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Problem Workbook Solutions

Forces and the
Laws of Motion

Additional Practice A

Givens Solutions
1. a. b.
1::Earth-on diver Fair resistance-on diver
FEarth-on diver

2.

Fscale-on-sack

Fchef-on-sack I::l
FEarth-on-sack
y

3.

Fﬂoor—on—toy—vertical

Fﬂoor—on-toy-horizontal E; F
handlebars-on-toy

I:Earth—on—'(oy

Additional Practice B

1. m,=75kg
my=275kg
g=9.81 m/s?

The normal force exerted by the platform on the weight lifter’s feet is equal to and
opposite of the combined weight of the weightlifter and the pumpkin.

Frer=Fp—m,g— mngO
F, = (m,,+ m,)g=(75kg+275kg) (9.81 m/s’)
F, = (3.50 x 10> kg)(9.81 m/s?) = 3.43 x 10° N

F,=[3.43% 10°N upward against feet

Section Two — Problem Workbook Solutions Il Ch. 4-1



Givens Solutions

2. my=253kg Fper=Fp 1+ Fy ,— myg—m,g=0
m,, =133 kg The weight of the weightlifter and barbell is distributed equally on both feet, so the
g=9.81m /2 normal force on the first foot (F,, ;) equals the normal force on the second foot (F,, ,).
2F, = (my+ m,)g=2F, »
(253 kg + 33 kg)<9.81 Ez)
B o=F .= (mb+mb)g: S
n,1 n,2 ) 5
386 kg)(9.81 m/s”
Fyy= Fyp= g)(2 ) 189x10°N
Fp1=Fyo= | 1.89%x 10° N upward on each foot
- 2_ 2 2
3. Fiown=170N Fuet = Fforwmd + Faown
Fpee=4.90 N Eporward = Fuei’ = Faown =4/ (4.90 N)? = (1.70 N2
2
Forward=y/21.1 N? = [ 459 N
4. m=3.10x10° kg F pet=ZF, = Fr(sin 6) + Fp,(sin 6,) =0
g=9.81 m/s> Eynet=2F, = F(cos 0;) + Fr(cos 6) + Fg=0
6, =30.0° Fr(sin 30.0°) = —Fp;[sin (-=30.0°)]
92:—30.00 F']:1=F7:2

Fri(cos 6) + Frj(cos 6;) = —Fg=mg
Fry(cos 30.0°) + F;[cos (=30.0°)] = (3.10 x 10% kg)(9.81 m/s?)

~ (3.10x 107 kg)(9.81 m/s”)
~(2)(cos 30.0°) [cos(~30.0°)]

Fry=Fr,=[1.76 x10° N

As the angles 8; and 6, become larger, cos 8; and cos 6, become smaller. Therefore,
Frpjand Fp, must become larger in magnitude.

T1
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5. m=155kg Fy yjer= Fr1(cos 0)) — Fry(cos 6,) =0
Fp;=2Fp, Eyner=Frj(sin 0;) + Fp(sin 6,) — mg=0
g=9.81 m/s? Fr[(cos 6)) —%(cos 6,)]=0
6;,=90°- 6, 2 (cos 6;) = cos B,=cos(90° — 6;) =sin 6;

2 =tan 6;

6;=tan"'(2) = 63°
6,=90° — 63° = 27°

F
Fp(sin 6;) + ;1(sin 6,) = mg
mg
Frp= 1
(sin 0;) +£ (sin ©,)
(155kg)(9.81 m/s?)  (155kg)(9.81 m/s>) (155 kg)(9.81 m)
T1= = =

(sin 63°) +(Sin_227°) T 0.89+0.23 112

Fr;=|1.36x136x 10° N |

Fr,=|6.80x 10N

Additional Practice C

1. ;=173 km/h v —v?  [(0km/h)* - (173 km/h)*}(10° m/km)*(1 h/3600 s)*
a= =

vy=0km/h 2Ax (2)(0.660 m)
Ax=0.660 m a=-1.75x10° m/s®

m=70.0 kg F=ma=(70.0kg)(~1.75 x 10°> m/s*) = [ -1.22° X 10° N
=9.81 m/s>
§ Fy=mg=(70.0kg)(9.81 m/s?) = [6.87 x 10* N

The force of deceleration is nearly 178 times as large as David Purley’s weight.

2. m=2232x10°kg a. Fyp=may,=F,,—mg
g=9.81 m/s’ Fyp=maye+ mg=m(a,, + g = (2.232 x 10° kg)(0 m/s® +9.81 m/s?)
b. Fjgn= mg(sin 6)
Fuer _ Fup= Faoun _ mg=mg(sin 0

Aper =

m m

9.81 m/s?
Aper=g(1 — sin 6) = (9.81 m/s>)[1.00 — (sin 30.0°)] = — - 4.90 m/s?

Apet = | 4.90 m/s’ up the incline

3. m=40.00 mg Friet = Fpeetle = Fg= may, ;= m(400.0) g

—5
=4.00x 10 k
& Focette = Frer+ Fg= m(400.0 + 1)g= m(401)g

=9.807 m/s’ _ -
g s Fieerte = (4.000 x 10~ kg)(9.807 m/s?)(401) = [ 1.573 x 10" N

= (400.0 _
et = (400.0)g Fpet = Fpeette — Fy = m(400.0) g= (4.000 x 10~ kg)(9.807 m/s?)(400.0)

Fpp=|1569%x 107N

The effect of gravity is negligible.
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4. m,=54.0kg
m,,=157.5kg
Aper=1.00 m/s

g=9.81 m/s>

Solutions

The net forces on the lifted weight is

Fopnet= Mylper=F' —m,g

where F’ is the force exerted by the athlete on the weight.
The net force on the athlete is

Foner=Fy1+ Fpo— F' = mag=0

where F,, ; and F,, ; are the normal forces exerted by the ground on each of the ath-
lete’s feet, and —F” is the force exerted by the lifted weight on the athlete.

The normal force on each foot is the same, so

F,;=F,,=F, and

F' =2F,—m,g

Using the expression for F” in the equation for F,,, ,,, yields the following:

Myter= (2, = M) = g

2F, = m(aye+ Q) + myg

M@+ 9 + myg  (157.5kg)(1.00 m/s” +9.81 m/s’) + (54.0 kg)
2 2

o 1575kg)(10381 m/s?) + (54.0 kg)(9.81 m/s?)
n:
2

F,=

: 1702 N +530x 10°N 2232 N
n: =
2

F,;—F,,=F,=|1116 N upward

=1116 N

5. m=2.20x10%kg
Aper="75.0 m/s’

g=9.81 m/s?

Frjer=mayer = Favg_ mg
Foyg= m(aye + §) = (2.20 x 10° kg)(75.0 m/s* + 9.81 m/s”)
Fppg=(2.20 X 10° kg)(84.8 m/s”) = 1.87 x 10* N

Fayg=|1.87 % 10* N upward

6. m=2.00x 10* kg

vf—v;  (1.0m/s—0.0 m/s)

et = = =0.40 m/s’
At: 2.5 et At 2.5s
v;=0m/s Fpet= may,;= Fr—mg
vp=1.0m/s Fr=maye+ mg=m(aue+ g
_ 4 2 2
g=9.81 m/s? Fr=(2.00 x 10* kg)(0.40 m/s* + 9.81 m/s?)
Fr=(2.00x 10* kg)(10.21 m/s*) = 2.04 x 10° N
Fr={2.04x10°N
7. m=2.65kg Fy pet=Fr(cos 8) — Fry(cos 6,) =0
6,=0,=45.0° Fr(cos 45.0°) = Fp5(cos 45.0°)

Aper=2.55 m/s’

g=9.81 m/s>

F'E1=F]:2

F

Yynet = MAper = FI](Sin 91) + FT}Z(Sin 92) —mg

Fr=Fp=Fpp

6=6,=6,

Fr(sin 6) + Fy{sin 6) = m(a,e;+ g)
2F{sin 0) = m(a,,;+ g
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_ m(agtg)  (2.65kg)(2.55 m/s’=9.81 m/s?)
= " 2Ging) (2)(sin 45.0°)
2.65 kg)(12.36 m/s”
T= ( g)_( ) _232N
(2)(sin 45.0°)
Fr;=232N
Fr,=232N
8. m=20.0k 2_v?  (0.550 m/s)* - (0.00 m/s)* _
" § = LV (033008 = QOIS _ g 7 52 12
Ax=1.55m 2Ax (2)(1.55m)
—2 2
vi= 0 s Fopot = Matyer= (20.0 kg)(9.76 x 107> m/s2) =
vy =0.550 m/s
9. m,,,,=70.0kg Frax= My = Fr
m=45.0 kg Fppax = (70.0 kg)(9.81 m/s®) = 687 N
g=9.81 m/s F,ep =maye = Fr—mg=F,,,.—mg
F 687 N
Aoy = 22— g= —9.81 m/s* = 15.3 m/s* — 9.81 m/s* = 5.5 m/s”
45.0 kg
Apet = (5.5 m/s upward
10. m=3.18x 10° kg Foet = Fapplied = Friction= (81.0x 10> = 62.0 X 10° N)
Fopplied=81.0x 10’ N Fper =19.0X10° N

Fpyiction=62.0x10° N

m

E 19.0x 10° N
pep = 2 = |[—————|={5.97x 1072 m/s*
3.18x 10 kg

3
11. m=3.00x 10" kg Frer = Mayes= Fapplied(c0s 6) = Fopposing
Fapplied=4-00 X 10°N - Fapplied(cos 6) — (0.120) mg
net —
6=20.0° mn
4.00 x 10° N)(cos 20.0°) — (0.120)(3.00 x 10° kg)(9.81 m/s”
Fopposing = (0.120) mg o0 = ( )( )= ( 3)( g)( )
, 3.00 X 10° kg
g=9.81m/s 3 3 5
3.76 X 10° N —-3.53 x 10" N 2.3x10°N
Aper = =
et 3.00 X 10° kg 3.00 % 10 kg
Aper = | 7.7 % 1072 m/s’
12. m.=1.600 x 10° kg For the counterweight: The tension in the cable is Fr.

m,,=1.200 x 10° kg
v;=0m/s

g=9.81 m/s?
Ay=25.0m

Fper = Fr—myg=m,a,,

For the car:

Foer =meg— Fr=ma,,

Adding the two equations yields the following:
mg—m,g= (mw + mc) Apet

(m.—m,)g  (1.600x 10° kg — 1.200 x 10 kg)(9.81 m/s°)
me+m, 1.600 x 10° kg + 1.200 x 10° kg

(4.00 x 10° kg)(9.81 m/s?) 5
Appr = =11.40 m/s
et 2.800 x 10° kg
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Vp =/28,5Ay + v =+/(2)(1.40 m/s?)(25.0 m) + (0 m/s)?

13. m=409 kg a. Fypr= Foppliea— mg(sin 6) =2080 N — (409 kg)(9.81 m/s®)(sin 30.0°)
d=6.00m Frer=2080 N=2010N =70 N
6=130.0° Fpet = | 70 N at 30.0° above the horizontal |
2
=9.81 F, 70N
g m/s b. a,,, = %= =0.2m/s?
Fappiica= 2080 N 409 kg

_ 2 o .
v;=0m/s Apet = | 0.2 m/s” at 30.0° above the horizontal |

c. d=vAt+ anetAt = (0 m/s)At+ (02m/s AP

/(2)(6 00 m)
(0.2 m/s -

F 57N
14. a,,.=0.25 m/s> a.m=-"% - __173%x10%k
T

amax

Fpuax=57 N
max b. Fuo=Fyax— Fapp=57N-24N=33N
Fop=24N
PP F, 33N
net 2
Appr = =—5—=|0.14m/s
" m T 23x10%kg
15. m=2.55x 10" kg a. Fy o = ZF = Mgy oy = Fr(cos O7) + Fing
Fr=756x10°N Fyper = (7.56 % 10° N)[c0s(~=72.3°)] =920 N=2.30 X 10° N =920 N = 1.38 x 10° N
Or=-72.3° Eynet = LF, = may,o;= Fr(sin Or) + Fyuoyant + Fg= Fr(sin 01) + Fyuopans— mg
Fpuoyant=3.10x 10* N Fypper = (7.56 X 10° N) [sin(~72.3°)] = 3.10 x 10" N = (2.55 X 10° kg)(9.81 m/s")
Fpind=—920 N Fpet =—7.20x 10° N +3.10x 10* N - 250 x 10* =-12x10°N
g=9.81 m/s® Fret =y (Fpe)” + (Eype)” = /(138 X 10° N)? + (=1.2 X 10° N)?
Foper =+/1.90 X 10° N? + 1.4 x 10° N?
Frr=+/3.3x10°N*=1.8x 10° N
F -12x10°N
O=tan || = tan ! —_—
et 138 x 10° N
6=—41°
Foet = | 1.8 x 10° N at 41° below the horizontal |
Foe 18%x10°N
b.a=—=—"""35—
m  2.55%x107 kg
4,0 =|0.71 m/s?
py—t50m er=0.71 m/s?
v;=0m/s c. Because v;=0
A}' 2 y,netAt

1
Ax= 2 Ay et AP
anet(cos 9) A}/

Ax= et Ay =02~ Ay=
Ay net angt(Sin 0) tan 0

—45.0 m
Ax=—————=|52m
iy~ o2
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Additional Practice D

Givens Solutions
1. m=110kg Fk:,uan:,ukmg
[1=0.39 Fi=(0.39) (11.0 kg)(9.81 m/s?) =
¢=9.81 m/s’
2. m=2.20x10"kg Fy ppax= UsFy = pgmg
U= 0.220
’ , Fyax = (0.220)(2.20 x 10° kg)(9.91 m/s?) = [ 4.75 x 10° N
g=9.81m/s
3. m=25.0kg Fy pmax= sy,
Fapplied: 590N F, = mg(cos 6) + Fapplied
6=38.0° Fy pmax=Hslmg(cos 6) = Fappiical = (0.599)[(25.0 kg)(9.81 m/s*)(cos 38.0° + 59.0 N]
Hs=0.599 Fy o= (0.599)(193 N + 59 N) = (0.599) (252 N) = [ 151 N
=9.81 m/s”
g s Alternatively,
Fper=mg(sin 0) — F 15, =0
Fy prax = mg(sin 6) = (25.0 kg) (9.81 m/s>)(sin 38.0°) = [ 151 N
4. 6=38.0° F,es=mg(sin ) — F=0
g=9.81 m/s* Fi= wiF,, = wymg(cos 6)
Upmg(cos 6) = mg(sin 6)
sin 6
U= =tan 6=tan 38.0°
cos 6
5. 6=52° F,er=mg(sin 6) — F=0
g=9.81 m/s? Fj. = uF,, = pymg(cos 6)

Hpmg(cos 6) = mg(sin 6)

sin @
=tan O=tan 5.2°
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6. m =281.5kg
6 =30.0°

Solutions
Fpjer=3mg(sin 0) — u(3mg)(cos 0) — Fupplied =0

Fapplied =mg

3mg(sin @) —mg  3(sin ) —1.00 _ (3)(sin 30.0°) — 1.00

3mg(cos ) 3(cos 0) (3)(cos 30.0°)

s

1.50 - 1.00 0.50

* 7 (3)(cos 30.0°)  (3)(cos 30.0°)

7. m=1.90 x 10° kg

Fer= Fapplied_ F=0

Hs=0.460 F= pgFy = pgmg
_ 2
§=9.81m/s Fopplied = Himg = (0.460)(1.90 x 10° kg)(9.81 m/s’)
Fapplied= |8.57 X 10° N
3
8. Fupplied=6~0>< 10°N Fnet:Fapplied_Fk:()
M=0.77 Fy= 1 F,
2
g=9.81m/s Fo 6.0x10° N
F,= —pplied _ > =[7.8x10°N
- e
F,=mg
m=—=————>-=|80x10"k
FRETTEE
8
9. Fupplied= 1.13x 10" N FnetzFapplied_ F ax=0
U= 0.741

Fy ppax = HsFy = smg

Foppli 1.13x 10°N
= —applied _ - =|1.55x 10> kg
(0.741)(9.81 m/s

g

10. m=3.00 x 10° kg
6=31.0°
¢=9.81 m/s*

Fep=mg(sin 6) — F=0
Fi= pFy, = Hmg(cos 6)
Umg(cos 6) = mg(sin 6)

sin @
M= =tan f=tan 31.0°
cos 6

Fr= pymg(cos 6) = (0.601)(3.00 x 10° kg)(9.81 m/s®)(cos 31.0°)

Fr=|1.52x10*N

Alternatively,

Fi= mg(sin 6) = (3.00 x 10° kg)(9.81 m/s*)(sin 31.0°) =
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Additional Practice E

Givens

1. F,

applied = 130N

Aper=1.00 m/s’
Up=0.158
g=9.81 m/s?

Solutions

Frier=maye;= Fopplied — F
Fj= pFy, = pymg

MAyer+ UkME = Fypplied
M(aper + L) = Fapplied

Fapplied 130N

C Gpgt g 1.00 m/st + (0.158)(9.81 m/s?)

130N 130 N -
m= = = 51 k
1.00 m/s> + 1.55 m/s’ 2.55 m/s’ §

2. F,=—2.00x10*N
6=10.0°
U= 0.797
¢=9.81 m/s?

Fpop=may,,= mg(sin ) — Fy,
Fj= Fy, = tgmy(cos 6)
m(g(sin 6) — rg(cos 6)] = F,;
Frer —2.00x10*N

"= glsin 0— yy(cos )] (9.81 m/sz)[(sin 10.0°) — (0.797)(cos 10.0°)]

—2.00x 10* N —2.00x 10* N
m= =
(9.81 m/s)(0.174—0.785)  (9.81 m/s>)(=0.611)

F, = mg(cos 6) = (3.34 x 10° kg)(9.81 m/s?)(cos 10.0°) =

3. Fy=6.99x 10° N

F, et = ma,,; = mg(sin 6) — F,

6=145.0° Fy.= uyF, = pymg(cos 6)
MU=0.597 m[g(sin 6) — prg(cos )] = F,o
- Fpet - 6.99%10° N
glsin 80— wy(cos 6)] (9.81 m/sz)[(sin 45.0°) — (0.597)(cos 45.0°)]
- 6.99x 10° N _ 699x10°N
T (9.81 m/s2)(0.707 — 0.422)  (9.81 m/s>)(0.285)
m=|2.50 x 10° kg
F, = mg(cos 6) = (2.50 x 10° kg)(9.81 m/s>)(cos 45.0°) = | 1.73 x 10* N
4. m=9.50kg Fpier= mMape;= Foppiieq— Fr.— mg(sin 6)
6=30.0° Fy.= uyF, = pymg(cos 6)
Fapplied: 80.0N Umg(cos 0) = Fapplied — Maye— mg(sin 6)

Aper=1.64 m/s’

g=9.81 m/s?

_ Fapplied_ ma,e+ g (sin 6)]

B mg(cos 6)

~ 80.0N —(9.50 kg)[1.64 m/s” + (9.81 m/s) (sin 30.0°)]
= (9.50 kg)(9.81 m/s)(cos 30.0°)
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 80.0N—(9.50kg)[1.64 m/s’+4.90 m/s’) _ 80.0 N — (9.50 kg)(6.54 m/s°)
He= (9.50 kg)(9.81 m/s?)(cos 30.0°) ~(9.50 kg)(9.81 m/s?)(cos 30.0°)
80.0N—62.1N 179N

~ (9.50 kg)(9.81 m/s?)(cos 30.0°)  (9.50 kg)(9.81 m/s?)(cos 30.0°)

Hie

5
5. m=1.89x10"kg Frpet =manet=Fapplied_Fk

Foapplied=7-6 X 10° N Fie= Fpplied— Maney=7.6%10° N = (1.89 X 10)(0.11 m/s’) = 7.6 x 10° N = 2.1 x 10* N

2
Aper=0.11m/s Fr= 7.4X105N

6. 6=38.0° F, et = may,,,= mg(sin 6) — Fy
M. =0.100 Fy.= uyF,, = tpmg(cos 6)
g=9.81 m/s’ May,e; = mglsin 6— py(cos 6)]

Aper = glsin @ — p(cos B)] = (9.81 m/sz)[(sin 38.0°) — (0.100)(cos 38.0°)]
per = (9.81 m/s%)(0.616 — 7.88 x 1072) = (9.81 m/s%)(0.537)

Aper =|5.27 m/s’

Acceleration is independent of the rider’s and sled’s masses. (Masses cancel.)

7. At=6.60s F, et = ma,,;= mg(sin 6) — F;.
6=134.0° Fy.= uyF, = tymg(cos 6)
L. =0.198 M., = mg[sin 60— w(cos 6)]
g=9.81 m/s? Ayer = glsin 6— p(cos 6)] = (9.81 m/sz)[(sin 34.0°) — (0.198)(cos 34.0°)]
v;=0m/s yer = (9.81 m/s2)(0.559 — 0.164) = (9.81 m/s>)(0.395)

Vf = U+ QyeAt=0m/s + (3.87 m/s)(6.60 5)

vy ={25.5 m/s* =92.0 km/h |
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