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Motion in a Plane - Concept 9

Uniform
Circular Motion

Decoding the geometry, formulas, and
kinematics of constant-speed circular paths.




The Constant Speed
Paradox

An object follows a circular path
at a uniform (constant) speed.

Because the velocity vector's
direction changes continuously,
the velocity itself is changing.
Therefore, the object is
continuously accelerating.

v |

= constant speed ;

v_hat
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= changing direction




The Limiting Process: At = 0

Large At Smaller At

As At = 0, the average acceleration becomes the instantaneous
acceleration, directed perfectly toward the centre.
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The Geometric Proof (Similar Triangles) &
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Position Triangle Velocity Triangle

Av / v =Ar / R
Av = v (Ar / R)
ac = lim(ﬂt_,@} (ﬂV - At) = (V / R) -Lim(ﬂt_,@)(ﬂr i At)




Bridging Linear and Angular Descriptions

Linear G.Angular

——— >

Distance traveled: As Angular Distance: A©

Angular Speed:
w = A0 / At

Linear Speed:
v =As / At




Core Formula

Angular Velocity Linear-Angular Bridge

A6

= — v =Rw
At

),

Angular Acceleration Bridge Frequency-Velocity Frequency-Acceleration

a. = w°R v = 2nRv a. = 4m*v*R

L
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Where T 1s time Eerimd and v = 1/T 1s freauenci.



. o : A
ATRAP ALERT: The ‘Constant’ Misconception o

Centripetal acceleration's MAGNITUDE is

constant (v2/R), but its DIRECTION keeps
changing to always point to the centre.

Because direction changes continuously, centripetal
acceleration is NOT a constant vector. Therefore, the
standard straight-line kinematic equations (like

v = u + at) DO NOT APPLY to uniform circular motion.
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Worked Example 3.9

An insect trapped in a circular groove of radius R = 12 cm moves steadily
and completes 7 revolutions in 100 s. Find the angular speed (w), linear
speed (v), and the magnitude of acceleration (a,).

wW=20 T =21 B / 100) =§0.48¥ radjs
vV =N RE=a0 . 44 S8INE=R5 . 3 cm/S

=N 2R R =R () A A R R = e S N C TS =

Acceleration magnitude is 2.3 cm/s?, pointing to the center.




Key Takeaways: Uniform Circular Motion A
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Centripetal acceleration (a_.) always points
to the centre. It has a constant magnitude
but an ever-changing direction.

The fundamental bridge connecting linear and

angular kinematics 1s v = Rw.

Centripetal acceleration can be equivalently
expressed as a, = v°/R or a_, = w?R.
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