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Motion in a plane

Two simultaneous projectiles

Consider two bodies ( A and B ) projected simultaneously from the same point. Let
u, and uy be their initial velocities and 6, and &, be their angles of projection of A

and B respectively.
Using § = yt + la t* for x and y components of motion, the position of A and B

are give by the relations

x,= u,cos(8,) L Jb/
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x.= u, cos(8.) — i
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Click here for simulation
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Motion in a plane

Two simultaneous projectiles

Horizontal and vertical displacements of A w.r.t. B are given by

Xuo= lu, cos(0.)=u. cos(8.)]

Vv

Voo = lu.sin(0,)=u, sin(0,)r  —1vi

Both relative horizontal and vertical displacements of B w.r.t. Increase linearly

with time. Eliminating ¢ from the above two equations the equation of path of B
w.r.t. Ais given by

b { u, sin(6, ) —u, sin(6,) ] Jb/’

X Vii o :
u, cos (8, )—u, cos(6,) P
Yag = M Xpp _.-“" ;
The above equation is of the form of e .E_\_) S
a straight line. Therefore motion of B el
w.r.t. A appears to be along a straight

line. Click here for simulation
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Trolley and projectile — case |

( Projection from ground )

Motion in a plane

Consider a trolley moving on a horizontal ground, with a uniform velocity v;. Let a
projectile be fired from the trolley at angle & and initial velocity u w.r.t. the ground.

For observer on the ground

u. = ucos(®)
u, = usin(@)
X = ucos(@)z‘

y = usin(@)z‘ — %gtz

TOF - 2usin(0)

o

R = ucos(@)x TOF

2 .
R - u S|n(2t9) )

|
t

g
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u” sin’ (@) .
H = i
28
Click here for simulation
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Motion in a plane

Trolley and projectile — case |

Click here for simulation

Consider a trolley moving on a horizontal ground, with a uniform velocity v;. Let a
projectile be fired from the trolley at angle @ and initial velocity u w.r.t. the ground.

( Projection from ground )

For observer on the trolley

vaVin rame — v o vrameo re
e © f et R. = [ucos(@)—m]x TOF
u, = ucos(é’)—v :
x ' 2usm(¢9)
R. = |ucos(@)- v, | L
u, = usin(@) © [ ( ) e
2 .+ 2
X = [ucos(@)— v, ]r H = u sin (6) — v
28
. 1
y = usin(0)1 - Egt Range appears to be less when seen from
trolley as the relative velocity of projectile
2usin(6’) w.rt. the trolley is less. TOF & H are
IOF = S unaffected as there is no change in u,.
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Motion in a plane

Trolley and projectile — case Il

Click here for simulation
( Projection from trolley )

Consider a trolley moving on a horizontal ground, with a uniform velocity v;. Let a
projectile be fired from the trolley at angle @ and initial velocity u w.r.t. the trolley.

For observer on the ground

Ve = vmoving frame T Vframe of ref R. = [u C05(9)+ v, ]x TOF
u, = HCOS(Q)"‘VT R. = [IiCOS(9)+ v, ]ZL{Sin(Q) .
u, = usinl@ 2 in2
v ©) H:usm(é’)”
X = [u cos(9)+ v, ] 1 22

:
_ : L2
y = usm(@)z‘ th _________ —
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Motion in a plane

Trolley and projectile — case Il

Click here for simulation
( Projection from trolley )

Consider a trolley moving on a horizontal ground, with a uniform velocity v;. Let a
projectile be fired from the trolley at angle @ and initial velocity u w.r.t. the trolley.

For observer on trolley

u. = MCOS(Q) R, = MCOS(Q)X TOF
u, = usin(@) R, = u’ sin(26’) — i
x = ucos(0)
2 . 2
y = usin(@)z‘—lgz‘2 g o= 43 ©) | .
2 2o

Range appears to be more when seen

from ground as velocity of projectile w.r.t.
B Zusin(é’) 5 y of proj

Is more . TOF & H are unaffected as there
is no change in u,.
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Motion in a plane

Projection on an inclined plane

Consider a projectile projected with initial velocity u at angle & w.r.t. the ground
towards an inclined plane. Let a be the angle of inclination of the plane w.r.t. the
ground. Problem is greatly simplified if we resolve u & g into components parallel
and perpendicular to the plane, i.e.

u,=ucos(@-a) u. = usin(@—a) — 2usin(@-a )

g, = gsin(a) g, = gcosla) gcos(a )

10OF

It is the time at which the
perpendicular distance w.r.t the plane
i.e. S, becomes zero

--------
‘‘‘‘‘‘‘‘
- hS
- .
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SJ_ - lfij_ r + gJ_Z ‘.o’
2 s Click here for simulation

0 = usin(@-a ) + %gcos(az)z‘2
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Motion in a plane

Projection on an inclined plane

Range along the plane H, w.rt the plane
R, = ucos(@—a)x TOF Using § = ut+%ar2 and 704 for L
2usin(@ - component of motion
RH: ucos(@—a)x usm( a) P
acos(a ) 1
H, =u, xTOA —-=g, (TOAY
P u’sin2(@—-a) = 2
| gcos(a ) i, - u’sin’ (0-a) | »
TOA w.r.t the plane 2gcos (a)

Using the condition that v, = 0 at the
highest point T

Vv, = usin(é’—a)— gcos(a)z‘

Click here for simulation

usin(@—a) — i
QCOS(CZ)
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Motion in a plane

The boat —river problem

Consider a river of width W in which water is flowing with uniform velocity vg.
Consider a boat which can move with a velocity v, (i.e. “in still waters ” ) and at an
angle 0 w.r.t the flow of water. The boat attempts to cross the river.

Velocity of boat w.r.t. the ground

Time taken to cross the river

vG — vmoving frame + vframe of ref = W

b= vy + vy, v,sin(@)

Voo = \/sz + vy, +2vev,,cos(B)

Angle of displacement w.r.t the normal
to the bank

a:tan'l[ v,sin(@) ]

vy, + v,c0s(0)

Click here for simulation
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