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Topic 3 Otion in two dimens'ions

Position of points in two dimensions is represented in vector form

?1 =Xli+y1f and ?2 =xzi+y2j
If particle moves from ri position to r2 position then
Displacement is final position - initial position

- - -
S=1rn—n

§= Gl +y2)) — (i +y4f )

§=( —x)i+ 2 —y1)Jf

If x2 - x1 =dx and y2 - y1 = dy

S =dxi+dyj
Now
#_d§_dxA+dyA
VS T @ T

dx/dt = vx is velocity of object along x-axis and dy/dt = vy is velocity along y-axis

U =vl+v,j

Thus motion in two dimension is resultant of motion in two independent component motions

taking place simultaneously in mutually perpendicular directions.

Magnitude of velocity

v= /v§+v§

Angle between velocity and x-axis is

v
tang = =<
Ux

L. dv, dy,
a=—-1+—
dt dt

Magnitude of acceleration
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Topic 3 Motion in two dimensions

a= /a§+a32,

Equation of motion in vector form
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Solved Numerical

Q1) A particle starts its motion at time t = 0 from the origin with velocity 10j m/s and moves

in X-Y plane with constant acceleration 8i+2j

(@) At what time its x-coordinate becomes 16m? And at that time what will be its

y co-ordinate?

(b) What will be the speed of this particle at this time?
Solution:

From equation of motion

7 =7, + Ut + = dt?

N =

xi+vyf = (10t +%(8i + 2))t?
xt+yf = (4t2)1 + (10t + t?)f
Thus
x = 4t?
When x = 16
16 =4t2 ,t=2sec

Now y = 10t+t2att = 2 sec
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Topic 3 Motion in two dimensions
Y = 20+4 =240 m

b)

v=uU+adt

U =10f + (8 + 2/)t
t =2 sec

¥ =10j+ (81 + 2j) x 2

B =161 + 14f

v = /162 + 142 = 21.26 sec

Q2) A bomber plane moves due east at 100km/hr over a town X at a certain time, Six minutes
later an interceptor plans sets off from station Y which is 40km due south of X and flies north
east. If both maintain their courses, find the velocity with which interceptor must fly in order

to take over the bomber

Solution:
X Let velocity of interceptor speed be V. Now components of
velocity along North direction is Vcos45 and along East direction
40 is Vsin45
45 To intercept the bomber , interceptor has to travel a distance of
Y 40 km in t seconds along North direction Thus 40 = Vcos45t

Vt= 40V2 ---- eq(1)

Now total distance travelled by bomber = 100t + distance travelled in 6 minutes before

interceptor takeoff

Distance travelled by bomber along East direction = 100t +10 km
Thus distance travelled by interceptor

100t + 10 = Vsin45t

100t +10 = Vt/ V2

From eq(1)

100t +10 =40
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Topic 3 Motion in two dimensions
t = 3/10 Hr
Substituting above value of t in equation (1) we get

_ 40vV2x 10

3 = 188.56 km/hr

Q3) A motor boat set out at 11a.m. from a position -6i-2j relative to a marker buoy and
travels at steady speed of magnitude V53 on direct course to intercept a ship. This ship
maintains a steady velocity vector 3i+4j and at 12 noon is at position 3i-4j from the buoy.
Find (a) the velocity vector of the motorboat (b) the time of interception and (c) the position
vector of point of interception from the buoy, if distances are measured in kilometers and

speeds in km/hr

Solution

Let xi+vj be the velocity vector of the motor boat

X2+ y2 =53  ------ eq(1)

Position vector of motor boat after time t = -6i-2j + (xi+yj)t
Since position of ship is given 12 noon to find position of ship at time t, time for ship = (t-1)
Position vector of ship after time t = 3i-j+(3i+4j) ( t-1)

The time of interception is given by

-6i-2j+(xi+yj)t = 3i-j +(3i+4j) ( t-1)

~-6+xt = 3t

axt = 6 +3t ------- eq(2)

And -2yt = 4t-5

~yt=4t-3  ------ eq(3)

From equation (1), (2) and (3)

(6+3t)2 + (4t-3)% = 53t2

»36+9t2+36t +16t2-24t+9 = 53t2

~28t-12t-45 =0

~(2t-3) (14t +15) =0

t = (3/2) hr
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Topic 3 Motion in two dimensions
Time of interception = 12.30 pm
Solving equation(2) and (3) x = 7and y = 2
Velocity vector of motor boat = 7i+2j

Point of interception = -6i-2j + (7i +2j) (3/2) = 9/2 i +j

Relative velocity

! y B 4P Two frame of reference A and B as shown in figure moving with
Y
uniform velocity with respect to each other. Such frame of references
A are called inertial frame of reference. Suppose two observers, one in
from A and one from B study the motion of particle P.
o' X
Let the position vectors of particle P at some instant of time with
0 <

respect to the origin O of frame A be

—

’FP,A = OP

And that with respect to the origin O’ of frame B be

FP,B = O—Iﬁ
The position vector of O’ w.r.t O is
FB,A = O—O}

From figure it is clear

—_—  — —— — ——

OP =00"+0’P=0’P+ 00’
“Tps =Tpp+Tpa
Differentiating above equation with respect to time we get

d . d . d..
I (Fon) = ar TP,B) + ar (P5.4)

. . .
S Vpa=7Vpp+Vpa

Here Vp,a is the velocity of the particle w.r.t frame of reference A, Vps is the velocity of the
particle w.r.t. reference frame B and Vs, is the velocity of frame of reference B with respect
to frame A

Suppose velocities of two particles A and B are respectively Va and Vs relative to frame of

reference then velocity (Vas) of A with respect to B is
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Topic 3 Motion in two dimensions

And velocity Vsa of B relative to A is
17BA = 773 - 17A
Thus
Ugp = —Upy
And

[Vap| = |Vpal

_l_EABl = \[VAZ + VBZ - ZVAVBCOSG

Also angle a made by the relative velocity with Va is given by

Vgsinf

tang = ——
V, — VgcosO

Solved Numerical

Q4) A boat can move in river water with speed of 8 km/h. This boat has to reach to a place
from one bank of the river to a place which is in perpendicular direction on the other bank of
the river. Then (i) in which direction should the boat has to be moved (ii) If the width of the
river is 600m, then what will be the time taken by the boat to cross the river? The river flows

with velocity 4 km/h

Solution
Suppose the river is flowing in positive X direction as shown in figure .
To reach to a place in the perpendicular direction on the other bank,
Ver Veo the boat has to move in the direction making angle 8 with Y direction

as shown in figure. . This angle should be such that the velocity of the

> boat relative to the opposite bank is in the direction perpendicular to

Veo the bank . Let Ver = Velocity of boat with respect to river

Veo = Velocity of Boat with respect to Observer on bank

Vro = velocity of river with respect to observer on bank
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In vector form

Topic 3 Motion in two dimensions

Vso = Vg + Vro

VgoJ = —Vgrsindi + VgrcosBj + Viol
Vgoj = —8sinBi + 8cosOj + 41
Thus considering only x components
0 = —8sinf + 4
=0=30°
Vgo = 8cos0 , Vgo = 8cos30

V3
Voo = 8—-= 43 = 693 km/h

Time taken to cross river

distance 0.6
t=————=——=0.0865 Hr = 5.2 minutes
velocity  6.93

Q5) In figure a plane moves due east while pilot points the plane somewhat south of east,

towards a steady wind that blows to the northeast. The plane has
velocity Vpew relative to the wind, with an airspeed of 200km/hr directed
at an angle 8 south of east. The wind has velocity relative to the
ground, with a speed 40v3 km/hr directed 30° east of north. What is

the magnitude of the velocity of plane Vec relative to the ground, and

o MVus what is the value of 8

Solution
Vg = Vow + Viws

Comparing y co-ordinates

0 = Vyscos30 — Vpy,sinb

V3
0= 40x/§7 — 200sin6

pace /.

1a5€l




Topic 3 Motion in two dimensions

o 60 _3
SIMY =500~ 10

=0 =17.45°
Comparing x coordinates
Vpel = VpycosOi+Vyy;sin301
Vpe = 200c0s17.45 + 40+/3sin30

Vpe = 200c0517.45 + 40v/3sin30 = 225 km/hr

Projectile motion

A projectile is a particle, which is given an initial velocity, and then moves under the action of

its weight alone.

When object moves at constant horizontal velocity and constant vertical downward

acceleration, such a two dimension motion is called projectile.

The projectile motion can be treated as the resultant motion of two independent component
motion taking place simultaneously in mutually perpendicular directions. One component is
along the horizontal direction without any acceleration and the other along the vertical

direction with constant acceleration due to gravitational force.
Important terms used in projectile motion

When a particle is projected into air, the angle that the direction of projection makes with
horizontal plane through the point of projection is called the angle of projection, the path,
which the particle describes, is called the trajectory, the distance between the point of
projection and the point where the path meets any plane draws through the point of projection
is its range, the time that elapses in air is called as time of flight and the maximum distance

above the plane during its motion is called as maximum height attained by the projectile

Analytical treatment of projectile motion

yh Consider a particle projected with a velocity u of an angle
8 with the horizontal earth’s surface. If the earth did not
= attract a particle to itself, the particle would describe a
u straight line, on account of attraction of earth, however,
&} the particle describes a curve path
e X
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Topic 3 Motion in two dimensions

Let us take origin at the point of projection and x-axis along the surface of earth and

perpendicular to it respectively shown in figure

Here gravitational force is the force acting on the object downwards with constant acceleration
of g downwards. There if no force along horizontal direction hence acceleration along

horizontal direction is zero
Motion in x —direction
Motion in x-direction with uniform velocity
At t = 0, Xo = 0 and ux = ucos8
Position after timet, x = xo + ux t
X = (ucos®)t  ----- eq(1)
Velocity at t, Vx = ux
Vx= ucos® ------ eq(2)
Motion in y-direction:
Motion in y-direction is motion with uniform acceleration
When t =0, Yo =0, uy = usin® and ay = -g
After time't’, Vy = yy + ay t
Vy = usin@ - gt = ----- eq(3)

Y =Y, +uyt +%ayt2 ———eq(4)
Also,

V? = uj + 2a,t?

VP =u’sin®0 —2gy  ————eq(5)

Time of flight(T) :
Time of flight is the time duration which particle moves from O to O".
i,et=T,Y=0

From equation (4)
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Topic 3 Motion in two dimensions
o1
0 = usinfT — EgT

2usiné
T = 5 ————eq(6)

Range of projectile (R):

Range of projectile distance travelled in time T,

i.e. R = Vx X T
R = ucosbT
2usinf
R = ucosf
Since 2sinBcosB = sin26
u?sin26 o
= ————e
g q

Maximum height reached (H):

At the time particle reaches its maximum height velocity of particle becomes parallel to

horizontal direction i.e. Vy = 0, whenY = H
From equation (5)
0 = u?sin?6 — 2gH

3 u?sin?6
-2

Equation of trajectory:

The path traced by a particle in motion is called trajectory and it can be known by knowing the

relation between X and Y

From equation (1) and (4) eliminating time t we get

2

1
Y = Xtan8 — —g—secze
2 u?

This is trajectory of path and is equation of parabola. So we can say the path of particle is

parabolic
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Topic 3 Motion in two dimensions
Velocity and direction of motion after a given time:
After time 't’
Vy = ucos® and Vy = usin® - gt

Hence resultant velocity

V= /V§+VY2

V= \/uzcosze + (usinf — gt)?

If direction of motion makes an angle a with horizontal

V, usinf — gt
tana = - = —
V, ucosf
using — gt
o = = (22
ucos6

Velocity and direction of motion at a given height
At height *h’ , Vx = ucosb
And
V, = Julsin?6 — 2gh

Resultant velocity

V= g2+

V =.u?—-2gh

Note that this is the velocity that a particle would have at height h if it is projected vertically

from ground with u
Solved Numerical

Q6) Two particles are projected at the same instant from point A and B on the same horizontal
level where AB = 28 m, the motion taking place in a vertical plane through AB. The particle
from A has an initial velocity of39 m/s at an angle sin™! (5/13) with AB and the particle from B
has an initial velocity 25 m/s at an angle sin"!(3/5) with BA. Show that the particle would

collide in mid air and find when and where the impact occurs

Solution
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Topic 3 Motion in two dimensions

If both the particles have same initial vertical velocity v

A

usino, vsina,
U v then only particles will collide so that for collision both
particles must be at same height
oy (12
> <
UCOS 04 veosa, Vertical velocity of particle at A = usina: =39(5/13) =15
28M—— m/s

Vertical velocity of particle at B = vsina2 = 25(3/5) = 15 m/s

Since both particles have same vertical velocity they will collide

Since both the particles have travelled in all horizontal distance of 28 m
Therefore 28 = [ucosa: + vcosa:z ]t

Now sina: = 5/13 thus cosa: = (12/13)

sinaz = 3/5 thus cosaz = 4/5

Substituting values in equation (1) we get

28 = [39(12/13) + 25(4/5) ]t

28 =(56)t

t = 0.5 sec. Particles will collide after 0.5 sec

Now Horizontal distance travelled by particle from A =[ ucosa:]t =[ 39 (12/13) ]0.5= 18 m
And vertical distance travelled =[ usinai]t - (1/2)gt?

=[39(5/13)](0.5) - [0.5(9.8)(0.5)?] = 6.275 m

Hence particle will collide at height of 6.275 m and from 18 m from point A

Q7) A particle is projected with velocity v from a point at ground level. Show that it cannot

clear a wall of height h at a distance x from the point of projection if
v? > g(h+VxZ + 1h?)

Solution:

From the equation for path of projectile

x> 1

= h =xtana —=———
y 202 cos?a

2

gx 2
h = xtana — =— (1 + tan“a)
2v2

Page ]2
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Topic 3 Motion in two dimensions

This is a quadratic equation in xtana which is real. Therefore the discriminate cannot be

negative.
2 2
itanzoc — xtana + &+ h=0
212 212
Here
2 2
g gx
= -, b = 1, = h
a 212 ¢ 212

Now Discriminate D = b2-4ac = 0

g [(gx*+2v?h
124(33) (72172 )
v* > g?x? + 2v?hyg
v? > g(h+\/x2 + hz)

Q8) Two ships leave a port at the same time. The first steams north-west at 32 km/hr and the
second 40° south of west at 24 km/hr. After what time will they be 160 km apart?

Solution
N
A As show in figure ship goes with 32 km/hr and ship goes with 24 km/hr
459 We will find relative velocity of Ship A with respect to B so we will get at
W 4 0 E  what speed ships are going away say Vr
B I—/R = ‘_/)A - VB

VRZ = VAZ + VBZ - ZVAVBCOS85

Ve = /1024 + 576 — 2(32)(24)(0.0872)

km
hr

Vz = 38.3
Let t be the time for ships to become 160km apart
38.3xt=160 - t= 4.18 hr

Q9) A object slides off a roof inclined at an angle of 30° to the horizontal for 2.45m. How far

horizontally does it travel in reaching the ground 24.5 m below

Pase L3
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Topic 3 Motion in two dimensions

Solution

As shown in figure component of gravitational acceleration along the inclined roof is, a=gsin8
= 9.8%x(1/2) = 4.9 m/s?

vZ = u? + 2as

vZ =02+ 2x4.9%2.45 = v = 4.9m/s

: Now horizontal component of velocity which causes horizontal

displacement.

@

V3
Vy, = Vcos30 = 4.9x7
Vertical component v, = Vsin30 = 4.9><%= 2.45m/s

Vertical displacement h = ut +-at?

1
24.5=2.45><t+§><9.8><t2

2t2+t-10 =0
Roots are t = 2.5s and -2s

Neglecting negative time

3
Horizontal displacement = 2.5 X 4.9 X -5 = 10.6 m

Q10) Two seconds after the projection, a projectile is moving in a direction at 30° to the
horizontal, after one more second, it is moving horizontally. Determine the magnitude and
direction of the initial velocity.

Solution

Given that in two second angle changed to zero from 30°.

Let y component of velocity at angle 30° by v’y and final velocity = zero.
0 = V'y-gt

Viy=g

Now if V" is the velocity at 30°, then V'y=V'sin30

~g=V'(1/2)or V' = 2g

And x component which remains unchanged = vcos30

V3
Vx=2g><7=g\/§

Now in 3 seconds after projection velocity along y axis becomes zero

0= Vy - gt but x component remains unchanged

pase L 4:
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Topic 3 Motion in two dimensions

Vy = 39

V=VZ+V
V2= (g\/§)2 + (39)% = 2gV3

— Y _ 398 _ —600
Angle tand = S E V3 8=60
Q11) A projectile crosses half its maximum height at a certain instant of time and again 10s
later. Calculate the maximum height. If the angle of projection was 30°, calculate the
maximum range of the projectile as well as the horizontal distance it travelled in above 10 s.

Solution
B Time taken by projectile to travel from point B to C is 5 sec.
And during this time it travels H/2 distance show by BE. Since point
B is highest point no vertical component of velocity hence it is a
E
A @ free fall thus

§=%X9.8xt2 ~H=245m

O <—t=10s > D Angle of projection 30° given, from the formula for height

3 u?sin?6
=34
245 — u?sin?30 3 u?
- 29 8y
u = 138.59
From the formula for range
u?sin20
R=—=16974
2g

In 10s horizontal distance covered by the particle = ucos30 x10 1200 m

Q12) A projectile is fired into the air from the edge of a 50-m high cliff at an angle of 30 deg
above the horizontal. The projectile hits a target 200 m away from the base of the cliff. What
is the initial speed of the projectile, v?

Solution
TN Let v be the velocity of projectile
Velocity along x-axis, Vx= vcos8
Let t be the time of flight
o Displacement along x-axis X, 200= (vcosB) t
200 m ’ t= UiSSH ———eq(1)

Velocity along Y-axis vsin8

Page 1 D
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Topic 3 Motion in two dimensions

Displacement along Y-axis 50 = —(vsin@)t + égtz ———eq(2)

Substituting value of t from eq(1) in eq(2) we get

50 = —(vsing) 200 +1 (200 )2
B vsin vcos6 2‘9 vcosf

1 200 \?
50 = —(tan6)200 + —9.8( )

2 vcos6
200 \?
50 + (tan30)200 = 4.9( )
vcos30

~ 4.9 x 2002
V= 05230 x [50 + 200zan30]

V= 39.74 m/s

Q13) A perfectly elastic ball is thrown on wall and bounces back over the head of the thrower,
as shown in the figure. When it leaves the thrower’s hand, the ball is 2m above the ground
and 4m from the wall, and has velocity along x-axis and y-axis is same and is 10m/sec. How
far behind the thrower does the ball hit the ground? [assume g = 10 m/s?]

wiall

2

{—4m—}
Solution
Displacement along x axis, 4 = 10(t), - t= 0.4sec

Displacement along y-axis
1
y = 10(0.4) —510(0.4)2 =32m
Thus ball struck the wall at height 2+3.2 = 5.2 m

Velocity along y-axis of ball when it struck the wall ( use formula v=u+at) 10-

10(0.4) = 6m/s

When ball rebounds, direction of y component of velocity remains unchanged. But x
component get’s reversed.

Component of velocity after bounce are vx = -10m/s and vy = 6m/s
Angle with which it rebounds tan® = 6/10 = 0.6, 6 =35°,

With negative x-axis

Now H = 5.2, Time taken to travel H

5.2 = - 6t + 2 x10xt?

Root of equation t = 1.78 sec.
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Topic 3 Motion in two dimensions

Distance travelled along x-axis = 1.78x 10 = 17.8 m
Ball falls behind person = 17.8 -4 = 13.8 m

Q14) An aeroplane has to go to from a point O to another point A, 500 km away 30° east of
north. A wind is blowing due north at a speed of 20 m/s. the air —speed of the plane is 150
m/s. [ HC Verma, problem 49]

Solution

In fig(a) Vector W represents
30° direction of velocity of wind.
iy Vector P represents direction of
plane and vector R represents
20mfs  position where plane has to go.

In fig b. Wind velocity vector W is
added to velocity vector of plane
P. and R is resultant velocity.

From the geometry of fig(b)
15Dmx5 +,0AP = 30°

o
30 20

o

8| By sine formula

fla figb e
Sina = 0.066 or a = 3°48’

Thus angle between Wind and Plane of velocity is 30+3° 48’ = 33°48’

Thus R? = W2 +P? + 2WPc0s33°48’

R2 = 202 + 1502 + 2x20x150 (0.8310) =27886

R =167 m/s

Distance is 500km time taken t

, _ 500,000

= 2994
167 99%s

Q15) Airplanes A and B are flying with constant velocity in the same vertical plane at angles
30° and 60° with respect to the horizontal
&A respectively as shown in figure. The speed of A is

100V3 ms~! . At time t = 0 s, an observer in A finds B

o B at distance of 500 m. This observer sees B moving

L with a constant velocity perpendicular to the line of
% motion of A. If a t = to, A just escapes being hit by B,

to in seconds is

30 /\60°
1 Solution:
From the geometry of figure V = Vatan30
1
V =100V3 x = =100m/s

Distance for V is 500 m

to = 500/100 = 5sec

Q16) A rocket is moving in a gravity free space with a constant acceleration of 2 ms=2 along +

S
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Topic 3 Motion in two dimensions

x direction (see figure). The length of a chamber inside the rocket is 4 m. A ball is thrown from
the left end of the chamber in + x direction with a speed of 0.3 ms~1! relative to the rocket. At
the same time, another ball is thrown in —x direction with a speed of 0.2 ms~! from its right
end relative to the rocket. The time in seconds when the two balls hit each other is

a=2ms™
0.3ms™" 0.2ms™' %
B— e ——— ()
h 4m 5
Solution:

Let A have velocity 0.3m/s and B have velocity 0.2 m/s.

Ball A will face acceleration opposite to its motion as rocket is moving with positive
acceleration Thus A ball will travel first in positive direction then negative direction. Ball B will
travel up to the wall opposite for collision

For ball B direction of acceleration is in the direction of velocity i.e. 2m/s?
1
4=0.2><t+zx2xt2

Rootist =1.99 = 2s
Thus balls will collide after 2sec

Q17) A coin is drop in the elevator from height of 2m. Elevator accelerating down with certain
acceleration. Coin takes 0.8 sec. find acceleration of elevator

Solution:
Since elevator is going down with positive acceleration.

Resultant acceleration of coin = g-a,

1
2=0+E(g—a)1f2

1
2=0+5(98 - a)(0.8)?

a = 3.55 m/s?

Q18 ) A particle starts its motion at time t = 0 from the origin with velocity 10j m/s and
moves in X-Y plane with constant acceleration 8i+2j

(@) At what time its x-coordinate becomes 16m? And at that time what will be its
y co-ordinate?

(b) What will be the speed of this particle at this time?
Solution:

From equation of motion

=
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S
+
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=
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=
N
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Topic 3 Motion in two dimensions

1
xi+yj =10t + 5(82 + 2))t?

xt+yf = (4t2)1 + (10t + t?)f

Thus
x = 4t?

When x = 16

16 = 4t2 ,t =2 sec

Now y = 10t+t? at t = 2 sec

Y =20+4 =240 m

b) o
v=u-+at

¥ =10j + (81 + 2j)t
t =2 sec
¥ =10f + (81 + 2j) x 2
¥ = 160 + 14§
m’=\/W= 21.26 sec

Q19) A particle is projected with certain velocity as shown in figure.

B C

0

If the time interval required to cross the point B and Cis t:
And the time interval required to cross D and E t2
Find t22 - t12

Solution : We know that any projectile passes through same height for two time. Velocity of
projectile along Y axis vertical is usiné

Let point B and C be at height hi. Thus time difference can be calculated as follows by forming
equation of motion

1
h, = usinft — Egtlz

gt? — 2usinft + 2h; = 0

pase 1.9
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Topic 3 Motion in two dimensions

Above equation is quadratic equation having two real roots which gives time require to cross
same height while going up which will have smaller value than time required to pass same
height while going down

In this equation a = g, b = 2usind and c = 2h;
Discriminate D = vb? — 4ac

On substituting values of a,b c in above equation

VD = \/4u2sind? — 8gh,

If « and B are the two roots then difference in two roots will give us the time difference
between time taken by projectile to cross the same height

_ VD _ J4u?sing? — 8gh,  2\/u?sinf* — 2gh,

a—p =
a 9 9
Thus
2 /u?sin6? — 2gh,
tl =
9
Similarly
2 /u?sinf? — 2gh,
tz =
9
2 4(u?sinB? — 2gh,) 4(u*sinf? — 2gh,)
2 U= -

9° g?
2 2 4
ty —tf = E(Zghl —2gh,)
8
tzz _t12 =E(h1_h2)
Now hi-h2 = h as shown in figure
t; —tf =—

Q20) A ball is projected from a point A with velocity 10m/s. Perpendicular to the inclined plane
u as shown in figure. Find the range of the ball on inclined plane

Solution:
30

We will turn the inclined plane and make it horizontal, and solve the
problem in terms of regular projectile problem. Now gravitational acceleration will be, From
figure component of gravitational acceleration perpendicular
to x-axis is gcos30 and acceleration parallel to x-axis will be
gsin®

When we turn the plane then component of velocity along the
plane will be zero
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Now when projectile reaches the ground displacement along vertical is zero

1
0 =10t — Egcos30t2

40 40 4

t= —=—

" gV3 10v3 V3
Thus time of flight of projectile is 4/v3
Now gravitation have component along slope is gsin30 as show in figure

Now displacement along the slope = 0 +1/2gsinét?
1
R=ut+ Egsin30t2

R—0+1 i 3016
= 5 gsin30—

If g=10 then R=40/3 m

Q21) A shell is fired from a gun from the bottom of a hill along its slope. The slope of the hill is
a =30° and the angle of barrel to the horizontal is B

u = 60°. The initial velocity of shell is 21 m/s. Find the

distance from gun to the point at which the shell falls

Solution:

Note that projectile fired with angle of 30° with slope.
Now if we rotate the plane then

Velocity along x-axis is ucos30 and velocity along y
axis is usin30

Component of gravitational acceleration perpendicular
to x axis is gcos30 and parallel will be gsin30

g This time of flight. Displacement along y-axis is zero

1
0 = usin30t — 5‘960530152

2u

t=——
gVv3

Displacement along x axis Range
1
R = ucos30t — Egsin30t2

V3 2u 1 14u?

=U———=—=g-=—
2 gy3 272392
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Topic 3 Motion in two dimensions

2 2

_u u
g 39
R—uz(l 1>_2u2
g 3/ 3g
_2(21%)
T 3x98

Q22) A particle is projected with velocity u strikes at right angle a plane inclined at angle B
with horizontal . find the height of the strike point height

Solution

As show in figure let object strike at point height h,
3 initial velocity be u and angle of projection be 6

/f \ A with horizontal

/ gsinp Now gravitational acceleration perpendicular to
inclined to plane.
O 1 If we rotate the inclined plane make it horizontal
gcos then angle of projection will be (6 - B)

Component of velocity along x aixs will be ucos(6 -
B) and along y axis is usin (6 - B)

Gravitational acceleration perpendicular to plane is gcosp and parallel to plane is gsinp

Particle strike at 90° with horizontal . i.e velocity along x axis is zero, and displacement along
vertical is zero. Thus we will form two equations

At the end of time of flight t velocity along x-axis is zero form equation of motion
V =u - at
0 = ucos(6 — B) — gsinfit

. ucos(0 — )

gsinf ———ea)

Displacement along x-axis That is OA or range
1
R = ucos(6 — p)t — Egsinﬁt2

Substituting value of t from equation 1 we get

B ucos(@—pB) 1 . u%cos?(0—p)
R = ucos(0 — B) T gsing 2 T s’
R - u?cos?(8 — ) u?cos?(60 —B)

a gsinf - 2gsinf

3 luzcosz(ﬁ -B)

2 gsinf AR

Since 6 is assumed must be eliminated by following equation

Displacement along Y axis zero
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1
0 =usin(6 — Bt — Egcosﬁt;2

B 2usin(6 — B)
‘T gemp O

From equation 1 and 3 we get

2usin(8 — B) _ ucos(6 — p)
gsinf - gsinp

tan(6 — B) =

0 = ucos(6 — B) — 2usin(6 — B)

tan(@ — B) = %Cotﬁ ———eq(4)

From trigonometric identity
sec?(@—B) =1+ tan?(6 - p)

From equation 4

1
sec2(@—-p) =1 +Zcot2[>’

As secO = 1/cos@ thus

cos?(8 — ) = ——eq(5)

4+ cot?f
Substituting equation 5 in equation 3 for range we get

R = 1 u?4
"~ 2gsinf (4 + cot?p)

R = 2u?
"~ gsinfB(4 + cot?p)

Now from figure h = OAsin

. 2u? o 2u?
"~ gsinB(4 + cot?p) sinf = g4 + cot?p)

Cot may be converted in terms of sine and cos using identity

Q23) To a man walking on straight path at speed of 3km/hr rain appears to fall vertically now
man increased its speed to 6km/hr, it appears that rain is falling at 45° with vertical. Find the
speed of rain Ans 3v2

Solution

It is not given the angle of rain let it be 6 with vertical.
Vrm = Velocity of rain with respect to man

Vro = Velocity of man with respect to observer

Vmo= Velocity of man with respect to observer

Now
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Vim = Vro + Vom 0Or Vim = Vo — Vmo. NoOw refer to vector diagram
Case I When speed of man Vmo =3 km/hr
ny From figure sin® = Vmo/Vim = 3/Vim

Or VimSio = 3 eq(1)

=X

uru
Ul‘l‘nﬂ
Casell When speed of man Vmo = 6km/hr
Y From adjacent figure Resolution of Vro aiong X-axis and Y
axis are Vrosind and VroCos6
0 Also note that BA = Vmo - VreSingd
Vro sin
0 VroSiNG_ . BA=6-Vesind And OA = Vsocosd
Vino .
0 v LanAs = BA 6 —V,,sind
ro = 1T T oed
Vrm 45 0A V,.,cos0
As tan45 =1 .~ VwC0osO = 6 - VreSingd
B A Vo sing- from casel equation we know that Vrsing = 3
mo VroC0sB = 6-3 = 3 eq(2) . By squaring and adding

equation 1 and 2 we get Vi =3V2

Q24) Two cars C and D moving in the same direction on a straight road with velocity 12m/s
and 10m/s respectively. When the separation in then was 200m. D starts accelerating so as to
avoid accident.

Solution
Relative velocity of C with respectto D = Vc — Vo = 12-10 = 2m/s or u =2m/s
Initial separation or distance is 200m

To avoid accident velocity of D should increased to 12m/s, so that relative velocity of C with
respect to D become zeroorv =0

Relative acceleration of C with respecttoDar=0-a = -a
Using formula

v2= u? +2ar s we get

0 = 4 - 2a(200)

ar=0.1m/s
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Q25) A ball rolls off the top of a staircase with a horizontal velocity u m/s. if the steps are h m
high and w m wide the ball will hit the edge of which step.

Solution:

By forming two individual equation in one dimension and by connecting them through time we
will get necessary equation for n

Let ball hit the nt" step, there no initial component of velocity along vertical direction, as ball
rolls in horizontal direction

Horizontal displacement =nw eq(1)

Horizontal displacement=ut eq(2)

from eq(1) and eq(2) we get ut=nw

t=nw/u eq(3)

Vertical displacement=nh eq(4)

vertical displacement="2 (g) t?

nh="2 (g) t* eq(5)

substituting value of time t from eq(3) in eq(5) we get
nh="2 (g) (nw/u)?

2hu?
n= >
gw
Q26) A particle is projected from a point O with velocity u in a direction making an angle a
upward with the horizontal. At P, it is moving at right angle to its initial direction of projection,
What will be velocity at P.
Solution

vcos(90 - &)

As shown in figure component of u along x-axis is ucosa
At point P it changes its direction by 90° let velocity be v
Then component of v along x-axis is vcos(90-a) = vsina

Thus ucosa = vsina

v = ucota
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