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The differential shell of radius r and mass dm inside the sphere will possess differential

inertial dI = %dm -2, Therefore, the total inertial I = [ dI = %f dm-r? = %pde -T2,
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where p =density =M/ V= ~ and volume of shell dV = 4mr? - dr.

So I =%2ar [Rvt.ar =2MR2,
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(a) Linear motion: —f = —uN = —uMg = Ma, - a = —ug @ @ @
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Rotational motion: Tt = fR = la = %MR2 a,na = %ug

If vo 1s reduced to v’ to start pure rolling, then

Linear motion: v' = vy + at = vy — ugt

Rotational motion: w' = at = % ugt

And rolling starts when v’ = Rw', that is vy, — ugt = %ygtR. at= 7%‘; andv' = ;Vo-
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(b) v v§ + 2ax, where v - Vo and a Ug, = x om0

(a) Total energy of the system E is the sum of (1) potential energy of spring U = kx%/2, (i1)

kinetic rotational energy of pulley Kpuney = I@?/2, and (i11) gravitational potential energy

and kinetic energy of m U + K =+ mgx + mv?/2.

Therefore, E = %kx2 + %Iwz + %mv2 + mgx, where I = %MR2 and w = %.

SOE:%(m+%)v2+%kx2imgX- (BB - H4e24)

d%x 2k n mg(2m+M)

: d
(b) By using EE=O,weget F+2m+M[ + - 1 =0.
2
Let x’ =xiw,then d §'+ 2k _x'=0
2 dt 2m+M
So the angular frequency w = Zni’iM.



2017 Fall #4352 B - % - =x-Tpr 2017/12/01

(a) Tension at position x is F'= m’g = prx-g = M-x-g/L, where u is the linear density of rope.

®) ve0 = =g

(c) Total travel time t = % = f:% = g.



