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Problem Workbook

Additional Practice A

Work and Energy

Solutions

Givens

1. W=115x10]
m=60.0 kg
g=9.81 m/s?
6=0°

Solutions

W= Fd(cos 6) = mgd(cos 0)

W 1.15%x10° ]
mg(cos 6)  (60.0 kg)(9.81 m/s>)(cos 0°)

2. m=1.45x10°kg
¢=9.81 m/s?
6=0°
W=1.00 x 10> MJ
F=(2.00x107%) mg

W= Fd(cos 6)

W 1.00 % 10° ]
" Flcos 6)  (2.00 % 107%)(1.45 x 10° kg)(9.81 m/s°)(cos 0.00°)

3. m=17g
W=0.15]
Aper=1.2 m/s*
0=0°
¢=9.81 m/s*

Fer= maye=F—mg
F=ma,,+ mg
W= Fd(cos 6) = m(a,,,+ g d(cos 6)

w 0.15
d= ]

(A, + g)(cos 6) B (1.7 x 1073 kg)(1.2 m/s®> +9.81 m/sz)(cos 0°)

0.15]
(1.7 % 10 kg)(11.0 m/s?)

4. m=5.40x10%kg
W=5.30x10"]
g=9.81 m/s?
6=30.0°
6 =0°

W= Fd(cos 8") = Fd
F=mg(sin 6)
W= mg(sin 6)d

oW 5.30 x 10*]
- mg(sin 6) - (5.40 x 10 kg)(9.81 m/ss)(sin 30.0°)
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Givens Solutions
5.d=545m Foe= Flift_Fg:()
W=4.60x10*] F=Fy=F,
0=0° W= Fd(cos 0) = ng(cos o)
w 4.60 x 10*J 3
d(cos )  (5.45m)(cos 0°)
6. d=52.0 w 2.04 x10*

" P W 2oy [
m=40.0 kg d(cos 6)  (52.0 m)cos 0°)
W=2.04x10*]
6=0°

7. d=646 w 2.15x%10°
W=2.15x10"] d(cos ) (646 m)(cos 0°)
6=0°

8. m=1.02x 10 kg Fpjer= Fg— F.= mg (sin 6) — uymg(cos 6)

d=18.0m
angle of incline = 6=10.0°

=0

W,er = Feid(cos 0”) = mgd(cos 0")[(sin 6) — p(cos 6)]

Wier = (1.02 X 10° kg)(9.81 m/s%)(18.0 m)(cos 0°)[(sin 10.0°) — (0.13)(cos 10.0°)]

Wier = (1.02 X 10° kg)(9.81 m/s®)(18.0 m)(0.174 — 0.128)

¢=9.81 m/s> Wier = (1.02 % 10 kg)(9.81 m/s®)(18.0 m)(0.046)
=013 W= [3x 107]
9. d=881.0m W et = Fpeid(cos 6”)
Fapplied=40.00 N Frer= Fapplied(cos 6) — Fy
6=45.00° Waer= [Fapplied(cos 0) — Fy]d(cos &)
F,=28.00N Wt = [40.00 N(cos 45.00°) — 28.00° N](881.0 m)(cos 6)
6 =0° W, = (28.28 N'— 28.00 N)(881.0 m) = (0.28 N)(881.0 m)
o

10. m=9.7x10° kg Wt = Fyeid(cos 6) = (F; + Fy)d(cos 0) = 2Fd(cos 6)
0=45° Wier = (2)(1.2 X 10° N)(12 m)(cos 450):
F=F;=F,=12%x10°N
d=12m

11. m=1.24x10°kg Only F, contributes to the work done in moving the flag south.
F; =8.00 X 10° N east 6=90.0° — 30.0° = 60.0°
F, =5.00 X 10° N 30.0° Wit = Fperd(cos 6) = Fyd(cos 6) = (5.00 X 10° N)(20.0 m)(cos 60.0°)
south of east Wer=
d =20.0 m south
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Additional Practice B

Givens

1. Ax=1.00x 10’ m
At=9.85s
KE=3.40% 10°]

Solutions

Ax
v=—o
At

_1 2_1
KE—2m1/ =5m

Ax .
At

2KEAZ  (2)(3.40 x 10°7)(9.85 5)°
Ax? (1.00 X 10° m)?

2. y=4.00% 10° km/h
KE=2.10%10"]

2KE (2)(2.10x 10 ) 3
m="5 = . — . - =| 3.40x 10 kg
v (4.00 X 10> km/h)? (10° m km)? (1 h/3600 s)

3. v=50.3 km/h
KE=6.54%10"]

2KE (2)(6.54%10° )
== =| 67.0k
T 7 T (50,3 km/h)%(10° m/km)? (1 h/3600 s)

4. y=318km/h 2KE (2)(3.80x 10°J
m:—2 = 2)( 3 2) = 974kg
5. m=51.0kg

KE=9.96 x 10*]

4
y= [2KE_ [2)O.96x107]) =| 62.5 m/s =225 km/h |
m

YV 51.0kg

6. Ax=93.625km
At=24.00h
m=55kg

Ax 9.3625 % 10* m
a. v, ,=— = =11.084 m/s
A (24.00 h)(3600 s/h)
b. KE=1m? =1(55 kg)(1.084 m/s)? =

7. m=3.38x10" kg
KE=1.10x10*]

2KE  [(2)(1.10 x 10*27]) 5
v= = =2.55x 107 m/s = | 255 km/s
Vo TV e

8. m=680kg
v="56.0 km/h

KE;5=3.40%10°]

a. KE=1m” =1(680 kg)[(56.0 km/h)(10° m/km)(1 /3600 5)]* =

KEy, 82x10*] [24

"KE;p 3.40x10°] [ 1

9. v=11.2km/s
m=2.3x10"kg

KE=3mp* =3(2.3x 10  kg)(11.2 x 10° m/s)*= | 1.4x 10" ]
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Additional Practice C

Givens Solutions

1.d=227m W= AKE = KEy — KE; = KE;
m=655g Wt = F,e1d(cos 6)
¢=9.81 m/s> Fruet=Fy— Fregistance = mg — (0.0220) mg = mg(1 — 0.0220)
Fesistance = (0.0220) mg KEp= mg(1 —0.0220)d(cos 6) = (655 X 107 kg)(9.81 m/sz)(l —0.0220)(227 m)(cos 0°)
6=0° KEy = (0.655 kg)(9.81 m/s*)(0.9780)(227 m)
K5~0) = (L4310

2. 1,=1292m/s W,,er 1s the work done by friction.
Wiper =—2830 W,e = AKE= KEf — KE; = KE; — v}’
m=55.0 kg KEf= Wy +3mu;’ == 2830 ] +5(55.0 kg) (12,92 m/s)* = ~2830 ] +4590 ]

3. m=250g¢g Wi = AKE= KEf — KE;=3 mu® —3mv;?
h;=553 m W,ier = F,eid(cos 6)
hy=353m Fey=Fy— F,=mg—F,
v;=0m/s d=h;—hs
vp=30.0 m/s Woer= (mg— F,)(h;— hp(cos 6)
g=9.81 m/s> mg— F,= % m (1/f2 - z/l-z)
f=0° (h;— hf)(cos 0)

2 2 2 2
F,= m{g—#{&ie)} =(25.0x 107 kg)[9.81 m/s*— (2)((1(;'30 2/5)35—3 (r?l)r?c/ Zz OOJ

F,

2 2,2
_ 9.00 x 10> m%/s
(25.0% 1072 kg)[9.81 m/s? — }

(2)(2.00 X 10° m)
F,=(25.0 x 107 kg)(9.81 m/s* — 2.25 m/s®) = (25.0 X 10> kg)(7.56 m/s°)

F,=| 0.189N
4. y;=404 km/h Wie = AKE= KEf— KE;=3mu — mv;’
Wier=-3.00 MJ %mt/fz = %mviz + Wyer
m=1.00x 10>k 2W, 2)(=3.00 x 10°
§ vp= \/yﬁ +2m = [1(404 km/h)(10° m/km)(1 h/3600 s)]? + ()(—3D
m 1.00 % 10° kg

vp=4/1.26 x 10* m%/s” ~ 6.00 x 10° m?*/s> = /6.6 x 10° m?/s”

vp=[81 m/s =290 km/h |

5. m=45.0g Wer= AKE = KEy — KE; = 5mug —smu;?
h;=28848.0 m Wer = Fperd(cos 6)
hy=8806.0 m Fue=Fg— F,=mg—F,
v;=0m/s d=h;—hs
vp=27.0 m/s Wer= mg(h;— hy)(cos 0) — F,(h;— hy)(cos 6)
¢=9.81 m/s* — F,(h;— hy)(cos 6) = F,(h;— hp)(cos 180° + 6) = W,
6=0° Sm(vf = v?) = mg(h;— hy)(cos 6) + W,
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Givens Solutions

W, = ml3(vf = v7) - g(h;— hp)(cos 6)] = (45.0x 10~ kg)E(ZZO m/s)? = 3(0 m/s)*
~(9.81 m/s?)(8848.0 m — 8806.0 m)(cos 0°)}

W, = (45.0 X 107> kg)[364 m%/s” — (9.81 m/s>)(42.0 m)]

W, = (45.0 X 107° kg)(364 m%/s* — 412 m?/s”)

W, = (45.0 X 107 kg)(—48 m?/s?) =

6. vy =35.0m/s Wiaer = AKE = KE; — KE; = 3muf — smu;’
v;=25.0 m/s C 2Wae (2)(21x10°)) ~ 42x10°]
T 02 T (35.0mls) — (250 mis)? | 1220 mYs? — 625 m2s
Wﬂetzzlk] l/f Vi Um/s Um/s m-/s m-/s

2x10°] 7.0x 10" k
m=————=17.
6.0 X 10% m?/s? §

7. v;=104.5 km/h Wit = AKE = KEg— KE; = 3muf —3mu?
vp= %1/,- Wer= Wyd(cos 0) = Fyd(cos 6) = tmgd(cos 6)
Hr=0.120 %m(z/fz —v?) = wpmgd(cos 6)

_ 2 2
§=9.81m/s -} 11045 km/h)(10° m/km)(1 h/3600 s)]2[(§) - (1)?]
0=180° " 2ug(cos 6) (2)(0.120)(9.81 m/s®)(cos 180°)

2 2
104.5 | 104.5
—m/s| ;-1 —(3)|—=my/
(3.600 o S) <4 ) B ( )(3.600 o S)

T —(2)(0.120)(9.81 m/s?)  —(8)(0.120)(9.81 m/s?)

Additional Practice D

1. h=613/2m=3.07m PE, 4.80x 10° ] 3
m=—8= - =11.59 x 10* kg
(9.81 m/s?)(3.07 m)

PE,=4.80 k] gh
g=9.381 m/s’

2. h=170m PE, 3.04x10°] (152kg]
(9.81 m/s%)(1.70 m) n

PE,=3.04x10°] gh
¢=9.81 m/s*
3. PE,=1.48x 10’ PE 1.48 x 107
s J m= % = . L _[sskg
g=9.81 m/s?
4. m=3.6x10*k PE 8.88 x 10°
" 8 h=—X= - J — =[25x10°m=25km
PEg: 8.88 X 108] mg (3.6x 10 kg)(981 m/s”)
¢=9.81 m/s>
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Givens

PE
. —2=20.482 m?/s?
m

g=9.81 m/s?

Solutions

PE
—2 = ¢h =20.482 m?/s’
m

2,2 2,2

20.482 m/s 20.482 m“/s
h= = = -2.09 m
9.81 m/52 -

g

. k=3.0x10* N/m
PE,jpgic=1.4% 107 ]

=[+97x102m=9.7cm

x:i\/ZPEelastic:i /(2)(1.4><102D
k V 3.0x 10° N/m

. m=51kg
¢=9.81 m/s?
h=32Im—-179m=142m
k =32N/m
x=179m-104m=75m

PEy = PEg + PE¢ja5tic
Set PE, = 0] at the river level.

PE, = mgh = (51 kg)(9.81 m/s’)(142 m) = 7.1 x 10*]

PE jystic = 5kx* =3(32 N/m)(75 m)* = 9.0 x 10* ]

PE,, = (7.1x10*]) + (9.0 x 10*]) =

. h, =4080 m

APEy = PE, , — PE, ;= mg(h, — hy) = (905 kg)(9.81 m/s”)(4080 m — 1860 m)

Il Ch. 5-6

h; =1860 m APE, = (905 kg)(9.81 m/s”)(2220 m) = | 1.97 x 10 ]
m =905 kg
¢=9.81 m/s>
. m=286kg a. PE,jqic =3kx” =5(9.50 x 10° N/m)(0.590 m)” = | 1.65 x 10° ]

k =9.50 x 10° N/m
¢=9.81 m/s>
x=59.0cm
h;=1.70 m

h2:h1—x

b. PEg; = mgh; = (286 kg)(9.81 m/s”)(1.70 m) =

c. h,=170m—-0.590m=1.11m
PE, ;= mgh; = (286 kg)(9.81 m/s*)(1.11 m) =

d. APE, = PE,, — PE, ;= (3.11x 10 ]) = (477 x 10° ]) = | -1.66 X 10° ]

The answer in part (d) is approximately equal in magnitude to that in (a); the
slight difference arises from rounding. The increase in elastic potential energy
corresponds to a decrease in gravitational potential energy; hence the difference
in signs for the two answers.
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Givens Solutions

A
10. Ax=9.50x 10’ m a. v, =v;(cos 9)=X3;
6=45.0° Ax
At=——"
m=650g vi(cos 6)
At
g=9.81m/s’ vertical speed of the arrow for the first half of the flight = »;(sin 6) = g(;)
A
v;(sin 6) = _ &ax
2v;(cos 0)
gAx [9.81 m/s?)(9.50 x 10> m)

=96.5m/s

= V 2(sin 8)(cos ) - V' (2)(sin 45.0°)(cos 45.0°)
KE; =5mv? =3(65.0 x 10~ kg)(96.5 m/s)? =

% =55.0 cm b. From the conservation of energy,

PE51ic= KE;

1
Skx® = KE;
2KE; 2)(303
k=—"= ) _21) > =[2.00x 10> N/m
x (55.0x 107" m)

¢. KE; = PEg 0+ KE;

KEf:%muxz = %m[(vi(cos 9)]2 = %(65.0 x 1072 kg)(96.5 m/s)z(cos 45.0")2 =151]

PEg ;0 = KE; = KEf =303 ]~ 151 ] =152
PEg e _ 152]

hmax

mg (65.0 X 107> kg)(9.81 m/s?)

Additional Practice E

1.m=118kg PE; + KE;= PE; + KE;
h; =5.00 m mgh; + %myiz = mghy + KEr
2
§=9.81m/s mghs = mgh; +%m1/,-2—KEf
v; =0m/s 2 KE 0m/s)? 4.61x10°
’ hp=hi+ 2 -~ =500m+ (0 m/s) —_ L
KEp=4.61 kJ 2g mg (2)(9.81 m/s*) (118 kg)(9.81 m/s”)

hy =5.00 m —3.98 m =| 1.02 m above the ground

2. =427 m/s PE;+ KE; = PE; + KE;

mgh; + %muiz =mghy+ %mny

hf =50.0m 2 3 2 2

vf —v; (42.7 m/s)” — (0 m/s)

hi=hf+2—=50.0m+ (981 mis =50.0m+92.9m

si=0m g (2)(9.81 m/s”)

2
g=9.81m/s The mass of the nut is not needed for the calculation.

Section Two — Problem Workbook Solutions Il Ch. 5-7
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3. h;=3150m PE; + KE; = PE; + KE;
vy =60.0 m/s mgh; = mghy + %mz/fz
2 2
_ 60.0
KE;=0] hfzhi—i=3150m—(7nl/s)2=3150m—183m
2 2¢ (2)(9.81 m/s”)
g=9.81m/s
4. h;=120%x10°m PE; + KE; = PE; + KE;
hy=30.0m PE; — PE; = KE;
m =72.0 kg KEp = APE = mg(h; — hy)
g=9.81 m/s’ KEf = (72.0 kg)(9.81 m/s%)(1.20 x 10> m — 30.0 m) = (72.0 kg)(9.81 m/s°)(9.0 x 10" m)
K =0) K= [0
o \/ZKEf _ J2)6.4x 104 ))
f m \  720kg
5. hy=2500m AME= PE; — KE;= mghy — mu?
AME=-2.55x10"] 2A ME 2)(=2.55 % 10°
V= \/Zghf - = [(2)(9.81 m/s>)(250.0 m) — 2255 107))
m=250.0 kg m 250.0 kg
g=9.81 m/s> v =/4.90 X 10> m%/s> + 2.04 X 10> m?/s> = /6.94 x 10°> m%/s>
6. h;=12.3km PE; + KE;= PE; + KE;
m=120.0g PE;— PE;= KE;
¢=9.81 m/s* KEy = PE; - PEp = mgh;— mghy = mgAh
KE;=0] KE; = mgAh=(0.1200 kg)(9.81 m/s>)(3.2 x 10’ m) =
Ah=hj—hy=3.2km PEy= mghy = mg(h;— Ah) = (0.1200 kg)(9.81 m/s*)(12.3x 10’ m = 32X 10° m)
PE;= (0.1200 kg)(9.81 m/s*)(9.1x 10> m) =
Alternatively,

PEj = PE;— KEy = mgh; - KEy
PE; = (0.1200 kg)(9.81 m/s*)(123x 10’ m) 3.8 x 10° ] = 1.45x 10" - 3.8 x 10° ]

PE;=| 1.07x10*]

7. h=68.6 m ME; = PE; = mgh
v=35.6 m/s ME; = KE =3muv* o
g=981 m/s’ percent of energy dissipated = W = (LE:W))( 100)
PE;=0] ME; mg
KE;=0] 2

gh— 12
percent of energy dissipated = gh (100)

(9.81 m/s?)(68.6 m) —3(35.6 m/s)*
percent of energy dissipated = (9.81 m/s2)(68.6 m) (100)

L. (6737 —6347])(100) (397) (100)
ercent of energy dissipated = = =|5.8 percent
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Additional Practice F

Givens Solutions

1. P=36 MW W = PAt = (56 x 10° W)(1.0 h)(3600 s/h) =
At=1.0h

2. At=62.25 min W= PAt= (585.0 W)(62.25 min) (60 s/min) =
P=585.0W

3. h=106 m W= ng(cos 0) = ngz mgh
m=14.0 kg W meh 2

gh  (14.0 kg)(9.81 m/s”)(106 m)
At=—=—"-= =|48.5s

¢=9.81 m/s” P P 3.00x 10° W

P=3.00%10°W
0=0°

4. P=2984 W W 3.60x 10*]
At=—=""" | 1215
P 2984 W

W=3.60 x 10*7]

5. Ar=3.0 min w 54x10°] 5
P=—= =[3.0x10*W
5™ Gomm(E s

W=54k]
6. At=16.7s W= ng (cos 6) = mgh
h=18.4m b W_mgh_ (720kg)(9.81 m/s%)(18.4 m)
m=72.0kg A At 16.7 s
_ 2
g=9.81m/s p=
0=0°
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