2D Motion Mechanics topic notes

2D Motion : Relative Motion

One dimensional relative velocity(in a line)

Consider two particles A and B at instant t positioned along the x-axis from point O.

Particle A has a displacement X, from O, and a velocity V, along the x-axis. The
displacement X, is a function of time t .

Particle B has a displacement Xz from O, and a velocity Vg along the x-axis. The
displacement Xg is a function of time t .

The velocity Vg relative to velocity V, is written,

gVa = Vg - Va

This can be expressed in terms of the derivative of the displacement with respect to time.
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Two dimensional relative position & velocity

0

Particle A has a displacement I', from O, and a velocity V, along the x-axis. The
displacement I, is a function of time t .

Particle A has a displacement I's from O, and a velocity Vi along the x-axis. The
displacement Iz is a function of time t .

Relative position

The position of B relative to A at time { is given by the position vector from O, Ig_4 .
The position vector I'z_, can be written as,

gfa=Tg-Ia
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Relative velocity

0

Similarly, at time t the velocity vector Vg relative to velocity vector V, can be written,
BVa = Vg - Va

This can be expressed in terms of the derivative of the displacement with respect to time.
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Example #1

If the velocity of a particle P is (9i - 2j) ms™ and the velocity of another particle Q is (3i -
8j) ms™ , what is the velocity of particle P relative to Q?

pVg=Vp -V
= (9i~ 2 /)~ (3i-8))
—9i-3i+8j-2f

= (9 - 30+ (87— 2/)
—6it+6]

Ans. velocity of P relative to Q is (6i+6/) ms™
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Example #2

A particle P has a velocity (4i + 3j) ms™. If a second particle Q has a relative velocity to P
of (2i - 3j), what is the velocity of Q?

oVe=Vo- Vi
Va=qVp +Vp
=(2i-3f)+(4i+3f)
= 2i+4i-3j+3jf
= (i

Ans. velocity of Q 15 (68) ms™

Example #3

A radar station at O tracks two ships P & Q at 0900hours (t=0) .
P has position vector (4i + 3j) km, with velocity vector (3i - j) km hr .

Q has position vector (8i + j) km, with velocity vector (2i + 2j) km hr .

i) What is the displacement of P relative to Q at 0900 hours? (ie distance between ships).
Answer to 2 d.p.

ii) Write an expression for the displacement of P relative to Q in terms of time t .

iii) Hence calculate the displacement of P relative to Q at 1500 hours.
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D))
np=10(4i+3f) ry=(3i+ f)
= = H+30- 3B+ )
—4i+3j-8i-j
= 4i-8i- j+3jf
=i(—4i+ 2 )
magnitude of the displacement, using Pythagoras,
7= 7| = (-4 + ()
- 1644 = of20 = 447
Ans distance between ships at 0900 12 4 47 km.
ii)

#p tisplacement vector of P at time 0
7y, thsplacement vector of P at time ¢
#qo Yisplacement vector of O at time 0
*y. displacement vector of Q at ime ¢
[Vt | distance travelled by P in time ¢

|Vq.t| distance travelled by Q in time ¢

Tpy = Fpg + Vpl

=(di+ 371+ (3i- f)

=ttt Ve
=B+ Hi+(2i-2/)
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therefore the displacement of P relative to Q is given by,

T Tl TR T
= (4i+ 30+ (3i- - [(Bi+ HH+(28+ 2 ]
—Ai4 34+ 3dt— jt-Bi- f- 28— 2t
= (4i-80)+ (37— )+ 33— ft—2it- 2t
=(—4i+ 21+ (3i-2i- f- 2]t
=(—4i+ 21+ (i—- 371

0¥ Q= (—4i+ 21+ (i-37u

iii) using the result above for 1500 hours(t = 6)

pat gs= (—4i+ 21+ (I-36
= —4i+ 2j+6i-18]
w =il bf+ 2f~18F
= 2i-16f

loar 0z |= (27 + (16)°

=44 256 = +J260 =16.12

Ans displacement Prelative Q at 1500 hoursis16.12 km
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Two dimensional relative acceleration
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Similarly, if a, and ag are the acceleration vectors at A and B at time t, then the
acceleration of B relative to A is given by,
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