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Concept Check 81

In the case shown in Figure 8.2, what
are the relative magnitudes of the two

masses m, and m,?

8.1 MLA-U Z.i.’ﬁ’}q

L 8.2 JSaJ) § asdsll AL
cng m1 dnm 4*....;.]' )J)LL“

o g, | m, < m, (a
‘m >m | m>m; (b
1 2
m,=m, (c
c) my=nm, 1 £

d) Based solely on the information — '3'-‘-.%' }'.‘S.' v»-l-SJ' ol waé oscyd
given in the figure, it is not — doad JSLI § 580l calaglall )

possible to decide which of the
two masses is larger.




8.2 palal) das) o

adalo) Jolez) doleda) dsls;
lpaas Sy o)) o dcgiall
(1.01 g/cm?® al:s asis.) Ji) e
ad:S asltSy) ol o L) Caandly
alglle e dcpusgs (0.910 g/cm®
JE) e Samie coi)) GlS Lalad) 3
S50 L ) 390 galay U S

LK J3:bL o)) alis) 2 a3
Aglal) e g,5) 30 canind o
Jlos aliS 55, glas)) 28 Hlaae Le
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Jsi (b
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Concept Check 8.2

A cylindrical bottle of oil-and-vinegar
salad dressing whose volume is 1/2
vinegar (mass density of 1.01 g/cm3)
and 1/2 oil (mass density of 0.910 g/cm3)
rests on a table. Initially, the oil and
the vinegar are separated, with the
oil floating on top of the vinegar.

The bottle is shaken so that the oil
and vinegar mix uniformly and then
returned to the table. How has the
height of the center of mass of the
salad dressing changed as a result of
the mixing?

lt is higher.

b) Itis lower.

c) ltis the same.

& g/ g e | S0P d) There is not enough information to
0563949152

answer this question.



oadlg S %) ALLS 3S o0 | 8.1 iglone tlune

e ins BV iJee i) sedse :7.36% 1072 Kg AN ALS Klg, 597 %10%2* Kg ua,i) alS il
oo, 35S, e 384,000 KM La lans ddlus oy ,oal) 35,0 5 ) :384,000 km aas aslas

".8.3a s 3 =Sse 9o LS

Il
TuaL¥) S0 e eally UaL¥) allas AliS S, Laaas o)) aslul) Lo
wa,Y) ol
mg = 5.97 x10%* kg : my, = 7.36 x10%2 kgl
384,000 km .|
o o ' roal)
& _ b x
Xg =0 e & Xpm = 384,000 km
E ; Xpmyp + Xy - gl g e | Y/ Jae) M
B =
. mg +my 0563949152

0 + 384000 x 7.36 x 1072 ;
X = 97 x 102" +7 36 x 1022 ~ 4676km =4.68 x 10°> Km



e8.31 Young acrobats are standing still on a circular horizontal
platform suspended at the center. The origin of the two-dimensional
Cartesian coordinate system is assumed to be at the center of the
platform. A 30.0-kg acrobar is located at (3.00 m, 4.00 m), and a
40.0-kg acrobat is located at (—2.00 m, —2.00 m). Assuming that the
acrobarts stand still in their positions, where must a 20.0-kg acrobart
be located so that the center of mass of the system consisting of the
three acrobats is at the origin and the platform is balanced?

55550 d3,5)> 4l Tans Lle 19Sw aung 3 sliw iblglys cazy 8.31e
Xey = Faliy + Xgme T X placll fo¥) atazs o o yasaall oo 13 Nppuass alaas ase Jats, i
my +my +ms; azlzS o) SIS anl) Caazie aue slep¥) LS S,HLSea)) LSlas-Y)
40.0 kg «xlzS s olelys cam Low (4.00 m .3.00 m) axc 30.0 kg
3 0sSw pung 3 Osam Sblaled) i ualzaL (—=2.00 m .—2.00 m) ac
alad) alis ;S .. O0Ss Capsy 20.0 KG aalsS ooy camy o e culd pgadlse
Casjleze duncl) 853y (Jua¥) dlaas aae BN cablglyd) opo caSL)

~ (30.0 X 4.00) 4 (40.0%x=2:00) + (20.0 X X) 0 — 40.0 + 20.0 x
N 30.0 +40.0 + 20.0

T 30.0 + 40.0 + 20.0

0=10.0+20.0y y =—0.50 m

Yem =



EXAMPLE 91 | Locating a Point with Cartesian and Polar Coordinates
22l

- —

A point has a location given in Cartesian coordinates as (4,3), as shown in Figure 9.5.

PROBLEM

How do we represent the position of this point in polar coordinates?

P

@3) 14,3) 35,8000 SldlasYlb 38 Lpadge ddaws

Wl
Cieodar)) ldlasYl adaz)) odn pdge Joif Luse S

[A
- DY = o
(r Y= [ 537 =5, 37><180rad)—(5,0.64rad)

(r,0)= (5 n360°+37°) = (5,n2nrad + 0.64 rad)



Concept Check 91 9.1 palal) das) o

A bicycle’s wheels have a radius R. axadl SiMane ad caas oIS 15)
The bicycle is traveling with speed v. o 18V de s ax)ya)) Loy R
Which one of the following expressions 259150 A punl) whimp 300N Sl pgenid)
describes the angular speed of the Tgele?) LU
front tire? W= B la w = %sz (a
I
a) w= iRV’ d) w=Rv w=v/Rle  w=3wRb
1 : w = R/v (c
b) w = 3VvR? W = V/R N

c) w=R/v




IS Al

y o >0
A sy = J az + a?
o A
«
= Apor = J (ra)?+(wv)?
NNy
(a) o

Aror = \/ (ra)?+(w.rw)?

sl g e\ JLuY) Hac)
0563949152 Aior = 7‘(“)2+ (w)*
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EXAMPLE 9.5 . Centripetal Acceleration Due to Earth’s Rotation ‘ Sl g e\ JLLY) e
0563949152

Because the Earth rotates, points on its surface move with a rotational velocity, and it is inter-

esting to compute the corresponding centripetal acceleration. This acceleration can slightly

alter the commonly stated value of the acceleration due to gravity at the surface of Earth.
We can insert the data for the Earth into equation 9.19 to find the magnitude of

the centripetal acceleration: .

U, o oyl eud) (e AE L) 23S ) dlowald) | 9.5 Jte
“ —
iloal)) Gl LAl (o k,')m ole 33saal) dalaudl oz Loa ¥ o) ea) 13das
o le awild) Ge afld) o788, al) aga)) MAD L ol alswa) siy) oSc Lablal) &3S 1)
~ub).7'
13S0 aloval) Hlazs sleu¥ 919 abslal) 3 Ga,¥) bl passasd) Luss

g



FEINE S 9.3 Uoglows idluwe

| st
sal .= 1.43 rad/s® La lazns aul as); alsas GaSud) o olsad) 3 solsd) &, 4 avlas las
2SI aeadl Lo 595 S sal adad) olyes oy W anlh dpels de sy gl JeS2uis oS & = 259 s
SLeslies s die adlad) La,yla () Zpglsl)

wo=0 a=1.43rad/s* t;=25.9s
01=?
W= wy+ at w=37.0 rad/s
= 0+1.43 x25.9=37.0 rad/s —_ t,=59.5—-25.9=33.6s

| - -

1 92 —¥
0, = wyt +§at2
0, = wt=37.0%x33.6=1240rad

1
61 =0+5x1.43 X 25.9% = 480 rad

0,,,=06,+6, =480+ 1240 = 1720 rad



SOLVED PROBLEM 9.3 [ Flywheel i

PROBLEM

The flywheel of a steam engine starts to rotate from rest with a constant angular acceleration
of & = 1.43 rad/s”. The flywheel undergoes this constant angular acceleration fort = 259 s
and then continues to rotate at a constant angular velocity, w. After the flywheel has been
rotating for 59.5 s, what is the total angle through which it has rotated since it started?

wo=0 a=1.43rad/s* t;=25.9s w=237.0 rad/s
6, =7 t,=59.5—-259=33.65
ad = 0+1.43x25.9=37.Qrad/s 0., =2
w5 0= =

4® DO LAY 'wrea

\) ' 1
B Frpu (E X 25.9 x 37. 0) +(33.6 X 37.0) = 1720 rad

Sl g a0 | iyl dse)

. EH ll 0563949152

25 9 59.5



Concept Check 9.5 9.5 pealal] dax/ o

When you go through a vertical loop on 2yt 3 i) als § 005 Lo
a high-speed roller coaster, what keeps g s Lo iyl idle 4lgad]
you in your seat? ' Clasio §
a) centrifugal force 255,11 5)Ua)l 3441 (a
the normal force from the track = Ll e sdgal) saalazl) 35D
¢) the force of gravity iwild 343 (c
d) the force of friction J(S:>¥) 343 (d

e) the force exerted by the seat belt ¥ pli iy i sl (e




9.8 The angular speed of the hour hand of a clock (in radians per second) is
(Gobn 3 oLa1) sas0:) aclod) smal 33030 Geul) 9.8

is T vis
75 ans 3600 ‘© =1, 600 «a
0 2m m e T__ (b
- — = — 7200
@ =T 12x60x60 21600 2%/
1 = ‘.\V’;” /

sl g pac | i) )

0563949152



9.13 A bicycle’s wheels have a radius of 33.0 cm. The bicycle is traveling
at a speed of 6.5 m/s. What is the angular speed of the front tire?

a) 0.197 rad/s c) 5.08 rad/s e) 215 rad/s

b) 1.24 rad/s 19.7 rad/s
Jias ey &,y 33,0 CM Lalone b s dalys aags 9.13
S abed) UM &yl3)) el Lid 65 M/s )

v
V=WwWwr o= - 215 rad/s (e 5.08 rad/s (c 0.197 rad/s (a
S 19.7 rad/s (d 1.24 rad/s (b

N —




Py : LeLS 5,5 asss 9.560
e e Lasy alaze m = 0.200 kg

T & L =100 m Job (ash guc)
g g &l ¥ 0 | Goial) § 515 25 oy
45891 ) 5,38 48 4a ( b i IS0 3 nie oo S g2

3,50 L4 eud) dalas, o)) (@
393l ;95 caab 2 3530 Le (b

» Ty — $a;5,1)

g 98 $45.0° J) 0 ol Juay S aslial) aliS)) dce Lo (c

C)w= = = 3 & rad/s Sdad) 3 L33l) ot aze L (d
lcosO {100 x cos45 ¢

#9.56 A ball of mass m = 0.200 kg is attached to a (massless) string of

£ length L. = 1.00 m and is undergoing circular motion in the horizontal

’E'g plane, as shown in the figure.

v=wr=3.72X1.00sin45 =2.63m/s _
~ | s 2) Draw a free-body diagram for the ball.

d) Ficiy O\ lg®h =0 M mectiwommpnitors A
: c) What should the speed of 6
- > ? o wmsdeimmn /| "8
Q;J-@-’/ Jae \ .;L'LMS’/ _J/.B’l the string? . i
0563949152
Tcos@=mg T= e T=0'ZOOX9'8=2.77N

cos@ cos 45
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Concept Check 10.1

Consider two equal masses, m,
connected by a thin, massless rod. As
shown in the figures, the two masses
spin in a horizontal plane around

a vertical axis represented by the
dashed line. Which system has the
highest moment of inertia?

[
Gl
T ¢ 7
(a)
—t
il | *
(b)
_1
-d ¥ @

| m m

osadll 2 e | =

I,=m .(g)2 +m .(%)2

2

A et 2 AT
Ia-er];(;z) m-

Ip=m (—)2+m e )2

[.=0.0+m.(7)?

C

o m; .1
sl il i 13

2

10.1 palal! Zas! 0
oilaie M . uigslace GealsS 3 S0
o9 LS .AliS) guc aud, Cnan
u‘-" Gous § oLLS) 505 JISLY)
e—h‘—-o J“-"-’J"-fo.r‘") 29> Jo>
A L,J.:.L,.,J”.,J.;Ji allas)) Lo
g"ﬁ 293

o 1o

()

m | m
(b)
.
v—>0
(9]
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08,3 Aol eudl S 3l Adlad) 10.1 gt

6370 kM o,dad caaiy 5.98x 10 kg aakis .anlh 2LS 45 cabia (59,5 g 52,3 ol o 28

!
Tt gl 1ig) &S 41 Blall Lug L jgona Jp> 95 Ll sleie! a5, 1) gl e Lo
2 2
I= EMR2 I=25.98X 1024 x (6370 x 10%)%2= 9.71 x 10°" kg/m*
_Ag LSS P o
P At T 24ax60x60 e/ s
1 \ " 4
K = - Iw? .
2 w

sl g e\ i) S/
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Concept Check 10.4 10.4 galal) das) e

Choose the combination of position T =T X F| arces 7, adsll agze 3o o3 a8
vector, r, and force vector, F, that Nane Lle¥ olyeal) aje mziy F 34a))
produces the torque of highest T=171F sinf adazc)) LpJ) Loi5 o)) adan) Joo
magnitude around the point indicated Y PP |
by the black dot.
Iﬁ / 1~ I F / 1 -
F F F F
r F r r r r
(@) (b) (o) (a)

|
%
T1}

(b) (c)
N ]
.?j = r r .Tj E r r

(d) () @ d) ) 0




el ) G9 10.3 yt.

danod S lglels Ji-1s Galod) 3o e Baganr an) auas ol Jold (S Cadgl) Clas hasy ad
wonle ) 3, and clas aes ¥ ) L e 3 cdand Je¥) ad,0l Il e Sy caall) el

.

g 274 g Lalzsy Ry = 6.1 cm o)l Ladad cawsy Ry = 2.7 cm s 1)) Lalad caas
Thet =1 @ Fnet = ma,,
A wl e ~T X Rysin6 = Sm(R2 + D)2 _
T 2 R:\ 2 2 , 1. Z.R T_Fg —may
L 0:061T = +x 02726090372 + 0.0612)— =
7, —0. = Ex.;:' ?w,( ; +0.061%) s—" |-0.164a, — 0.274 x 9.8 = 0.274a,
—J = U:loda, _-0274x9.8 _ .,
: Y Y e
Ay = v;t + —-at t= [—= = 0.488 s
2 Jo | 613 0563949152

aall) O0.73 m glas ) e mdaa 13) .u'.)ylp P'.Ll-..)u vals_l) G, aa) G anus DY) e S

FE Ry




400 cM o_lad caang 30.0 kg aaluS o 3 10.47-
o..b..s._j...:-ha:'..\.’, o_’li.:-y"‘.hs&,.‘.’.’),_‘h-oéh-—“
sa Ls . 70.0 kg JB 3 daoss @& ol Jo ol

A¥33) aac L Gae .odlal) dloc as,sl . JS ) 3 s

oSl
m,=30.0kg m;=70.0kg
| Fpee = ma,
Thet =1 @
24 r—-F,=ma,
TS a, -m,a,
F, —T X R sinf = —m,R* — -myg = mya,
2 R 2
_r= ™% ~15a, — 70 X 9.8 = 70a,
2
_C70x98 oo
r— 2% SR T e
2




die i A (F = 3.08 + 2.09 — 1.02) : Aaleall e W ke sy 5 68 i 1Y)
a)e Gl (7 = 2.08 + 1.0y + 3.0 2) Al (e Lgd a8 gal) Aniia aaly ddad
aval) (A Sisall i gl

sl g e\ diud) )

0563949152

T =-7.0%+11.09 + 1.0Z



«10.48 A force,F =(2% + 3) N, is applied to an object at a point whose
position vector with respect to the pivot pointisr' =(4x +45 +42z) m.
Calculate the torque created by the force about that pivot point

3 pu> Sle ﬁ=(2£ + 30) N 393 Jis 10.48-
adazdl J) acaddl L pald:) alsl) asce (e adam

ORI ase ) T = (4% + 40 + 42) M. o8 dsed)
| apy0d) adand) oin Jo> deal) Gasg) RN P

il 0563949152 |

4 |x
T. =4
2

S —

;‘f: f_s*’; T =:;'—)XF

Yy Z
4 4 T =—-12X+8y+4 2
3 0




EXAMPLE 10.6 [ Golf Ball

PROBLEM
What is the magmtude of the angular momentum of a golf ball (m = 4.59 x 10”7~ kg,

R = 2.13 x 10 * m) spinning at 4250 rpm (revolutions per minute) after a good hit

with a driver?
f -t gd! 3,8 | 10.6 Jt

il

dc o 5905 (M= 459-10"% kg, R 5 2.13 3072 M) algx 5,50 aglsl 2S,40 3eS Slaze Lo
S savge 2, s (223000 3 3,95) 4250 rpm

gl g ac | LY Jse)

| > 21
1 L oG = 4250 X 6_0 — 445 rad /S

0563949152

2 2 2 s’ &\ & e
I=§mR =§><459><10 X (2.13 x 107%)?=8.33 x 107° kg.m?*

L=1w=2833%x10°%x445=3.71x10"°kg.m?.s™ !



g aa ) adad day ol el e B gb ) iy daal 8 1Y), (75 rpm ) A8 e Ll (adle o -
LA g ) Adaal) cawal

wf = wi +2a48 1,23 rad/s? [ ]
5 -2.75 rad/s? [ ]

X
E (75602n> +2a x4 X2m -3.25 rad/s? |
-7.14 rad/s? ﬁ

a = —1.23rad /s*

3 mﬂ\&waﬁ}ﬂ\ﬂeﬂ\jﬁau;~L1—20rpm)a$HJ3J53(10cm )o‘)hédmig)a‘uua}-

— 15.8 m/s2|[]
1580 m/s? |

120 x 27\ > 1440 m/s? ]
ac=w2r=( 60 ) X 0.10 = 15.8 m/s* 144 km/s? |




Lalad 8 gal) 38 (3,50 100 ) U2 sligsll 08 ddluad o3 Ladie g (1 5400 rpm ) Jiar Jsb s S e Juad Sl -
gl 3N Adaad)

-60.07 rad/s? j

wf = w} + 2aA6

-81.07 rad/s? j
5400 x 27\° +60.07 rad/s? ]

= + 2a X 100 X 21
60 = = +81.0m rad/s* []

@ = —81.0ur/sA \ S

1
N\ ™
j

sl g e\ LY Sae)

0563949152



¢ Aphadl) cilflaayly dkill) o3y adgala ., [(x,y) = (8.0,6.0)m] 45 LAl CiLilaayly Lgad ga ddadi -1

r=yx2+y2=1/8.02+6.02=10m (r,8)=(10m,0.64rad) []
(r,0)=(10m,0.46 rad)
6.0 -
0 =tan™! (X) = tan~! (ﬁ) — 0.64 rad (r,0)=(5.0m,0.64rad)
= - (r,0)=(5.0m,0.46 rad) []

¢ oa Al Al de i La ) (1.3571) aagh e B e -2

vw-k” e | Ly .:f.r.j A
= 2.4rad/s []
0563949152 o oww=2nf=2nx1.3=8.2rad/s 4.7rad/s []
8.2rad/s j
7.4rad/s ;

. ( 30 rev ) J\b\!‘ &m‘-j \.A-h-.a Keb.ﬁ\ M‘;:"“ adlocal) GTM.MA‘ . ( 110 cm )a-)b.\ JLH # Q\S \3\ 7

104 m 54.0m 90.3m 86.2 m

X=1r0=0.55Xx30%x2r=104m



60 s

n rad n rad m rad
7200 s 3600 s 1800 s
B A6 B 2T B a
@ = AT 60x60 1800 ' 2%/S
n rad 1| rad g 11 fad
7200 s 3600 s 7“--?§00 s
8\ ™
A0 - A2 .7 a7
w = ra S
At 60 30

¢ @B il A gl ) de pud) i La -
M rad n rad
30 s

¢ (AN il A gl 3 de ) iaia La -

gyl g pac \ JuY) Hac)

0563949152




- -
-

(6:163
172
aC::-;j
16co0s20 = -
Y L

v=1.94m/s

D O caale 13) Jakal) JSi) B -

, 7=250cm |,8 = 20°)
_B%@ﬂﬁh)Athguni
4.01 m/s

2.12 m/s
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