2D Motion Mechanics topic notes

2D Motion : Circular Motion

Summary of equations
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Describing the circle - position vector R
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i & j are unit vectors along the x and y-axis respectively.
The position vector R of a particle at P from O, at time t, is given by:
R=(rcosatdi + (rainat)j

As the position vector R rotates anti-clockwise, the particle at P traces out a circle of
radius I .
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The velocity vector V

The velocity vector V at an instant is given by differentiating the position vector R with
respect to t .

Here the unit vectors i & j, parallel to the x and y-axes, are centred on the particle at P.
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the magnitude of the velocity is given by:

|V|= ‘Vlr(—ﬁl.?" sin@)? + (arcos at)

T | - i
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= ,Jm 4d(ain® @t + cos® ad)
but sin® @t +cos® mt =1

|V|= 1!'&123"2

|V|= alr
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The acceleration vector A

The acceleration of the particle at P is given by differentiating V with respect to t .

SNt

= (—a‘rcosad)i + (—a’rsinat)j
but R=(rcosai)i + (rsin at)j
A--a'R

= |A|=—m2r
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Example

A satellite is moving at 2000 ms™ in a circular orbit around a distant moon.

If the radius of the circle followed by the satellite is 1000 km, find:

i) the acceleration of the satellite

ii) the time for the satellite to complete one full orbit of the moon in minutes(2d.p.).

1) @ 1g acceleration, v speed and » orbit radius,

g=—
»

substituting forv= 2000 ms™, »=1000 km(10%m)
2000 2000
e usstae ety
1ooooon

Ans acceleration of the satellite is 4 ms™

1) distance travelled by satellite in one orbit

circumference of orbit circle

2ar=2xx10°

dizt. travelled in one orhit

time for one orbit

speed, v

2rx10°
L3=1|]3;r
2%10

3142 secs. =52.36 mins.

Ans. time for one orhit is 52 36 mins.
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Non-uniform circular motion(vertical circle)

A more in-depth treatment of motion in a vertical circle is to be found in 'kinetics/more
circular motion'.

Here we look at the more general case of the acceleration component along the circle and
the component towards the centre varying.

-
U mards cortre —
dv
aah‘ng'lzug]t = E

Example

A particle starts to move in a circular direction with an angular speed of 5 rad s .
The radius of the circle of motion is 4 m, and the angular speed at time t is given by,

@w=15-7¢
What is,
i) the linear speed of the particle 6 secs. after it starts moving?
ii) the resultant particle acceleration?

(answers to 1 d.p.)
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1) r=4m I=6secs

v
W= Vv=@r
r
substituting for @ =15-73¢
va=r(l5-3)
—4(15-3%6) = 4(15-18) = 4 x (-3
=14

Ans. linear speed of particleis 12.0 ms™ (1d.p )

1) tangential acceleration component = =
i

@_d(mr‘)_rd_ﬁl
& & a

substituting for a =15-73¢

d_ d0s-3)

at dt

substituting for =4 m
v

—==3xd==12 ms™

2

; : v
radial acceleration component = —
r

Vo 12x12 144 "

F 4

36 ms

resultant acceleration R (using Pythagoras),
R = J(-12) + (36)° = 144 +1296 = 37.9

Ans. resultant acceleration is magnitude 37.9 ms™
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