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PROJECTILE MOTION

1. PROJECTILE THROWN AT AN ANGLE WITH HORIZONTAL
y in6—gt
usn®=gt v =‘/(ucose)2+(usin6 — gty
P(x,y) :
""" U-cos 6
u :
usin® H
b v
u cos 6 R X
° Consider a projectile thrown with a velocity u making an angle 6 with the horizontal.
° Initial velocity u is resolved in components in a coordinate system in which horizontal direction is
taken as x-axis, vertical direction as y-axis and point of projection as origin.
u=ucos® u,=usin®
° Again this projectile motion can be considered as the combination of horizontal and vertical motion.
Therefore,
Horizontal direction Vertical direction
(@ Initial velocity u = u cos 6 Initial velocity u,=u sin 0
(b) Accelerationa =0 Acceleration a, =g
(© Velocity after time t, v_=u cos Velocity after time tv,=u sin 6 — gt
1.1 Time of flight :
The displacement along vertical direction is zero for the complete flight.
Hence, along vertical direction net displacement =0
) 1 2usin@
= (usin®) T— - gT2=0 = T=
2 g
1.2 Horizontal range :
2usin®
R=u.T = R=ucos 0.
_u®sin20
g
13 Maximum height :
At the highest point of its trajectory, particle moves horizontally, and hence vertical component of velocity is
zero.
Using 3equation of motioni.e.
V2= U2+ 2as
we have for vertical direction
_ u?sin?@
0 =u?sin?0 — 2gH = H=z ——
29
INDIA.COM
ETOOS  India's No.1 Online Coaching for JEE Main & Advanced

3rd Floor, H.No.50 Rajeev Gandhi Nagar, Kota, Rajasthan 324005
HelpDesk : Tel. 092142 33303


www.etoosindia.com

14 Resultant velocity :

V=V,i+Vv,j =ucos6i+(usino—gt) ]

Where, vl = \/u2 cos? 0+ (usinf — gt)? and tana=v /v, .
ucoso

Also, VCOSo = UCcosSh = v=
cosa

2. EQUATION OF TRAJECTORY
The path followed by a patrticle (here projectile) during its motion is called its Trajectory. Equation of
trajectory is the relation between instantaneous coordinates (Here x & y coordinate) of the particle.
If we consider the horizontal direction,
X =u.t
X=ucos®6.t (1)
For vertical direction :
y=u, .t- 1/2 gt?
=using.t—1/2 gt .(2)
Eliminating ‘t’ from equation (1) & (2)

2
=usin©® _1 g X
y "ucos® 2 ucoso

gx*

2u®cos?0

This is an equation of parabola called as trajectory equation of projectile motion.

= y=xtan 0 -

Other forms of trajectory equation :

2 2
Xx“(1+tan“0
) y=xtan 0 — Lz)
2u
o
® y=xtan0-52 0570
gx
= 1_—
= y xtane[ 2uzcoszetane}

gx
- 1-— =
= y=xtan® { 2u”sind cosé)}

X
= y=xtan 0 I:l—ﬁ]
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3.1

3.2

3.3

3.4

3.5

PROJECTILE THROWN PARALLEL TO THE HORIZONTAL FROM SOME HEIGHT

Consider a projectile thrown from point O at some height h from the ground
with a velocity u. Now we shall study the characteristics of projectile motion O g —
by resolving the motion along horizontal and vertical directions.

Horizontal direction Vertical direction h u
(@ Initial velocity u_ =u Initial velocity u,=0 U‘,E?; x
(i) Accelerationa =0 Acceleration a,=g (downward) '
Time of flight :

This is equal to the time taken by the projectile to return to ground. From equation of motion

1 _ o
S=ut+ 2 at? , along vertical direction, we get

1
—h=ut+ 5 (—g)t?

1
= h= =gt = t=
29

Horizontal range :
Distance covered by the projectile along the horizontal direction between the point of projection to the point
on the ground.

R=u_.t

Velocity at a general point P(x, y) :

V= uf +uf

Here horizontal velocity of the projectile after time t
vV.=u

velocity of projectile in vertical direction after time t
v,=0+(-g)t=-gt=gt (downward)
v=ul+g*t? and  tanb=v)v,

Velocity with which the projectile hits the ground :
V. =u
V2= 02-2g(-h)

Vy = J2gh

V= JVZ+V] =V = u?+2gh

Trajectory equation :
The path traced by projectile is called the trajectory.

After time t,
X = ut (1)
-1
Eg—
y 5 gt .(2)
From equation (1)
t=x/u
Putthe value of tin equation (2)
_ X

This is trajectory equation of the particle projected horizontally from some height.
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4. PROJECTION FROM A TOWER

Case (i) : Horizontal projection
ux_:.u;uy:O;ay_:—g _ |
This is same as previous section (section 4)
Case (ii) : Projection at an angle 8 above horizontal
u,= usin @
u, = ucoso ; u
a=0
a=-g
. Al '
u, = usin®; T 10z ucos o
a =-—g
y h
1 - -
Equation of motion between A& B (in Y direction)
S =-h ,u =usind ,a =—-9g ,t=T
y y y
_ 1, o 1,
S,=ut+ ant = —h —usmet—Egt
Solving this equation we will get time of flight, T.
Andrange, R=u T = ucosd T
2= 2
Also, vi=u?+2asS
= u?sin?6 + 2gh
Vv, =ucoso
Vp= (Vo HVE = vV, = Ju® +2gh
Case (iii) : Projection at an angle 0 below horizontal ucos 6
u, = ucoso; y 0
X ino u a=—g
— _ 11cinB- usin
u, = usin®; a=0
a,=-g h
— 1 2
Sy =ut+ > aft
v
S,=-h ,u =-usind ,t=T,a =-g < R >
. 1 . 1
= —h=—usm6T—EgT2 = h=using T+ EgT2

Solving this equation we will get time of flight, T.
Andrange,R=u T = ucosO T

vV, =ucoso

VZ=u?+2aS =usin? +2(-g)(-h)

vy2 = u?sin?0 + 2gh

V, = \/v)2(+vf, = \/u2+29h
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5. PROJECTION ON AN INCLINED PLANE
Case (i) : Particle is projected up the incline
Here o is angle of projection w.r.t. the inclined plane.
x and y axis are taken along and perpendicular to the
incline as shown in the diagram.

Inthis case:  a = - gsinf

u, = ucosa

a_ = - gcosP
y

u_ = usino
y

Time of flight (T) :
When the particle strikes the inclined plane y becomes zero

—ut+ Lar
y=ut+ Sat
, 1
= 0= usinaT - Py gcospT?
_ 2usina _ 2u;

= T= =
gcosf 9.

Where u and g, are component of u and g perpendicular to the incline.

Maximum height (H):
When half of the time is elapsed y coordinate is equal to maximum distance from the inclined plane of the

projectile
H = u sina (_usinocJ - 1gcosB usina 2
gcosp) 2 gcosp

usin?a u?L
2gcosp ~ 29,

= H=

Range along the inclined plane (R):
When the patrticle strikes the inclined plane x coordinate is equal to range of the particle

x—ut+£a t?
— Yx 2 “x

~ 2usina lgsinﬁ 2usina 2
= R =ucosa| “geosp |~ 2 gcosp

2u? sina.cos(a + B)
= R= 2
gcos“ B

Case (ii) : Particle is projected down the incline

In this case :

a = gsinf

u, = ucosa

a, = —gcosf

u_ = usino
y

ETOOSINDIA.COM
S India's No.1 Online Coaching for JEE Main & Advanced

3rd Floor, H.No.50 Rajeev Gandhi Nagar, Kota, Rajasthan 324005
HelpDesk : Tel. 092142 33303


www.etoosindia.com

Time of flight (T) :
When the particle strikes the inclined plane y coordinate becomes zero

1 . 1
y=ut+ ant2 = 0 = usinaT - > gcospT?

2usino  2u;
gcosp — g,

= T=

Maximum height (H):

When half of the time is elapsed y coordinate is equal to maximum height of the projectile

usina 1 . usina 2
H=usino | ———— | - =9sin

gcosp 2 gcosp
usin?a u?y
= H= 2gcosp ~ 29,

Range along the inclined plane (R):

When the particle strikes the inclined plane x coordinate is equal to range of the particle

1
Xx=ut+ Eax t?

2usina lgsinB 2usina 2
= R = ucosa gcosp ) T 2 gcosp

2u? sina.cos(a — B)
N gcos? B

=

Standard results for projectile motion on an inclined plane:

Up the Incline Down the Incline
2 .
Range 2u“ sina.cos(a + ) 2u? sina.cos(a - B)
gcos’p 2
gcos‘ P
2usin 2usina
Time of flight =
gcosp gcosp
Angle of projection for T B . B
maximum range 4 2 4 2
2 2
Maximum Range u— u—
g(1+sinp) g(1-sinp)

Here a is the angle of projection with the incline and f3 is the angle of incline.
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| = Excros: #1685 |

PART -1 : OBJECTIVE QUESTIONS

* Marked Questions are having more than one correct option.
Section (A) : Definition, Projectile on a horizontal plane

A-1.  Aparticle move along the parabolic path x = y? + 2y + 2 in such a way that the y-component of velocity
vector remains 5m/s during the motion. The magnitude of the acceleration of the particle is :

(A) 50 m/s? (B) 100 m/s? (C)10,/2 m/s? (D) 0.1 m/s?

A-2. If 4 seconds be the time in which a projectile reaches a point P of its path and 5 seconds the time from
P till it reaches the horizontal plane through the point of projection . The height of P above the horizontal
plane will be - [ g =9.8 m/sec?]

(A) 98 meters (B) 49 meters (C) 196 meters (D) 147 meters
A-3. During projectile motion, acceleration of a particle at the highest point of its trajectory is :

(A) g (B) zero

(C) less than g (D) dependent upon projection velocity
A-4. In case of an oblique projectile, the velocity is perpendicular to acceleration :

(A) Once only (B) Twice (C) Never (D) Four times

A-5.  The velocity of projection of a projectile is (6? + 8]) ms=. The horizontal range of the projectile is :
(A)49m (B) 9.6 m (C)19.6m (D) 14 m

A-6. A projectile is fired with velocity u making angle 6 with the horizontal. What is the change in velocity
(from initial) when it is at the highest point :
(A) u cos6 (B)u (C) u sind (D) (u cosB — u)

A-7. A projectile can have the same range R for two angles of projection. If t, and t, be the times of flight in
two cases, then the product of two times of flight is :

1
(A) tt, o< R? (B) tt, < R ©) tity oc% ©) tte =

A-8.* In case of projectile motion if two projectiles A and B are projected with same speed at angles 15° and
75° respectively to the horizontal then :
(A) H, > Hg (B) Hy < Hg OC)T,>T, (D)T,<Tg

A-9. Four bodies P, Q, R and S are projected with equal velocities having angles of projection 15°, 30°, 45°
and 60° with the horizontal respectively. The body having shortest range is :
(A) P (B)Q ©)R (D) S

A-10. If for a given angle of projection, the horizontal range is doubled, the time of flight becomes :
(A) 4 times (B) 2 times (©) /2 times (D) 1/+/2 times

A-11. A projectile is fired with a speed u at an angle 0 with the horizontal. Its speed when its direction of motion
makes an angle ‘o’ with the horizontal is :
(A) u secH cosa. (B) u secO sina (C) u cosH seca (D) u sin 0 seca
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A-12. A ball is hit by a batsman at an angle of 37° as shown in figure. The man standing at P should run at
what minimum velocity so that he catches the ball before it strikes the ground. Assume that height of
man is negligible in comparison to maximum height of projectile.

u=15ms”

A B
9m
(A) 3 ms™ (B) 5 ms™! (C) 9 ms™! (D) 12 ms™

A-13. Figure shows four paths for a kicked football. Ignoring the effects of air on the flight, rank the paths according
to initial horizontal velocity component, highest first :

S
1 2\ 31 4
0 —>X
A1, 234 B) 2, 3,4,1 (©) 3,412 (D) 4,3,2,1

A-14. The velocity at the maximum height of a projectile is half of its initial velocity u. Its range on the
horizontal plane is:

2u® J3u? u? u?
(A) 39 (B) 29 ©) 39 (D) 29

A-15. It was calculated that a shell when fired from a gun with a certain velocity and at an angle of elevation

5n
36 rad should strike a given target in the same horizontal plane. In actual practice, it was found that

a hill just prevented the trajectory. At what angle of elevation should the gun be fired to hit the target.

A5—nd B£d C7—nd Dla—nd
()36ra (B) 36ra ()36ra D) 36ra.

A-16. A particle moves along the parabolic path y = ax?in such a way that the x component of the velocity
remains constant, say c. The acceleration of the particle is :

(A) ack (B) 2ac?j (C) ac?j (D) a%cj

Section (B) : Projectile from a tower

B-1.*  One stone is projected horizontally from a 20 m high cliff with an initial speed of 10 ms™". A second stone
is simultaneously dropped from that cliff. Which of the following is true?

(A) Both strike the ground with the same speed.

(B) The ball with initial speed 10 ms™ reaches the ground first.
(C) Both the balls hit the ground at the same time.

(D) Both strike the ground with different speed
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B-2.*

B-4.

B-5.*

Particles are projected from the top of a tower with same speed at different angles as shown. Which of
the following are True ?

VAR
vl

v

o _~v
v
v

(A) All the particles would strike the ground with (same) speed.

(B) All the particles would strike the ground with (same) speed simultaneously.
(C) Particle 1 will be the first to strike the ground.

(D) Particle 1 strikes the ground with maximum speed.

An object is thrown horizontally from a point 'A' from a tower and hits the ground 3s later at B. The line
from ‘A’ to ‘B’ makes an angle of 30° with the horizontal. The initial velocity of the object is :
(take g = 10 m/s?)

V

3007
[T //Il/////lI///I//////I//////////////l//////////l//////l///lB

(A) 1543 mis (B) 15 m/s (C) 10,/3 m/s (D) 25/43mis

A body of mass m is projected horizontally with a velocity v from the top of a tower of height h and
it reaches the ground at a distance x from the foot of the tower. If a second body of mass 2m is
projected horizontally from the top of a tower of height 2h, it reaches the ground at a distance

2x from the foot of the tower. The horizontal velocity of the second body is :

AV ®) 2v © V2v © 3

A heavy stone is thrown from a cliff of height h in a given direction. The speed with which it hits the ground:
(A) must depend on the speed of projection

(B) must be larger than the speed of projection

(C) must be independent of the speed of projection

(D) may by smaller than the speed of projection

Section (C) : Equation of trajectory

C-1.

C-2.

C-3.

A projectile is given an initial velocity of (f+2]) m/sec. The cartesian equation of its path is :

(g = 10 m/s?)
(A) y = 2x — 5x2 B) y = x — 5x? (C) 4y = 2x — 5%? (D) y = 2x — 25x?

2
The equation of projectile isy = 16x—5%. The horizontal range is :

(A) 16 m (B) 8 m (C)32m (D) 12.8 m

A ball is projected so as to pass a wall at a distance a from the point of projection at an angle of 45°
and falls at a distance b on the other side of the wall. If h is height of wall then :

\/E ab ab
a

D) h=
+b ©) a+b

(A) h=aJ2 (B) h=by2 (©) h=
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C-4.*

C-5.

A particle moves in the xy plane with a constant acceleration 'g' in the negative y-direction. Its equation
of motion is y = ax—bx?, where a and b are constants. Which of the following are correct?
(A) The x-component of its velocity is constant.

(B) At the origin, the y-component of its velocity is aJ%.

(C) At the origin, its velocity makes an angle tan™'(A) with the x-axis.
(D) The particle moves exactly like a projectile.

The path of one projectile as seen by an observer on another projectile is a/an :
(A) straight line (B) parabola (C) ellipse (D) circle

Section (D) : Projectile on an inclined plane

D-1.

Find time of flight of projectile thrown horizontally with speed 10 ms~' from a long inclined plane which
makes an angle of O = 45° from horizontal :

(A) 2 sec (B) 242 sec (C) 2 sec (D) None of these

On an inclined plane of inclination 30°, a ball is thrown at an angle of 60° with the horizontal from the

foot of the incline with a velocity of 10./3 ms™". If g = 10 ms, then the time in which ball will hit the
inclined plane is :
(A) 1 sec. (B) 6 sec. (C) 2 sec. (D) 4 sec.

PART - Il : MISCELLANEOUS OBJECTIVE QUESTIONS

COMPREHENSION

Comprehensions #1:

The trajectory of a projectile in a vertical plane is y = J3 x-2x2. [g=10m/s?]

1. Angle of projection O is :
(A) 30° (B) 60° (C) 45° (D) /3 rad
2. Maximum heightis H :
8 3 2
® 3 (B) 3 © V3 © 75
3. Range OAis:
V3 V3 3
(A) = (B) - ©) 3 D) &
2 4 8
4, Time of flight of the projectile is :
/ 3 [10
(A) /7= sec (B) 4= sec (C) 1sec (D) 2sec
10 3
5. Radius of curvature of the path of the porjectile at the topmost point P is :
1 1
(A) Py m (B) 1m C)4m (D) 2 m
ETOOS oot SEE.
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Comprehensions #2:

Two inclined planes OA and OB having inclinations 30° and 60° with the horizontal respectively intersect

m
each other at O, as shown in figure. A particle is projected from point P with velocity u = 10\/5 S along

a direction perpendicular to plane OA. If the particle strikes plane OB perpendicular at Q
(Take g = 10 m/s?). Then:

1

3 o0
@)

6. The time of flightis from P to Q is :

(A) 5 Sec. (B) 2 sec (C) 1sec (D) None of these
7. The speed with which the particle strikes the plane OB is :

(A) 10 m/s (B) 20 m/s (C)30m/s (D) 40 m/s
8. The height h of point P from the ground is :

(A) 1043 M (B) 10 m (C)5m (D)20m
9. The distance PQ is :

(A) 20 m (B) 104/3 M (C)10m (D)5 m

MATCH THE COLUMN
10. Match the following.
The projectile collides perpendicularly with the inclined plane. (Refer the figure)

Column | Column I
(A) Maximum height attained by the (p) zero
projectile from the ground
(B) Maximum height attained by @ g
the projectile from Inclined plane
C) Acceleration of the projectile bef sin’p_
(C) Acceleration of the projectile before n 2 gcoso

striking the inclined plane

(D) Horizontal component of acceleration of the projectile.

u? Sinz(oc +B)

©) 5y

(E100s
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11. A particle is projected from level ground. Assuming projection point as origin, x-axis along horizontal
and y-axis along vertically upwards. If particle moves in x-y plane and its path is given by y = ax — bx?
where a, b are positive constants. Then match the physical quantities given in column-I with the values
given in column-I11. (g in column 11 is acceleration due to gravity) :

Column | Column Il

. . a

(A) Horizontal component of velocity (P b
a2

(B) Time of flight @ 7,

. . g
(C) Maximum height ORT

_ 2a?
(D) Horizontal range (s) bg

12. An inclined plane makes an angle 6 = 45° with horizontal. A stone is projected normally from the inclined

plane, with speed u m/s at t = 0 sec. x and y axis are drawn from point of projection along and normal to
inclined plane as shown. The length of incline is sufficient for stone to land on it and neglect air friction. Match
the statements given in column | with the results in column 11. (g in column Il is acceleration due to gravity.)

y

Column | Column 1

2\/§u

(A) The instant of time at which velocity of stone is (p) g
parallel to x-axis
2u
(B) The instant of time at which velocity of stone ()] E

makes an angle 6 = 45° with positive x-axis.

J2u

(C) The instant of time till which (starting fromt = 0) (9] T
component of displacement along x-axis become half
the range on inclined plane is
_ _ o _ u
(D) Time of flight on inclined plane is (s) _\/Eg
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= Exercise#2 & |

PART -1 : MIXED OBJECTIVE

*Marked Questions are having more than one correct option.

Single Correct Answer Type :

1.

A large number of bullets are fired in all directions with same speed u. What is the maximum area on the
ground on which these bullets will spread :
2 u4 u4 UZ

® g ® g R © =g

Two projectiles A and B are projected with same speed at angles 30° and 60° to horizontal, then choose the
wrong statement? (symbols have their usual meaning).

(A) R,=Ry (B) Hg=3H, C)V3Tg =Th (D) All of these

Two projectiles are thrown simultaneously in the same plane from the same point, their velocities are v, and
v, atangles 0, and 0, respectively from the horizontal.

If v.cos 0, = v,cos0,, then choose the incorrect statement :

(A) one particle will remain exactly below or above the other particle

(B) the trajectory of one with respect to other will be a vertical straight line

(C) both will have the same range

(D) none of these

A particle P is projected with velocity u, at an angle of 30° with the horizontal. Another particle Q is thrown
vertically upwards with velocity u, from a point vertically below the highest point of path of P. The necessary
condition for the two particles to collide at the highest point is :

P Q
u
(A)u,=u, (B) u,=2u, ©€) up= 72 (D) u, = 4u,

Two particles are separated at a horizontal distance x as shown in figure. They are projected at the same
time as shown in figure with different initial speed. The time after which the horizontal distance between the
particles become zero is :

u/\3 u

/ﬁéo 6(;>\
A B

< X >

(A) u/2x (B) x/u ©) 2ulx D) u/x
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6. The trajectory of a projectile in a vertical plane is y = ax — bx?, where a, b are constants, x and y are
respectively the horizontal and vertical distances of the projectile from the point of projection. The maximum
height attained is :

2 2 2 2
a a a a
A) — B) — C) — D) -
Obm (B) 5 © & (0) 2gp
7. Particle is dropped from the height of 20m from horizontal ground. A constant force acts on the particle in

horizontal direction due to which horizontal acceleration of the particle becomes 6 ms=. Find the horizontal
displacement of the patrticle till it reaches ground.
(A)6m (B) 10 m (©) 12m D) 24m

8. A particle is dropped from a tower in a uniform gravitational field at t = 0. The particle is blown over by a
horizontal wind with constant velocity. Slope of trajectory of particle (tan 6) with horizontal varies according to:

tano tano® tan tan®
(A) (B) ©) (D) ¢
X X t

9. A projectile is fired with a velocity at right angle to the slope which is inclined at an angle q with the horizontal.
The expression for the range R along the incline is :

2 2 2 2
A) ZLsec 0 (B) 2%tane (©) % tan6 sec6 (D) VEtan2 0
g

Multiple Correct Answer(s) Type :

10.*  Two particles are projected from the same point with the same speed, at different angles 0, and 0, to the
horizontal. They have the same horizontal range. Their time of flight are t, and t, respectively. Then :

ty ty ty to
A) 6, +06,=90° B) — =tan0 C) = =tan0 D =
(A) O, +0, (B) t, 1 © to 2 ( )sinel sino,

11.* Aprojectile is projected at an angle of elevation a.. After t seconds, it appears to have an angle of elevation 3
as seen from the point of projection. Which of the following are correct :

(A) the y-coordinate of the position of the projectile at time tis (vsino) t — %gt2 , Where v is the velocity of projection

(B) the x-coordinate of the position of projectile at time tis (v cos o) t, where v is the velocity of projection

gt
(C)tanpf =tan o — oV COS O
t
(D) velocity of projectionis %

12.* A cannon ball has a range R on a horizontal plane. h and h’ are the greatest heights in the two paths for which
this is possible. Now, which of the following are correct :

(A) there are two possible angles of projection 6 and (90° — 0) for which the horizontal range is R

(B)if h= V2SIN%0 op Y COS"0
29 29

C)R = v2 cos 26

(D) R = 4+/hh’
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13.*  Choose the correct alternative (s) :
(A) If the greatest height to which a man can throw a stone is h, then the greatest horizontal distance upto
which he can throw the stone is 2h.
(B) The angle of projection for a projectile motion whose range R is n times the maximum height is tan=' (4/n)
(C) The time of flight T and the horizontal range R of a projectile are connected by the equation
gT? = 2Rtang where q is the angle of projection.
(D) Aballis thrown vertically up. Another ball is thrown at an angle g with the vertical. Both of them remain in
air for the same period of time. Then the ratio of heights attained by the two balls 1 : 1.

14.* If T is the total time of flight, h is the maximum height & R is the range for horizontal motion, the x & y
co-ordinates of projectile motion and time t are related as :

wy=n(3)(1-5) ovean(3) -
v-ol()(7) enrea(s)is

15.* Two balls are thrown from an inclined plane at angle of projection o with the plane, one up the inclined and
other down the inclined as shown in figure. Then :

AVh = h. = v(z)sinza

(A)hy =h, = 2gcoso
2vp sina

(B) T1=T20—
gcoso

© R,—R,=gsin6.T?2(where Trepresents time of flight)

D) vt,=vt,

16.*  Aprojectile is projected at an angle a (> 45°) with an initial velocity u. The time t at which its horizontal
component will equal the vertical component in magnitude:

u
(A)t:a(cosa—sina) (B)t:a(cosa+sina)
u u
(C)tza(sina—cosa) (D)tza(sinza—cosza)
PART - 1l : SUBJECTIVE QUESTIONS
1. A stone projected at an angle of 60° from the ground level strikes at an angle of 30° on the roof of a building

of height ‘h=30m . Find the speed of projection(in m/s) of the stone.

~

30°

A

60° .
A
T T T T oo T o ool
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2. A particle is projected from the horizontal x-z plane, in vertical x-y plane where x-axis is horizontal and
positive y-axis vertically upwards. The graph of 'y’ coordinate of the particle v/s time is as shown. The range

of the particle is \/§ m . Then the speed of the projected particle is /20 + x inm/s . find x :

y

60°
I t

3. A particle P is projected from a point on the surface of smooth inclined plane (see figure). Simultaneously
another particle Q is released on the smooth inclined plane from the same position. P and Q collide aftert =
4 second. The speed of projection of P is 5+ x (in m/s ). find x .

FX‘Q\
60°

4, A particle is projected at an angle 6 with an inclined plane making an angle § with the horizontal as
shown in figure, speed of the particle is u, after time t find :

y-axis y '
W

p

X-axis

(a) x component of acceleration ?

(b) y component of acceleration ?

(c) x component of velocity ?

(d) y component of velocity ?

(e) x component of displacement ?

(f) y component of displacement ?

(g9) y component of velocity when particle is at maximum distance from the incline plane ?

5. Find range of projectile on the inclined plane which is projected perpendicular to the incline plane with
velocity 20 m/s as shown in figure.

it
%Q@
4

37°

6. The figure shows two position A and B at the same height h above the ground. If the maximum height of the
projectile is H, Then determine the time t elapsed between the positions A and B in terms of H.

y

A
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10.

11.

12.

13.

14.

15.

A particle is projected with velocity 20 m/s at an angle of 45° with horizontal. Find out the -

(a) horizontal Range [take g = 10 m/s?]
(b) Maximum Height

(c) Time of flight

(d) For which angle is T maximum, T__ =?

(e) For which angle is R maximum, R =?

X.

A cricketer can throw a ball to a maximum horizontal distance of 100 m. How much high should above the
ground can the cricketer throw the same ball.

The direction of motion of a projectile at a certain instant is inclined at an angle a to the horizontal.
After t seconds it is inclined an angle B . Find the horizontal component of velocity of projection in
terms of g, t, a and B.

A gun kept on a straight horizontal road is used to hit a car, traveling along the same road away from the gun

with a uniform speed of 72 x 4/2 km/hour. The car is at a distance of 50 metre from the gun, when the gun is
fired at an angle of 45° with the horizontal.

Find (i) the distance of the car from the gun when the shell hits it, (ii) the speed of projection of the shell from
the gun. [g = 10 m/s?]

2
The equation of a projectileis  y = /3 x — % , find the angle of projection. Also find the speed of

o d?x d?y
projection. Where att=0,x=0and y = 0 also d? =0& d? =-gq.

If at an instant the velocity of a projectile be u and its inclination to the horizontal be 0, at what time
interval after that instant will the particle be moving at right angles to its former direction.

From the top of a tower of height 40 m, a ball is projected upwards with a speed of 20 m/sec at an
angle of 30° to the horizontal. When and at what distance from the foot of the tower does the ball hit the
ground ? What is the speed of the ball at this instant ?

The radius vector of a point A relative to the origin varies with timetas 7 = at | — bt2 ] , Wwhere a and
b are positive constants and i and j are the unit vectors of the x and y axes. Find:
(i) The equation of the point's trajectory y (x) ; plot this function

(iDThe time dependence of the velocity v and acceleration a vectors as well as of the moduli of these
quantities.

A projectile is fired at an angle 6 with the horizontal. Find the condition under which it lands perpendicular on
an inclined plane inclination o as shown in figure.
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= Exercise#3 & |

PART-l IT-JEE (PREVIOUS YEARS PROBLEMS)

* Marked Questions are having more than one correct option.

1.

Abuilding 4.8 m high 2b meters wide has a flat roof. A ball is projected from a point on the horizontal ground
14.4 maway from the building along its width. If projected with velocity 16 m/s at an angle of 45° with the
ground, the ball hits the roof in the middle, find the width 2b. Also find the angle of projection so that the ball

just crosses the roof if projected with velocity 10 \/5 m/s.(g=10m/s?) [REE '95, 6]

Avertical pole has a red mark at some height. A stone is projected from a fixed point on the ground.

When projected at an angle of 45° it hits the pole orthogonally 1 m above the mark. When projected

with a different velocity at an angle of tan-1(3/4), it hits the pole orthogonally 1.5m below the mark. Find

the velocity and angle of projection so that it hits the mark orthogonally to the pole. [ g =10 m/sec?]
[REE'96, 6]

The coordinates of a particle moving in a plane are given by x (t) = a cos (pt) and y (t) = b sin (pt),

where a, b (< a) and p are positive constants of appropriate dimensions then -

(A) the path of the particle is an ellipse

(B) the velocity and acceleration of the particle are normal to each other at t = n/2p

(C) the acceleration of the particle is always directed towards a focus

(D) the distance travelled by the particle in time interval t=0 to = n/2pisa. [JEE 1999, 3/200]

Shots fired simultaneously from the top and foot of a vertical cliff at elevations of 30° and 60° respectively,
strike an object simultaneously which is at a height of 100 meters from the ground and at a horizontal
distance of 200 @ meters from the cliff. Find the height of the cliff, the velocities of projection of the
shots and the time taken by the shots to hit the object. (g = 10 m/sec?.) [REE-2000, 5/100]

PART-11 AIEEE (PREVIOUS YEARS PROBLEMS)

A ball whose kinetic energy is E, is projected at an angle of 45° to the horizontal.The kinetic energy of the
ball at the highest point of its flight will be : [AIEEE-2002, 4/300]

1) E (2QFEl 2 (3)E/2 (4) zero

A body playing on the roof of a 10 m high building throws a ball with a speed of 10 m/s at an angle of 30° with
the horizontal. How far from the throwing point will the ball be at the height of 10 m from the ground?

J3

[g =10 m/s?, sin 30° = 1/2, cos 30° = 73] [AIEEE-2002, 4/300]

(1)5.20m (2)4.33m (3)2.60m (4)8.66m

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 times of flights is directly proportionalto: [AIEEE-2004, 05, 4/300]
(1) 1/R? 2 1R ®B)R (4)R?

A ballis thrown from a point with a speed v, at angle of projection 6. From the same point and at the same
instant, a person starts running with a constant speed v, /2 to catch the ball? If yes, what should be the angle
of projection? [AIEEE-2004, 4/300]
(1) Yes, 60° (2) Yes, 30° (3)No (4) Yes, 45°

A particle is projected at 60° to the horizontal with a kinetic energy K. The kinetic energy at the highest point is
[AIEEE-2007, 3/120]
1)K (2) Zero (3)K/4 (4)K/2
A particle has an initial velocity of 3j+ 4] and an acceleration of 0.4i +0.3j . Its speed after 10 s is :
(1) 742 units (2) 7 units (3) 8.5 units (4) 10 units
[AIEEE-2009, 4/144]

ET
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| => Exirose#4 & |

BOARD PATTERN QUESTIONS

1. State, for each of the following physical quantities, if it is a scalar or a vector :
volume, mass, speed, acceleration, density, number of moles, velocity, angular frequency, displacement,
angular velocity.

2. Pick out the two scalar quantities in the following list :
force, angular momentum, work, current, linear momentum, electric field, average velocity, magnetic moment,
reaction as per Newton's third law, relative velocity.

3. Pick out the only vector quantity in the following list :
Temperature, pressure, impulse, time, power , total path lengthy, energy, gravitational potential, coefficient of
friction, charge.

4. State with reasons, whether the following algebraic operations with scalar and vector physical quantities are
meaningful :
(a) adding any two scalars, (b) adding a scalar to a vector of the same dimensions,
(c) multiplying any vector by any scalar, (d) multiplying any two scalars, (e) adding any two vectors, (f) adding
a component of a vector to the same vector.

5. Read each statement below carefully and state with reasons, if itis true or false :
(a) The magnitude of a vector is always a scalar, (b) each component of a vector is always a scalar, (c) the
total path length is always equal to the magnitude of the displacement vector of a particle. (d) the average
speed of a particle (defined as total path length divided by the time taken to cover the path) is either greater
or equal to the magnitude of average velocity of the particle over the same interval of time, (e) Three vectors
not lying in a plane can never add up to give a null vector.

6. Establish the following vector inequalities geometrically or otherwise :
(@) la+b|<la| +|b| (b) |a+b|>a - |b]
(c) la—b| <[a] +|b| (d) la—b| > |a] - [b]

When does the equality sign above apply ?

7. Givena+b + ¢ +d =0, which of the following statements are correct :
(a) a, b, c and d must each be a null vector,
(b) The magnitude of (a + c) equals the magnitude of (b + d),
(c) The magnitude of a can never be greater than the sum of the magnitudes of b, c and d,
(d) b + ¢ must lie in the plane of a and d if a and d are not collinear, and in the line of a and d, if they are
collinear ?

8. The girls skating on a circular ice ground of radius 200 m start from a point P on the edge of the ground and
reach a point Q diametrically opposite to P following different paths as shown in figure 4.23. What is the
magnitude of the displacement vector for each ? For which girls is this equal to the actual length of path
skate ?

Q
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A cyclist starts from the centre O of a circular park of radius 1 km, reaches the edge P of the park, then
cycles along the circumference, and returns to the centre along OQ as shown in figure 4.24. If the round trip
takes 10 min, what is the (a) net displacement, (b) average velocity, and (c) average speed of the cyclist ?

Q

On an open ground, a motorist follows a track that turns to his left by an angle of 60° after every 500 m.
Starting from a given turn, specify the displacement of the motorist at the third, sixth and eight turn. Compare
the magnitude of the displacement with the total path length covered by the motoristin each case.

A passenger arriving in a new town wishes to go from the station to a hotel located 10 km away on a straight
road from the station. A dishonest cabman takes him along a circuitous path 23 km long and reaches the
hotel in 28 min. What is (a) the average speed of the taxi, (b) the magnitude of average velocity ? Are the two
equal ?

Rain is falling vertically with a sped of 30 m s~'. Awoman rides a bicycle with a speed of 10 m s~"in the north
to south direction. What is the direction in which she should hold her umbrella ?

A man can swim with a sped of 4 km/h in still water. How long does he take to cross a river 1 km wide if the
river flows steadily at 3 km/h and he makes his strokes normal to the river current ? How far down the river
does he go when he reaches the other bank ?

In a harbour, wind is blowing at he speed of 72 km/h and the flag on the mast of a boat anchored in the
harbour flutters along the N-E direction. If the boat starts moving at a sped of 51 km/h to the north, what is the
direction of the flag on the mast of the boat ?

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 m s~' can go without hitting the ceiling of the hall ?

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 ?

A stone tied to the end of a string 80 cm long is whirled in a horizontal circle with a constant speed. If the
stone makes 14 revolutions in 25 s, what is the magnitude and direction of acceleration of the stone ?

An aircraft executes a horizontal loop of radius 1 km with a steady speed of 900km/h. Compare its centripetal
acceleration with the acceleration due to gravity.

Read each statement below carefully and state, with reasons, if it is rue or false :

(a) The net acceleration of a particle in circular motion is always along the radius of the circle towards the
centre

(b) The velocity vector of a particle at a point is always along the tangent to the path of the particle at that
point

(c) The acceleration vector of a particle in uniform circular motion averaged over one cycle is a null vector.

The position of a particle is given by
rr=3.0ti—2.0t?j+4.0km
where tis in seconds and the coefficients have the proper units for r to be in metres.

(a) Find the v and a of the particle ? (b) What is the magnitude and direction of velocity of the particle
att=2s7?

A particle starts from the origin at t = 0 s with a velocity of 10.0 ] m/s and moves in the x-y plane with a

constant acceleration of (8.0 + 2_0] )m s, (a) At what time is the x-coordinate of the particle 16 m ? What
is the y-coordinate of the particle at that time ? (b) What is the speed of the particle at the time ?
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

i and ] are unit vector along x- and y-axis respectively. What is the magnitude and direction of the vectors
i+]j,and i-j?Whatare the components of a vector A= 2i +3] along the directions of | + jand i-j?

For any arbitrary motion in space, which of the following relations are true :
(@) V pyerage = (1/2) (v () + V(1))

() Vyerage = [T () =1 ()] / (t,— 1)

)V (t)=v(0)at

d)r®)=r(0)+v(0)t+ (1/2) at?

(€) @, 0ge = [V () =V ()] / (t,— 1)

(The 'average' stands for average of the quantity over the time interval t, tot, )

Which of the following quantities are independent of the choice of orientation of the coordinate axes ?
a+b,3a +2b,|a+b-c|, angle between b and c, a where is a scalar ?

Read each statement below carefully and state, with reasons and examples, if it is true or false :
A scalar quantity is one that

(a) is conserved in a process

(b) can never take negative values

(c) must be dimensionless

(d) does not vary from one point to another in space

(e) has the same value for observers with different orientations of axes.

An aircraft is flying at a height of 3400 m above the ground. If the angle subtended at a ground observation
point by the aircraft positions 10 s apart is 30°, what is the speed of the aircraft ?

Avector has magnitude and direction. Does it have a location in space ? Can it vary with time ? Will two equal
vectors a and b at different locations in space necessarily have identical physical effects ? Give examples in
support of your answer.

A vector has both magnitude and direction. Does it mean that anything that has magnitude and direction is
necessarily a vector ? The rotation of a body can be specified by the direction of the axis of rotation, and the
angle of rotation about the axis. Does that make any rotation a vector ?

Can you associate vectors with (a) the length of a wire bent into a loop, (b) a plane area, (c) a sphere ?
Explain.

Abullet fired at an angle of 30° with the horizontal hits the ground 3 km away. By adjusting its angle of
projection, can one hope to hit a target 5 km away ? Assume the muzzle speed to the fixed, and
neglect air resistance.

Amachine gun is mounted on the top of a tower 100 m high. At what angle should the gun be inclined
to cover a maximum range of firing on the ground below ? the muzzle speed of the bullet is 150 ms™
(take g =10 m s7?)

A fighter plane flying horizontally at an altitude of 1.5 km with speed 720 km/h passes directly overhead
an anti-aircraft gun. At what angle from the vertical should the gun be fired for the shell with muzzle
speed 600 m s~ to hit the plane. At what minimum altitude should the pilot fly the plane to avoid being
hit ? (Take g =10 m s2).

Acyclist is riding with a speed of 27 km/h. As he approaches a circular turn on the road of radius 80 m,
he applies brakes and reduces his speed at the constant rate of 0.5 m/s every second. What is the
maghnitude and direction of the net acceleration of the cyclist on the circular turn ?

(a) Show that for a projectile the angle between the velocity and the x-axis as a function of time is given by

ax

_ s on - Voy
6(t)tan‘2|—J+4.Okm( ]

(b) Shows that the projection angle 6, for a projectile launched from the origin is given by

0 ,=tan™ (4h—m]
R

where the symbols have their usual meaning.
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A-1.

A-8.*

A-15.

12.

11.

14.

15.

B> Avvis &

Exercise # 1

PART-I
A A2 (A A3 A A4 (A A5 (B
B A9 (A) Alo. © All. (© Al2. (B
O) A-16. (B) B-1* (CD) B-2* (AC) B-3. (A
(A C2. (@O C3 (O C4* (ABCD)C5. (A

PART-II
B) 2 B) 3. A 4 (A s (D)
© o (A) 10. (A)-s; (B)-r;(C)—q;(D)-p 1L
(A)-r;(B)-s;(C)-q;(D)-p

Exercise # 2

PART-I
|®) 2 © 3 © 4 B) 5. (B)
(B) 9. ©) 10* (ABD) 11* (ABCD)12*  (ABD)
(ABC) 16.*  (BC)

PART-II
30 2. 8 3.
(a) — g sinp, (b) —g cosp, (c) u cos6 — g sinp x t,

1 1
(e) u coso x t — Eg sin x t2,  (f) u sinB x t — Eg cosp x 2,

75m 6. t= BH-h)
g
(@40m (b)10m (c) 24/2 sec.
9t
S0m 9. tano — tanp
6=60°, 2m/s 12. (u/g) cosecH .
y

(i) b’ x
) y=-—
y a2

(i) v = af—2btj , acceleration :—2b3

|\7| = JaZ + 4 b%¢2 , |acceleration | = 2b

cot(6 — o) = 2tana

(d)6=90° , 4 sec.

A6. () A7. (B
A-13. (D) A-14. (B)
B-4. (C) B-5* (AB)
D1 (© D2 (O
6. B 7 (A)
(A)-r; (B)-s;(C)-q; (D)-p

6. a7 ©)
13*  (ABCD)14*  (AC)
5

(d) u sin6 — gcosP x t,

(9) zero.

(e)0=45° , 40 m

10.

13.

(i) 1250 m (ii) 50 m/sec.

4s, 40\/5 m, 20\/5 m/s

(E100s
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3.*

o ok~ wDdhPRE

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.

23.
24,
25.
26.
28.
29.
30.
31

32.

33.

Exercise # 3

PART-I

width of the roof is 9.6 m; 0 = tan*lg or 6 =45° 2. \/3;3_20 m/s, tan-! (%j

(AB) 4.400m,V, =40 m/s,VF=40\/§m/s, T=10s.
PART-II

©) 2. @) 3. @) 4. 1) 5. @) 6. @)

Exercise # 4

Volume, mass, speed, density, number of moles, angular frequency are scalars; the rest are vectors.
Work, current

Impulse

Only (c) and (d) are permissible

@T,(bF c)FWAT ()T

Hint : The sum (difference) of any two sides of a triangle is never less (greater) than the third side.
Equality holds for collinear vectors.

All statements except (a) are correct
400 m for each; B
(@) O; (b) O; (c)21.4 kmh~*

Displacement of magnitude 1 km and direction 60° with the initial direction; total path length = 1.5 km
(third turn); null displacement vector; path length = 3 km sixth turn); 866 m, 30°, 4 km (eight turn)

(a) 49.3 kmh='; (b) 21.4 km h-1. No, the average speed equals average velocity magnitude only for a
straight path.

About 18° with the vertical, towards the south.

15 min, 750 m

East (approximately)

150.5m

50m

9.9 m s, along the radius at every point towards the centre.

6.49

(a) False (true only for uniform circular motion) (b) True, (c) True

(@) v(t) = (3.0 —4.0]) a(t)=—4.0] (b) 8.54 m s, 70° with x-axis.
(a) 25,24 m,21.26 ms™

J2 . 45° with the x-axis; /2 , — 45° with the x-axis, (5/,/2 , —=1//2).
(b) and (e)

Allexcept 3a, +2b,

Only (e) is true

182.2ms™

No. Rotations in general cannot be associated with vectors

A vector can be associated with a plane area

No
43.8°

At an angle if sin~' (1/3) = 19.5° with the vertical; 16 km
0.86 m s2, 54.5° with the direction of velocity.
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