Answer, Key —

This print-out should have 14 questions.
Check that it is complete before leaving the
printer. Also, multiple-choice questions may
continue on the next column or page: find all
choices before making your selection.

We are back in order (let’s hope). Some
solutions may be found on the class home

page.

Rolling of a Cylinder
11:01, trigonometry, numeric, > 1 min.
004
An m = 3.34 kg hollow cylinder with R;, =
0.3 m and Ry, = 0.5 m is pulled by a horizon-
tal string with a force F' = 22.8 N, as shown
in the diagram.

(5

Rout

What must the magnitude of the force of
friction be if the cylinder is to roll without
slipping?

Correct answer: 4.34286 N.
Explanation:

Suppose the cylinder has a length of [.

Then ;f%le density of the cylinder is p =

The moment of inertia about

(R

out
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the center is:

I, = /pr2 dr

Rout

out

2w
/ df / dz
R4

— Bt Lo (om1)

out

= 5(Rgut + Rzzn)

By the parallel axis theorem, the moment of
inertia about the ground is:

I =1, +mR%,
= 5(3R<2mt + R},
From the force equation, we have:
F + f = ma.
From the torque equation, we have:

F(2Rpu) = Ia = [——.
Rout

Solving this pair of equations, we get:

f - F <2mlfgut 1)

2
g (2334ke)(0.5m)°
1.4028 kgm?
— 4.34286 N
005

In what direction is the frictional force?
1. To the left
2. To the right correct

3. Force is zero
Explanation:
The frictional force calculated has the same
sign as the applied force, so it must be in the
same direction as F', i.e. to the right.

006
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What is the acceleration of the cylinder’s cen-
ter of mass?
Correct answer: 8.1266 m/s”,
Explanation:

From the pair of equations above, we can
solve for a:

_ 2FR%,
a= 7
2(22.8 N)(0.5 m)? .
~ 1.4028 kgm?
— 8.1266 m/s>
Algorithm
© r=0.3 m{gé (1)
R=0.5 m{gig (2)
m=3.34 kg {2} (3)
F=22.8 N{2 (4)
1=0.5 mx (3.0 R?04+29) (5)
—0.5 (3.34)x (3.0 (0.5)20+(0.3)20)
—1.4028 kgm?
(kgm?)=() (kkg)x (() (m)**+(m)>?)  units
:M (6)
2.0 (22.8) (0.5)20
(1.4028)
—=8.1266 m /s
2y (N) (m)*® units
(m/s) =) t
m 2.0
f=F <%—1> (7)
B 2.0 (3.34) (0.5)20
=(228) < (1.4028) _1>
—4.34286 N .
_ony (O (k) ()7 units
=0 (LB ) i

Contacting a Surface
11:01, advanced, numeric, > 1 min.
008
Determine the distance the disk travels before
pure rolling occurs.
Correct answer: 1.11296 m.
Explanation:

From the perspective of the ground and
noting that the acceleration is constant, the
distance traveled by the disk before the pure
rolling occurs is,

sz—at2

_ R% W}
18 g
(0.187 m)? (19 rad/s)?

~18(0.0643) (9.8 m/s?)

—1.11296 m.
Algorithm
(»)=0.01 m/cm (1)
g=9.8m/s? (2)
r=18.7 cm {;)8 (3)
wo = 19 rad/s {%8 (4)
p=0.0643 {500 (5)
R=r(5) (6)
= (18.7) (0.01)
= 0.187 m
(m) = (cm) (m/cm) units
Rw
T30 uog (™)
~(0.187) (19)
~3.0(0.0643) (9.8)
o) (a9
(s) = 00 (m/s?) units
R2.0 w2.0
- 18.0 p,og (®)
(0.187)20 (19)20
~18.0(0.0643) (9.8)
=1.11296 m
B <m>2.0 (rad/s>2'0 it
)= 00 /) t
009
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A rod of negligible mass is pivoted at a point
that is off-center, so that length /7 is diferent
from length /5. the figures above show two
cases in which masses are suspended from the
ends of the rod. In each case the unknown
mass m is balanced by a known mass, M;
or M5, so that the rod remains horizontal.

What is the value of m in terms of the known
masses?

1. M7 + My

My + M
) 2

3. M1 M

4. /MiM> correct

5 My My
Explanation:

The balance in the first case requires mf; =
Mily. And the balance in the second case
requires Mol; = mts. Cancel /1 and /o from
the above equations. So m? = MMy, i.e.

m =/ M1M2.

010
A 2 kg object moves in a circle of radius 4 m
at a constant speed of 3 m/s. A net force of
4.5 N acts on the object. What is the angular
momentum of the object with respect to an
axis perpendicular to the circle and through
its center?

kg - m?

1.24 correct

S

2

m
2. 12—
S

2
3.13.5

kg - m
o2
4. 18
. ke
. 9N -m
9
Explanation:
The angular momentum is

L = mor

= (2kg)(3m/s)(4m)

ke - m?
Y- Ry
S

Mass on Solid Cylinder
11:01, calculus, numeric, > 1 min.
011

A 7.9 kg mass is attached to a light cord,
which is wound around a pulley. The pulley
is a uniform solid cylinder of radius 11.6 cm
and mass 1.89 kg. What is the resultant net
torque on the system about the center of the
wheel?
Correct answer: 8.98072 kg m?/s?.
Explanation:

The net torque on the system is the torque
by the external force, which is the weight of
the mass. So it is given by:

T=rFsing=rmgsin90° =rmgyg
= 0.116 m - 7.9 kg - 9.8 m/s?
— 8.98072 kg m? /s,

012

When the falling mass has a speed of 5.47 m/s,
the pulley has an angular velocity of v/r.
Determine the total angular momentum of
the system about the center of the wheel.
Correct answer: 5.61233 kgm?/s.
Explanation:

The total angular momentum has two
parts, one of the pulley and one of the mass.
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So it is
IL| = |Fx mv + I J|

1 M
:rmv+—Mr2 <g>:r m+— | v
2 T 2

1.89 kg

=11.6 cm (7.9 kg +

= 1.02602 kg m - 5.47 m/s = 5.61233 kgm?/s .

Mass on Solid Cylinder
11:02, calculus, multiple choice, < 1 min.
013

Using the fact that 7 = dL/dt and your result
from the previous part, calculate the acceler-
ation of the falling mass.
Correct answer: 8.75297 m/s?.
Explanation:

Use the torque-angular momentum rela-
tion, we have

_dL d

=~ = - (L02602kgmv) = 1.02602kgma I

Solving for acceleration:

.
~ 1.02602 kgm
8.98072 kg m?/s?
~ T 1.02602kgm
= 8.75297 m/s>.
Algorithm
(m)=0.01m/cm (1)
m="79kg {3} (2)
r=11.6cm {3} (3)
T = T(5) (4)
= (11.6)(0.01)
—=0.116 m
(m) = (cm)(m/cm) units
M =189 kg {3} (5)
g=9.8m/s’ (6)
T = Tyng (7)

= (0.116)(7.9)(9.8)

— 8.98072 kg m?/s?
(kg m?/s%) = (m)(kg) (m/s’) units
v=>547m/s {} (8)

) v=102602 kgmofl 2y = Ofke)(m)*?

1.0M 20
I'= 2.0 : 9)

_ 1.0(1.89)(0.116)*°

2.0
= 0.0127159 kg m>

<> units
w= Tﬂ (10)
<u5.47>
~ (0.116)
= %7.}552 57!
1 m/s .
(s7) = ) units
L1 = rymo (11)
= (0.116)(7.9)(5.47)
= 5.01271 kg m?/s
(kgm?®/s) = (m)(kg)(m/s) units
Lz =Iw (12)
= (0.0127159)(47.1552)
= 0.599621 kg m? /s
(kgm?/s) = (kgm?)(s~1) units
L=1Li+ Ls (13)

= (5.01271) + (0.599621)
= 5.61233 kg m?/s

(kgm?/s) = (kgm?/s) + (kg m?/s) units
p=L (14)
(5 61233)
- (5.47)
= 1.02602 kg m
Lg /) units
a = T (15)
_ (8.98072)(5.47)
~ (5.61233)
— 8.75297 m /s>
(m/82> — <kg m2/s2><m/s> units

(kg m?/s)

Child on a MerryGoRound

11:03, trigonometry, multiple choice, < 1 min.
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014

A playground merry-go-round of radius 2.5 m
has a moment of inertia 200 kgm? and is
rotating at 9.5 rev/min. A child with mass
21 kg jumps on the edge of the merry-go-
round.

What is the new moment of inertia of the
merry-go-round and child, together?
Correct answer: 331.25 kgm?.
Explanation:

The moment of inertia will be the combi-
nation of the individual moments of inertia of
each component.

Imerry—go—round + Ichild = Itotal

Child on a MerryGoRound
11:03, calculus, numeric, > 1 min.
015
Assuming that the boy’s initial speed is neg-
ligible, what is the new angular speed of the
merry-go-round?
Correct answer: 5.73585 rev/min.
Explanation:
Basic Concepts:

Z E = const

The net angular momentum of the system re-
mains constant, therefore, from conservation
of the angular momentum we have:

Luw = (1 + mR2) w9

And
I
Wy =wj————>
2 1 I + mR2
(9.5 rev/min) x (200 kg m?)
(200 kg m?) + (21 kg) (2.5 m)?
= 5.73585 rev/min
Algorithm

R=25m{;2 (1)
I = 200 kgm? {300 (2)
wi = 9.5 rev/min {155} (3)
m =21 kg {50 (4)
Iy=1 +mR* (5)

= (200) + (21) (2.5)%0

= 331.25 kg m?
(kgm?) = (kgm?) + (kg) (m)** units
W1I§1 (6)
(9.5) (200)

(331.25)
= 5.73585 rev/min
(rev/min) (kg m?)
(kgm?)

w9y =

units

(rev/min) =

018

A bicycle wheel of mass m rotating at an
angular velocity w has its shaft supported
on one side, as shown in the figure. When
viewing from the left, one sees that the wheel
is rotating in a counterclockwise manner. The
distance from the center of the wheel to the
pivot point is b. We assume the wheel is a
hoop of radius R, and the shaft is horizontal.
\

I h ———»
I

\ A
w T

W=mg

The magnitude of the angular momentum
of the wheel is given by

1
1. —m R?
4m w

2. m R? w?

1
3. Em R2 2

1
4. -m R? w?
4m w
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1
5. —mR>w
2

6. m R?w correct

Explanation:
Solution: Basic Concepts:
. dL
T=—
dt
Top view
B L
AL /
L/’ L+AL Ao T
\J

The magnitude of the angular momentum of
the wheel, L, is

L:Iw:msz,

since the moment of inertia of the wheel, I, is
m R2.

019
Given: the mass 3 kg, the angular velocity
15 rad/s, the axil length b = 0.5 m, and
the radius of the wheel R = 0.49 m. Find the
precession angle in the time interval t = 1.1 s.
Correct answer: 85.7488 °.

Explanation:

AL
From the figure below, we get A¢p = N7

Using the relation, AL = 7 At, where 7 is the
magnitude of the torque, mg - b, we get
AL

L
T At

L
mgb At

m R?w
_ gbAt
T Rw
(9.8 m/s%)(0.5 m)(1.1 s)
(0.49 m)2(15 rad/s)
= 1.4966 rad
= 85.7488°.

Ap =

Precession
11:05, calculus, numeric, > 1 min.
020
The direction of precession as viewed from the
top is:

1. along the direction of rotation of the
wheel

2. counterclockwise correct
3. clockwise

4. opposite to the direction of rotation of the
wheel
Explanation:
From the figure, we can see the direction of
precession is counterclockwise.

Algorithm
(45} = 57.2958 deg/rad (1)
g=9.8m/s (2)
m = 3.0 kg (3)
w = 15rad/s {1(5) (4)
b=0.5m {js (5)
R=049m {J¢ (6)
t=1.1s{;} (7)
v= i ®
~ (9.8)(0.5)(1.1)
(0.49)2-0(15)
= 1.49626>1<"ad>< >
(m/s*)(m) (s )
(rad) = (m)20(rad /s) units
Pieg = C(L5) (9)
= (1.4966) (57.2958)
= 85.7488°
(°y = (rad)(deg/rad) units



