Assignment #10

Chapter 10 Questions:

10.2 Since L isdefined as the vector product of r and p, L will be perpendicular to both r and p.

10.3 If o =0rad/s, thisdoes not imply that the torque is zero because the angular acceleration may not be

zero even if the angular velocity is zero. |If the angular acceleration o is zero, then the torque must also
be zero.

10.6 The system with the greatest (Ieast) kinetic energy is that with the greatest (Ieast) moment of inertia.
Thus the greatest kinetic energy is that of the cylindrical hoop while the least is the sphere.

10.9 &) With Igy = PmR?, the ratio of KryadKre = 1P.
b) The ratio is independent of speed.

) The greatest ratio will occur for the object with the smallest B, which isa sphere. Theratio isequal to
1 for athin cylindrical shell or hoop since § isequal to 1.

10.18 @) Two forces so that F = 0 but T = 0 would be like

b) Tow forces so that F= 0 but T = 0 would be like

10.19 If the system is rotating with constant angular velocity, then the angular acceleration is zero and so isthe
total torque onit.

Chapter 10 Problems:
10.2
a) The position vector of the bird when it is at point (a) is
F=—(10.0m)ecos20+ (10.0 m )sin20° = (—9.4m )i+ (3.4 m)j.

The momentum of the bird at point (a) is

f=m¥=(500ke)(6.0m/s)i=(30kegm/s)i
The angular momentum is

L=Fxp=(-94mi+34m]j) x (30 kgm/s)i = —(1.0 = 10° kg-m? /s )k.



b) The position vector of the bird when it is at point (b) is
FT=(48m)cosd5i+ (4.8 m)sind5° =3 4mi+3.4mj
The momentum of the bird at point (b) is the same as at point (a):
f =m¥ = (5.00 kg )(6.0 m/s)i= (30 kgm/s)i.
The angular momentum is

L=Txp=(34mi+34mj)x (30 kgm/s)i = —(1.0 % 10° kg-m?/s k.

10.12 The position vector of the center of mass is found from the equation

M1T1 4 MaTo 4 MaTs
My + Ma 4+ Mg

¥ &

(100 kg )(0 m )i+ (2.00 kg )(4.00 m )i+ (3.00 kg )(6.00 m )i
- 1.00 kg + 2.00 kg + 3.00 kg

=(4.33m)i.

The moment of inertia of the system about an axis through the center of mass and parallel to the y-axis is
found from the sum of the moments of inertia of each particle about this axis. The 1.00 kg mass is 4.33 m
from this axis, the 2.00 kg mass is 0.33 m from the axis, and the 3.00 kg mass is 1.67 m from this axis.
Hence, the moment of inertia is

3
Z myry, = (1.00kg ){4.33m )? + (2.00 kg )(0.33 m )% + (3.00 kg )(1.67 m )*
i=1

=187 kgm? + 022 kgm® + 5.37 kg m?
=273 kgm?.

The system 15 not symmetric about this axis.

10.13 The total moment of inertia is the sum of the moments of inertia of the various parts about the
same axis, so

n

mAR- m
I = Lyisx + Toim + JE-[:n:-int. particles — ) + mR2 +4 (I) (




10.18
a) The total torque is the vector sum of the torque of the individual forces about the center of mass of
the text. To find these torques, we first need to find the perpendicular distance of the line of action of each
foree from the center of mass.

To do this, first note that the angle # which the diagonal makes with the horizontal can be found from

_ (30.0cm /2)  15.0 cm

tanf = =
Al (200 cm /2) 1000 cm

=15 = #=563",

which 1z exactly the angle the line of action of the upper force of 5.0 N malkes with the horizontal. Hence,
the line of action of the upper force passes through the center of mass of the text, which means that the
moment arm of this foree is zero and that the force produces zero torque about the center of mass.

The moment arm v of the force on the lower right hand corner can be found from the Pythagorean
theorem. Since the force is perpendicular to the diagonal,

2 2
re= (20;111) + (30;111) = r=180cm.

The magnitude of the torque of the second foree is thus

7= F{moment arm) = (5.0 N J(0.180m ) = 0.90 N-m,

and this is the magnitude of the total torque on the text.

b} The moment of inertia of a rectangular plate of dimensions a and b about an axis perpendicular to the
plate and passing through the center of mass is found in Table 10.1 on page 440 of the text to be

I= im(aﬂ +b%) = i(z.su kg )[(0.200 m )% + (0.300 m )*] = 2.71 » 1072 kg-m? .

12 12
The magnitude of the total torque 7 and the magnitude o of the angular acceleration are related by the
moment of inertia I:
T 0.90 N-m

=Ia =—= = 33 rad/s* .
T A T T T O« 102 kg Tag/s

10.22

a) The apparent gravitational acceleration is provided by the centripetal acceleration, so
—_ 2 P2 3 L2 —2 i
Oeeptripetal = W~ == 0.81m/s” = (1.50 x 10° m Jw™ = 8.09 = 107" rad/s

Convert the angular speed w from rad/s to rev/min:

_ (800 x 10~* rad /s )(60 s/min )

L / H
w= - 773 rev/min.
27 rad [ rev

b) The space station is a cylindrical shell spinning about the axis of the eylinder. The moment of inertia
of such a system is I = mR?. The rotational kinetic energy is

1 9
KE ot = Emz = —(mR*)u?

SN

1
= KE, = 5[(1,20 % 10" kg )(1.50 = 10* m )*)(8.08 x 1072 rad /s )*

= KE;. =884 =107,



¢) First determine the magnitude of the angular aceeleration of the space station during the vear it begins
spinning. To do this, use the equation appropriate for a constant angular aceeleration,

Wy (f) = wao + ezt

After one year (3.156 « 107 s ), the angular velocity component is 8.09 x 1072 rad/s. Since the space station
began spinning from rest, we have

80010 % rad/s = Orad/s + a:(3.16 x 107 &) = a. = 2.56 = 107" rad/s
The moment of inertia of the cvlindrical shell of a space station is (from Table 10.1 on page 440 of the text)
I=mR*={1.20 = 10" kg )(1.50 = 10° m )* = 2.70 = 10" kg-m®.
The magnitude of the torque needed to provide the angular acceleration is
7 =TI = (2,70 % 10" kg-m? )(2.56 = 1077 rad/s® ) = 6.91 = 10" N-m.

The torque is provided by the total force acting tangential to a circular cross section, so the magnitude of
the torque is

7 = F{moment arm]),

where the moment arm is the radius of the space station. Hence
691« 10" Nom = F{1.50 x 10° m) = F =4.61 = 107 N.

Each thrusting rocket provides a foree of magnitude 1000 N, so the number of rockets needed is

461 =% 10" N 1
mimber of rockets = 00N 4.61 = 10%.

which is over forty thousand rockets!

10.26
a) The angular momentum is defined as the vector product of the position vector with the momentum,

L=rxp,

0 in order to find L we need to find T and fi. For motion in a ecircle of radins r', the velocity and angular
velocity are related by

Vv=axT'

= (u;fc,'l x (v sin E?fj

= wrsin ﬁj.



Now use these results to evaluate L:

L=rxp=(rsin 317+-r<:|1=.6'1mc]| X (muwrsin ﬁjJ
= mrZwain? 8k — mriw sin  cos 81

o - = - i
= —mrwesinf eos 1 + mriw sin® Ok

b) The angular momentum L is not in the same direction as the angular velocity & becanse the rotational
axis is not coincident with the symmetry axis of the system. The angular momentum is not parallel to the
angular velocity vector at any time during the motion.

10.32
a) Table 10.1 on page 440 of the text gives the moment of inertia of such a thin rod about an axis
perpendicular to the rod and passing through its center of mass,

1
IC‘-M = ﬁmé'z

Use the parallel axis theorem (Equation 10.29 on page 452) to determine the moment of inertia about a
parallel axis through one end of the rod, a distance d away,

I'=Tom+ mdg.

¢
Here d = 5 50
1 o 1 ] 1 2
I'=—mi + —-mi® = -mf~
12m + 4m 3m
b)  The magnitude of the initial torque due to the weight is
mgé
7= F(moment arm) = -

Introduce a coordinate system with i in the horizontal and j in the vertical direction, and with origin on the
pivot point. In this system,

T= —m_r;rEl{.

c) The foree of the pivot on the rod is the other force acting on the system. This force produces no torque
about the axis, since its line of action passes through the axis and thus has a moment arm equal to zero.

d) The initial angular acceleration of the rod is found from

- ¥
T=In = {r=?



&)  When the rod is vertical, the line of action of the gravitational force passes through the axis. Thus,
the moment arm of this foree is zero, and the torgque resulting from it is zero. Since the torque is zero, the
angular acceleration also is zero (because T = I'a).

f) There are no nonconservative forees, so their work is zero. Using the coordinate system in part b, the
CWE theorem becomes

Whanconsarvative = ‘lI:I\—E + PE:]

= 0J = A(EE + FE)ginal — A(KE 4 FE)initial

1 £
= 0J =[§Iw9+(—mg§,1]—[[!.] +017J]

{mgf mgf
—1 = |II

W=VT_Vm€2;“3

= w:-‘v.@.

Determine the direction of the angular veloelty vector using the circular motion right-hand rule:

(3g -

g) The angular momentum of the rod is



10.52

a) The forces on the politician are
1. The weight W, of magnitude mg, located at the center of mass and pointing down; and
2. The force T of the cord, located at a point P on the rim, pointing up.

b) Caleulate the torque about the point P at which the cord leaves the eylinder. The torque from T is
zero, since its line of action passes through the point about which the torque is caleulated. The magnitude
of the torque resulting from the weight is

T = myg(moment arm) = mgh.

The moment of inertia of the cylinder about point P is found from the parallel axis theorem,
— 2 _ 1 o 2_ 3 oo
I'= Ty +mid —EmR +mR —EmR .
Sinee the cord rolls off the eylinder, we ean use the torque equation
T
T ==

in the rolling constraint

to find the magnitude a of the acceleration:

a= %R = (mgRIR _ 29 _ 5y

Grm)
2
¢)  The magnitude « of the angular aceeleration is

a  6.54m/s

“TRT D200m

=32.7 rad/s" .

d) Use the kinematic equation for motion with a constant angular acceleration. Take k in the direction
determined by the circular motion right-hand rule. With this choice,

W =w.o 4 a.t =0rad/s + (32.7 rad/s® )(1.50 8 ) = 49.1 rad/s.
&)  The rolling constraint implies that the speed of the center of mass is

v=wR = v={49.1rad/s)(0.200 m ) = 9.82 m/s.



