HO 19 Solutions

1) a=0450 ™4
S
) ©,=0and w=800 24
S
o 800 rad_,
= = ilhad | = S =
w=at+wo, so t S -~
0450 50
S
2
. (8.00 md) -0 )
b) @ =w?+2aA0 so AG =L Lo _ 5 = 71.11 rad or A6 =71.11 rad| ——— | =[11.3 rev]
2a rad 2mrad
20450 °
S
2) w,=150 9 60300 ¢, A6 =350 rev(z”rad)= 77 rad
s S 1rev

S S

2
®* = 02 +20A0 50 ® =10 +2aA0 =\/(1.50 @) +2(0.300 razd)(m rad) =|3.93 ™4

3)  O(r)=a+bt*+ct’

w=%=%(n+bt2+ct3)=2bt+3ct2 and a=i—(;)=di(2bt+3ct2)=

t

4) a=250 @, AO=800rad, t=500s
S
1 Ap - ogr 2800 rad)—(Z.SO razd)(s.oo )’ -
AO=—at’ + ot so o, = — > =975 225
2 2t 2(5.00s) S
5) D=0200m, w, =0, =140 24 /=800
S
_, 140 rad —
w=at+m, S0 a= ° - 5 =175 —
t 8.00s S
(0+0,) (140 rad+0)
S
AB = T 8.00 s) =| 560 rad
. (5005
6.) 123005, AO =162 rad, =108 29
S
2(162 rad
a) 20122 o 280, Al2rad) ©d_[0]
2 t 3.00s S
s ™ —
b.) w=at+m, S0 a= ° - 5 =136 —
t 3.00s S
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W+
7) A8=%t50(1) a)o=#—wand(2) A8=%at2+a}0t

substituting (1) into (2) A@ = %aﬂ + (ﬁ- w) = %aﬁ +2A0 -t and| A6 = wt -%aﬁ
t

8) w,=240 @, a, =60 g, t=0to t, =2.0s then slows downto w=0 as A0, =432 rad
S S

a.) during the period of acceleration

A6, = %altf ro = %(60 ﬁ)(z.o 5) + (24.0 @)(2.0 s) = 168 rad
S S

AO,,., =A0, + AO, =168 rad + 432 rad =| 600 rad
b.) after 2.0 s the angular velocity is w =a,t, + 0, = (60 @)(2.0 s) +240 rad =144.0 rad
s s S
rad . .
so w, =144.0 — for the period of deceleration
s
w+w 2A0 2(432 rad
A82=(—°)t250 t,= 2= ( 1rzld=6.0sand twml=tl+t2=2.Os+6.Os=
2 WO, 0,440 ¢
s
0-144 724
w-w, S rad
C) wW=0,t,+w, S0 a, = = =|-24 —
t, 60s S

9.) A8 =1rev when blade slows down from w, to 0

2 2
— —wy

2A0 2(1 reV)

0 =} +20A0 s0 0= +20A0 and o =

(2w )2 -4}
0> = > +2aA0 s0 0=(2w,) +2aA6 and AB = (20 - L —|4rev
0 () e
2(1 reV)
10) A6 =65 rev(z’”ad) =1307rad, v, =280 =, v, =140 =, D=080mso r=040m
rev S S
L, 280 m ad L 140 m ad
o =—L= 5 =700 — and w, =% = S =350 —
r 040 m S r 040 m S
2 2
s o (350 ) (700 4
, R w; — S S rad
a) w;, =w, +20A0 so o= = = [-4.50 —
2A0 2(130nrad) S
o 0350 rad
_ _Wh =W S _
b) w,=at+w, so t= - oy T —

SZ
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1) 5 =0045m, r,=0.0025m, v, =200 =
S
200 ™ ad
The shaft and the disk have the same angular velocity @ = —2 = ———35 = —
r, 000250 m s
v, =R =(0.0450 m)(SOO @)= 36 =
S S
2) 1=300s,r=0200m, v=400 =, a=-100 =
S S
m
~100 %
a.) a=%e s _| 50
r 0200m S
m
400 =
3
b.) o(3s)="CY_ " s Lo d
r 0.200 m S
w=at+w, 50 ©,=0-ar =200 @—(—50 @)(3.00 5)=|3s50 24
S S S
(0+0,) (200 rad | 350 md)
S S
c. A6 = Lt = 3.00 s) =|825 rad
) > 5 (3.005) =825 rad|
d) a,
a, ~70 ™
S
70 55 ™
w=at+m, S0 t = ° = § S -16.86s
a rad
-50 5
S
3) D=0850m so r=0425m, w, = 3.00 ﬂ(z”rad)= 6007 ™ =150 g(”fﬂd} 3,007 4
s \ lrev S S 1 rev S
a) w=at+w, = (3.00n @)(1.00 $)+6.007 9 _|og3 d
S S S
283 M4 6005 14
(w+wo) S S
b.) Af = 1= 5 (1.00s) =23.57 rad

1 rev
AO =23.57 rad| —— |=|3.75rev
=]
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3.) (continued)

c) v=ra=(0425 m)(28.3 ﬂ) ~[120 2
S S

2
d) a, =’ = (28.3 @) (0425 m) = 3404 ™ and a, = rer = (0425 m)(3.00n @) - 400 =
S S S S

2 2
a=+a’+a’ =\/(4.00 22) +(340.4 22) =340 =
S S S

! L
4) 2
2 2 2 2
m T m 2 L 2L 2 L L P
|::. P ITI i:|l I=Emiri =m(—) +m(7) +ml =m3+mT+ml
+—>
L 2L
5 5 L. L 3L o L

2 3 6 6 6

2 41’ (L)2 2 41> 12 412 161> I2 207 | 712
I=m—+m——+m|—| =m| —+—+—|=m| —+—+—|=m——=| —m
9 9 36 36 36 36 36 12

m=0.200 kg, L =0.400 m

2,

2
2

= 2mL? = 2(0.200 kg)(0.400 m)* =[0.064 kg’

a.) for all four spheres r =

\2

I1=% m,.ri2 = 4m(7L

~——

N |~

b.) for all four spheres r =

mL* = (0.200 kg)(0.400 m)” =

2
I1=Y ml.ri2 = 4m(§)

m=024kg, L, =20m, L,=30m

for all four spheres r = L

2

2
[=3mr = 4m(%) = mL =(024kg)(3.0 m)’ =[2.16 kg’ ]

7.) L=r=0.300m, m,, =0.320kg, m,, =1.60 kg
treat the rim has a hollow cylinder 7 = MR” and spokes as rods rotated about their ends I = %ML2

I=1, +8, ,=m r2+8(1m kﬁ)
3 spoke

rim spoke rim

1=(1.60 kg)(0.300 m)’ + 8(%(0.320 kg)(0.300 m)z) =




8.)
a.)

b.)

c)

d)

HO 20 Solutions
solid sphere M =5.0 kg and R =0.20 m about its central axis

I= %MRZ - %(5.0 kg)(0.20 m)* =[0.080 kg m’]

hoop M =10.0 kg and R = 2.5 m about its central axis perpendicular to its diameter
I=MR*=(100kg)(25m)" =[62.5 kg m’

hollow sphere M =15.0 kg and R =3.00 m about its central axis

2 2 2
1= MR = £ (150 kg)(3.00 m) [90 kg m? ]

solid cylinder M =150 kg and R =1.5 m about its central axis perpendicular to its diameter

1 1 2
I=2 MR = (150 kg)(1.5 m)’ =
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1) y
m, = 4.00 kg Q y=300m w=200 14

S
a.)

W X I = 2 _ 2 2 2
=Y mr =mr’ +myr, +msry

my=200kg () y=-200m
1 =(4.00 kg)(3.00 m)” + (2.00 kg)(2.00 m)* +(3.00 kg)(4.00 m)* =[ 92 kg-m’ |
1 1 rad\’
K= Elw2 —w-= 5(92 kg-mz)(Z.OO T) -

my = 3.00 kg @ y=-400m

b.)

v =R =(3.00 m)(Z.OO @)= 60 =
S

=40 —

v, = 1y = (4.00 m)(2.00 ﬂ) 480
: : S S

K= E%mivf = %mlvl2 +%m2v§ +%m3v§

2

1 m)’
+2(300 kg)(S.O ?) [ 1847]

1 m2 1 m
K=—(400kg)[60 —| +=(2.00kg)4.0 —
5 g)( S) + g)( S)

2) M@

je—* —pe— L-x —>p]
x=0

a.) 1=Ymr} =Mx2+m(L—x)2

it is at a minimum when £=0

dx
£=i(Mx2+m(L—x)2)=0
dx dx
2Mx + 2m(L - x)(—l) =2Mx -2mL +2mx =0
Mx-mL+mx=0
x(M +m)—mL=0

mL

X =
M+m

Smx, M(0)+mL  mL
>m, M+m M+m

the center-of-mass is x,, which is where [ is a minimum



HO 21 Solutions

2.) (continued)

2 2 212 2 2

L L Mm?L 2mL L
b.) B B R +( n )
M+m M+m (M+m) M+m \M+m

I =

Mm*L’ ,  2ml? m*L? Mm’L? , 2m’l? m’L?
——+m|L - + > |= 3 - + 5
(M+m) M+m (M+m) (M+m) M+m (M+m)

Mm?’I? . mLz(M +m)2 ~ 2m2L2(M +m) . mI?
(M +m)2 (M +m)2 (M +m)2 (M +m)2

M2 mL(MP2Mmam’) opl om’l w2
+ - +
(M +m)2 (M +m)2 (M +m)2 (M +m)2

Mm’L> M*mL* + 2Mm*L* + m’ L ~ 2Mm*L* + 2m’L m’L?

ey (M +m) (Mem)  (Mam)

_ Mm’L + M?mL + 2Mm°L* + m*L* = 2Mm°L* = 2m’°L + m’ L

1 2
(M +m)

;ML ML MmL*(M +m) | MmI?

(M+m)2 (M+m)2 M +m

3.) solid cylinder mass M and radius R rolls down an incline height 7 and v, =0

using Conservation of Energy and the bottom of the incline as a reference y, =h and y, =0

K +U, +W,, =K,+U, and 0+U, +0=K,+0 or U, =K,
1 1 1 1(1 v, \
Mgy, = EMv§ +51w§ = EMv§ +5(5 MRz)(EZ)

1 1 v 1 1 3
Mgy, = EMv§ +ZMR2 —2)= EMv§ +ZMV§ =ZMV§

2

4 gh
x =2 2=
3 8N 3

V, =

4.) solid sphere mass M and radius R rolls down an incline height 4 and v, =0

using Conservation of Energy and the bottom of the incline as a reference y, =h and y, =0

1 1 1 1(2 v,\
2 2 _ 2 2, 2= 2| X2
U, =K, s0 ngl=—2Mv2+—21w2—2Mv2+2(5MR )(R)

2

Mgy, =—Mv; +— MR
&Y 2 2% 70

=—Mvi+—=—Mvi=—Mv
27100 7100

2
Y2
2

R

10 10gh
V, = 78y1= T
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5)
a.) solid cylinder about an axis parallel to its center of mass and passing through its edge

d=R

for a solid cylinder [, = %MR ? and using parallel-axis theorem / , =1, +Md ?

I, = LR+ mr> = | 2 mr?
2 2

b.) hollow sphere about an axis tangent to its surface

i{d=R
@ for a hollow sphere I, = %MR ? and using parallel-axis theorem / , =1, +Md ?

I,= %MRZ + MR’ = %MRZ

6.) merry-go-round M =1640 kg and R= 820m w, =0 and w =

8s \ 1rev

lrev(2arad| & rad
4 s
using the rotational equivalent of the Work-Energy Theorem

W= AK =107 - L 102 - L 1w - L L 2 |o? - Lyr2e?
2 2 2 2\2 4

o

S

1 o(m rad)
W = (1640 kg)(8.20 m) (Z —) =[17.0007]

7.) hollow sphere R =0.200 m and M =1.20 kg rolling down an incline L =10.0 m and 8 = 30°

v, = 0 and using bottom of incline as a reference y, = Lsin0 and y, =0

using Conservation of Energy

1o, 1, 1, 1(2 S\
Ué’l =K2 SO ngl=5MV2 +EI(U2=EMV2 +5 gMR E
1 1 vi) 1 1 5
Mgy, =5Mv§ +§MR2(R—22)=EMV§ +§Mv§ =ng§
: 6/9.8 = |(10.0 m)sin30°
’ _\/é _ \/6gLsm6 _ S _|l7e7 ™
2 58)’1 5 5 g S
L, 767 m —
w,=—2= S -|383 —
R 0.200 m S
8.) — L holl linder R =0.40 d M =1.0kg rolli incli
. = U. m =1.
30° \ O ollow cylinder an g rolling up an mcline

6 =30° and v, =4.00 m using bottom of the incline as a reference
s

vy, =0 and y, = Lsin0

using Conservation of Energy
2
v
1

RZ

1

1 2 19 1 2 2\( Y
K, =U,, so Ele +Elwl = Mgy, or EMV1 +5(MR ) —

R

2
m
, , (4.00 )

Mv} = Mgy, and y, = Lsinf = DosoL= V.l e -
8 gsin (9.8 H;)sin30°
S

)2 - %va +%(MR2)

) = Mgy,

NEEFY
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9) for a hollow sphere [, = %MR ? and for a solid sphere I, = %MR g
using parallel-axis theorem [, =1, + Md ?
2

Z MR*? =3MR2 + Md*
3 5

2 2

ZRI_ER &2
3 5
0 O gy
15 15
d=o| X R =|or| L
15 15
10.) :
ﬁ R the distance y that the center of mass falls is
R
-f)j"‘--.,__ y=R-Rcosf} = R(l - cos[;’)
the moment of inertia of the hoop about its center of mass is

I =MR?

cm

using parallel-axis theorem [, =1, + Md ?, the moment of inertia about an axis passing through its edge is
I, =MR* + MR* = 2MR’

using Conservation of Energy

the potential energy comes from the fact that the center of mass falls a distance y and using the equilibrium
position as a reference y, =y and y, =0 this is converted into rotational kinetic energy for the hoop which is

rotating about its rim

2Mgy,
1

1
U, =K, or Mgy, =51pa)§ and w, =
P

_\/ZMgR(l—cosfa’) ~ \/g(l—cosﬁ)
@2 = 2MRT
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1) L=400m, F=150N

—r> F ‘ a _ ) )
0:“ ) $=90° T =FxF =rFsing=(4.00 m)(15.0 N)sin90° = 60 N -m (ccw)
90.0° F r
_-r o F
0 ¢ _ = . .
F . ¢ =120° T =7 xF =rFsing =(4.00 m)(15.0 N)sin120° =| 52 N -m (ccw)
120.0
:lr e F
¢ 30.0° /Fv # ¢=30° T=7xF =rFsing=(4.00 m)(15.0 N)sin30° =|30 N-m (ccw)
60.0° "\ . .
og——— ¢ =-60° T =FxF =rFsing =(2.00 m)(15.0 N)sin(-60°) = | - 26 N -m (cw)
r 7200 N
B m
.
—  » F ¢ ~
OB———«— <« > ¢-180° 7=FxF=rFsing=(400m)(150 N)sin(180°)=[0 |
2.) vYQON JF, =800N r
30.0° > _ _ano
(0 ) ) F] ¢l ¢l =-90
l€200m ple— 300m —yp|
_— > r >
r
7, = 1, F;sing, =(5.00 m)(8.00 N)sin(-90°) =-40.0 N-m (cw)
P 4, ¢, =150° 7, = r,F,sing, = (2.00 m)(12.00 N)sin150° =12.0 N -m (ccw)

r

T, =T, +7,=-400N'-m+120N-m= [-28.0 N-m (cw)

net

F,

3)

2y . o
\J f =0

‘ F, = r;Fsing, =(0.330 m)(8.60 N)sin(~90°) =-2.838 N -m (cw)

F, =860N, F,=430N, r, =1, =0.330m

F2 ¢2 ¢ =90°
L> 7, = r,F,sing, = (0.330 m)(4.30 N)sin90° = 1.419 N -m (ccw)

r

T =T, +7,=-2838 N'm+1419N-m=|-1419 N-m (cw)

net

4) I=350kg-m’

2) @, =0, =600 E(anad)(lmm) 20 rad

min \ 1rev 60 s S
w-w 207 @_0 rad
w=at+m, S0 a= ° - 8 —785—

t 8.00 s
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4.) a.) (continued)
using Newton’s 2™ Law for rotation 7, = 37 = I«

T=la=(350kg'm )(7 85 @)=

1 1 d
b.) K=Elw2 =5(3.50 kg-mz)(ZOJr 1)

5) T‘p r=0300m, F=50N, I =400kg-m’
....... ’
@ 7 = rFsing = (0.300 m)(50.0 N)sin90° = 15 N-m (ccw)

using Newton’s 2™ Law for rotation 7, = 37 = I«

g=To DBNm 15,5 rad
I 400kg-m s’
6.) twodisks D, =0.075m, M =0.050 kg joined by cylindrical hub D, =0.010 m, M =0.0050 kg
for the disks R, = % =0.0375 m and for the hub R, = % =0.0050 m
I=21;+1,,=2 lM|R12 +1M2R22
2 2
I= 2(%(0.050 kg)(0.0375 m)2)+%(0.0050 kg)(0.0050 m)” = 7.0375 x 10° kg m’
a.) using the lowest point as a reference y, =h=1.0m and y, =0 also v, =w, =0

using Conservation of Energy

K +U, +W,,, =K,+U, or 0+U, +0=K,+0s0o U, =K,

mgy, = %Ia)j +%mv§ where m =2M, + M, = 2(0.050 kg) + 0.0050 kg = 0.105 kg

2
1 1 1o (vi] 1 1,1
since the cord is attached to the hub w, = 22 and mgy, =—1 AN —mv; =—1I V—22 +—mv) =—v; —+m
5 2 \R, 2 2 \R)) 2 2 7R
I 2(0.105 kg 9 8 )(1 00 m)
_ | ngy ! “0oss &
L 7.0375x 10” kg-m s
7 Tm ( ) +0.105 kg
2 (0.0050 m)
m 2
1 1 (v.V 1 0.84 —
b.) the rotational kinetic energy is K, = —lw; =—I| 2| = —(7.0375 x 107 kg~ m2) ——35 1 =0993]
2 2 \R, 2 0.0050 m
1 1 m)’
the translational kinetic energy is K, = Emvg = 5(0.105 kg)(0.84 —) =0.03701J
s
K 0.9931]
the fraction of which is rotational is oL = = -0.964 or 96.4 % rotational
K, +K,  09931+00370] 064 ’
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| 7 5 rotation results from the torque due to the weight of the rod

_LMg

T =rFsing = %Mgsin(—90°) =

(cw)

. . 1 . .
for a rod rotating about its end [ = 3 ML’ and using Newton’s 2™ Law for rotation 7,,, = 31 = Io

LMg
a=£=—] 2 =—§§soa= 38 (cw)
I EMLZ 2L 2L

b.)  the tipis a distance r = L from the axis of rotation so a =ra = %% = % g

8.)

m,

T

T m, =2.0kg, m, =1.5 kgand the pulley is hollow cylinder M =10kg, R=0.15m
2

my for a hollow cylinder I = MR’

Looking at forces in the direction of motion and applying Newton’s 2™ Law and a = Ra

fr. T
m,

T, ; ]
m; —»
T,
ngz

S F=ma S F=ma St=Ia
(1) T, =ma F,-T,=ma T,-1, =1a
@) mg-T,=ma RT, - RT, =MR2(%)

3 T,-T,=Ma
combining (1) and (2) and (3)

m,g = ma+m,a+Ma=(m +m,+M)a

(1.5 kg)(9.8 :2‘)

m,§ m
= = =327 —
m+m,+M 20kg+15kg+1.0kg S
m
327 —
a=4- s _|o18 ™4
R 0.15m S
from (1)
T, = ma=(20 kg)(3.27 22)= 6.54 N
s
from (2)

T,=m,g-m,a= m2(g —a) = (1.5 kg)(9.8 SEZ_ 327 SEZ) =
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8. (again)

could use energy conservation to find the speed of block m, (and m,) after falling a distance 4 and relating it to the
acceleration a using the kinematic relationship v> = v + 2aAx.

using the lowest point as a reference and starting fromrest y, =h, y, =0,and v, =0
other

K +U, +W,,,, =K,+U, or 0+U, +0=K,+0s0o U, =K,

the final kinetic energy includes the rotational kinetic energy of the pulley and the translational kinetic energy of
the blocks

only block m, contributes to changes in gravitational energy

2
! 1 1 1 (v
=l emi e ok = m e+

1 1 v 1
m,gy, = E(m1 +m,)v3 + EMR2(R_22 = E(m] +m,)v3 + EMvi
2m,gy 2m,gh

2m,gy, = (m, +m, + M)v: and v; = 2071 2 1

282 ( : : )2 : m+m,+M m+my+M .

v =v2+2aAx so v = v +2aAy or v =0+2ah=2ah (2)
combining (1) and (2)

2m,gh m,g . .
2ah = ——==—— or a = ——— (the same result as previously obtained)
my+m,+M m +m, +

a can be obtained from a and the tensions obtained by considering the forces on the blocks and applying
Newton’s 2™ Law to each block
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for uniform cylinder [ = %MR2

no slipping so acceleration a of the block and cylinder are the same and the angular
acceleration of the pulley is related to the acceleration by the relationship a = Ra
and the linear velocity of the block and the cylinder are the same

use energy conservation to find the speed of block M after falling a distance 4 and relating it to the acceleration a using
the kinematic relationship v* = v> + 2aAy.

using the lowest point as a reference and starting fromrest y, =h, y, =0,and v, =0

K +U, +W,,, =K,+U, or 0+U, +0=K,+0s0o U, =K,

other

the final kinetic energy includes the rotational kinetic energy of the pulley and the cylinder and the translational
kinetic energy of the block and cylinder

only block M contributes to changes in gravitational energy

M, = S 102 0= L 2L (% MRz)w; - (%M(2R)2)w§

2 2
Mgy, = Mv? + iMR%o; + (iM(4R2))w§ - Myl + iMRz(%) + MRZ(Q)

2R
2 1 2 Vz 2 VZ 2 1 2 V2 2 VZ
Mgy, = Mv? +— MR?| -2 |+ MR*| —25 | = Mv? + — MR*| -2 |+ MR*| —2;
4 R (2R) R 4R
2 1 2 1 2 2 11 2( 3
Mgy, =MV2+ZMv2+ZMV2 =Mv2(1+z+z)=Mv2(E
3 2gy, 2gh
Mgy, = Mv;|=|so vZ =282l -20" (]
&) 2(2) N 3 3 (L
v =v2+2aAy so v = v +2aAy or v, =0+2ah=2ah (2)
combining (1) and (2) 2ah =% or a=
2.) dT F D=0500m, F=60N.v, =w,=0, Ad=300m,and t=4.00s
) i
....... . re2 _0250mand a0 =24 _390M 154
2 r 0250 m
2(12 rad
a.) A8=lat2+w0t=lat250a=ﬁ=(—)= 1.5@
2 2 t (4.00 ) s
W+ 2(12 rad
by A=\t o, 280 212rad) fC rad
2 2 t 4.00s S

c) W,=AK=K-K,=Kand W,, =W, =F-d=Fdcos so K = Fdcos0 = (60.0 N)(S.OO m)cosO =

rFsing (0.250 m)(60.0 N)sin90°
= = =110.0kg-m

r
« 15
S

d) St=Ilasol=
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3) £=0250 m, M =0.0150 kg, constant angular velocity w = A6 = 27 rad - rad
At 60s 30 s

for a slender rod rotating about one end [ = %MZ ’

2
L=1o =~ Mt*w =1 (00150 kg)(0.250 m)z(i @)= 327x 107 K&
3 3 30 s s
v=12.0m/s m
4) P m=300kg, v=120 =, r=8.00m
S
3.00m ) ¢ =143.1°
36.9° ¢
T v
0 2

L =7 x p=mrvsing = (3.00 kg)(8.00 m)(12.0 E)sinl43.1° _|173 ke
S

=025m, 1,,, =040 kg'm*, w, =0.60

5) M, =80ke, L
S

arms arms

=1.8m, R

arms

sy, 12 =040 kg m? +$(8.0 kg)(1.8 m)* = 2.56 kg - m’

When arms are eXtended Il = Ib()dy + Iarmx = Ih()dy 12 arms™arms

when arms are brought in 1, = 1, +1,,,, = I,,,, + MR, =040 kg-m’ +(8.0 kg)(0.25 m)’ = 0.90 kg - m’

using Conservation of Angular Momentum (L1 = Lz)

2
I gy = 220 ke m (0.60 ﬂ) 171 =2

lLw =1,w,0or w,=—w, = =
e LT 090 kg m? s

6) Af=Irev, At=600s, I, =1200 kg-m’, m,,, =800kg, r, =0,and r, =2.00 m

with man at center I, =1, +1,, =1, + m, .1 =1200 kg-m” + (80.0 kg)(O)2 =1200 kg m’

after manmoves [, =1, +1,, =1, + m,.r5 =1200 kg-m” + (80.0 kg)(Z.OO)2 =1520 kg m’

w, = % = 16rev =0.167 =¥ and using Conservation of Angular Momentum (L1 = Lz)
t S S
V2
Lo, = Lo, o , =1 - 1200 kg"m_ {0167 =X =l0.132 =X
I, 1520 kg-m S S
. . rev . .
7.) uniform disk @, =7.0 — , M, R and uniform stick M, L = 2R
s
for the disk 1, =1, = L g
c2
for the disk and stick 1, = I, + 1, = Lyre e Ly - Lyre s iM(zR)z -3 MR
R 2 12 2 12 6
using Conservation of Angular Momentum (L1 = Lz)
1
I P MR® rev rev
Lo, =1Lw,or w,=-"Lw, = 5 70 —|=[42 —
S s

2 = MR?
6



HO 23 Solutions
8) IL,=I1,1,=2], w,=w

using Conservation of Angular Momentum (L1 = Lz)
I 1 1
Lo =Low,or w,="w=—0= -0
I, 21 2

9.) merry-go-round D=42m, [, =1760 kg-m*, w, =0.80 rad and four men m=65kg, =0, r, = % =2.1m
s

I=1,,=1760kg-m’ and I, =1, +I +4mr? = 1760 kg m* +4(65 kg)(2.1 m)” = 2907 kg - m

men = Imgr
using Conservation of Angular Momentum (L1 = Lz)

2
I,  1760kg-m (0.80 @)= rad

lLw =1,w,0or w,=—w, = 048 —
R e, 2907 kg - m?

N

m, =0.00188 kg, v, =360 = solid disk M =10.0kg, R=0.300m, @, =0
S

the bullet becomes embedded along a line 0.25 m to the right of the center of the disk

before striking the disk the angular momentum of the bullet with respect to the axis of rotation
of the disk is

L =L, =myv,rsing=m,v,r
after striking the disk angular momentum of the disk and bullet is

IL=1,+1,,=mR,’°+ %MRZ

using Conservation of Angular Momentum (L1 = Lz)
L m,v,n,
so L =lLw,or w,=—"= nf

L R +%MR2

(0.00188 kg)(360 m)(o.zs m)
w, = 1 > =0376 —
0.00188 kg(0.25 m)” +  (10.0 kg)(0.30 m)z)

the time to make one complete revolution is the period 7 and T = 27 = _ =
© 0376 ™4



HO 23 Solutions

1.) (again) the rotation of the cylinder is due to the frictional force between the cylinder and the surface that it is in
contact with and the tension in the cord does not contribute

Looking at forces in the direction of motion and applying Newton’s 2™ Law and a = Ra

T,
M
T,
L.
S F=ma SF=ma St=la
(1) T,-f=Ma F,-T,=Ma 7,-1,=la
St=la (2) Mg-T,=Ma RT, - RT, =%MR2(%)
f2R=%M(2R)2a (3) T,-T, =%Ma
f2R —lM(zR)z(i)
2 2R
@) f=1Ma
2
combining (1) and (2) and (3) and (4) Mg = Ma+ Ma + %Ma + %Ma =3Ma and a =§
Mg
also f = lMa =1M(£)=& and since f = uF, = uMg it follows that u = e -6 _ 1 =0.167
2 2 3 6 Mg Mg 6



