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6.14 Angular M of a Rolling Wheel

In this example we apply Eq. (6.13) to the calculation of the angular
momentum of a uniform wheel of mass M and radius b which rolls uni-
formly and without slipping. The moment of inertia of the wheel about
its center of mass is Ip = $Mb? and its angular momentum about the

center of mass is

R Lo = —Iww
x o= =M.

Ly s parallel to the z axis.  The minus sign indicates that Ly is directed
Inta the paper, in the negative = direction.

If we calculate the angular momentum of the center of mass of the
wheel with respect to the origin, we have

(R X MV), = — BV,

The total angular momentum about the origin is then

Ly = — kMW — MV
= —FMblw — Mbie
= —dMbtw,

where we have used the result V¥ = bw, which holds for & wheel that
rolls withaut slipping.

Torque also naturally divides itself into two components. The
torque on a body is

=3I xf

= E(I’:- + Ry % f;
(i x 1) + RxF, 6.14
where F = Zf; is the total applied force. The first term in Eq.
(6.14) is the torque about the center of mass due to the various
external forces, and the second term is the torgue due to the

total external force acting at the center of mass. For fixed axis
rotation w = «k, and Eq. (6.14) can be written

Te = 7o + (n X F:‘n 6.15

where 1, is the z component of the torque about the center of
mass. But from Eqg. (6.13) for L, we have

dL, i d
i -Fnd—t'-i-al:nxﬂ-f“).
= Iwx + (R x Ma), 6.16

Using r. = dL./dl, Eq. (6.15) and (6.16) yield
7o+ (R X F), = I + (R x Ma),
= T + (R x F),,
since F = Ma. Hence,
o = Jpax, 6.17

According to Eq. (6.17), rotational maotion about the center of mass
depends only on the torque about the center of mass, independent

of the translational motion. In other words, Eq. (6.17) is correct
even if the axis is accelerating.

Thesa relations will seem quite natural when we use them,
Before doing so, we complete the developmant by examining the
kinetic energy.

K = $Zmp?
= $Zmfp; + V)
= $Enp* + Em.,qij— - ¥+ $EZm, Ve
= 3w 4 LMV 6.18

The first term corresponds to the kinetic energy of spin, while
the last term arises from the orbital center of mass motion.



