7.1 The Rotation of a Rigid Body

1. Apendulum swings from its end point on the left (point 1)
to its end point on the right (point 5). At each of the
labeled points: .
a. Use a black pen or pencil to draw and label the 0c=C

vectors a, and g, at each point. Make sure the length
indicates the relative size of the vector.

b. Use a red pen or pencil to draw and label the total 2 T
acceleration vectora. - ——- Z.20

2. The following figures show a rotating wheel. If we consider a counterclockwise rotation as
positive (+) and a clockwise rotation as negative (—), determine the signs (+ or —) of w and a.

: Spccdm{, up : S]owmg y down : Slowmg, down : Speeding up

a+_ a,+ « a

3. The figures below show the centripetal acceleration vector g, at four successive points on the
trajectory of a particle moving in a counterclockwise circle.

a. For each, draw the tangential acceleratlon vector a, at points 2 and 3 or, if appropriate,

write @, = 0. =

a 2 2 2
O+ /
o 3 3 1 3 1
a )
+
4 4 4

b. If we consider a counterclockwise rotation as positive and a clockwise rotation as negative,
determine if the particle’s angular acceleration « is positive (+), negative (—), or zero (0).

—

a= *t a= V a=
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4. Below are three angular velocity-versus-time graphs. For each, draw the corresponding
angular acceleration-versus-time graph.

o] W w

0

5. A wheel rolls to the left along a horizontal surface, down a ramp, then continues along the
lower horizontal surface. Draw graphs for the wheel’s angular velocity w and angular
acceleration « as functions of time.

0 4

W\};_'h'wmfs spent ot the top
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7.2 Torque
6. Five forces are applied to a door. For each, Fy —_ + Fy
determine if the torque about the hinge is 1= T3=
positive (+), negative (), or zero (0). Fs
o O
+ N
. Ty=..! , T4= .
Fy Fy
7. Six forces, each of magnitude either F or 2F, are L AF
applied to a door. Rank in order, from largest to
. . L4 | L4 L4, L4 |
smallest, the six torques 7 to T4 about the hinge. | ! { g

| Order: TS >T, = T& >T3 =.[L[ >T5' o Y I

- Explanation: L | . / &“

Tse L(F) T3= 3 Fsin45
A %(F) Tx*:—[é’—FSiY\LP5°

T4 67) T,z LFsinG-0

T § 2F 2F |75

8. Four forces are applied to a rod that can pivot on an 7
axle. For each force, T =
a. Use a black pen or pencil to draw the line of action.,

b. Use a red pen or pencil to draw and label the
moment arm, or state thatd =0, —=——

c. Determine if the torque about the axle is positive
(+), negative (), or zero (0).

9. a. Draw a force vector at A whose torque about the axle is negative.
b. Draw a force vector at B whose torque about the axle is zero.
c. Draw a force vector at C whose torque about the axle is positive. T

Axle |®

aly
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10. The dumbbells below are all the same size, and the forces all have the same magnitude. Rank

in order, from largest to smallest, the torques 7, 7,, and 75 about the midpoint of each
connecting rod.

1

~Order:_[‘ >T&: CS

Explanation:

Anequal force Will lead +o o areatev +ovaue if
&Pp\&,d O Q0" A fomue oppligd ok qo°- ¢ (liﬁadﬁ

o +he same torgue It opplied od 90°+ .

11. a. Rank in order, from largest to smallest, the torques 7 to 74.

F 25, Fy 2F,
my 2my my 2my
3 4

| 2

" Order:TL{ >T&: ’C:‘S’>T|

Explanation:

T=0F, Ty= an, %, Lo 1. 0% (3730 F T2 s

b. Rank in order, from largest to smallest, the angular accelerations «; to ay.
Order: L = Xy, > (’)(3 :OQ,_*
Explanation:

T :104 S0 OK"Z-T/I
3 _ * . 3 . 3
I\;mo\co JI3~~ Q‘MQro’ 13’ L"mg\(‘o )i[l-f“ gm.('o
oL '.‘.roFo :O( :&Y}Fo :&QF‘, - 0C 2 L"ngQ
| M, > > Im,¥,? X3 Im, 2 T Tm .2

a'o o
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7.3 Gravitational Torque and the Center of Gravity

12. a. Find the coordinates for and mark the center of gravity for the pair of masses shown, using
the center of the 3.0 kg mass as the origin.
40 ¢cm |

* éi)kg Xog = 'OC‘M

x=0

b. Find the coordinates for and mark the center of gravity for the pair of masses shown, using the
center of the 1.0 kg mass as the origin.

40 cm |

L 3

3.0kg xcg: 30 <M

¢. How do the locations for the marks in parts a and b compare? How do the coordinates
compare?

The locahon s the same, bt e cwordinalts are ot

d. The 3.0 kg mass from parts a and b above is separated into two 1.5 kg pieces. One of these is
moved 10 cm in the +y-direction. Find the coordinates for and mark the center of gravity of
the new system using the origin at the left-side mass.

Veg = 3, 1Scm

40 cm

20 cm

1.0kgS _
x=0 ng

e. What effect did separating the 3.0 kg mass along the y-direction have on the x-component of
the center of gravity of the system?

Movement oF ony part of e mass tn the y-diechon
C\Oés V\o‘\" m%c* ‘H/\L X - LOVV\?O.;\Q»,‘\" O‘F —Hu, (,eAJK("O‘Y”
%ro\J?‘\\! '
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13. Is the center of gravity of this dumbbell at point 1, 2, or 37
Explain. (Assume the end masses are of the same material.)

1. Assumm%-\'\ne \O\V‘%c\(‘ Spnece.

IS Move massive , fe center of
mMoasS Will be neaveyv 4o Hhe
\(M“%ef Sphere.

14. Mark the center of gravity of this object with an x. Explain.

The object can be Yreateh O0s A
c_cvv;(sos'r\'e, of two unForm
rectongles, The center oF
%m\f.'\'»/ of each rectmngle s ot it f)eomd‘f‘?b center
onk is vaared Were With a det, The cender of
%f‘c\frt\/ of the COMP@SH’G wunst e O\va\ﬁ tte line
Co/\ne,(,“(\‘r\s these Two dots , lose~ to the u\(nper—cﬁo*' be canse.
e wppe re.c\'wx\C)le G \m—zer_ %Y SYW\"“*'\/( “re
cender of A\ ro/v muwst lie °~\r@vvﬁ N d\mﬁé-’\c«\ Wine
'H/\Paus\/\ the ‘\'o(\&‘\” Cornecs, s, canalse e Scen
‘0\( Considecing dhe objeck ons & comypoiite ot Hweo
f&ev\“\'\c;\ +I‘o\¢s¢%{,\c§,g \ witla a center 0T
30«;\-\'\( k\ovxs e bne IAN Qo\sfmg theo wﬁ\'\
e intersection,
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7.4 Rotational Dynamics and Moment of Inertia

15.

16.

A student gives a quick push to a ball at the end of a massless, rigid Pivot
rod, causing the ball to rotate clockwise in a horizontal circle. The
rod’s pivot is frictionless.

a. As the student is pushing, 1 1s the torque about the pivot positive,

negative, or zero? ‘(\Q%O\ Ve Ton View
b. After the push has ended does the ball’s angular velocity P

i.  Steadily increase?

ii. Increase for awhile, then hold steady?
iii. Hold steady?]

iv. Decrease for awhile, then hold steady?

Pu7

v. Steadily decrease?
Explain the reason for your choice.

There is nomore. forgue. ofter Hne RDU\SV'\
ends . Thevefore ,+heve i No cm
occelevodion.

c. Right after the push has ended, is the torque positive, negative, or zero? e 0O

The top graph shows the torque on a ™ (N/m)
rotating wheel as a function of time. The 20 .
wheel’s moment of inertia is 10 kg-m?. ) !
Draw graphs of w-versus- and w-versus-, o ! o)
assuming wg = 0. 2 ) 6 A
20
T=]x .~x= ’C/I
) | red
o ("%
3
‘ - ; T — £(s)
- 2 4 6 8
w3
0%
%
. ' . ™ 1(s)
. 2 4 6 8
“+
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17. The wheel turns on a frictionless axle. A string wrapped around the smaller
diameter shaft is tied to a block. The block is released at f = 0 s and hits the
ground at f = ¢;.

a. Draw a graph of w-versus- for the wheel, starting at =0 s and
continuing to some time ¢ > f;.

w

T !
0 4

b. Is the magnitude of the block’s downward acceleration greater than g, less than g, or equal
to g? Explain.
The block's accelexodion is less HW\'%’- The weight of Hhe
block Must also Fur Hhe oxle.

18. The moment of inertia of a uniform rod about an axis through its center is 75 ML* The moment
of inertia about an axis at one end is + ML?. Explain why the moment of inertia is larger about

the end than about the center. | | | o
When considered alobut one and, Henhad £ of Hie Mass is at o
distonce. From Fne oxis Hood is c‘jfec&er Hnan ony of+ne
MASS i consideved olooud its cevirer The dotted mass

1 R el s Bt

hos effectively een W\O\IMM‘O\ AS Showl.

19. You have two steel spheres. Sphere 2 has twice the radius of sphere 1. By what factor does the
moment of inertia /, of sphere 2 exceed the moment of inertia /; of sphere 1?7

Pecouse Sphere 3 has twice Hhe Yadius, its mass is
Ceoder by O Sockor of eighnt. (23). (M= 43T 03 Psiecl -
e odded Moss is odso distrilauded furtner from
Cerex™ ond ; SOy Taem(? Jeads o I,x(3m,) ()

s T R s e RN R e IS RS T ST e EE T e emmmm A Ty T T s oy TR TaE e e mEm e e e e e T e p T mmmmemm m I e e e T e
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20. The professor hands you two spheres. They have the same mass, the same radius, and the same
exterior surface. The professor claims that one is a solid sphere and that the other is hollow.
Can you determine which is which without cutting them open? If so, how? If not, why not?

T+ will be easier to rotote Hhe Solid Sphere because
Hae nollow Spheve's tass 1S cenerally distribuded
Curtner from i+s cente T \Jou roll bi—‘—\n
Stonutroneously down an incline, tne solidsphere
Will win.

21. Rank in order, from largest to smallest, the moments of inertia /;, /,, and /3 about the midpoint
of each connecting rod.

OrderI5>I >I

Explanation:

T, ~adm Q W‘R

T,~om(BY +m<E) aly

T~ g R g R = MR’
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7.5 Using Newton’s Second Law for Rotation

22. A square plate can rotate about an axle through its center. F
Four forces of equal magnitude are applied to different
points on the plate. The forces turn as the plate rotates, . “

S : . . F
maintaining the same orientation with respect to the plate. / /

Rank in order, from largest to smallest, the angular -

accelerations a; to ay. Axle

Order:oLL*>(>(3 >D(g_‘—'0<, “
Explanation:

Both Fyond F| act along aline
-l-'\/\rouY%\(‘\ +he axle and g5 couse

no o we..

23. A solid cylinder and a cylindrical shell have the same
mass, same radius, and turn on frictionless, horizontal
axles. (The cylindrical shell has lightweight spokes
connecting the shell to the axle.) A rope is wrapped
around each cylinder and tied to a block. The blocks
have the same mass and are held the same height above
the ground. Both blocks are released simultaneously.
The ropes do not slip.

Which block hits the ground first? Or is it a tie? Explain.

The block odtached +oHne solid C\f\md&r hits

fivst. The solid ¢ linder hog o smal ler ament

of wevtio.and therefore feqluires less +o QUE fo Cause o
(otodre,allowing Hhe lolock %o fall faster
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7.6 Rolling Motion

24. A wheel is rolling along a horizontal surface with the

25.

26.

center-of-mass velocity shown. Draw the velocity vector
v at points 1 to 4 on the rim of the wheel.

]\/.’=f\/L\l
IV, 1= | Va |

Awheel is rolling along a horizontal surface with the
center-of-mass velocity shown. Draw the velocity vector
v at points 1 to 3 on the wheel.

If a solid disk and a circular hoop of the same mass and radius are released from rest at the top
of a ramp and allowed to roll to the bottom, the disk will get to the bottom first. Without
referring to equations, explain why this is so.

The Woop as ol of i¥s ™ass conceniroded, ad its
W, Further from Hhe oxis Of rotationymakin
it requive @ longec time +o Ceach the sowje,

o tTational < ?e&d .
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