42

Soln.:

Suppose that the new resultant becomes R'.

(b) When Q is doubled then @ becomes 20. ‘

R=P+20and R" AP

From, tfanef 2589 . _, (angpo-_268in6 ‘
A+ BcosO P +2QcosB
1 2QsinB |
= pee Bt
0 P+20cosd |
= 2Qcosf=-P cose=—i 0 ‘
20 =

Now according to question,

R=P+0 -

Putting value of cosO from equation nunaber (1)

=

R=+[P?+ Q% +2PQco0sd ‘

2 _E
JP +O +2PQ( QJ

¥

R=yP*+0*-P? |

= R=\/E s R=

RELATIVE MOTION

There is no meaning of motion without reference or
observer. If reference is not mentioned then we take the
ground as a reference of motion. Velocity or
displacement of the particle w.r.t. ground is called actual
velocity or actual displacement of the body. If we
describe the motion of a particle wr.t. an object which
is also moving w.r.t. ground then velocity of particle

w.rt. ground is its actual velocity (V,.;) and velocity of
the particle w.r.t. moving object is its relative velocity
(Vre) and the velocity of moving object (w.r.t. ground)
is the reference velocity (V). In the figure, let s and s’
be two reference frames with observers at O and O’
respectively pesition of particle P relative to frame s is |
75 while position of frames” relative to frame s is 7, at
a moment.

According to vector law of addition,
Fp: = Fps' + Fs's

Differentiating the

equation w.r.t. time, we get
deS B df- d T

dt dt dr
sothatf) —v o+ Vo

Differentiatmg agam, we get |

Apg = 8pg + Ay

Relative velocity of a body A4 with respect to body B,
when they are moving i the same direction is given by
Vg =V, —Vg.

Relative velocity of a body 4 with respect to body B
when they are moving in the opposite direction is given
by v, g=V,-V;.

The magnitude of relative velocity of a body 4 with
respect to body B, when they are inclined at an angle 8
is given by

V= \/vA +(vg) *2(vA ) (v3 )cos(180° - 6)

z\/vi +v129 —-2v,vgcosO
(vg)sin(180°~6)

(v4)+(vg)cos(180° - 8)

where ¥, and vz are velgcities of two bodies 4 and B,

VBSin 8

tanf = : g
V4 —vgCosH

P is an angle which v,; makes with the direction of v .

R =

/ 57
:Hﬂ—

Rain man problem : If ramn is fallmg vertically with a
velocity v, and a man is moving horizontally with speed

o' =

v,,, the man can protect himself from the rain if he
holds his umbrella in the direction of relative velocity
of raln w.r.t. man. If 0 is the angle which the direction of
relative velocity of rain w.r.t. man makes with the vertical,

v
then tanf=-™
Vv

Boat-river problem : Let 3 = velocity of boat in still

water, v, = velocity of flow of water in river, 4 = width

of river.

(a) To cross the river in the shortest path : Here it is
required that the boat starting from 4 must reach
the opposite point B along the shortest path 4B8. -
For the shortest path, the boat should be rowed
upstream making an angle 8 with 4B such that 4B
gives the direction of resultant velocity.

1l B
SO: Sin 6 = “"1 .

v ; i

2 N7 2 = ?3 + :
and v =vj ~v; a3 td

d d "N L

Also, t=— o .

v v 4 #
() To cross the river in the shortest time : For the

boat to cross the river in the shortest time, the
boat should be directed along 4B. Let v be the
resultant velocity making an angle 6 with 4B.

Then tan{iz:—z and v =17 +1)
1

Time of crossing, ¢ = d/v,.

Now the boat reaches ;
the point C rather ¢:
than reaching point B. :
If BC =x, then 2

v
tanf=-2 =
¥

iw

or x:dx[;
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©

if a man travels downstr#am in a river, then the time
taken by the man to cover a distance # is
= mm‘i-w. If 2 man swims upstream in a river,

Vi + VQ . -
then the time taken by him to cover a distance & is

fp = .
¥
tl _ ¥y~ Vs
iz vty

A river is flowing from west 10 east at a speed of

5 m/min. In what direction should. a man on the south
bank of the river, capable of swimming at 10 m/mig in still
water, should swim to cross the river {i) along the shortest
path (ii) in shortest time?

Seln. : (i) —g——

Along shortest path (48
The man will cross the river along the shortest path if the

resultant of ¥, and ¥, is along 4B

=gsin 30°

B B D

In shortest time:

d 3
Time = —=—""—+
v, veosd

Time will be minimum if cos $ is maximum i.e, =0,
The man shouid swim alomg AP ie, perpendicular to the
flow.

Ariver 400 m wide is Sowing af a rate of 2.0 m s~!. A boat
is sailing at a speed of i0 m s7! w.rt water, in a direction
perpendicular to the river.
{a) Find the tizne taken by the boat to resch the opposite
bank,
{b) How far from the peint directly opposite to ike starting
point does the boat reach. the opposite bank?
Soln. : {a) 7= A8 = @2 sec=4{sec ?
vor 18 >
Z 12
{b} Drfting of boat along the river
=t ¥vy=40%2m %8 m

E2Y
[#5]

A man is moving due east with a spesd 1 kea/hir and min
is falling vertically with a speed 3 Tm/hr. At what angle
from the vertical the man has to hold his umbrella to
keep the rain away. Also find the speed of rain drops
w.r.t. man.

)3
Soln. : tang = J_,’ G=30°
]

Vo= {1km hr "}i {eastward or )

T,’ = g{\j?} kmhr™ \3{~;}
=

e -
¥ (dewnward o1}

3 ;- g}
B | =(V3F + (1) =2km b

Angle of relative velocity with vertical is 30°, so the man has

to tilt his umbrella at 20° with vestical towards the east.

- - ¢

vﬁm Vi

Gn the ground a man 4 is moving with velocity
{37 ~47yms™! and another man B is moving with velecity

-1

[ (f+ ;ims™" relative tc.4. Find the velocity of B wit. ground.

Soln. : ¥p, =¥y, and Fp=¥5, +¥,

P or vy x§{§+f)+{3§—4j}]m st =(4;{.~3]"’\}m5—]

: A boy is running cn the plane road with velocity (v} with a
lomg hollow tube in his hand. The water is falling vertically
downwards with velocity u. At what angle to the veriical, he
must incline the tube so that the water drops enters in it

without touching its side

(a) tm"j(ﬁ\‘i {bj sm” 21’3}
a5 3 \u/

. vy
© (2] @ cos ™ )

Soli. {a) : Veloczty of water with respect to boy is given by

7.5 aod its inclination with vertical is given by

tan 5= hd :?4* >
§=- /ed

() e

i| ) . L; K Lz?

| PROJECTILE

®  Any body given an initial velocitymoves fieely in space
under the infiuence of gravity is cailed a projectile.

& A javelin thrown by aun athlete and a ball kicked dom
the ground level are. the examples of prejactile miotion.

¢  The path followed by a projectile is called its trafectors.

: Trajectory of a projectile is a parabola,

&  Projectile motion is a twe dimensional metion.

»  While stadying the prejectile motion, we have to malke.
E W0 assumpLions.




(i) The air resistance has no effect on the projectile
motion.

(i) Trajectories are of short range so that free fall
acceleration g remains constant in magnitude and
direction.

A Projectile Projected Horizontally from a Height Awith |

Velocity &
i

(1) Time taken by the projectile to reach the ground is

J2h1g.

(i) Time taken by the projectile to reach the ground
does not depend upon the velocity of projection
ie., u.

2h

(i1i) Horizontal range, x=ur=u

(iv) Equation of trajectory is y = 2g2 .
u

(v) Resultant velocity of the projectile at any time # is

(vi) Angle made by the resultant velocity with the
horizontal is tanf} = -gt.

(vii) Velocity of the projegtile on striking the ground

= \;uz +2gh.

A Projectile Projected with Velocity « at an Angle 6
with the Horizontal

8

(0,0) ucosh
(i) x = ucosOt

(R, 0)

(if) » = usindr - L gr?
(i) Equation of trajectory is
2

2u2co_s%‘
(iv) Velocity of the projectile at any time ¢ is

v= \/(ucose)2 + (usin 0~ gr)*

y=xtanf-

= \/uz +g*t? —2gtusin®

This velocity make angle 3 with horizontal.
_usinO-gt

tanf = =550

2 .
(v) Horizontal range, g =528

g
(vi) For maximum horizontal range, 8 =45°.

u
Ry =t |
(vii) Time of ascent = time of descent = usin®
g

|

(viii) Time of flight, T = 2451 sgine__

(x) Mamimum height 7 = ﬁssz_n_zﬁ,

(x) Horizontal range of projectile remains same when
the angle of projection is (a) 8 and 90° — 9 (b) (45°
+0) and (45° - 6)

(x) At the highest point, the projectile possesses
velocity only along horizontal direction.

(xii) At the highest point of projectile path, the velocity
and acceleration are perpendicular to each other.

(xiii) When horizontal range is » times the maximum
height, then tan® = 4/n.

(xiv) When the velocity of projection of a projectile
thrown at an angle 6 with the horizontal is
increased » times,

(a) time of ascent becomes » times

(b) time of descent becomes # times

(c) time of flight becomes n times

(d) maximum height is increased by a factor of »n?

(e) horizontal range is increased by a factor of »2.

Note : When the horizontal range is maximum, the time

of flight is
T - 2usinds® J2u ['.’sin45°=L]
g g J2
When the horizontal range is maximum, the
-2 2
: . _u°sin“45° 1u* _R,
maximumHeight, H = 2z 4 P

o  FEffect of air resistance : The air resistance decreases
the maximum height attained and range of the proj ectile.
It also decreases the speed with which the projectile
strikes the ground.

o  Effect of variation of g : Acceleration due to gravity
does not remain constant when the range exceeds say
1500 lem or so. Then the direction of g changes because
g always points towards the centre of earth. Due to
this, shape of trajectory changes from parabolic to
elliptical.

Motion of Projectile along an Inclined Plane

e  When a projectile is projected with velocity », making
an angle 6 with the horizontal direction up the inclined
plane, whose inclination with the horizontal direction
is O, then

=

o) e

() Range of projectile along the inclined plane is

2
R=—"—[sin(26~6) —sinBo]
gcos“ 0

(i) Time of flight on the inclined plane is
2usin(0-6,)
T=——
gcosfy



Kinematics

(iii) The maximum range on inclined plane is
u2
R = o (15 5in8g)
(iv) The angle at which the horizontal range on the
inclined plane becomes maximum is given as,
G= % + 8?0

A body of mass 1 is projected horizontally with a velocity v
from the top of a tower of height /4 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 24, it reaches the ground at a distance 2x from the
foot of the tower. Then what is the horizontal velocity of the
second body?

Soln. : For the first body, # =+ gt’ ()
(i)

and x = vt
From equations (i) and (ii), we get

_1(x2?

h=2¢g {V—ZJ ... (iii)

For the second body, let v* be the velocity of projection,
then

2
=1g [Qi] (i)

2 V2

Dividing equations (iii) by equation (iv), we get

or v =+/2v

The maximum range of a projectile fired with some initial
velocity is found to be 1000 metre, in the absence of wind
and air resistance. Find the maximum height A reached by
this projectile.

N

Seln.: R, =% =1000 m (R is maximum when 6 = 45°)
o
(o]
2. 2 2 2
gl _u L agse T 1000 o0
2g 2g 4g 4

Time taken by the projectile to reach from 4 to B is 7, then
find the distance 4B, B

7

00

A

Seln. : Refer the gure below. Horizontal component of velocity
at 4.

45

u
uy =ucos60°= 3

AB= ACsec30° = “E’ w2 u

V33

A projectile is given an initial velocity of i+2 f, Find the
cartesian equation of its path. (g = 10 m s™%)

Seln. : tanG= usinG _2
ucos@ 1
The desired equation is
o 2
y=xtan6'=—T°A—2—=xx2-— 10~ o
2u”cos” § _ 2(\/W)2 1Y
or y=2x-5x? W7+ \/?

Two bodies are thrown with the same initial speed at angles
o and (90° — o) with the horizontal. What will be the ratio of
(1) maximum heights attained by them and (ii) horizontal
ranges?

2
Soln. : Horizontal range, R = ¥ sin2e

2,42
and maximum Height, 7 = wsin §
2g
. ut . «?sin’ o
case (i)when 8 = ¢; Rj=—sm2a and 4, =————
8 2g

case (i1) when 8 = (90° — au);

_#%sin2(90°~ o) _ 1’sin(180° = 20)) & sin2ex

* g g g
2 20 _ 2 2
and szu sin“(90° — o) _ucosa
, 2 2g
i=ﬂl_#:m2a and &:1
H, cos a R,

A body is projected with the velocity «, from the point 4 as
shown in figure. At the same time another body is projected
vertically upwards with the velocity u, from the point B.

What should be the value of s for both the bodies to
L)
collide?

Soln. : The two bodies will collide, if they reach at a point
acquiring the same vertical distance in the same time.




