/h. He finds
that raindrops are hitting his head vertically. Find the
speed of raindrops with respect to the road

(A) 10/3 km/hr (B) 20+/3 km/hr
(C) 10 km/hr (D)
20 km/hr
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A man running on a horizontal road at 8 km/h finds the
Buall Ll . : . ] .
- rain falling vertically. He increases his speed to 12 km/h
F;\! \ /5 and finds that the drops make angle 30° with the
N7 AN --- Y V@8 yertical. Find the speed and direction of the rain with
—2 —_ respect to the road.
’1% guenlbn % 12| b9y P
Vo= 8 Lo G a7 ke (B) 2v/7 km/hr
Varl

@ (C) V7 km/hr (»)

T
Vv (3'm‘~o R 8) = gv__’- 2 ﬁ)L 87 km/hr

V2 64y 4

. V= 4{7 K|y,
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A man is coming down an incline of angle 30°.

‘When he walks with speed 2./3 m/s he has to keep his umbrella
vertical to protect himself from rain. The actual speed of rain is
5 m/s. At what angle with vertical should he keep his umbrella
when he is at rest so that he does not get drenched?

(A)300  (B)370 (C)45" (D) 60"







When a car sit at rest, its driver sees raindrops falling on it

v \; vertically. When driving the car with speed v, he sees that
e raindrops are coming at an angle 60° from the horizontal.
On furter increasing the speed of the car to (1 + B)v, this
Yy angle changes to 45°. The value of B is close to:
— ViRV [Main Sep. 06, 2020 (II)]
&b 15:%1 [;? T 050 @) 041 © 037  _(df 0.73
hat
tote= % | tamusc— V4
v Vi pv
Vy=V3y
1= 3
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