Chapter 11 Solutions

1 1
11.1 (a) Kiyans = 5 mv? = 5(10.0 kg)(10.0 m/s) 2 = {500 J

2
(b) K= % [P = %szﬂ)c—z) %(10.0 kg)(10.0 m/s) 2 =

(©)  Kiotal = Kirans + Krot =

1 1
T2 = 2
11.2 K_Zla) +2mv

1 400m/s\?2 1
- = 2 ko - m2)| L2 = 2
K= 2(1.60><10 kg -m )(0.100 ) +2(4.00 kg)(4.00 m/s)

—12.8+32.0=

11.3 W= Kf_ K; = (Kirans + Krot)f_ (Kirans + Krot)i

1 1 1 1(2 v )2
== M2+ = —0-0== M2 +=l=MmRr2 | =
W—ZMU +2Iw2 0 0—2Mv +2(5MR)(R)

or W=|[(7/10)Mv?

1 1 1 I v
A = - —| —— s ipDI
11.4 K= 5 mos+3 la? = 5 [m + R2:| v> where @ = g sinceno slipping.

Also, U; = mgh, Us=0, and v;=0

1 I
Therefore, E[m + F:I v? = mgh

2¢h

1
For adisk, I = = mR?, so

2
2¢h 4qh
o_ =8 A X8
0t = [1 + (1/2)] or Udisk 3
Foraring, I=mR? so ©v*= Z?gh Of  |Vying = ‘\/gh

Since vgisk > Uring, [the disk| reaches the bottom first.
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2 Chapter 11 Solutions

11.5 (a) 7=Io
mg R sin 6 = (Icy + mR?)

mg R? sin 0

a=—=—
Icm + mR2
CM m f\

mg R? sin 6 1 . /
fhoop = oz = [28sin 0

g R?sin 6 2
Adisk = = — - =g sin 0
3 3
EMRZ

The disk moves with% the acceleration of the hoop.

(b) Rf=Ia

f=un=umg cos 6

lo/R (%g sin 9)(%7111%2) N
f _ o/ = |stan 6

mgcos O  mgcos6 R?mg cos 0 3

1,[:

Goal Solution

G: The acceleration of the disk will depend on the angle of the incline. In fact, it should be
proportional to g sin 8 since the disk should not accelerate when the incline angle is zero, and
since a =g when the angle is 90° and the disk can fall freely. The acceleration of the disk
should also be greater than a hoop since the mass of the disk is closer to its center, giving it
less rotational inertia so that it can roll faster than the hoop. The required coefficient of
friction is difficult to predict, but is probably between 0 and 1 since this is a typical range for

u.

O: We can find the acceleration by applying Newton’s second law and considering both the
linear and rotational motion. A free-body diagram will greatly assist in defining our
variables and seeing how the forces are related.

A: YF.=mgsin 0-f=macy (1)
YF,=n-mgcos =0 (2)

Ievfem

T=fr=Icmqo S (3)
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Chapter 11 Solutions

i
mr2. From (3) we findf:r—2 =5 Mmacy-

N|—

(a) For adisk, (Icm)disk =
Substituting this into (1) gives
. 1 2
mg sin 6—5 macy so that  (acy)gisk = 3 gsin 0

For a hoop, (Icm)hoop = 7>

mracy

From (3), f = = mMacy

r2

Substituting this into (1) gives

1
mg sin O—macyy SO (Acvhoop = 538 sin 6

2 .
Acmdisk 36 51 0 4
Therefore, =7 ==
acm hoop Eg sin 6 3

(b) From (2) we find n = mg cos 6, and f = uyn = umg cos 6
Likewise, from equation (1), f = mg sin 6 — macy

Setting these two equations equal,

2
umg cos 6=mg sin 9—5 mg sin 6

As expected, the acceleration of the disk is proportional to ¢ sin 8 and is slightly greater than
the acceleration of the hoop. The coefficient of friction result is similar to the result found for
a block on an incline plane, where y = tan 0 (see Example 5.12). However, y is not always
between 0 and 1 as predicted. For angles greater than 72° the coefficient of friction must be
larger than 1. For angles greater than 80° it must be extremely large to make the disk roll
without slipping.
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4 Chapter 11 Solutions

1 3R, )\ 25MR:
11.6 M(Rl +R2)_E = | Ry | = 5

Energy is conserved between x = 2.00 m and x + Ax.

1
= Mv, Ia)l = Mgys

1 125
5 MU? 3 MR2 (v;/Ry) 2= Mg Ax sin 0
57
i —g Ax sin 6
57(2.80 m/s)?

= 54(9.80 m/s9)(sin 36.9°) ~ 10

So the final position is 2.00 m + 1.19 m =

11.7 v =— =

—200m/s:—(0 + 0y

_ 4.00m/s 3 8.00
r  (6.38x102m)/2 " 6.38 x 10~

ks

or=400m/s and &= = rad/s

We ignore internal friction and suppose the can rolls without slipping.

(Kirans + Krot + ug)i + AE = (Kirans + Krot + ug)f
1
O0+0+mgy)+0= mvf+2la)f+0

2
(0.215 kg)(9.80 m/s2)[(3.00 m) sin 25.0°] = —(o 215 kg)(4.00 m/s) 2 + : (%rad/ S)

2.67]=1.72] + (7860/s)I

_(0.951 kg - m?/s?)
B 7860/s2

=[1.21 x 104 kg - m?

The |height of the Canl is unnecessary data.
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Chapter 11 Solutions 5

*11.8  (a) Energy conservation between the horizontal section and top of loop:

1 » 1 2 1 » 1 2 2
5 muy +35 Tay, +mgy, =5 muy +5 Ty
1
Lo o220 W22 s e < ko2 222 () O
5 Moy +2(3mr) | +mgyy =5 mur +2(3mr) p 3
5 o 5 2 -

g'()z +gy2:g (4]

[ 6 6
v =\[01 - 58V = \/ (4.03 m/s)? - =(9.80 m/s3)(0.900 m) =

2
. .. 0y (238m/s)?
The centripetal acceleration is T 0450 m

=126m/s*>g

Thus, the ball must be in contact with the track, with the track pushing downward on it.

(b)lm2+12r2 %2, L2 12 5\ (e
7 Mo Tz r MgYs =7 Moy *313M r

6 6
0y = \/v% - 38Ys = \/(4.03 m/s)? - 2 (9.80 m/?)(-0.200 m) =

1 2 1 2
() 5 Mvy +mgyy =5 Moy

vy = \/v% ~2¢y> =V (4.03 m/s)?—2(9.80 m/s2)(0.900 m) =4-1.40 m?/s

This result is imaginary. In the case where the ball does not roll, the ball starts with less

energy than in part (a) and |never makes it to the topl of the loop.

i j k
*11.9 MxN=| 6 2 -1 |=(-7.00i + 16.0j - 10.0k |
2 -1 -3

*1110 (a) area =|A x B| = ABsin 0= (42.0 cm)(23.0 cm) sin (65.0° - 15.0°) =
(b) A+ B=[(42.0cm) cos 15.0° + (23.0 cm) cos 65.0°]i + [(42.0 cm) sin 15.0°
+ (23.0 cm) sin 65.0°)j

A + B =(50.3 cm)i + (31.7 cm)j

length = |A + B| =4/(50.3 cm)? + (31.7 em)? = [59.5 cm]
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Chapter 11 Solutions

i

k
11.11 (a) AxB=| -3 4 0 | =|-17.0k
30

*11.12

11.13

11.14

(b)

2

|AxB| =|a|[B| sino

17=5V13 sin 6
17

6= arcsi = [70.6°

arc SIH(5V1_3)

A - B = (=3.00)(6.00) + (7.00)(=10.0) + (-4.00)(9.00) = —124

AB =

(a)

(b)

(c)

(a)

(b)

\(53.00)2 + (7.00)2 + (—4.00)24/(6.00)2 + (-10.0)2 + (9.00)2 = 127
cos! (u) = cos™ (-0.979) =
AB )

i i k
AxB=| -3.00 7.00 -4.00| =23.0i +3.00j - 12.0k
6.00 -10.0 9.00

|A xB| =4/(23.0)2 + (3.00)2 + (-12.0* =26.1

AXxB
sin-! (l 3 |) = 5in1(0.206) = or 168°

Only |the first methodl gives the angle between the vectors unambiguously.

7=r1x F = (4.00i + 5.00§) x (2.00i + 3.00j)

7=|12.00k - 10.0k| =|2.00k| =[2.00N - m
The torque vector is in the direction of the unit vector k, or in the .

The cross-product vector must be perpendicular to both of the factors, so its dot product with
either factor must be zero:

Does (2i - 3j + 4k) - (4i + 3j - k) =07

8-9-4=-5%0

The cross product could not work out that way.
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11.15

11.16

11.17

11.18

11.19

*11.20

Chapter 11 Solutions 7

(a) in the |negative z directionl given by the right-hand rule

(b) in the |positive z directionl given by the right-hand rule

i j ok
(a) t=rxF=|1 3 0| =i0-0)-j0-0)+k2-9) =[(-7.00 N - m)k|
320
i j k
®b) =1 -3 0 |=[(11.0N - m)k
320

|A><B| —A-B= ABsin 6= ABcos §= tan =1 or

DRENE

The torque produced by F; depends on the
perpendicular distance OD, therefore translating
the point of application of F; to any other point

along BC [will not change the net torque| .

L= Zm{(]ﬂ’l’

= (4.00 kg)(5.00 m/s)(0.500 m)
+ (3.00 kg)(5.00 m/s)(0.500 m)

L=175kg - m?/s, and

[L=(175kg m?/s)k|

L=rxp

L = (1.50i + 2.20§)m x (1.50 kg)(4.20i — 3.60§) m/s

L = (-8.10k - 13.9k) kg - m?/s = [(-22.0 kg - m2/s)k|
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