Noninertial Reference System




Example 3

A wheel of radius b rolls along the ground with constant forward speed V.
Find the acceleration, relative to the ground, of any point on the rim

Let us choose a coordinate system fixed to the rotating wheel, and let the moving
origin be at the center with the x'-axis passing through the point in question
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Example 4

A bicycle travels with constant speed around a track of radius p.
What is the acceleration of the highest point on one of its wheels?
Let V, denotes the speed of the bicycle and b is the radius of the

wheel.

Origin at the center of the wheel.

x' point toward C .

z' axis is vertical .

.oy

Rotating coordinate system with the wheel.



Rotating around C with angular velocity
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The acceleration of the moving origin 4,
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Each point on the wheel ( moving of radius b )
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Each point on the wheel ( The velocity of this point )

U’ = _j’VO






Vo : V§ .
2w X v'= Z(Fk,) X (—=j'Vy) = 2701’

a
=a'+toXr"+2wxv +wXx(wxr)+ A,

a=a +0+2wxv' +0+ 4,

743 73
V2 VZ VZ — _ ,_O _O.,
a=—k'—-+2—=>i + =i ‘ a=-k b+3pl




3. Dynamics of a particle in a Rotating Coordinate
system.

F = ma

Where F is the vector sum of all real, physical forces acting on the particle.

ma =F —mAy—2m(w Xv) —mow Xr' —mw X (v X1')
Transvers force  F/,.g e = —mw X1’
Coriolis force F.., = —2m(w Xv')

Centrifugal force F/, .. = —mw X (w X1")
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Example 5

A bug crawls outward with a constant speed v’ along the spoke of a
wheel that is rotating with constant angular velocity w about a vertical
axis. Find all the apparent forces acting on the bug.

F' = thy —mAy + Ft’rans + For + Fc{entr

Let the bug crawls along x’ — direction

r' =ix =iv't




Let choose z' — direction to be vertical ‘ w=kuw

mit' = F —mAyg —2mw X1' —mow Xr' —mw X (w X1')

Coriolis force

—2mw X717 = —2mwv’' (k' Xi") = -2mwv’j’



Transverse force

—mw Xr' =0 w 1S constant

centrifugal force
—mw X (w X1r") =—mw?[k'x (k' xi'x")]

— —m(,l)z [kl lexl]

= mw?x'i’



mit' =F —mAy —2mw X1 —mw Xr' —mw X (w X1r'")

0=F—0-2mwv'j —0+mw?x"i’

0=F —2mwv’j + mw?x'i’
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In Example 5, Find how far the bug crawl before it starts to slip,

given the coefficient of static friction yug between the bug and the
spoke.
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