PROBLEM SOLUTIONS

8.1 Since the friction force is tangential to a point on the rim of the wheel, it is perpendicular to the radius line
connecting this point with the center of the wheel. The torque of this force about the axis through the center of the

wheel is then 7= rf'sin 90.0° = r, and the friction force is

T 76.0 N - m
== — = -217N
J r 0.350 m

8.2 The torque of the applied force is 7= rF siné. Thus, if » = 0.330 m, = 75.0°, and the torque has the maximum

allowed value of z,,,, = 65.0 N . m, the applied force is

T 65.0 N -m
F=—me o = [204 N|
rsing®  (0.330 m)sin 75.0°

8.3 First resolve all of the forces shown in Figure P8.3 into components parallel to and perpendicular to the beam as

shown in the sketch below.

A (25 N)cos30°

(30 N)cos45° (25 N)sin30° (10 N)cos20°
-~ = —— —

(30 N)sind5° [«——2.0m—> (10 N)sin20°
\r 4 (') \r
Um

(@ 7o = +[(25N)c0s30°](2.0 m) = [(10 N)sin20°](4.0 m) =

or  7,=P0N . m counterclockwis¢]

(b) 7c = +[(30N)sin45°](2.0 m) — [ (10 N)sin20(2.0 m) =

or .= |30 N-m counterclockwise|

84  Theleverarmis d = (1.20 x 10> m)cos48.0°= 8.03 x 10~ m, and the torque is
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r=Fd = (80.0 N)(8.03 x 1073 m) = | 0.642 N - m counterclockwise |

8.5 (a) |T| =F, - (lever arm) = (mg) . [( sin .9]

= (3.0kg)(9.8 m/s?) - [(2.0 m)sin 5.0 =

K
S0 | F,=mg

(b) The magnitude of the torque is proportional to the sin @, where @is the angle between the direction of the

force and the line from the pivot to the point where the force acts. Note from the sketch that this is the same as the

an  gle the pendulum string makes with the vertical.

Since sin @increases as @ increases, the torque also increases with the angle.

8.6 The object is in both translational and rotational equilibrium. Thus, we may write:

2, =0 = [F R 0]

SF, =0 = |Fy+Ry—Fg=0|

and

. l4
275 =0 = Fy(ﬁcosﬁ)—Fx(lisme)—Fg(Ecos&) =0
8.7 ! ‘\ !
: 0.080 m Fty=FtSin12.0° __' st o
Fy : ¢
> == I
Fy =F;c0812.0°
< > F
0.290m s
. F 415N |
Pivot Y s Y !

Requiring that Y 7= 0, using the shoulder joint at point O as a pivot, gives

Y7 = (Fsin12.0°) (0.080 m) — (41.5N)(0.290 m) = 0 or F, =
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Then 2F, =0 = —F, +(724N)sin12.0°~41.5N =0, yielding F;, = 109N

XF, = 0 gives F,, — (724 N)cos12.0°= 0, or F,, = 708 N

Therefore,
2 2
F,=[R2+F = \/(708 N)” +(109N)” =|716 N
8.8 (a) Since the beam is in equilibrium, we choose the center
as our pivot point and require that
x=280m y=180m
XY
27) o = —Foam (280 m) + F, (1.80 m) = 0 TR
or FSamT L TFJoe
F,=450N
F:loe = 1'56]:‘Sam [1]
Also,
LF, =0 = [y + Fe =450N |2]
Substitute Equation [1] into [2] to get the following:
450 N
Fo +1.56F,,, = 450N  or Fom = =176 N

2.56

Then, Equation [1] yields Fj,, = 1.56(176 N) = .

(b) If Sam moves closer to the center of the beam, his lever arm about the beam center decreases, so the force

|FSam must increase| to continue applying a clockwise torque capable of offsetting Joe’s counterclockwise

torque. At the same time, the force |Fj,. would decrease| since the sum of the two upward forces equal the

magnitude of the downward gravitational force.

(c) If Sam moves to the right of the center of the beam, his torque about the midpoint would then be

counterclockwise. [Joe would have to hold down on the beam| in order to exert an offsetting clockwise torque.

8.9 Require that Y’ 7= 0 about an axis through the elbow and perpendicular to the page. This gives
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8.10

8. 11

Tt = +[(2.00 kg)(9.80 m/s?) ](25.0 cm +8.00 cm) — (7}, cs75.0°)(8.00 cm) = 0

or
(19.6 N)(33.0 cm)
F, = =|312N
% (8.00 cm)cos 75.0°

Since the bare meter stick balances at the L
! AR

49.7 cm mark when placed on the fulcrum, the : 392 om / Point O

center of gravity of the meter stick is located 49.7 cm L )
r€—>

from the zero end. Thus, the entire weight of the meter 110.0
! —>

stick may be considered to be concentrated at this point. E cm‘ r(50.0 gg

The free-body diagram of the stick when it is balanced < 49.7 cm Y ME

with the 50.0-g mass attached at the 10.0 cm mark is as
given at the right.

Requiring that the sum of the torques about point O be zero yields
+[(50.0 g) £](39.2 cm — 10.0 cm) — M £ (49.7 cm — 39.2 em) = 0

or

39.2 cm —10.0 cm] 139 g

M = (50.0 g)(49.7 om — 39.2 cm

Consider the remaining plywood to consist of two

parts: A, is a 4.00-ft-by-4.00-ft section with center of gravity 4.00
located at (2.00 ft, 2.00 ft), while 4, is a 2.00-ft-by-4.00-ft section with

2.00 -----e---- -
center of gravity at (6.00 ft, 1.00 ft). Since the plywood is uniform, its

x (ft)

mass per area ¢ is constant and the mass of a section having
area A4 is m = gA. The center of gravity of the remaining

plywood has coordinates given by

Smyx,  FAx + Fdyx,  (16.0 f2)(2.00 ft) + (8.00 £t>)(6.00 ft)
= = = =[333ft

e T Ty, b4, + F4, (16.0 fi2) + (8.00 £t}
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8.12

and

(a)

(b)

(c)

(d)

(e)

Smy, By + FAy,  (16.0 £2)(2.00 ft) + (8.00 £2)(1.00 ft)
_ _ - = [1.67 fi
Yee = Tvm, b4, + B4, (16.0 fi2) + (8.00 fi?)

X mg

~<~—3.00 m —> Tnz
ny Y Mg

<—4.00m——>

Mg = (90.0 kg)(9.80 m/s?) = 882 N mg = (55.0 kg)(9.80 m/s?) = 539N

IThe woman is at x = 0 when n, is greatesd. With this location of the woman, the counterclockwise torque

about the center of the beam is a maximum. Thus, n; must be exerting its maximum clockwise torque about

the center to hold the beam in rotational equilibrium.

As the woman walks to the right along the beam, she will eventually reach a point where the beam will
start to rotate clockwise about the rightmost pivot. At this point, the beam is starting to lift up off of the left

most pivot and the normal force exerted by that pivot will have diminished to zero.

When the beam is about to tip, 7, = 0 and 3>'F, = 0, gives 0+n, - Mg — mg =0, or

n, = Mg+ mg = 882 N + 539N = |1.42 x 103 N

Requiring that > T)gi%,ll?] ost = 0 \yhen the beam is about to tip (1, = 0) gives

+(4.00 m — x)mg + (4.00 m — 3.00 m) Mg = 0
or (mg)x = (1.00 m) Mg + (4.00 m) mg , and
x =(1.00 m)M +4.00 m

m

Thus,
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~ (90.0 kg) ~
x = (1.00 m)—(ss.o o) +4.00m =

() When n, =0 and n, = 1.42 x 10°> N, requiring that zr)g’l% =0 gives

0 — (539 N)x — (882 N)(3.00 m) + (1.42 x 10° N)(4.00 m) = 0

or

—-3.03x 103N -m
_ - [5.62 N
* 2530 N

which, within limits of rounding errors, is |the same as the answer to part (e)|.

8.13 Requiring that Yo, = Zm;x; /Zm; = 0 gives

(5.0 kg)(0) + (3.0 kg)(0) + (4.0 kg)(3.0m) + (8.0 kg)x _ 0

(5.0 +3.0 + 4.0 + 8.0) kg

or 8.0 x + 12 m= 0 which yieldsx=—1.5m

Also, requiring that Veg = Emy; [Tm; = 0 gives

(5.0 kg)(0) + (3.0 kg)(4.0 m) + (4.0 kg)(0) + (8.0 kg)y 0

(5.0+3.0 + 4.0 +8.0) kg

or 8.0y + 12 m=0yieldingy=-—1.5m

Thus, the 8.0-kg object should be placed at coordinates [(—1.5 m, —1.5m)| .

8 .14 (a)  As the woman walks to the right along the beam,
she will eventually reach a point where the beam will start
to rotate clockwise about the rightmost pivot. At this point,
the beam is starting to lift up off of the leftmost pivot and the

normal force, n;, exerted by that pivot will have diminished to
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Z€rOo.

Then’z}}zo = O—mg—Mg+n2:0,or

|n2 = (m + M)g|

(b) When n, =0 and n, = (m + M)g, requiring that 2 T)lcenfctl =0 gives

0~ (me)x (M)~ + (mg+ btg)e -0 o0 x=(14 2] ( M),

(c) Ifthe woman is to just reach the right end of the beam (x = L) when n, = 0 and n, = (m+M)g (i.e., the beam is
ready to tip), then the result from Part (b) requires that

L:(HM]e—[ﬂjL or /z(HM/Z'")—[erM/Z]L

m 2m (1 + M/ m) m+ M
8.15 In each case, the distance from the bar to the center of mass of the body is given by
v = Zmix,' _ MyrmsXarms T MhorsoXtorso T mthighsxthighs + mlegsxlegs
cg -
2mi Myms + Mhorso T mthighs + mlegs

where the distance x for any body part is the distance from the bar to the center of gravity of that body part. In each

case, we shall take the positive direction for distances to run from the bar toward the location of the head.

Note that Zm; = (6.87 + 33.57 + 14.07 + 7.54) kg = 62.05 kg.

With the body positioned as shown in Figure P8.15b, the distances x for each body part is computed using the

sketch given below:
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Xarms = +(”cg) = +0.239 m Positive direction

arms -
Knee Hip Shoulder
Yiorso =g + (72 ) _joint+0.548 m +0.337 mjeird. 885 m Bar
< ethighs Ciorso Carms

(L0540 040120 151) _
—0-54 0++=0-451—+—1-30n

Eain ghs —*ams + /'fb SO ! cg) \
| ! m " \ thighs
NP+, Gl (1, Lgs ~behos548 +0.601+0.374%0e827) m = 1.75 m

With these distances and the given masses we find

+62.8 kg -m
= 6305 kg

With the body positioned as shown in Figure P8.15¢, we use the following sketch to determine the distance x for

each body part:
Positive direction
Hip Shoulder
Knee joint Joint
joint » torso
< » thighs > < @ cg)t(W

| (r cg)]egs (r cg)f_hjghs (4>|

e arms

' arms e

= +0.239 m Bar

Xams = T (rcg )arms

=/ =+4+0.548m - 0.337m = +0.211 m

x - ()
torso arms € Jtorso

- ﬁtorso

irighs = Larms - (”cg)thighs = (+0.548 — 0.601 — 0.151) m = —0.204 m

4

xlegs = Yarms

-/

“torso

-/

 inighs (”cg)legs = (+0.548 - 0.601 - 0.374 — 0.227) m = —0.654 m

With these distances, the location (relative to the bar) of the center of gravity of the body is

0.924 kg -
Xy = T8l | + 0.015m | = | 0.015 m towards the head
& 62.05 kg
8.16 With the coordinate system shown below, the coordinates of the center of gravity of each body part may be
computed:
Bar ' +y
\- (rcg)legs

f— 3 T /
(r cg)a.rms
B :

Origin




8.17

Xegams = 0 Yegarms = Carms — (rcg )arms = 0.309 m
Yegioro = [feg), = 0.337m Vegrom = 0

Xeg thighs = Lrorso T (ch )thighs c0s60.0°= 0.676 m Veg.thighs = (”cg )thighs sin 60.0°= 0.131 m
Tegtons = Lioro + Cagns €0860.0%4 (g ) = 102m iy pegy = Ly Sin60.0°= 0.324 m

egs

With these coordinates for individual body parts and the masses given in Problem 8.15, the coordinates of the

center of mass for the entire body are found to be

marmsxcg,arms + mtorsoxcg,torso + mthighsxcg,thighs + mlegsxcg,legs 28.5 kg -m
Xop = = =[0.459 m
62.05 kg

Myrms T Mhorso T mlhighs + mlegs

and

marmsycg,arms + mtorsoycg,torso + mthighsycg,thighs + mlegsycg,legs 6.41 kg -m
= = =10.103m
ycg - .

Myrms + Mygrso + mthighs + mlegs 62.05 kg

The free-body diagram for the spine is shown below.

AR, A T, = Tsin12.0°
2L/3
R, T, = Tcos12.0°
A > B —
Point O
L2 200N'Y
Y350N
L

When the spine is in rotational equilibrium, the sum of the torques about the left end (point O) must be zero. Thus,

+T, [%} - (350 N)[gj —(200N)(L) =0

Yielding T, = T'sin12.0° = 562 N |

562 N
The tension in the back muscle isthen 7 = —————=2.71 x 10> N = [2.71 kN |.
e
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8.18

The spine is also in translational equilibrium, so 2F, = 0 = R, — T, = 0 and the compression force in the

spine is

R, =T, = Tcos12.0%= (2.71 kN)cos12.0°=

In the free-body diagram of the foot
given at the right, note that the force

R (exerted on the foot by the tibia) has been [
replaced by its horizontal and vertical / /
components. Employing both conditions of \\ / 129 o

equilibrium (using point O as the pivot point) '

R, = Rsin15.0°

gives the following three equations:

R, = Rcos15.0°
YXF, =0 = Rsinl5.0°-Tsind =0

or
R 'Tsm(9 (1]

sin15.0°
2Fy=0 = 700N — Rcos15.0°+ T'cos@ =0 [2]

Sz, =0 = —(700N)[(18.0 cm)cos@] + 7'(25.0 cm —18.0 cm) = 0

or

T=(1800N) cos g [3]

Substituting Equation [3] into Equation [1] gives

R_(ISOON

=| = ) sin @cos 4 [4]
sin15.0°

Substituting Equations [3] and [4] into Equation [2] yields

(ISOON

—j sin @cos & — (1800 N)cos? & = 700 N
tan15.0°

which reduces to: sin @cos 6= (tan 15.0°) cos* 9+ 0.104 2.
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Squaring this result and using the identity sin? @ = 1 — cos? @ gives

[ tan? (15.0°) + 1]cos* 6 + [ (2tan 15.0°)(0.104 2) — 1] cos?+ (0.104 2) = 0
In this last result, let # = cos* @and evaluate the constants to obtain the quadratic equation

(1.071 8)u? —(0.944 2)u + (0.0109) = 0

The quadratic formula yields the solutions # =0.869 3 and u = 1.011 7.

Thus,

6 = cos~! (</0.869 3) = 21.2° or 6 = cos”! (,/0.011 7) — 83.8°

We ignore the second solution since it is physically impossible for the human foot to stand with

the sole inclined at 83.8° to the floor. We are the left with: 9=[21.29

Equation [3] then yields
T = (1800 N)cos21.2° =|1.68 x 10° N

and Equation [1] gives

(1.68 x 103 N)sin21.2°

R = - =1234x10® N
sin15.0°

8.19 Consider the torques about an axis perpendicular to the page through the left end of the rod.

T,= Tcos30.0°

! A
< 6.00m
A R,
R, T, = Tsin30.0°
i<—3.00m 100N
: Y
1 4.00m 500N
! Y

(100 N)(3.00 m) + (500 N)(4.00 m)

Sr=0 = T =
(6.00 m)cos 30.0°
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8.20

8.21

XF, =0 = R, = T'sin30.0° = (443 N)sin30.0°

R, =221 N toward the righ

SF, =0 = R, + Tc0s30.0° — 100 N - 500 N = 0

R, =600 N — (443 N) cos 30.0° =217 N upward

Consider the torques about an axis perpendicular to the page through the left end of the scaffold.

27 =0=7(0) - (700 N)(1.00 m) — (200 N)(1.50 m) + 7, (3.00 m) = 0

From which, T, = . i‘)l 700 N

Then, from >'F, = 0, we have

T<— 1.00m _>‘V<— 2.00m —>

T
2
A

€ 1.50m —>

T+T,— 700 N—200N =0

' Y200N
or
T,=900 N —T,=900 N — 333 N =567 N
Consider the torques about an axis 5
: Ty 700 N
perpendicular to the page and through 0500
the left end of the plank. _ |
= V
. T3 ‘e 1.00m >« 1.00m
> =0 gives : Y mg = 294N :

—(700 N)(0.500 m) — (294 N)(1.00 m) + (7; sin 40.0°)(2.00 m) = 0

orTl1 =.

Then, ZF, = 0 gives — T3 + T, c0os40.0° = 0, or

Ty = (501 N)cos40.0° = | 384 N
From Z2F, =0 T, —994 N + T;sin40.0° = 0,

or T, = 994 N - (501 N)sin40.0° = [672 N |.
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8.22

8.23

(a) See the diagram below

700 N

-1

X —>
60.0°

{)7 <€— 3.00m —><€— 3.00m —>

200NY 80.0NY

(b) Ifx=1.00 m, then

27) = 0=—(700 N)(1.00 m) — (200 N)(3.00 m)

— (80.0 N)(6.00 m) + (7 sin 60.0°)(6.00 m) = 0

left end

giving 7' = .

Then, 2F, = 0= H — T c0s60.0° = 0, or H = (343 N)c0s60.0° =

and =F, = 0=7 - 980 N+ (343 N)sin60.0° = 0, or ' =[683 N]

(c) When the wire is on the verge of breaking, 7= 900 N and
X7) =— (700 N) x,,,, — (200 N)(3.00 m)

— (80.0N)(6.00 m) + [ (900 N)sin 60.0°(6.00 m) = 0

left end

which gives X, =

The required dimensions are as follows:

dy = (4.00 m)cos 50.0° = 2.57 m

dy = dc0s50.0° = (0.643) d

dy = (8.00 m)sin 50.0° = 6.13 m

IF, = 0 yields /{ — 200 N — 800 N=0 or F, = 1.00 x 10> N.

When the ladder is on the verge of slipping,
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f=(f) =mn=uk or £ =(0.600)(1.00 x 10° N} = 600 N

Then, Y F, = 0 gives F, = 600 N to the left.
Finally, using an axis perpendicular to the page and through the lower end of the ladder > 7= 0, gives
—(200 N)(2.57 m) — (800 N)(0.643)d+(600 N)(6.13 m) =0

or

(3.68 x 103 — 550) N -m

d = = | 6.15 m | when the ladder is ready to sli
0.643 (800 N YOS

824  (a)

(b) The point of intersection of two unknown forces is always a good choice as the pivot point in a torque calcu-

lation. Doing this eliminates these two unknowns from the calculation (since they have zero lever arms about

the chosen pivot) and makes it Jeasier to solve the resulting equilibrium equation| .

L .
© I =0 = [0+0 - mg[;cos@j +T(Lsin®) =0

(d) Solving the above result for the tension in the cable gives

_(mg/2)Lc0s6’_ mg
~ Lsin@  2tané

or
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8.25

8.26

(16.0 kg)(9.80 m/s?)

T = = [136 N]

2tan30.0°

© H-0 = S

()  Solving the above results for the components of the hinge force gives

F,=T=[136N and  F, = mg =(16.0 kg)(9.80 m/s?) =

(g) Attaching the cable higher up would allow the cable to bear some of the weight, thereby reducing the stress

on the hinge. It would also reduce the tension in the cable.

Consider the free-body diagram of the R et
material making up the center point in —
the rope given at the right. Since this

material is in equilibrium, it is necessary

to have £F, = 0 and XF,= 0, giving

XF, = 0: +T,sin@ -1 sin@ =0

or T, = T}, meaning that the rope has a uniform tension 7 throughout its length.

0.500 m

SE — 0 _4 _ cosé =
y Tcos@+ Tcos@ — 475N = 0 where \/(6.00 rn)2 +(0.500 m)2

and the tension in the rope (force applied to the car) is

475N (475N)4/(6.00 m)’ + (0.500 m)’

T = = = 2.86 x 103> N = [2.86 kN|

2 cosd 2(0.500 m)

(a)

0 fi = (FImax = Hsh
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L
(b) Zr)iower =0 = 0+0 —mg[;cos@) + T(Lsin®) =0

end

or T = @[C?ng = |28 coto
2 \siné@
¢ 2F,. =0 = —-T+un=20 or T = pun [1]
YF, =0 = n-mg=0 n = mg [2]

Substitute Equation [2] into [1] to obtain .
(d) Equate the results of parts (b) and (c) to obtain

This result is valid only at the critical angle @ where the beam is on the verge of slipping

(i.e., where f; = (f;)max 1s valid.)

(e) Atangles below the critical angle (where f, = ( f )max is valid), the beam will slip. At larger angles, the

static friction force is reduced below the maximum value, and it is no longer appropriate to use £ in the

calculation.

8.27 Consider the torques about an axis perpendicular

to the page and through the point where the force F.=500N

A

T acts on the jawbone. - 7.50 cm

Sz = 0=>(50.0 N)(7.50 cm) — R(3.50 cm) = O, which

yields R = [107 N .
Then, F, = 0=>—(50.0N)+T = 107N = 0, or T = [157N .

8.28 Observe that the cable is perpendicular to the boom. Then, using ¥ 7= 0 for an axis perpendicular to the page and

through the lower end of the boom gives
L 3
—(1.20 kN) Se0s65° | +T| L= (2.00 kKN)(Z cos65°) = 0

or .T=[L47 kN

Page 8.16



From XF, = 0, H = T cos25° = | 1.33 kN to the right

and 3F, = 0 gives

V'=3.20 kN — T'sin 25° =2.58 kN upward

2.00 kN

1.20kN

8.29 First, we resolve all forces into components parallel to and

perpendicular to the tibia, as shown. Note that 9= 40.0° and

w, = (30.0 N) sin 40.0° = 19.3 N

F,=(12.5N)sin40.0°=8.03 N

and

T,=T sin 25.0°

Using ¥ 7= 0 for an axis perpendicular to the page and

through the upper end of the tibia gives
. d d
(Tsmzs.OO)g - (19.3 N)E ~(8.03N)d =0

or I'= .

8.30 When x = x,;, , the rod is on the verge of slipping, so

f= (ﬂ)max =pun=050n

. , 3
€— 2.0m —> -
From £F, = 0, n —Tcos37° =0, or n=0.80T. Thus, n_| ' :
A !
f=050(0.807) = 0407 7l <— 20m —>
- v |
w w

Fromzfry 20,f+TSin37°—2W=0, or

0.40T+0.60T—2W=0’giving T=2w

Page 8.17



Using ¥ 7= 0 for an axis perpendicular to the page and through the left end of the beam gives

—W o X — w(2.0 m) + [(2 w) sin 37°](4.0 m) = 0, which reduces to x,,;, = 2.8 m.

8.31 The moment of inertia for rotations about an axis is / = Xm? , where r; is the distance mass m; is from that axis.

(A A

(a) For rotation about the x-axis,

I, = (3.00 kg)(3.00 m)* +(2.00 kg)(3.00 m)’

+(2.00 kg)(3.00 m) + (4.00 kg)(3.00 m)> =

(b)  When rotating about the y-axis,

1, = (3.00 kg)(2.00 m)* +(2.00 kg)(2.00 m)’

+(2.00 kg)(2.00 m)* + (4.00 kg)(2.00 m)* =

(c) For rotations about an axis perpendicular to the page through point O, the distance r; for each mass is

r = \(2.00m)’ +(3.00m)’ =130 m

Thus,
I =[(3.00 +2.00 + 2.00 + 4.00) kg |(13.0 m*) = | 143 kg - m?
8.32 The required torque in each case is 7= /q. Thus,

7. =1 a= (99.0 kg - mz)(l.SO rad/s2)=

7, =1, a =(44.0 kg m?)(1.50 rad/s*) =

and

o =1,a= (143 kg - mz)(l.SO rad/sz) =
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8.33

8.34

(a)

(b)

(c)

(2)

(b)

(c)

(d)

(e)

)

(2

~ _ Tw  rFsin90°  (0.330m)(250N) —
P = o= L= s © 70940 rad/s?

[24 o

For a solid cylinder, 7 = M7*/2, so

2(87.8 kg - m?2
Mzz_zlzw= 1.61 x 10° kg

r (0.330 m)*

®=aw,+at =0+ (0.940 rad/sz)(S.OO s) =

I=204, +1 = 2(MR*/2) + mr?[2 or I = MR + mr/2)

cylinder

Since the line of action of the gravitational force passes through the rotation axis, it has zero lever arm

about this axis and zero torque.

The torque due to the tension force is Imagine gripping the cylinder with your right hand so

your fingers on the front side of the cylinder point upward in the direction of the tension force. The thumb of
your right hand then points toward the left (positive direction) along the rotation axis. Because t = [, , the

torque and angular acceleration have the same direction. Thus, a positive torque produces a

|positive angular accelerationj. When released, the center of mass of the yoyo drops downward, in the

negative direction. [The translational acceleration is negative)

Since, with the chosen sign convention, the translational acceleration is negative when the angular accelera-

tion is positive, we must include a negative sign in the proportionality between these two quantities. Thus, we

write: a = —r¢g or

Translation:

SF, = mgga = |T—(2M +m)g = (2M + m)a [1]

Rotational:

Sr=1Ia = rTsin90° = Ia or 2]

Substitute the results of (d) and (a) into Equation [2] to obtain

Page 8.19



LGRS CC S

Substituting Equation [3] into [1] yields

. ~ —-(2M +m)g
—[M(R/r) +m/2]a—(2M+m)g=(2M+m)a or a_2M+M(R/r)2+3m/2

~[2(2.00 kg) + 1.00 kg |(9.80 m/s?)

- - 2w

2(2.00 kg) + (200 kg)(10.0/4.00)" + 3(1.00 kg),2

(i) From Equation[1], 7 = (2M + m)(g + a) = (5.00 kg)(9.80 m/s> —2.72 m/s?) = [35.4 N],

() av=(0)i+arf2 = z=J2(Ay):\/2(‘l'°°m):

a —2.72 m/s?

8.35 (a) Consider the free-body diagrams of the cylinder and \0{
man given at the right. Note that we shall adopt a sign

convention with clockwise and downward as the positive

T
directions. Thus, both a and ¢ are positive in the indicated
directions and a = ra. We apply the appropriate form of Newton’s T
second law to each diagram to obtain the following: L“
Rotation of Cylinder: 7 = I = rI'sin90° = Ia,or T = Iafr, mg
)
1(1 1
I .
r\2 r 2
Translation of man:
LF, =ma = mg-T=ma or T:m(g—a) [2]
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8.36

8.37

Equating Equations [1] and [2] gives %Ma =m (g - a) , or

mg (75.0kg)(9.80 m/s?) -
T M2 750 kg+(225kg/2)
(b) Froma = rq, we have

_a 392 m/s? >
a=— == 9.80 rad/s

(c) As the rope leaves the cylinder, the mass of the cylinder decreases, thereby decreasing the moment of inertia.
At the same time, the weight of the rope leaving the cylinder would increase the downward force acting tan-

gential to the cylinder, and hence increase the torque exerted on the cylinder. Both of these effects

Ithe acceleration of the system to increase with time.l (The increase would be slight in this case, given the

large mass of the cylinder.)

The angular accelerationis @ = (@, — ®;)/At = = (@, [At) since @, =0

Thus, the torque is 7 = I & = —(I w;/At). But, the torque is also 7= — fi, so the magnitude of the required

friction force is

PR (12 kg - m?)(50 reV/mi“)[Zﬁrad) [lmin

“r(a) T (050m)(6.05) 0 ) = 2IN

1 rev

Therefore, the coefficient of friction is

(@ ©=F-r=/(0.800N)(30.0m) =

240N -
b = ; - - m = [0.0356 rad/s?

mr?(0.750 kg)(30.0 m)’
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8.38

8.39

8.40

(© a,=ra=(30.0m)(0.0356 rad/s?) =

I = MR* = (1.80 kg)(0.320 m)’ = 0.184 kg - m?

Thet = Tapplied ~ Cresistive — I(Z’ or F-r— f ‘R=1a
yielding
la+ f-R
F = L

7

(0.184 kg - m?)(4.50 rad/s?) + (120 N)(0.320 m)

@ r= 450 x 102 m -

(0.184 kg - m?)(4.50 rad/s?) + (120 N)(0.320 m)

b = =

I= %MRZ = %(150 kg)(1.50 m)’ = 169 kg - m?

and
W, — o 0.500 rev/s =0 ) (2
o= :( / )[ ﬁradjzz rad/s?
At 2.00 s 1 rev 2
Thus, 7= F -r =T« gives
/ (169 kg - m? ) (g rad/szj
a
F=—-= =|177N
; Som
i
(a) TItis necessary that the tensions 7; and 7, be different in
order [to provide a net torque| about the axis of the pulley
Iand produce and angular acceleration] of the pulley. n T
Since intuition tells us that the system will accelerate in T T
1 2
the directions shown in the diagrams at the right T
when m, > m,, it is necessary that 7, > T;. aT my
mg L mg
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8.41

(®)

We adopt a sign convention for each object with the positive
direction being the indicated direction of the acceleration of that
object in the diagrams at the right. Then, apply Newton’s

second law to each object:

For m, : LF,=ma = T, —-mg=ma or I, =m (g + a) [1]
For my: XF, =ma = mg —T, =mam, or T, =m(g- a) [2]
For M: ZXr=1Ila = L, —rl =1« or T, -T, = Ilar [3]

Substitute Equations [1] and [2], along with the relations / = Mr2/2 and & = a/r , into Equation [3] to obtain

and

(©)

Mr? M
mz(g—a)—ml(g+a)= 2}; [£j= or (m1+m2+7ja=(m2—ml)g

L (my —m)g  (20.0kg -10.0 kg)(9.80 m/s?) _

my +my + MJ2  20.0 kg + 10.0 kg+(8.00 kg)/2

From Equation [1]: 7; = (10.0 kg)(9.80 m/s? + 2.88 m/s?) = [127 N].

From Equation [2]: 7, = (20.0 kg)(9.80 m/s? — 2.88 m/s?) = [138 N].

The initial angular velocity of the wheel is zero, and the final angular velocity is

50.0
o = Z - 500 m/s = 40.0 rad/s
: r 1.25m

Hence, the angular acceleration is

@y —@;  40.0 rad/s — 0
At 0.480 s

a= = 83.3 rad/s?
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The torque acting on the wheelis 7 = f;, - 7,s0 7 = I & gives

. la _ (110 kg - m*)(83.3 rad/s?) A 10N
r 1.25 m

Thus, the coefficient of friction is

fi 733x10°N
S L 20X N a0
Hie 1.40 x 10* N

n
8.42 (a) The moment of inertia of the flywheel is

I= %MRZ = %(soo kg)(2.00m)> = 1.00 x 10° kg - m?

and the angular velocity is

= (5000 “’_V](z”radj(l mm] = 524 rad/s

min 1 rev 60s

Therefore, the stored kinetic energy is
1 1
KEyopeq = 5 10? = 5(1.00 x 10° kg - m?)(524 rad/s)’ = [1.37 x 108 J
(b) A 10.0-hp motor supplies energy at the rate of

® = (10.0 hp){ 7‘1‘611:[] = 7.46 x 103 J/s

The time the flywheel could supply energy at this rate is

E

1.37 x 108 J -
{ = stored _ =184 x104s=1[5.10h
04 7.46 x 10° J/s
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8.43 The moment of inertia of the cylinder is

1, 1(w) o, 1( 800N ) 2 .
1= MR _ZLgJR =5 550 mie m/szJ(l.SOm) =91.8kg-m

The angular acceleration is given by

L_T_FR_ (50.0 N)(1.50 m) _ 0.817 rad/s
I I 91.8 kg - m2

At £ =3.00 s, the angular velocity is
o=@ +at=0+ (0.817 rad/sz)(3.00 s) = 2.45 rad/s

and the kinetic energy is

KE,, = %mz = %(91.8 kg - m2)(2.45 rad/s)’ =

844  (2) Hoop: I = MR? = (4.80 kg)(0.230 m)* =

s 1
Solid Cylinder: I =—MR> = E(4.80 kg)(0.230 m)* = [0.127 kg - m?

Solid Sphere: I= %MRZ = %(4.80 kg)(0.230 m)* = [0.102 kg - m?

Thin, Spherical, Shell: I =ZMR* = %(4.80 kg)(0.230 m)* = [0.169 kg - m?

(b)  When different objects of mass M and radius R roll
without slipping (3 a = Ra ) down a ramp, the one with the largest

translational acceleration a will have the highest
translational speed at the bottom. To determine the
translational acceleration for the various objects,

consider the free-body diagram at the right:
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SF. = Ma = Mgsind— f=Ma [1]
t=Ila = fR=1I(a/R) or f=Ia/R? [2]

Substitute Equation [2] into [1] to obtain

Mgsin 0
Mgsin@ — Ia/R?> = Ma  or a =207
M + I/R?

Since M, R, g are @the same for all of the objects, we see that the translational acceleration (and hence the
translational speed) increases as the moment of inertia decreases. Thus, the proper rankings from highest to

lowest by translational speed will be:

|Solid sphere; solid cylinder; thin, spherical, shell; and h00p|

(c)  When an object rolls down the ramp without slipping, the friction force does no work and mechanical energy

is conserved. Then, the total kinetic energy gained equals the gravitational potential energy given up:
KE, + KE, = —APE, = Mgh and KE, = Mgh — £ M2, where h is the vertical drop of the ramp and v
is the translational speed at the bottom. Since M, g, and /4 are the same for all of the objects, the rotational

kinetic energy decreases as the translational speed increases. Using this fact, along with the result of Part (b),

we rank the object’s final rotational kinetic energies, from highest to lowest, as:

|hoop; thin, spherical, shell; solid cylinder; and solid sphere|

8.45 (a) Treating the particles on the ends of the rod as point masses, the total moment of inertia of the rotating
systemis I = I 4 + Iy + I, = mqI* /12 + my(L/2)* + m,(L/2)? . If the mass of the rod can be ignored,

this reduces to
L 2
I=0+(my+ m4)[5j = (3.00 kg + 4.00 kg)(0.500 m)* = 1.75 kg - m?

and the rotational kinetic energy is

1 1
KE, = ~ 10 = Z(1.75kg- m?)(2.50 rad/s)’ = [5.47J

14

(b) Ifthe rod has mass My = 2.00 kg

I= %(2.00 kg)(1.00 m)* +1.75 kg - m2 = 1.92 kg - m?
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8.46

8.47

and
KE, = %mz - %(1.92 kg - m2)(2.50 rad/s)” =

Using conservation of mechanical energy,

(KEtrans + KErot trans + KErot

+ PE, )f = (KE + PEg)_

1

or

1 1
EMV? +51w2 +0=0+0+ Mg(Lsin0)

Since I = 2/5MR? for a solid sphere and v; = R®@ when rolling without slipping, this becomes

1 1
MR & + - MR = Mg(Lsin 0)

and reduces to

o W _ \/10(9.8 m/s?)(6.0m)sin37° _

7(0.20 m)’

(a) Assuming the disk rolls without slipping, the friction force between the disk and the ramp does no work. In

this case, the total mechanical energy of the disk is constant with the value

E = KE; + (PE,); = 0+ Mgh = MgL sin @ When the disk gets to the bottom of the ramp,

KE, = KE, + KE, = E = MgL sin € Also, since the disk does not slip, ® = v/R and

2
1 1(1 1(1 1
KE, = —Ia? = —[—MRQJ (l’) = —[—Mvzj - —KE,
2\2 R} 22 2

Then,

1

3(1 .
KEqq = KE, + ~KE, = E = MgLsin0 or E[EMv?j = MgLsin @
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and

’ i 4(9.80 2)(4.50 in15.0°
. 4gL3sm9 =\/ ( m/s )(3 m)sm :

(b) The angular speed of the disk at the bottom is

v 3.90 m/s
=—=———=115.6 rad
0= 350

8.48 (a) Assuming the solid sphere starts from rest, and taking y =0 at the level of the bottom of the incline, the total

mechanical energy will be split among three distinct forms of energy £ = (PEg )i = mgh as the sphere rolls

down the incline. These are

. . 1
rotational kinetic energy, 5 oz

1
translational kinetic energy, 5 mv?

and

Igravitational potential energy, mgyl

where y is the current height of the center of mass of the sphere above the level of the bottom of the incline.

(b) The |f0rce of static friction, exerted on the sphere by the incline| and directed up the incline, exerts a torque

about the center of mass giving the sphere an angular acceleration.

(© KE, = %M v and KE, = %1 @* where v = R (since the sphere rolls without slipping) and

I = %MR2 for a solid sphere. Therefore,

KE, 0?2 (2MR?/5) @? B 2 MRG
7

KE, + KE, - MR2 + [0?)2 M(Ra,)z +(2MR2/5)Q,2 5 @ + 2 MR*GD 1z

Page 8.28



8.49 Using W,,, = KE, — KE; = %Ia)% — 0, we have

~[2w,,  [2F-s  [2(557N)(0.800m)
wf_\/ I _\/ I _\/4.00><10‘4kg-m2_
8.50 The work done on the grindstone is W,,, = F -s = F -(r 6’) = (F . r)@ =7-0.

Thus, W, = 7-0 = %Ia)} - 1102 or

(25.0 N - m)(15.0 rev)[ 27 radj - %(0.130 kg - m?)w} — 0

rev

This yields

rad\( 1rev )
o = (0 )5 -

S

851 (a3 KE,,, = %mvf = %(10.0 kg)(10.0 m/s)* =

- i1

] 282 R2
(b)
1 1 2
= v = (100kg)(10.0 m/s)” =
(C) KEtota[ = KEtrans + KErot =

8.52 As the bucket drops, it loses gravitational potential energy. The spool
gains rotational kinetic energy and the bucket gains translational kinetic

energy. Since the string does not slip on the spool, U = 7@ where r is the
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radius of the spool. The moment of inertia of the spool is / = %Mr2 ,

0]
where M is the mass of the spool. Conservation of energy gives /:\
1
(KE, + KE, + PEg)f = (KE, + KE, + PE,)
lmu2+llc02+m =0+0+m
5 5 &y = &Vi N
vV m
or
1 2 11 ) S
Em(rw) + E[EMF ] o = mg(yi —yf)
This gives
2mgly; — 2(3.00 kg)(9.80 m/s?)(4.00 m
o = (1 f) - ( )( / )( )2 =110.9 rad/s
(m+30)r2 [3.00 ke+ 1 (5.00 kg) ](0.600 m)
8.53 (a) The arm consists of a uniform rod of 10.0 m length and the mass of the seats at the lower end is negligible.

The center of gravity of this system is then located at the

lgeometric center of the arm, located 5.00 m from the upper end|

From the sketch at the right, the height of the center of gravity above the zero level is

Veg = 10.0 m — (5.00 m)cos o

(b) When 6 = 45.0°,y,, = 10.0 m —(5.00 m)cos45.0° = 6.46 m

and
PE, = mgy,, = (365kg)(9.80 m/s?)(6.46 m) = [2.31 x 10* J

(c) Inthe vertical orientation, §= 0° and cos@= 1, giving

Yeg =10.0m —5.00 m = 5.00 m _ Then,

PE, = mgy,, = (365 kg)(9.80 m/s?)(5.00 m) =
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8.54

8.55

(d)

(a)

(b)

(©)

(d)

(a)

Using conservation of mechanical energy as the arm starts
from rest in the 45° orientation and rotates about the upper

end to the vertical orientation gives

%]e”da)/% * mg(ycg)f =0+ mg(ycg)i or @, = 2mg[(ycg)i ) (y”g)f}
’ 1

end

For a long, thin rod: 7,,, = mI*/3. Equation [1] then becomes

2>rkg[(ycg)i ~ (7 )J 6g [(ycg It cg)f}

WL /3 12
6(9.80 m/s?)(6.46 m — 5.00
_ [6(980 m/s?)( z ™) _ 0927 rad/s
(10.0 m)

Then, from U = r@ | the translational speed of the seats at the lower end of the rod is

v = (10.0 m)(0.927 rad/s) =

L =1Io=(MR)w = (2.40 kg)(0.180 m)’ (35.0 rad/s) =

1

L=1Io-= [5 Msz o= %(2.40 kg)(0.180 m)’ (35.0 rad/s) =
L=1Io-= (%MRZJ o= %(2.40 ke)(0.180 m)* (35.0 rad/s) =

L=1Io-= [%MRZJ o= %(2.40 ke)(0.180 m)* (35.0 rad/s) =

The rotational speed of Earth is
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(b)

8.56 ()

(®)

_27rrad( 1d

0, = = 7.27 x 1075 rad/s
£ 1d \8.64 x 104 s] /

2
Lspin = IspherewE = [gMERlz?) @p

- {%(5.98 x 102 kg)(6.38 x 10° m)2}(7.27 x 10~ rad/s) = [7.08 x 10% J - 5|

For Earth’s orbital motion,

_27zrad( ly

@ .. = =1.99 x 1077 rad/s
orbit ly \3.156 x 107 sj /

and using data from Table 7.3, we find

L =1

— 2
point Dorpit = (MERorbit ) Dorpit

= (5.98 x 102* kg)(1.496 x 10" m)2 (1.99 x 107 rad/s) = [2.67 x 10% J - 5|

orbit

, the bullet has angular momentum about an axis through the

hinges of the door before the collision. Consider the sketch at

_____ -
the right, showing the bullet the instant before it hits the door. The \
physical situation is identical to that of a point mass m, moving in mee
a circular path of radius » with tangential speed v, = v;. For that .
situation the angular momentum is
L.
L = Lo, = (mBrZ)[—l] = mgry, e Y
r S |
mg| | U;

and this is also the angular momentum of the bullet about the axis

through the hinge at the instant just before impact.

INo, mechanical energy is not conservedj in the collision. The bullet embeds itself in the door with the two

moving as a unit after impact. This is a perfectly inelastic collision in which a significant amount of mechanic

cal energy is converted to other forms, notably thermal energy.
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8.57

8.58

(¢) Apply conservation of angular momentum with L; = mgru; as discussed in part (a). After impact,
Ly =10, = (Lo + Lytter) @ = (£ Mgy L + myr? ) o, where L =1.00 m = the width of the door

and 7 =L —10.0 cm = 0.900 m. Then,

Ly=L = o= mylv; ~ (0.005 kg)(0.900 m)(1.00 x 103 m/s)
f T T r = =

%(M 1) + myr? %(18.0 kg)(1.00 m)* + (0.005 kg)(0.900 m)*

door

yielding |@, = 0.749 rad/s|_

(d) The kinetic energy of the door-bullet system immediately after impact is

KE, = %Ifa);. = %B(ls.o kg)(1.00 m)* +(0.005 kg)(0.900 m)z}(o.749 rad/s)’

or [KE, =1.681|.

The kinetic energy (of the bullet) just before impact was
1 1
KE; = Zmyo? = —(0.005 kg)(1.00 x 10° mys)* = [2.50 x 10° J

Each mass moves in a circular path of radius » = 0.500 m/s about the center of the connecting rod. Their angular

speed is

a):B:M:IO.O m/s
r 0.500 m

Neglecting the moment of inertia of the light connecting rod, the angular momentum of this rotating system is

L=1o=[mr? +my? ] = (4.00 kg + 3.00 kg)(0.500 m)’ (10.0 rad/s) =

Using conservation of angular momentum, Lapherion = Lperinetion .

Thus, (mra2 )a)a = (mr[f )a)p . Since @ = v,/r at both aphelion and perihelion, this is equivalent to

(mr'aZ)Ua/l’a = (mrﬁ) L)p/rp , giving
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(r,) 0.59 A
v, = l) v, = (AJ(M km/s) = | 0.91 km/s
r, 35 A.U.
8.59 The initial moment of inertia of the system is

I, = Smp? = [M(l.o m)2] = M(4.0 m?)

The moment of inertia of the system after the spokes are shortened is

Iy = Smp? = 4[M(0.50 m)z} = M(1.0 m?)

From conservation of angular momentum, /; ay = I; e, or
)
o = (420 revs) -

8.60 From conservation of angular momentum: (Ichild L ) ; Op = (Ichild + [m-g-r) ;

i

where 1,4, = 275kg - m? s the constant moment of inertia of the merry-go-round.

Treating the child as a point object, 1,,, = mr? where r is the distance the child is from the rotation axis.

Conservation of angular momentum then gives

(mr2 +1 . ) , , 2 . m2
v - mrlz + 1., o - (25.0 kg)(1.00 m)2 +275kg - m (140 rev/min)
mry + Ly gy (25.0 kg)(2.00 m)" + 275 kg - m?

or
rev ( 2z rad ) ( 1 min
o, =11.2 —( j( )z 1.17 rad/s
4 min \ 1rev 60.0 s
8.61 The moment of inertia of the cylinder before the putty arrives is

1= %MRZ = —(10.0 kg)(1.00 m)* = 5.00 kg - m?

1
2

Page 8.34



After the putty sticks to the cylinder, the moment of inertia is

I,= I+ mr = 5.00 kg - m? +(0.250 kg)(0.900 m)* = 5.20 kg - m?

Conservation of angular momentum gives Iyay = I; @, Or

(1) (500kg-m?)
op = L;J ®; = Lﬁj(”ﬂ) rad/s) =

8.62 The total moment of inertia of the system is
Itotal= Imasses+ Istudent =2 (mrz) +3.0 kg - m?

Initially, »= 1.0 m, and /,= 2 [(3.0 kg)(1.0 m)ZJ +3.0kg-m? =9.0kg - m?2.
Afterward, » = 0.30 m, so

I=2 [(3.0 kg)(0.30 m)z} +3.0kg -m? = 3.5kg - m?
(a)  From conservation of angular momentum, I, ¢y = I; @, or

(1) _(9.0kg - m?)

o = L;J @, Lm)(o-” rad/s) =

(b) KE, = %1,.@,.2 = %(9.0 kg - m2)(0.75 rad/s)’ =

KE, = %[fa)% = %(3.5 kg - mz)(1.9 rad/s)2 =

8.63 The initial angular velocity of the puck is

v, ).
" = (2), _ 0.800 m/s _ 5 0o Td
- 0.400 m s

1

Since the tension in the string does not exert a torque about the axis of revolution, the angular
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8.64

8.65

momentum of the puck is conserved, or Iy ay = I; o

Thus,
2
—] (2.00 rad/s) = 5.12 rad/s

The net work done on the puck is

W, = KE, — KE;, = %Ifwj% - %Iia)l? = %[(mr})w% - (mrlz)a)?} = %[lf}wff— rl%ofJ

or

net

@[(o.zso m)*(5.12 rad/s)’ - (0.400 m )’ (2.00 rads)’ |

This yields W,,, =[5.99 x 1072 J |.

For one of the crew, 2F, = ma, becomes n = m (V,z/r) = mrw} . We require n = mg, so the initial angular

velocity must be @; = \/g/r . From conservation of angular momentum, /, @, = 1;®@; or @, = (I;/I;)@; . Thus,

the angular velocity of the station during the union meeting is
2
0 - (i\\/g _ | 500 x 10° kg - m? +150(65.0 kg)(100 m) \/g e
| LIfJ r ] 5.00 x 10° kg - m? + 50(65.0 kg)(100 m)* |7 r

The centripetal acceleration experienced by the managers still on the rim is

a, = ro} = r12.3 m/s? (1.12)2§ = (1.12)* (9.80 m/s?) =

(a) From conservation of angular momentum, /ey = I; @, SO

(1)
“r= LZJCH’ B L11 JrIszo
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1 1 ( ) (1, 1 (1 )
b = — 2 = = 2 1 _ 2 | — 1 i
©)  KE, =10 2(’1*’2)L11+12J o, L]1+12J|:211wo:| L11+12JKE’

or

KE, _ I,
KE; I + 1,

Since this is less than 1.0, kinetic energy was lost.

8.66 The initial angular velocity of the system is

o, = [0.20 re—vj[h rad] = 0.407 rad/s
S 1 rev

The total moment of inertia is given by

I= Lygy + Lopjnger = mr2 + %MRZ — (80 kg)r2 + %(25 kg)(2.0 m)’

1

Initially, the man is at # = 2.0 m from the axis, and this gives 7, = 3.7 x 10?> kg - m?. At the end, when r = 1.0,

the moment of inertia is 7, = 1.3 x 10? kg - m?,

(a) From conservation of angular momentum, /, @y = I; @, or

_(3.7><102 kg - m?)

(1)
o, = LZJ % = | 3710 kg.sz(0’4O” rad/s) = 1.14 7 rad/s =

(b) The change in kinetic energy is AKE = %1 ’ a)} - %I f; ®?, or

2 2
1 |
AKE = —(13 x 102 kg - mz)(1.147z @] ~—(3.7x10% kg- m2)[o.4o;z ﬂ)
2 S 2 S

or AKE = |5.4 x 102 J |. The difference is the |Work done by the manj as he walks inward.
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8.67 (a) The table turns counterclockwise, opposite to the way the woman walks. Its angular momentum cancels that

of the woman so the total angular momentum maintains a constant value of L, = L + L

woman

table — 0

Since the final angular momentum is L,,,,, = 1, ®, + 1,0, = 0, we have

T I

or
.0kg)(2.
o, = —{(6050001)( 0(2) m)}(—l.SO m/s) = 0.360 rad/s
g-m
Hence, @,,;,, = | 0.360 rad/s counterclockwise | .

1 1
(b) W,y = AKE = KE; =0 = —mf, + 1,0}

Wyer = %(60.0 ke)(1.50 m/s)’ + %(500 ke - m2)(0.360 rad/s)’ =

8.68 (a) Inthe sketch at the right, choose an axis perpendicular to

F=150N
the page and passing through the indicated pivot. Then, -
with 9= 30.0°, the lever arm of the force P is observed to be

/= 5.00 cm _ 5.00 cm 577 em 30.0 cm
cos @ c0s30.0°

and X 7= 0 gives

Y

s

+P(5.77 em) — (150 N)(30.0 cm) = 0

e Pivot

SO

(150 N)(30.0 cm)

P = = [780N]

5.77 cm
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8.69

(®)

(a)

(b)

XF, =0 = n - Pcos30.0° = 0 giving

n = Pcos30.0° = (780 N)c0s30.0° = 675 N

XF, =0= f+ F - Psin30.0° =0, or

f = Psin30.0° — F = (780 N)sin30.0° — 150 N = 240 N

The resultant force exerted on the hammer at the pivot is

R=\f2+n = \/(240 N)* +(675N)* = 716 N

at 0 = tan"! (n/f) = tan~!(675 N/240 N) = 70.4° , or

R = | 716 N at 70.4° above the horizontal to the right

Since no horizontal force acts on the child-boat system, the center of gravity of this system will remain sta-

tionary, or

m.,. X2, +m X,
_ MepitaXenita boatZboat _ . nstant

=

cg
Mepitg + Mpoar

The masses do not change, so this result becomes m g Xchitg + Mpoartboat = CONStant.

Thus, |as the child walks to the right, the boat will move to the lefﬂ .

Measuring distances from the stationary pier, with away from the pier being positive, the child is initially at
(Xehia); = 3-00 m and the center of gravity of the boat is at (xy.,); = 5.00. At the end, the child is at the right

end of the boat, 50 (X¢piig)r = (Xpoar)y T 2.00 m. Since the center of gravity of the system does not move,

we have (mchildxchild + MyoutXpoar )f = (mchildxchild + MpoarXpoar )[, or
Mopita (xchild )f‘ + Mpoat |:(xchild)f - 2.00 m:| = Mepita (300 m) + Mpoat (500 m)

and
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Mepirg (3-00 m) + my,,, (5.00 m + 2.00 m)

(xchild )f =

Mepita T Mpoar

(40.0 kg)(3.00 m) + (70.0 kg)(5.00 m + 2.00 m)

S 40.0 kg + 70.0 kg -

(¢)  When the child arrives at the right end of the boat, the greatest distance from the pier that he can reach is

X, = (xchild )f +1.00m =3555m+1.00m = 6.55m This leaves him |0.45 m short of reaching the|

max

:

8.70 (a) Consider the free-body diagram of the block given at
the right. If the +x-axis is directed down the incline,

>F, = ma, gives

mgsin37.0°-T =ma, or T = m(gsin37.0° - at)

T = (12.0 kg) [ (9.80 m/s}sin37.0° = 2.00 m/s” |

- [3%5]

(b) Now, consider the free-body diagram of the pulley. a
Choose an axis perpendicular to the page and passing

through the center of the pulley, =1 ¢ gives

=l
==NA

T~r—1(ﬁ\
Iy

%
A\

or

2
. T-r (46.8 N)(0.100 m) _
2.00 m/s?

a,

_ ~ a,), _ (2.00 m/s?) ~
(c) a)—a)[+at—0+( ]t_L—O.IOOmJ(z'OOS)_

7

8.71 If the ladder is on the verge of slipping, f = ( ﬁ) = u.n at both the

max
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floor and the wall.
From ¥F, =0, we find f; —n,=0, or
n, = ,usnl [1]

Also, TF, =0 gives n; —w + yn,.=0

Using Equation [1], this becomes
ny—wH+ t (Iusnl) =0

or

w w
= = —— =0.800
T2 125 v (21
Thus, Equation [1] gives
ny = 0.500(0.800w) = 0.400 w [3]

Choose an axis perpendicular to the page and passing through the lower end of the ladder. Then, ¥ 7= 0 yields

—w[%cos&j + n, (Lsin@) +f2(Lc0s9) =0

Making the substitutions 7, = 0.400 w and f, = g n, =0.200W, this becomes
L
- W(E cos 9] +(0.400 w)(L sin 0) + (0.200 w) (L cos 8) = 0

and reduces to

sin = [0.500 - 0.200) oS0
0.400

Hence, tan 9= 0.750 and 9= .
8.72 ‘

A
QU
 /




We treat each astronaut as a point object, m, moving at speed v in a circle of radius » = d/2. Then the total angular

momentum is

L=lo+lLo-= 2{(mr2)(£]:| = 2mur

7

(@ L =2muz; =2(75.0kg)(5.00 m/s)(5.00 m)

L =|3.75 x 103 kg-mz/s|

1

1 1 1
(b) KE. = Emlvlzt + Emz U%[ = 2(511’11)12]

KE, = (75.0 kg)(5.00 m/s)’ = 1.88 x 103 J=[1.88 kJ |

(c)  Angular momentum is conserved: L, = L; = | 3.75 x 10% kg - m?/s |

L, 3.75 x 103 kg - m?/s
(A g _
~ 2(75.0 kg)(2.50 m) = [100 mjs]

2(mr, )

(d Y=

) KE, = 2(%mu}] = (75.0 kg)(10.0 m/s)* =
() W = KE; ~ KE, =
873 (a L = 2{Mu[gﬂ =
(b) KE, = 2[%1\40}] -
© L =L -

Page 8.42



() W = KE, ~ KE; =

8.74 Choose an axis that is perpendicular to the page - -
T, 750 N 500N Tg
and passing through the left end of the scaffold. A 345N 1000N A
Then ¥ 7= Ogives L L

—(750 N)(1.00 m) — (345 N))(1.50 m)

~ (500 N)(2.00 m) - (1000 N)(2.50 m) <1.00m—>
+ Tp(3.00m) = 0 «—150m—> |
e 2.00m > : E
or e 2.50 m > :
e 3.00m >
Tp = 1.59 x 103 N=/ 1.59 kN
Then,
SF, = 0=T, = (750 + 345+ 500 + 1000) N —1.59 x 10* N = | .01 kN
8.75 (a) From conservation of angular momentum, L, = [,0, = ;w; = L; or

(1) (2 MR (R (150x109m\
o) )@ (=) @ Usoxiom) (00100 red)

giving

M(bzrad\( 1;{ )
A (1%\4)(8.64x104 sJ

o, = 1.00 x 108 = 17.27 x 103 rad/s|

(b) (ut)f = Ry, = (15.0 x 103 m)(7.27 x 10° rad/s) = [1.09 x 108 m/s| (which is about one-third the

Page 8.43



876  (a)

(b)

(©)

(d)

(e)

speed of light).

Taking PE, = 0 at the level of the horizontal axis passing O my
through the center of the rod, the total energy of the rod m
in the vertical position is L
7]
L
E = KE + PE,
= 0+m1g(+L)+m2g(—L) = (m] —mz)gL . my my
In the rotated position of Figure P8.76b, the rod is @ (b)
in motion and the total energy is
1
E = KE, + PE, = 5 1@ + mgy, + mygy, Figure P8.76

= %(mlﬂ + m2L2)a)2 + mlg(+L sin 0) + ng(—L sin49)

or

2.2
E = W-&-(ml —mz)gLsiné’

In the absence of any nonconservative forces that do work on the rotating system, the total mechanical energy
of the system is constant. Thus, the results of parts (a) and (b) may be equated to yield an equation that can be

solved for the angular speed, @, of the system as a function of angle 4.

In the vertical position, the net torque acting on the system is zero, . This is because the lines of action

of both external gravitational forces (m,;g and m,g)pass through the pivot and hence have zero lever arms

about the rotation axis. In the rotated position, the net torque (taking clockwise as positive) is

Thet = Xt = mlg(L CosS 0) - ng(L COS) = |(m1 - mz)gL Ccos 9|

Note that the net torque is not constant as the system rotates. Thus, the angular acceleration of the rotating

system, given by o = /[, will vary as a function of . Since a net torque of varying magnitude acts on the

system, the angular momentum of the system will changel at a nonuniform rate.

In the rotated position, the angular acceleration is
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T (my —my)gL cos@ ~ (m; —my)gcos®
T T m +ml (my +my)L

8.77 Let m, be the mass of the pulley, 7, be the mass of the sliding block, and m, be the mass of the counterweight.

(a) The moment of inertia of the pulley is 7 = Em . RI% and its angular velocity at any time is, @ = /R, where v
is the linear speed of the other objects. The friction force retarding the sliding block is

fi = mn = (mg)

Choose PE, = 0 at the level of the counterweight when the sliding object reaches the second photogate.

Then, from the work—energy theorem,

nc trans i

= (KE,4ny + KE,,, + PE, )f ~ (KEypans + KE,py + PE, )

1 1(1 (02
s =g lmotm)oj + E(EmpRiij_éJ "0
1 11 (2
_E(m1+m2)ui2 —E(—mpr,jL% — m,gs
p

or
1 1 1 1 )
5 m1+m2+5mp 1)3:5 m1+m2+5mp U; +m2gs—,uk(m1g)-s

This reduces to

and yields

s 1.45 kg

- \/(0'820 Ejz , 2(0-208 kg)(9.80 m/s2)(0.700 m) _
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8.78

(b)

(a)

(b)

Ve 1.63 m/s
0w, = — =————=|542 rad/s
= = T30 0

The frame and the center of each wheel moves forward at v = 3.35 m/s and each wheel also turns at angular

speed » = v/R. The total kinetic energy of the bicycle is KE = KE, + KE,, or

1 1
KE z(mframe +2 Myheel )U +2 ( 2 Iwheela) j

2
h %( " frame * 2 Mosheer )U2 + %( Myheel R? )(%}

This yields
KE = l(m +3m )v2
7 frame wheel

1
5 [8:44 kg +3(0.820 kg) |(3.35 m/s)’ =

Since the block does not slip on the roller, its forward speed must

equal that of point A, the uppermost point on the rim of the roller.

Thatis, v = ‘V AE‘ where v Ag 18 the velocity of A relative to Earth.

Since the roller does not slip on the ground, the velocity of point O

(the roller center) must have the same magnitude as the tangential

speed of point B (the point on the roller rim in contact with the

ground). That is, ;’OE‘ = Rw = v, . Also, note that the velocity of point A relative

to the roller center has a magnitude equal to the tangential speed R @, or ‘V AO‘ = Rw = v,.

From the discussion of relative velocities in Chapter 3, we know that v AE = v a0 T ;'OE . Since all of these

velocities are in the same direction, we may add their magnitudes getting ‘V AE‘ = ‘V AO‘ + ‘VOE‘ , Or

V=0V, + U, =20, =2Rw.

The total kinetic energy is KE = KE, + KE,, or
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This gives KE = 5

KE [844 kg + > - (820 kg)}(0.335 m/s)’ =

8.79 We neglect the weight of the board and assume that = '
. ) w ¢ X '

the woman'’s feet are directly above the point of support \ !

by the rightmost scale. Then, the free-body diagram A 4

~— 2.00 m——>~

UQH |

for the situation is as shown at the right. 1

From ZF, = 0 we have fg1 + Fyo =w = 0 or w = 380 N + 320 N=700 N..
Choose an axis perpendicular to the page and passing through point P.
Then =7 = 0 gives W x— F,;(2.00m) = 0 or

F,(2.00m) (380 N)(2.00 m)

X = g = = 1.09 m
w 700 N
8.80 Choose PE,= 0 at the level of the base of the ramp. Then, conservation of mechanical energy gives
(KEyun + KE,,, + PE, )f = (KEypuns + KE,\ + PE,)

2
0+ 0+ (mg)(s-sin6) = %muiz . %(mRZ)[%j o

or

v R} (3.0m)(3.0 rads)’

gsm 0 gsin 9 (9.80 m/sz)sin 20°
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8.81 Choose an axis perpendicular to the page and passing a
through the center of the cylinder. Then, applying 37 = /¢ \

to the cylinder gives

N~—

o

=

~

|

K

(]
-1

o - () - e

Now XF, = ma, apply to the falling objects to obtain N
2m a;
T
(2m)g =27 = (2m)a, or a, = g - — 2] .
m 2mg

(a) Substituting Equation [2] into [1] yields

. | Mmg
which reduces to M+ 4m

(b) From Equation [2] above,

4 = o— l( Mmg ) _ . Mg 4dmg
(T8 mLM+4mJ & M + 4m M + 4m
8.82 (a) A smooth (that is, frictionless) wall cannot exert a force parallel to its surface. Thus, the only force the verti-

cal wall can exert on the upper end of the ladder is a horizontal normal force.

(b)  Consider the free-body diagram of the ladder given at the
right. If the rotation axis is perpendicular to the page and

passing through the lower end of the ladder, the lever
arm of the normal force ﬁz that the wall exerts on the

upper end of the ladder is

PRy,
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(c) The lever arm of the force of gravity, m,é , acting on the ladder is

d, = (L/2)cos@ = | (L cos®)/2

(d) Refer to the free-body diagram given in part (b) of this solution and make use of the fact that the ladder is in

both translational and rotational equilibrium.

2F, =0 = n -mg —-—m,g = 0 or n =(m,f +mp)g
When the ladder is on the verge of slipping, f; = ( fl)

max

Then ZF, =0 = n, = fj,or n, =ys(m4+mp)g.

= Un = p (m,( +mp)g.

Finally, 27 = 0 = n, (Lsin6) — m,g((L/2)cos ) — m,gxcos @ = 0 where x is the maximum distance

the painter can go up the ladder before it will start to slip. Solving for x gives

n, (L sin 9) - m,g(%cos 9]

x = m gcos 0 =ﬂskﬂ+letan9—{2m‘ JL

and using the given numerical data, we find

~ (30kg . ) . 30 kg ~
x= (0'45)(80 Y (4.0 m) tan 53° — {W (4.0m) =
8.83 The large mass (m; = 60.0 kg) moves in

a circular path of radius r; = 0.140 m, while the

radius of the path for the small mass (m, = 0.120 kg) is

r,=0-n
3.00m — 0.140 m = 2.86 m

The system has maximum angular speed | y)
when the rod is in the vertical position as l:r 1>~<— rp=f—r——>

i O
shown at the right. O w0, =0 y

m

We take PE, = 0 at the level of the horizontal Initial State
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rotation axis and use conservation of energy to find:

1
+ —Iza)lznaxj + (ngr2 - mlgrl) =0+0

KE, +(PE,) = KE, +(PE,) = [lllwfnax >

S 2

Approximating the two objects as point masses, we have I, = myi? and I, = m,r} . The energy conservation

equation then becomes %(mlrl2 + mzrzz)a)fnax = (mlr1 - mzrz)g and yields

max

L Jz(mlrl —mn)g 2[(60.0 kg)(0.140 m) — (0.120 kg)(2.86 m)](9.80 m/sz)
mrt + myr3 (60.0 kg)(0.140 m)* + (0.120 kg)(2.86 m)’

or @, = 8.56 rad/s. The maximum linear speed of the small mass object is then
(UZ)max = 1O = (2.86 m)(8.56 rad/s) = | 24.5 m/s

8.84 (a) Note that the cylinder has both translational and rotational
motion. The center of gravity accelerates downward while
the cylinder rotates around the center of gravity. Thus, we
apply both the translational and the rotational forms of
Newton’s second law to the cylinder:

XF, =ma, = T —-mg= m(—a)

y

or

T =m(g-a) [1]

Sr=la = -Tr= I(—a/r)

. . . 1
For a uniform, solid cylinder, 7 = 5 mr? so our last result becomes

e ()2 -2

Substituting Equation [2] into Equation [1] gives T = mg — 27, and solving for T"yields T = .

(b) From Equation [2] above,
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a2 E]:
SR RE1E

(c) Considering the translational motion of the center of gravity, Uﬁ = U(Z)y + 2a,Ay gives

2g
v, = Jo +2 [—?j (—h) =|/4gh/3
Using conservation of energy with PE, at the final level of the cylinder gives

(KE, + KE, + PEg)f = (KE, + KE, + PE,) or mv? + 1107 +0 = 0 + 0 + mgh

1 1(1 (03 3
Since ® = Uy/l" and [ = %mr2 , this becomes Emuﬁ + E[Em}/] Lny = mgh ,or — mu =mgh
yielding v, = | \J4gh/3

Shoulder N

joint Fhoulder
\A

NYE-T

8.85 Considering the shoulder joint as the pivot, the second

condition of equilibrium gives
Sr=0 = g(m em) — (F,, sin45°)(4.0 cm) = 0
or

w(70 cm)
F = : — 12.4w
" 2(4.0 cm) sin 45°

Recall that this is the total force exerted on the arm by a set of two muscles. If we approximate that the two muscles

of this pair exert equal magnitude forces, the force exerted by each muscle is
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Fo. =%’”=%= 6.2w]| = 6.2(750 N) = 4.6 x 103 N = [4.6 kN |

muscle

8.86 Observe that since the torque opposing the rotational motion of the gymnast is constant, the work done by
nonconservative forces as the gymnast goes from position 1 to position 2 (an angular displacement of /2 rad) will
be the same as that done while the gymnast goes from position 2 to position 3 (another angular displacement of /2
rad).
Choose PE, = 0 at the level of the bar, and let the distance from the bar to the center of gravity of the outstretched

body be ... Applying the work—energy theorem, W,. = (KE +P Eg) ;T (KE + PE, )i , to the rotation from

position 1 to position 2 gives

(Wnc)12 = (%Ico% + O) - (O + mgrcg) or (WM,)12 = 21w} — mgr,, [1]

Now, apply the work—energy theorem to the rotation from position 2 to position 3 to obtain
(W), = Blwg + mg(—rcg)] - (%mg + 0) or (W), = 210 — L1a3 — mgr, 2]

Since the frictional torque is constant and these two segments of the motion involve equal angular displacements,

(Wnc )23 = (Wm )12 . Thus, equating Equation [2] to Equation [1] gives

Liw2 —Lip? — =172 —
ylos — 1wy — merl, = 5105 — mgrg,

which yields @3 = 23, or @5 = \2@, = \/2(4.0 rad/s) = [5.7 rad/s].

8.87 (a) Free-body diagrams for each block and the a"_=:a
= -
pulley are given at the right. Observe that T, T, a=—|2
my > \ r
the angular acceleration of the pulley will be
clockwise in direction and has been given a 5
L . o T
negative sign. Since X7 = [«, the positive !
%
sense for torques and angular acceleration TTl
must be the same (counterclockwise).
a,= —al m
FOrml: ZF;; = may = Tl -mg = ml(_a) Lmlg
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T =m(g—a) [1]
For m,:

XF, =ma, = T, = mya [2]

X X

For the pulley: 27 = la = T,r —Tir = I(—a/r) or

Substitute Equations [1] and [2] into Equation [3] and solve for a to obtain

mg
(I/rz) + m, + m,

a =

or

(4.00 kg)(9.80 m/s?)

(0.500 kg - m?)/(0.300 m)? + 4.00 kg + 3.00 kg

(b) Equation [1] above gives: 7; = (4.00 kg)(9.80 m/s> —3.12 m/s*) = [26.7N ],
and Equation [2] yields: 7, = (3.00 kg)(3.12 m/sz) = ,

888  (a)

(b) ZFy =0 = np—-120N - Myoniey8 = 0
np =120 N + (10.0 kg)(9.80 m/s?) =

(¢)  When x =2L/3, we consider the bottom end of the ladder as our pivot and obtain

St)oom =0 = —(120 N){% cos 60.0°} ~(98.0 N)[% cos 60.0°J + ny (£ 5in60.0°) = 0

end

or
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(d)

(e)

[60.0 N +(196/3) N]cos 60.0°

n
w sin 60.0°

=724N

Then,

SF,=0 = T-ny=0o0rT =ny = [724N]

When the rope is ready to break, T = ny, = 80.0 N . Then Zr)é’;’g’)m =0 yields

—(120 N)(%cos 60.0°] — (98.0 N)xcos60.0° + (80.0 N)(Lsin 60.0°) = 0

or

[(80.0 N)sin 60.0° - (60.0 N) cos 60.0° |

(98.0 N) cos 60.0° = 0.802L = 0.802(3.00 m) = [2.41 m
. COS .

X =

If the horizontal surface were rough and the rope removed, a horizontal static friction force directed toward
the wall would act on the bottom end of the ladder. Otherwise, the analysis would be much as what is done

above. The maximum distance the monkey could climb would correspond to the condition that the friction
force have its maximum value, 41 , so you would need to know the coefficient of static friction to solve

part (d).
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