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Chapter 11 Solutions
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1)

The angular momentum is given by Eq. 11-1.

L=Io=MR®=(0.210kg)(1.35m)’ (10.4rad/s) = | 3.98kgem’ /s

2)

(@) The angular momentum is given by Eq. 11-1.

) ) 2| (1300 rev [
L=Ilo=+MR ®»=1%(2.8kg)(0.18 m) |:{ ]

27 rad } ‘ 1 min }
Imin /i lrev /i 60s |
v 4
=6.175kgem’ /s = |6.2kgem /s
(b) The torque required is the change in angular momentum per unit time. The final angular
momentum is zero.
2
_L-L, 0-6.175 kg'm‘fs B
At 6.0 s
The negative sign indicates that the torque 1s used to oppose the initial angular momentum.
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3)

(a) Consider the person and platform a system for angular momentum analysis. Since the force and
torque to raise and/or lower the arms 1s internal to the system. the raising or lowering of the
arms will cause no change in the total angular momentum of the system. However. the
rotational inertia increases when the arms are raised. [Since angular momentum is conserved. an|
Lincrease in rotational inertia must be accompanied by a decrease in angular velociry.‘

@, 0.90rev/s
b) L=L, — Lo=Io, — I,=I—=I——""=12861,=13],
@, 0.70rev/s

The rotational inertia has increased by a factor of .

15)

Smce there are no external torques on the system. the angular momentum of the 2-disk system 1s
conserved. The two disks have the same final angular velocity.

L=1, — Io+I(0)=2I0, — |0, =10




23)

Use the definitions of cross product and dot product. in terms of the angle between the two vectors.
‘A p I_i| =A-B — AB|si11 6'| = ABcosfd — |sin 9‘ =cosf

This 1s true only for angles with positive cosines, and so the angle must be in the first or fourth

quadrant. Thus the solutions are & = 45°.315°. But the angle between two vectors 1s always taken

to be the smallest angle possible. and so & = .

25)

We choose coordinates so that the plane in which the particle
rotates is the x-1 plane. and so the angular velocity is in the =
direction. The object is rotating in a circle of radius rsiné.
where & 1is the angle between the position vector and the axis of
rotation. Since the object is rigid and rotates about a fixed axis.
the linear and angular velocities of the particle are related by

v = @rsin 8. The magnitude of the tangential acceleration 1s

a, = arsmné. The radial acceleration is given by

1 Vv . . .

a, =——— =v——— =vw. We assume the object is gaining |
rsimné rsimé

speed. See the diagram showing the various vectors involved.

The velocity and tangential acceleration are parallel to each other. and the angular velocity and
angular acceleration are parallel to each other. The radial acceleration is perpendicular to the
velocity. and the velocity is perpendicular to the angular velocity.

We see from the diagram that, using the right hand rule, the direction of ag is i the direction of

®xV. Also.since ® and v are perpendicular. we have | ‘?-'| = @v which from above is

—_

v = a,. Since both the magnitude and direction check out, we have |a; = @ x¥|.

We also see from the diagram that. using the right hand rule. the direction of a__ 1s in the direction

of @ xr. The magnitude of axris |E.t' xr| = ¢rsm@, which from above is e7sind =a_. Since

both the magnitude and direction check out, we have |a_ = axT|

33)

The position vector and velocity vectors are at right angles to each other for circular motion. The
angular momentum for a particle moving in a circle 1s L =rpsin@ = rmvsin90° = myv. The moment

_— . . q
of mmertiais 1 =mr".
L (mv) mr™' _ m?
— = = = =smv = K
27 2mr 2mr 2

-

. P : L .
This is analogous to K = = relating kinetic energy. linear momentum. and mass.
5
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35)

See the diagram. Calculate the total angular momentum about the origin.
L=Fxp+Lx(—p)=(F-T1)xp _

The position dependence of the total angular momentum only depends on

the difference in the two position vectors. That difference 1s the same no D

matter where the origin is chosen. because it is the relative distance T
between the two particles.

41)

(@) We assume the system is moving such that mass B is moving down. mass A is moving to the
left. and the pulley is rotating counterclockwise. We take those as positive directions. The
angular momentum of masses A and B is the same as that of a point mass. We assume the rope
is moving without slipping. so v=a R

L=L,+L,+L, =M\ R +MyR, +I0=M,vR,+ MR, +fE

= ’{MA +MB)R°+i‘lv
! R )

(b) The net torque about the axis of the pulley is that provided by gravity. M gR,. Use Eq. 11-9.

which 1s applicable since the axis 1s fixed.

dL d|
Zz‘:? — My2gR, = f[(M + M)

1’:{:(MA+M é]

M,gR, [ Mg

: — -
{MA+MB]RG+E‘ M, +My+—
X 0./

=t
I

51)
Linear momentum of the center of mass 1s conserved in the totally inelastic collision.
my
Posar = Poon — MV = [:m +M)vc_\{ = |Yeu =
final gt M+ M

Angular momentum about the center of mass of the system is conserved. First we find the center of
mass. relative to the center of mass of the rod. taking up as the positive direction. See the diagram.

m(L+é)+M(0) mé
y = =
o (m+2) 4(m+M)
The distance of the stuck clay ball from the system’s center of mass is found.
mé M{

1

Vesy :%f_ycm :Tf_

4(m+M) - 4(m+M)



The distance of the stuck clay ball from the system’s center of mass is found.
mé ME

1

Vaw =3t~ Var =3¢~ =
o ot a(me M) A(m+M)
We need the moment of mertia of the rod about the center of mass of the entire system. Use the

parallel axis theorem. Treat the clay as a point mass.

. ) mé
I =iM#+M|————
4(m+M)
Now express the conservation of angular momentum about the system’s center of mass.

— mvy, = (Imd + Ich?}mﬁm —

Loy =L
o = Nh:‘i,-‘cla}_ B mv}}ch}l
final - .
(Imd + fch}-) ) s mé ,
MO +M| —— | +my,,
4(m+M)
Mé
my—m7 ——
= 4(m+M) 3 12mv(m+M)
1 2 mé i f(?m'+11n*.*M+4M')
sME+AM| ——— | +m|———
4(m+M) 4(m+M)|

12mv
£ (?m —+ 4M)

54)
(a) The period of precession is related to the reciprocal of the angular precessional frequency
27 27le 2W[3Mig 2nf  27'f2, 2% (45tev/s)(0.055m)’

Mer er (9.8'0111_/"52 ](0.105 m)

T
Q  Mer

=2.611s=|2.65

27 fil , .
ﬁ derived above to see the effect on the period.

(b) Use the relationship T =
a1
2 e 2
27 fron T
new new / r ]2
. . disk . R
e Bl e | ww | T :‘:‘l:')
P 2 2 . =
Tm'gi-n-‘a] 27 frow Taa Tas | Taew 1/ 2
gr roo ’
=2(2611s) =5.2225=[5.2s)

So the period would double, and thus be T, =2T__

55)

Use Eq. 11-13c for the precessional angular velocity.

Me(ls . 9.80m/s*)(0.25
oMl tan) st _(OS0)OIM) o

Foa@  (0.060m)° (85rad/s)

Q= -
Ia TMr @



56)

The mass is placed on the axis of rotation and so does not change the moment of inertia. The
addition of the mass does change the center of mass position 7. and it does change the total mass. M.

to M.

, _M{Llfaﬂe)+%ﬂfffaﬂe:ﬂ'ffaxk:;f
e M+LiMm iy T
M er .
Q. o MGL)_,
g Mongn€lga M (34,,,)
I

Q.. =29 . =2(8.0rad/s) =|16rad/s



