Chapter 10

Rotational Kinematics and Energy

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

22.

24,

The angular speed of an object with constant angular acceleration changes linearly with
time. Therefore, at the time #/2 the angular speed of this object is w/2.

Jason and Betsy both complete one revolution in the same amount of time. Therefore,
their periods of rotation are the same.

Yes. In fact, this is the situation whenever you drive in a circular path with constant
speed.

Every point on Earth has the same angular speed. Therefore, the smallest linear speed
occurs where the distance from the axis of rotation is smallest; namely, at the poles.

At the top of these building, your distance from the axis of rotation of the Earth is greater
than it was on the ground floor. Therefore, your linear speed at the top of the building is
greater than it is on the ground floor.

The moment of inertia is greater when the axis of rotation is on the rim of the wheel. The
reason is that much of the wheel’s mass is now at a significantly greater distance from the
axis of rotation, compared with the case where the axis is at the center of the wheel.

The long, thin minute hand — with mass far from the axis of rotation — has the greater
moment of inertia.

The moment of inertia of an object changes with the position of the axis of rotation
because the distance from the axis to all the elements of mass have been changed. It is not
just the shape of an object that matters, but the distribution of mass with respect to the axis
of rotation.

Spin the two spheres with equal angular speeds. The one with the larger moment of
inertia — the hollow sphere — has the greater kinetic energy, and hence will spin for a
longer time before stopping.

The moment of inertia of the Earth was increased slightly, because mass (water in the
dam) was moved from a lower elevation to a higher elevation as the dam was filled.
Raising this mass to a higher elevation moves it farther from the axis of rotation, which
increases the moment of inertia.

When the chunky stew is rolled down the aisle, all of the contents of the can roll together
with approximately the same angular speed. This is because the chunky stew is thick and
almost solid. The beef broth, however, is little more than water. Therefore, when the
broth is rolled down the aisle, almost all that is actually rolling is the metal can itself. It
follows that the stew has the greater initial kinetic energy, and hence it rolls a greater
distance.

Assuming the ball starts spinning immediately on encountering the no-slip surface, with
no loss of energy, it will rise to the same height from which it was released. However,
some energy will be lost in a real system as the ball begins to spin; therefore, the ball
should reach a height slightly less than its release height.
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26. (a) What determines the winner of the race is the ratio //mr?, as we see in the discussion
just before Conceptual Checkpoint 10-4. This ratio is MR’/ MR* =1 for the first hoop
and Q M)R*/ [(ZM )R ]=1 for the second hoop. Therefore, the two hoops finish the

race at the same time. (b) As in part (a), we can see that the ratio //ms? is equal to 1
regardless of the radius. Thus, all hoops, regardless of their mass or radius, finish the race

in the same time.

Solutions to Problems

1. 300( il j:
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3. (a)
(b)

1 rev )( 3600 s
4. (a) =| 60 rev/h

o] 202)
1revj(60 sj(360 degj: 360 deg/min
60 s rev

min

(
© (1revj(2ﬂradj: %
(

N N[N |0\|=1
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(b)

5. tire: | 2.00x10° degj{ il J:34.9rad/s

s 180 deg
drill: [400 0 m—vj(z—”j(l mm) = 41.9 rad/s
min J\ rev /\ 60 s

propeller: 40.0 rad/s
ttire, propeller, dril]]
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2 2r
T r
g lrev (Z_HJ 1 day 1h' lmin ) _ 7.27x107° rad/s
day J\rev/{ 24h ){ 60min ){ 60s
0. 1 rev Lyr (ldaYJ[ lh. j: 1.9x107° rev/min
yr )L 365 days J\ 24 h /\ 60 min
2 2
10. (@) w=—= =[31.4 rad/s
@ o=Tr=
3.5i1n. rad :
® v =ro=(232] 314 2] [55nf]

S

(¢) The ; angular speed does not depend on the distance from the axis of rotation.

1. @) @ = A0 _ Bhoi0s =6 _ [(125 rad/s)(0.010 ) + (425 rad/s?)(0.010 )21 -0 =5 — -
At 0.010s 0.010s
®) o = 60105 —Bo00s _ [(125 rad/s)(1.010 s) +(42.5 rad/s>)(1.010 5)2]— (125 rad +42.5 rad)
av — -

0.010s 0.010 s
=|2.1x10% rad/s

620105 —2.000 s
0) @, =————==28
© @ 0.010 s
(125 rad/s)(2.010 ) + (42.5 rad/s?)(2.010 8)2] ~[(125 rad/s)(2.000 s) + (42.5 rad/s)(2.000 5)*]

0.010 s

=|3.0x10? rad/s

(d) The positive angular velocity is increasing.

© ay = @005 =D _ 210.4 rad/s —125.4 rad/s —| 85 rad/s?
1.00 s 1.00 s
oy = @005 ~ @005 _ 295.4 rad/s—210.4 rad/s | 85 rad/s2

1.00 s 1.00's

12. w=wy+at
—5,0 fad _ rad
_o-ay _ 5.0 55 =540

T TR =[50:]
N
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2 2
(4] —CUO
a:—
2(0-6y)
0? — >
2a

(2.00 %)2 ~(3.40 %)2

13.

9—00 =

2(—0.736 %)
S

~[Siind]

B o’ —wg _ (26 rad/s)2 -(12 rad/s)2 B

14. a= 17 rad/s?

2A6 2(2.5 rev)(221d)

1 1
15, A0 =— (@ + @) =—(12 rad/s+26 rad/s)(2.5 ) =

16. (a) w® =y’ +2a(0—-0y)
2 2

a=2 "%
20-6y)
2

0% —(6.15 md)
2132 rev)(z’”jd

e

)

=| ~0.228 rad/s’

(b) w=wy+at
rad
_o-ay _ 0-6.15 N

! a —-0.228 f:—zd :

17. (a) w=wy+at

. 0-0.50 eV
_27% _ s —_0.0417 &
t 125 52

o =y’ +2a(0-6)

o 0-(0.50 %)2

o

0-0,

2(—0.0417 rev
S

(025 %V)z ~(0.50 %V)z

by -6, =
2(—0.0417 m—;)
S

2a - ):

SEET
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18. (@) @’ =y +2a(0-6))

2 2
0=

(63 %)2 -0?

2.2 rsa—zd
- (18.0 rad)( I rev J

27 rad
SEC)

(b) w=awy+at

w-a, 6324-0
= = § =[29s
P PR e L]

19. 6=6, +a)0t+%at2

Ohour = —+| ¥ || LR r+1<0)t2=1fev+( e Jt
hand 4 12h /| 60min 2 4 720 min

Hminute =0+(11’er 1 h. t+l(0)t2 = 11’6\.7 t
hand h /{ 60min 2 60 min

1
ehour _Hminute =5 ev
hand hand

Substitute.

1 1rev 1rev 1
—rev+ t— t=—rev
4 720 min 60min 8

1 1rev 1rev
—rev = — |— - t
8 60 min 720 min

1 12rev lrev
—rev = — — — |t
8 720min 720 min

1 11rev
—rev=| — |t
8 (720m1nj
1 720 min
t=|—-rev || —
8 11rev
=8.18 min

The angle between the hands is 45.0° at [just past 3:08).
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20. (a) w=wy+at
0y
t
0-(3850 = (1)

min 60s

- 10.2s ‘

o] =

=|6.29 rev/s2

b)) o =ay’ +2a(0-6y)
2 2

a) —
2 1 mi 2
rev min
B 0 _[(3850 M)( 60s )}
2(—6.291 %)
N

SEa

2. w=wy+at

a:a)—a)o
t
(27r rad) 1 rev 3 1 rev
v | (04 h)<%)+<0.548 s)(l rev) (24 h)(36?10$)

365 rev

day

(100 w)(“%‘ﬁ)(&)(m

=| —4.01x10"2 rad/s?

h

)

22. (a) [Calculate the angular acceleration, then the angular displacement.

(b) o=0y+at
a=2"%
t
(310 fov)(Lmin)_o

_ min 60 s
3.0s
rev

S
o =y’ +2a(0-6y)

90—y =22
Lmin ) * _ 2
rev min
[(310 H)(Wgﬂ 0
2(1.72 %)
S

ST
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23. (a) w=wy+at
_CO—CUO
t
0 (5820 20 ) (Lpmin)

min 60s

(21

2.00s
=|-48.5 rev/s2

b) @ =ay’ +2a(0-6y)

2 2
a) —
0= =5

2
2 1 mi
07| (820 o) (mi)
2(-a8.5 )
S
27 radj
rev

=(97.0 rev)[
=609.5 rad

. 1ft
s=r(@—-6y)=(5.00in.)(609.5) [HJ =| 254 feet

(¢) AB=97.0rev, so the blade returns to its initial angular position, and d = @

24. (a) w=wy+at

=%
[04
(o0 e (50
750 r:Td
=|28s

b) o =ay’ +2a(0-6y)

_o -’

2a
2
5 1 min |( 2z rad 2
[(20x10° 220 1mn) (220) g
2(750 %)
S

- (2.92x10° rad)( I rev j

0-6,

27 rad

=|4.7x 104 rev

lrev \( 27 rad 1h
. w=ro=(12 =[0.010
25, m=ro=( cm)(thj( rev ](3600 sj my/s

201



Chapter 10: Rotational Kinematics and Energy Physics: An Introduction

=)

26. (a) @zah:zf:Z: 0.22 rev/s
27 \( lrev
b = =(2.0 — =|2.8
®) v =1y =20 m)| 22 ) T

(A"
Vip = 1@y = (1.5 m)(i—zj(%)=
3.4 m/
27. wzvangs)Z

lrev )\ 27z rad
28. = ro=(2.75 =[0.38 m/
@ == 075w L) 2205
() v =(1.75 m)[“evj(z“ad} 0.24 m/s
' ' 45s rev -

m

8.50 m

V,

29. =-t= S =11.18 rad
@ o=t

2
2 (850 m
) ag =vt7=<mTfn)= 10.0 m/s?

(© pulls upward on Jeff.

2
30. agy =re’ =(7.20 m)[O.SSO @j =|5.20 m/s>
S

a; =ra =(7.20 m)[0.620 %} =|4.46 m/s?
S

2 2
a=,Jag’ +a;> =\/{5.202 Ezj +(4.464 22) = 6.85 m/s?

S S

u 5.202 5
0 =tan"" (ﬂJ —tan | — S

4 4.464

SOGET

mN‘E 7] ‘5

31. w=wy+at
-y 4.00 -0

=1.333 rev/s2
t 3.00s

[21

@) a =ra=(600cm)|1333 2|27 ] -] 0503 m/s?
2 Jrev

(b) | 0.503 m/s?
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32. (a) v, =row=(6.00 cm)(5.25 rad/s) =| 31.5 cm/s

() ag, =ro” =(6.00 cm)(5.25 rad/s)* =165 em/s” = | 1.65 m/s”

© vF%C’n/S: 15.8 cm/s
2
ap =24 0807 s
2
30rev ) 27
33. (a) v =ro=(3.7cm)| —— || — |=| 69.7 cm/s
@ v =ro= (37 om 22 2

(b) [It would also double

3. w= (1 rev)[ﬁJ =0.196 rad/s

32 s J\ rev

2
@) ag=rao® =(9.5 m)(0.196 @j —| 0.366 m/s>
S
The acceleration is in the direction of the axis of rotation, which is .

(b) ag, =|0.366 m/s? |; the direction is .

35. a =ra=95 m)(—o.zz gj =-2.09 =
S S

From Example 30, a., = 0.366 m/s? in the downward direction.

2 2
a=1ag’ +a =\/(0.366 A +{—2.09 22) =|2.12 m/s?
S

S

m
1 g , 0.366 2 _
f=tan ——=tan |——|=|170

ay -2.09

N

[S]

36. (a) D F.=mag,

T sin O=mro*

T sin @=mL (sin 49) *

T = mLa)*
T

o=, |—
mL

~ 1IN
4\ (0.52 kg)(4.5 m)

=|2.2 rad/s
(b) Since o is inversely proportional to L, decreasing L o.
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37. (@) v =ro=(3.20 mm)(2.15><104 @j =[68.8 m/s |

S

2rr 27(3:20x107 m)

() T= =|731x107 s
v 275 ™

38. a =ra=(3.20 mm)[232 %) = 742 em/s?
S

2
gy = ra” =(3.20 mm)[640 %} =[1.3 km/s?

b 2.18x10% m =
39. (a) a)=—t=—“5= 4.12x10'° rad/s
r 529x10 ' m

b) o 2[4.12><1016 @J[ﬂj —6.56x105 =Y
S 27 rad S

=|6.56x10"° orbits

2
©) ag =ro”=(529x10" m)(4.12><1016 @J = 8.98x10%% m/s>
S

40. a; =Rc
aep = Ra? = R(at)2 = Ra*1?
acp = at
Ra*t* = Ra
2 Ra

17 =
Ra?

y 25 m

o e ) ]

100 cm

rev \( 2z rad
42. v =row=(0.260 m)| 0.373 — =1 0.609 m/s
=ro=@260m)[0373 2 27

ev
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C 70.0cm

43, r=—=—"—=11.14cm
27 27
3f\( 1
Ax (120yd)( )(3.281?&) m
== =3.18 —
At 345s S
v 38 7
n=—=——— raa/s
r 0.1114m
1.12
44. a=—=—52m_3394¥
@3 Cm)(loo cm) S
17 m
wO:V—O:—Sm=51.52@
oG cm)(lOOcm) s

1 rad rad
0=yt +—at —(5152 —j(065s)+—(3394 J(065 $)> =| 34 rad |

8.90 m_(
45. @) a=2Y =" ST 07295 m/s?
At 1225

0.7295 ™
a=2- S —{2.03 rad/s?
r(36.0 cm)( L m

100 cm)
(b)

46. I=mR>

I [0.13kg-m?
R=—=/]—""2" =[036m
Vo 095 ke

a rev)(zn rad

47. o= —re") =1.496 rad/s

420 s

K =%1w2 :%(4.30 kg-m )[1 496 ﬂj

S

)
48. K=—lw
2

_2K 2(4.1J)
- > _<12 @)2
S

= 0.057 kg-m?

2
49. (a) Kt=%mv2=—(1.2o kg)(l.4l Ej =[1.197
S

7

2
(b) K, =%Ia)2 =%(mr2)a)2 =%mr2(vj =%mv2 =
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(©) K=K, +K,=1.1937+1.1931=[239]

50. (a) K =%Ia)2 :%(%msza)z :%(0.013 kg)(0.060 m) (32 idj = 1.2x1072J
S

b) o —2
(b) 0 I
0

Double the kinetic energy.

22500 oy 232 24| 45 ]

51. Ktzémvzz (OlSkg( 9) [1607]

2..2) 2 2 2 2 (47 rad\? _
(gMR j =~ MR (0.15 kg)(0.037 m) (41 T) =[0.0697

| —

1 1(2 v)?

37 |2
(a) =| 3

(b) It since the fraction doesn’t depend on v.
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K; -k,
At
2
_ Tpop” -
Al
0.331MgRg> (mﬁ - a;f)
B 2A¢

53. rate of decrease of K =

1 2
PRI

0.331(5.97x10** kg)(6.38x10%m)? {
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rev ev

<24h>(“%°5)+°§225} {m h><%a°s>}

« rev)(Z—”) a rev)(z—”)

T e

=| 2.34x10?W
-3
_ (234x102W) 1.341x1073 hp
W
=| -3.14x10° hp
[
54. (a) Krzzlw
:l LMLZ w?
2012
=L (0.58 ke)(0.56 m)? (—3500_ revj(z—”
24 min rev
=[1.0K
(b) K, =U=mgh
poKe 101871 =[180m

mg (058 kg)(9.81 sz)

V2 I
R
2g mR

Solve for 1.

J&

60s

|

2(9.81 sz)(o.074 m)

day

I

~1{=]0.17 kg-m>

I =mR? (2;‘;}’—1] — (2.1kg)(0.080 m)*
14

207
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2.9x10™ kg-m?

56. E =E;
mgh = —mv? +%Ia)2
2
= lmv2 +ll(zj
2 \r
= lv2 m +i
2 2
2
h= v m+i
2mg r?
2
(050 m
= 5 0.056 kg+
m
2(0.056 kg)(9 s11)
-

57. Ui+Ki =Uf +Kf

1 1 (vY
mgh+0= 0+—mv” +—I(—)
2 2 \r

2
(@) mgh= lmv2 +l(lmr2j(zJ
2\2

(0.0064 m)?*

|

Physics: An Introduction
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58. (a) [Equate the initial and final energies, then solve for the mass of the pulley|

(b) Ui +Ki ZUf +Kf
1 5 1 5 1. o
mgh+0+0=mygh+—myv" +—myv" +—I 0
18 28 7 1 7 2 B p
1 1(1 2
mlgh = m2gh +E(m1 +m2)v2 +5[5mPRPZJ£LJ

Ry

Vv = mlgh—ngh—%(ml +m2)v2

o 4[(m1 —mz)gh—%(ml +m2)v2]

p
V2

1
4"

2
_ m m
4(5.0 kg-3.0 kg)(9.81 2 )(0.75 m) (5.0 kg+3.0 kg)(0.22 )

_1

(0.22 %)2

59. Perform an energy balance between the initial state and the state when the ball reaches the lowest point on the
surface.

Ui+Ki ZUf +Kf

1 5 1 (v)
mgh; +0=0+—mv" +—1| —
gh; 5 3 ( j

r

2

1 2 1(2 2 v

J—— +—| = —_
mgh; 2mv 2(5mr j(yj

I > 1 4
mgh; = —mv°™ +—my
gh 2 5

7
=—m?

10

1 .
v= / 0gh;
7

v 1 flOghi 1 \/10(9.81 m/sz)(0.75 m) -
@ o ror 7 (0.028 mj 7 ads
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(b) Now, perform an energy balance between the time the ball reaches the lowest point on the surface and when
the ball reaches its maximum height.

Ui +Kri +Kﬁ =Uf +Krf +th
Now, K,; = K.¢, so
Ui +Kﬁ :Ur +th

0+%mv2 =mghy +0

2

hf=2g

60. (a) Ui+Ki:Uf +Kf

1 1 1 1
0-|-Emvi2 +Ela}12 = mgh+—mvf2 +EIC()f2

2 2
1 1(2 :
—mvi2+— Smr? || 8 :mgh+lmvf2+l gmr2 x
2 2\5 r 2 2\5 r
I 2 1 9 1 5 1 5
—mv;" +—mv;" =mgh+—mve” +—mv
> i 5 i g > f 5 f
7 1 7
—v,  =gh+—v,
0 TETT

10
VF =4V —7gh

- \/[2.85 ?T —?(9.81 Sﬂz)(o.ﬁ m)

=1 0.83 m/s
(b) The speed is independent of the ball’s radius, and fstays the same].

2
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61. (a) Ui+Ki ZUf +Kf

1 s 1 2
mygh+0=0+—mv- +—1 @
b& ) b 5P

1 2 1(1 2 v 2
h=— +—| = —
my g myv ( myr j(r}

2
pv

2 my  Mp
mygh=v"| —+—
" (2 4j

1 s 1
mygh=—myv- +—m
b8 ) b 4

2
(13 kg)(9.81
ke y

my , M
4

Sm)(o.so m)

2
0.31kg
2 4

(b) The speed will [decreasd, because I, is increased.

1.

62. The initial height of the center of mass of the leg is (0.95 m)/2 = 0.475 m.
Ui + Ki = Uf + Kf

mgh+0=0+%]a)2
1(1 ) »
mgh=—| —mL” |@

¢ 2(3 j

A 6gh

L
. \/6(9.81 ?)(0.475 m)

- 0.95m
=5.6 rad/s

rad
=rw=(0.95m)| 557 — |=| 5.3 m/s
v=ro=095m[557 )

63. (a) Ui+Ki =Uf +Kf
mgh+0=0+K;
K¢ =mgh

= (2.0 kg)(9.81 s%j(ons m)

=|15]
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2
(b) Kf=lmv +11a) —lmv2+1(1mr2j(zj =%mv2
v=2 /Kf 47T 53 m/s
3(2.0kg)
1 1, 1 m)?
Kr:—la) :—(—mr j(—} —mv? (20kg)[3.13 —j =149]
2 202 r) 4 4 s
1 1 m\?
(©) KtZEmvzzz(Z.O kg)(3.13 —j =[9.87
S

64. (a) Ui+Ki =Uf +Kf
mgh+0=0+K;

K; =mgh=(2.0 kg)(9.81 s%)(o-ﬁ m) =

2
(b) Kf=lmv +11a) —1 2+%(§mr2j(zj = Lo?

IOKf 10(14.7 1)
2 0 kg

2 2
K, =10 :—(—mr j[—) L2 =120 kg)[3.24 Ej —[427
2 25 r) s 5 s

2
1 2 1 m
¢) Ki=— =—(2.0kg)|3.24 —| =|11J
© k-tm-Lpowg(32s )

=3.24 m/s

AB 2% rev
65. w=—= =[1.2 rev/s
N

1 1 1 1 v
66. =—mv2+ Ia) =—mv2+ (mrz)(—j = mv?
r
0.10J
= = 14 m/s
v= o = o0501g ~ L4 /5]

2

67, ag="—
. Cp r

2
rv_(z“S—T))

dep 7.00(9.81 m
S
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68. The disk has rotated about 20°.
o d
o CoiE)

_;_ (50.4 @)(M) =1.1ms

S rev

The positions of the BB are about 41.5 cm and 64.0 cm. Estimate the speed of the BB.
_Ax _64.0 cm—41.5 cm

Y 1.1 ms =[200m/s |
69. (a) v, =re=(0.070 m)[(50.4 ey (%)J:

(b) s=r0=(0.07 m)(zoo)(’i z;dJ =0.0244 m

_ 0.225 m j(zz E)
0.0244 m S
={200 m/s

m
N 200

R Fey e g GC
S

rev

_ 2
y2  (1L0x107° kg)(22%)

d) F..= =m—= =[6.9N
() Fop =magp =m= 0.070 m

70. (a) |After 2:10 p.m. and before 2:15 p.m| At 2:10 p.m. the minute hand points to the 2 but the hour hand has
moved toward the 3. At 2:15 p.m. the minute hand points to the 3 but the hour hand hasn’t reached it yet.

(b) 6=6, +a)0t+%at2

Let 2 P.M. be the initial time.

1 1 rev l1h 1 1rev
Hhour:_reV"" ——— |[t+0=—rev+ — |t
hand © 12 h J\ 60 min 6 720 min

1 rev 1 rev
O =0+ t+0= t
hand (60 minj (60 min]
Set ghour = eminute'
hand hand

1 1 rev 1 rev
— rev+ t= t
6 ( 720 min j [ 60 min j
1 12 rev 1 rev
— rev= t— t
6 [720 minj (720 minj
1 11 rev
— rev= t
6 [ 720 minj
. 720 min \( 1 rev ~10.91 min
11 rev 6

Meet your friend at about
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71. (a) |After 2:40 p.m. and before 2:45 p.m| At 2:40 p.m. the minute hand points to the 8 but the hour hand has
moved past the 2. At 2:45 p.m. the minute hand points to the 9 but the hour hand has not yet reached the 3.

(b) minute — Hhour +
hand hand

Substitute from Example 66.

1 rev 1 1 rev 1
t=—revt| — |t +— rev
(60 minj 6 (720 minj 2
11 rev 2
t=—rev
[ 720 min j 3
t= 720 min gr ev | =43.6 min
11 rev 3
Meet your friend at about [2:44 P.M,

72 0=2%- 2% _11.42 radfs
T 055

S

(a) v=ro=(65 cm)(ll 42 @J_

(b) agp = rw —(650m)(1142 @j =1 8.5 m/s>
S

(¢) [The linear speed will be halved; the centripetal acceleration will be 1/4 as large

1
73. (a) x=Xxp +v0t+5at2

1
0=xy+0+— at

) 2(3.0
/ X _ M) _ 7826
—9 5112

0= (90+a)0t+2at

=0+awpt+0

[2 4 @J(o.mz )

S

- (1.88 rad)( I rev J
27 rad

Sy

(b) [It does not depend on her initial speed| Her initial speed determines how far she travels horizontally before
hitting the water, but has no effect on the time she falls.
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4. y=1y +v0t+%at2
0=14m+0+%(—9.81m/52)t2
S ECITR.
9.81 m/s

rad rev
A =wt=|12 1.70 =|3.2
or=[12 2 Jagog( =]

S

a 32m/s’
75. (a) a=7=—0'018m
2

=| 360 rad/s>

(b) ©=amy+at=0+(355.6 rad/s>)(1.5 s) =| 530 rad/s

1
76. Y= +v0t+5at2

0=y +0-|—lat2
2
[-2
‘= Yo
a
_ —2(0.86 m)
-9.81 sz

=0.419s

0=26, +co0t+%at2 =0+21+0
r

0 (4.0cm)(0.77 rev)(z—”
V=—=

)
P 0aos =[46 ems]

77. (a) 9290+w0t+%at2

0., =27 rad—(0.0SO ﬂ)wo
S

Oroy = 0+[0.037 @jwo
S

Set Opyy = ey -

2 rad—(0.0SO @Jt :(0.037 @jt
S S

27 rad = (0.087 @jt
S

27
t e —
0.087 %

-[7]
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360°
2rrad

() Oueyy = (0.037 @j(n.z s)=(2.67 rad)[

J =| 153° cew from North
S

78. (a) 0= 60 +%(COO +a))t

. 2(0-6y) ~ 2(120 rev)(i—’f}) ~
= = = s
p+o 350405 md

(b) , because Aw is the same as in part (a), and « is constant.

(45 )" (sinbs

8.1s
2.48?2

)
79. (a) a:%: ) =248 m/s’

=78 rad/s2

”:(320m)< 1 m )

100 cm
(b) [It doubles.
80. (a) [The sphere], because more of its kinetic energy is translational.

(b) Ui+Ki ZUf +Kf
mgh+0=0+K;

mgh :lmv2 +lla)2
2 2

2

1 -, 1 2\ Vv

mgh =—mv- +—|Bmr- || —
875 2( )(r)

for a cylinder
where B =

for a sphere

[\

<
+

o »lo|—
[38)

1l
N|<Nl\)|'—‘
—~

—

+

[SURE )
SN— <
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81. (a) a=ro’

1 kg m
b) F=ma=(15.0 6840)| 9.81 — |=| 1.01 kN
(b) F=ma=( g>(moogj( )[ 2J [ LOLKN|

S
82. Ui+Ki:Uf+Kf

0+%1a)2 =mgh+0

o= f2mgh
1

200.11 kg)(9.81 sz)(l.o m)

7.4x10™ kg-m?

550 1ad _ 430 rad
83. @) a=22-2"5 " 5 _[15 rad/s?
At 82's

(b) 9—490=%(a)0+a>)t=%(430 rad | ss0 @)(8.2 s)=| 4.0x10° rad
S S

. . . 2
84. (a) Assume the angle through which a wing moves from top to bottom is 120° = Tﬂ rad. Then the total angle

through which each wing moves in one second is 250(2) (2% radj = @ﬂ' rad.

Assume the wing’s angular speed is zero at each end of its up and down motion.
10007

rad
Then @y, =20, = ZAA—f = 2(31—5) = .

(b) Assume a wing is 1.0 cm long.
v=ro=(0.010 m)(2100 rad/s) =

85. (a) a):%z 62” ra;ll oy =|8.3x107"° rad/s

.156x S

(24010 yr)(iyr )
(b) v=ro
137 mi
=t T s _117%x10"7 mi (Mj: 2.7x10"7 km
© 830x10710 rad mi
S
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o7 P 2 2

_ el LT 3 . -3
86. (a) a:a)fAta}l :T_,,AZ T :33.0><10 z;jl(.i2216>;10 s 33.0x107 s _ _2'30><10,9 rad/sz
t a yr)( Y )(m)(%om)
yr day h
(b) w=awy+at
0=2—”+at
Ty
2
t=—"—
aTO
2

(—2.30x10‘9%)(33.0x10‘3 s)
S

= (8.28x10"° s)( Lh j(lday] Lyr
3600's )\ 24 h J| 365 days

=|2.62x10% yr

©) oy=0-at
=" —at
T

- . —[—2.30><109 ﬂ)(zooo yr—1054 yr)(365 days](m hj(%oo Sj
33.0x10 s s yr day h

=259 rad/s

_2r _ 2rm

" @y 259 md

2.43x1072 s

1.0

87. (a) Ax=Tm=

100 cm

s 1.0 m 1rev
(b) d=—=———"F——=(1538 rad)( j: -2.4 rev

88. (a) Down is positive.
D F,=W-N=ma
N =W —mac,

=mg —mag,
:m(g—ra)z)

. 2
m (12m rev \(1min \( 27
_(65kg){9.815—2—[ ; jKSIEJ[ 6OSJ(EH}

cp
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(b) Up is positive.
D F,=N-W=ma
N =W +mac,

cp

=mg +mag,

:m(g+ra)2)

. 2
m 12m rev \( 1 min \( 27
=(65kg){9.81 —+| —— ||| 8.1 — it
( g){ 2 ( 2 JK minj[ 60 s J(revﬂ }
=[920 N1,

(¢) Up is positive.

D F,=0
N =W =mg = (65 kg)(9.81 S%J:

89. (a) Ui+Ki =Uf +Kf

1 1
mgh+O:O—i-Emv2 +Ela)2

ve 10gh
V7
\/10(9.81 S%)(O.Mm)

7

=292 m/s

1 2
Y=Y +v0yt+5ayt

0=122 m+(0)t+%(—9.81 32}2
S

2(-1.22'm)
t= [m—"—2=0499s
~9.81m
S

x=1x +v0xt+%axt2 = 0+(2.92 ?)(0.499 $)+0=[15m ]|

. 0 ot 1(v 1 v vt (292 %)(0-499 s)
(b) revolutions=—=—=—/|—|t=—| — |t =
2 %d

T 7]
T 2m 27m\r 2z wd 7(0.17 m)
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(©) A frictionless incline would not cause the ball to rotate. All the lost potential energy would go to
translational kinetic energy, resulting in a larger horizontal velocity as the ball leaves the bottom of the ramp. So

¢ would fincreasd).
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