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Student Edition Solutions

Circular Motion and

Gravitation

Circular Motion and Gravitation, Practice A

Givens

1.4a.=3.0 m/s”

r=2.1m

Solutions

vy=+Jar=+/(3.0m/s?)(2.1 m) = | 2.5 m/s

2. q,=250 m/s’

V= acrz\/(ZSOm/sz)(O.SOm): 11 m/s

r=0.50 m
3.r=15m z/t2 (I.Sm/s)2
. : a=—=——"—=|[15m/s
¢ r 1.5m
v,=1.5m/s

4. q,=154 m/s>
vy=30.0 m/s

2 2
- (300 m/S) -
r=—=———09>—= -58.4m
15.4 m/s’

ac

Circular Motion and Gravitation, Practice B

1. r=2.10m r (2.10 m)
m=F.—=(88.0 N)————— =29.6 k
~ U2 ( S 2s0mis?
vy=2.50 m/s
F,=88.0N
2. y,=132m/s mu  (86.5kg)(13.2 m/s)’
o - =140.0m
F,=377N Fe 77N
m=286.5kg
3.r=150m 2 (18.5kg)(1.80 m/s)2
g 2 XER =[400N
vp=1.80 m/s r 1.50 m
m=18.5kg
4. m=905kg [ E 3.25% 10°m\(2140 N
rr, \/ 2O X m
v= |—C= = -35.0 m/s
r=3.25km t m ( 2 )(905kg)
27
F,=2140N
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Circular Motion and Gravitation,

Section 1 Review

Givens Solutions
2. r=12m V= acr:\/(17 m/sz)(lz m)=|14 m/s
a.=17 m/s’
5. m=90.0 kg mut (90.0 kg)(13.2 m/s)?
r=115m o 11.5m
v;=13.2m/s

Circular Motion and Gravitation,

Practice C

1. m;=m,=0.800 k Nem?
=72 8 (6.673>< 071 =2 )(0.800 kg)(0.800 kg)
F=892x107'N o [Gmmy kg
Ne - - —11
G:6.673><10_“—krr21 F 89210 N
8 r=10.692m
2. m;=6.4x10" kg 1 Nem?
s 6.673 x 1071 ———|(6.4 x 107 kg)(9.6 x 10" kg)
m,=9.6x 10" kg G mym, kg
=\ = 15
Fy=4.6x10° N V F 4.6x10° N

1’2

8

2
G:6.673><10_“I\L—n21 r=19.4x10°m=9.4x 10 km|
g
3. m; =665k 11 Nem?) (66.5 kg)(5.97 x 10** k
! & a. Fy= G2~ (6673 x 107! n;l\( 809710 k) _fe51N
my =5.97x 10% kg r kg | (6.38x10°m)
r=6.38%10°m
_HN'I’H
G=6673x10""—-
kg
2 23
mym, _11Nem?| (66.5 kg)(6.42 x 10*’ kg)
my = 6.42 % 10% kg b. F,=G =(6.673 %10 =|246N
3.40 % 10° g r? kgz/ (3.40 x 10° m)?
r=>0. X m
2 22
mymy _13Nem?)| (66.5 kg)(1.25 x 10°~ kg)
my=1.25% 10** kg c. F,=G =(6.673x 10 =[385N
g kg? (1.20 x 10° m)?

r=1.20%10° m
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Circular Motion and Gravitation, Section 2 Review

Givens Solutions
3. mp=5.97x10"*k _ . mmg
mg . g a. =G rE2
TE=6.38>< 10" m 2 24
11 Nem?\ (65.0 kg)(5.97 x 10** kg)
F,=|6.673x 1071 =636 N
m=65.0kg 5 s ( kg2 ) (6.38 x 10° m)?
—11 Nem
kg
mp=5.97x 10* kg b. F= Gyt
r=7.38x10°m Nem?\ (65.0 kg)(5.97 x 10%* kg)
F,=|6.673x 10711 it IAS & _[475N
m=65.0 kg ¢ kg’ ) (7.38 % 10° m)?
G
mg=5.68x 10 kg c. Fp=—t'S
g
rg=6.03x 10" m Nem?\ (65.0 kg)(5.68 x 10°° kg)
F=(6.673x 1071 S & _[e78N
m=65.0kg kg’ (6.03% 10" m)?
mg=5.68 % 102 kg d. F=G"7°
r=6.13x10"m Nem?) (65.0 kg)(5.68 x 102 kg)
F,=|6.673x 1071 it IS & _[e56N
m=65.0kg ¢ kg’ ) (6.13% 10" m)?
5. rp=6.38 x 10° ?
g m g= Gif,so mB:&
g=9.81 m/s* "E G

Nem?”

G=6.673x10"11 (9.81 m/s%)(6.38 x 10° m)?
kg’ M 7% 10 T Nem kg L 107 kg
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Circular Motion and Gravitation, Practice D

Givens

1. r=3.61x10°m
mp=5.97 x 10** kg
rE=6.38x 10° m
my=1.90 x 107 kg

r=7.15%x10" m
m,,=7.35x10%* kg
rp=1.74%10°m

N
G=6673x10" 10

kg

Solutions

Above Earth:
r=r+rp=3.61x10°m+6.38x10°m=6.74x10° m

m
G2
T
24
_ 6.673X10_11Nom (597 x10* kg\ _ 60X 107 s
kg® |\ 6.74x 10°m

3
T=2rx |1
GWZE
6 3
6.74 % 10° m
T=27x ( - ) =1551%x10%s
No

(6.673 x 10712 )(5.97 x 10% kg)

Above Jupiter:
r=r+1=3.61x10°m+7.15% 10’ m=7.19x 10" m

11 Nem?\ [1.90 x 10* kg I
v= 16673 %10 5 —2]=14.20x 10" m/s
kg 7.19%x 10" m

3

T=21 |2
Gm]

(7.19% 10" m)* B y

T=2rx - =11.08x 10*s

(6.673 x 1071 =2 )(1.90 x 107 kg)

Above Earth’s moon:

r3= T+, =3.61 x10° m+ 1.74x 10° m=2.10 x 10° m

m
v= |G
3
_11Nem?\ (7.35x 10%* kg 3
v;= [16.673 X 10 > 3 =[1.53x10° m/s
kg 2.10x10° m

3
T27r

r3

Gm,,

6 3
2.10x 10° m
( : ) =18.63%x10%s

No
6 673 % 107! kr;l )(7.35 % 102 kg)
g
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Givens Solutions

2. T=125min T2 4’y

rp=6.38x10° m G
3 T GmE

mp=5.97 x 10** kg ) i

_11Nem
G=6.673x10 HF - \3/ [(125 min)(60 s/min)]%(6.673 x 10”11 Nem?/kg?)(5.97 x 10** kg)
g 4

r=828x10°m

height above Earth = r— rp=8.28 X 10° m — 6.38 x 10° m = | 1.90 X 10° m

Circular Motion and Gravitation, Section 3 Review
5.r=384x10"m [ mg
v=_|G—
mg=5.97 x 10** kg r
2 24
11 Nem? _11Nem?| (5,97 x 10** kg 3
- 11 Nem v,= |[6.673x 10 =11.02 x 10> m/s
G=6.673x 10 7 ; \/( i | 388x10°m
3
T=2r| r
GmE

(3.84x 108 m)® <
T=2 =2.37x10
7 ;

Ne
6.673 x 10712 |(5.97 x 102 kg)
kg2

Circular Motion and Gravitation, Practice E

1. F=30N 7= Fd(sin 6) = (3.0 N)(0.25 m)(sin 90.0°) =

d=025m
6=90.0°
2. m=3.0kg a. 7= Fd(sin 6;) = mgd(sin 0;)
4=20m 7= (3.0 kg)(9.81 m/s%)(2.0 m)(sin 5.0°) =
61 = 5.00
g=9.81 m/s’
0,=15.0° b. 7= mgd(sin 6,) = (3.0 kg)(9.81 m/s>)(2.0 m)(sin 15.0°) =
3. 7=40.0 Nem For a given torque, the minimum force must be applied perpendicular to the lever
J=30.0 arm, or sin @ = 1. Therefore,
=30.0 cm
7 40.0 Nem
=—=——=|133N
d 0.300m
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Circular Motion and Gravitation, Section 4 Review

Givens Solutions
W,
5. eff =0.73 eff = =2
ff ff W
d;, =18.0m
— Foutdout
doyy =3.0m eff =——— where F,;, = mg
Findin
m =58 kg
_ 2 mgd (58 kg)(9.81 m/s*)(3.0 m)
¢=9.81m/s F, = out _ =[13x10*N
! effd;, (0.73)(18.0 m)
= F F, 950 N
6- Fg 950N MA= out= — :
F =350 N Fiy Fapplied 350N
applied =
8. F;=300N T30= Fodso(sin B50) = (30.0 N)(0 m)(sin 45°) =
030=45° Ty5= Fysdys(sin 6s) = (25.0 N)(2.0 m)(sin 59°) =
d3p=0
3p=0m T10= F1od;o(sin 6;9) = (~10.0 N)(4.0 m)(sin 23°) =
Fys=250N
0= 59° The bar will rotate counterclockwise because 7,,.; is positive
2 (43 Nem — 16 Nem = +27 Nem).
d25 =2.0m
FI(): 10.0 N
0102 230
d10: 4.0 m

Circular Motion and Gravitation, Chapter Review

8. a.=145 m/s?
r=0.34 m

vy=+[ra.=+/(0.34 m)(145 m/s?) = | 7.0 m/s

9.4.=28 m/s’

r=27 cm

ve=+Jrac=1/(27 x 1072 m)(28 m/s%) = | 2.7 m/s

10. v,=20.0 m/s
F,=2.06x10*N
r;=10.0m

g=9.81 m/s?

a. F,,,=F,— Fg: F,—mg

2

mvy
Fpey=F.=
1
mu}
Fn —mg=
T

muf = r,(F,— mg)

m(vt2 +r9) =r;F,

riF, (10.0 m)(2.06 x 10*N)
M v g (20.0m/s)2+ (10.0 m)(9.81 m/s2)

2.06 x 10° Nem 2.06 x 10° Nem
m= =
4.00 x 10> m?/s> +98.1 m%/s”> 498 m%/s?
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Givens Solutions
r;=15.0m b. F.=mg
mutz
2
vy=+/gr>=+/(9.81 m/s%)(15.0 m) = | 12.1 m/s
11. r=10.0m mz/t2
Ftotal:Fc+Fg: +mg
v,=8.0m/s

Frope, max=1.0x 10° N
g=9.81 m/s?

Fiotar = Frope, max

T/tz
Frope, max= Minax 7+ g

o Frope max _ 1.0x10° N
N B 8.0 m/s)?
e BOMTT g g1 mys?
10.0 m
1.0x10°N 1.0x10°N

6.4m/s>+9.81 m/s>  16.2 m/s?

Mypax =

18.

F,=320x10°N
m;=50.0 kg

my=60.0 kg

G=6.673x 107" Nem?%/kg?

\/ Gmym,  [(6.673x 107 Nem?/kg?)(50.0 kg) (60. kg)
r: =

F, N 320x10°N

r=[2.50m

19.

m;=9.11x 10" kg
my=1.67x 10> kg
Fe=1.0x10"YN
G=6.673x 107! Nem?/kg’

_ [Gmymy _ (6673 % 107 Nem®/kg’)(9.11 x 10~ kg)(1.67 x 107 kg)
r= —
Fy LOX 107N

r=[1.0x10""m=010nm

217.

r=1.44x108m
re=6.38 X 10° m
mp=5.97 x 10** kg

Nem?
G=6.673x10"1 =
kg

r=r+rp=144x10°m+6.38x10°m=1.50x 10® m

Mg
V= |G—
T

Nem?| [5.97 x 10%* kg
v=| [6.673x 107! ={1630 m/s
t\/< kg2)<1.50><108m

T=2x |11
GmE
8 3
1.50x 10
T=2rx ( - m) =[578%x10°s
Nem
6.673 % 1071 ———|(5.97 x 10** kg)
kg2
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Givens Solutions

28. T=24.0h 3
. T=2r [—L_
rg=6.38 x 10° m Gmg
mp=5.97 x 10** k r

E § T2 = ar*——

_11 Nem? Gmpg
G=6.673x10"" ——

kg [r2
1= 3 T GmE
47
2
_11 Nem

2
(24.0h)[3600 || 6.673 x 10 1 (5.97 x 102 kg)
b3 h kg
-

4r?

r;=4.22x% 107 m (from Earth’s center)

r=r;-rg=422x10' m-6.38x 10°m = [3.58 x 10’ m

29, r=2.0x10° /

r X m Te o i
T=50x10%s Gm

2 3

N- r
G=6.673x 107~ T%=dn’—
ar’s’ 477%(2.0 x 108 m)?
- -

2
Nem
(5.0 x 10* s)2(6.673 x 10‘“k—>

2
m=1.9 x 10* kg

8

37. m=54kg 7= Fd(sin 6) = mgr(sin 6)
r=0.050 m 7= (54kg)(9.81 m/sz)(0.0SO m)(sin 90°) =
g=9.81 m/s*
6=90°

38. 0= 90.0° - 8.0° = 82.0° Tnet = Tg+ Tjack =0

m = 1130 kg mgd(sin 6) + Tjye =0

d=3.05m-1.12m Tiack = —mgd(sin 6) = —(1130 kg)(9.81 m/sz)(l.SS m)(sin 82.0°)

040m=1.53m

magnitude of 7, = | 1.68 x 10 Nem
g=9.81m/s’ ABRITICe OF Tjack

39. m=2.00x 10’ kg Fye= piky = pmg
2
= v,

r=20.0m F.= mit

Hi= 0.70

¢=9.81 m/s* Fye=F

vt
Hgmg = m==

v =Jriteg=+/(20.0 m)(0.70)(9.81 m/s?)
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Givens Solutions
40 _ 22 _ 11 11 _ 11
. m,, =7.35% 10" kg r=1.50x10""' m—-0.00384x 10" m=1.50x 10'' m
m,=1.99 x 10% kg an o s
—11Nem g r?
G=6.673x10 = b o
kg 1 Nem?\ (7.35x 10 kg)(199><10 kg) 20
F,=|6.673x 10 - T = 434><10 N
kg (1.50 X 10
mprm
r=384x10°m b. F,=G—5"
"
mg =5.97 x 10> kg N. 5.97 x 10** kg)(7.35 x 10* k
. Fe=6.673x107" r;l ( ) — 8 _ 199><102°N
m,, =7.35%x 10" kg kg (3.84 x 10° m)
mrm
mp =5.97 x 10** kg c. Fy=G—5=
.
m,=1.99x 10" kg Nem?| (5.97 x 10** kg)(1.99 x 10°° k
: 0 Fy=[6.673x 101 G 899X 107k8) _ I3y 102 N
r=150x10"m kg (1.50x 10" m)
41. m=75kg For a force perpendicular to d, 7= Fd.
r=0.075m
T _mgr_(75kg)(9.81 m/s*)(0.075 m) _
po oM ={22x10°N
d=025m d d 0.25m
g=9.81 m/s”
42. 7=58 Nem 7= Fd(sin 6)
4=035m po_t o 8Nem N
6=>56° T dsin@  (0.35m)(sin56°)
43. d=14m 7= Fd(sin 6) = (1600 N)(1.4 m)(sin 53.5°) = | 1800 Nem
F=1600 N
6="53.5°
44. 1, =27m Consider the total mass of each hand to be at the midpoint of that hand.
= L L
Ly=45m Tyer = —mhg( —h)(sin o) — mmg<—m)(sin 0.,
my, =60.0 kg 2 2
=100.0k 2.7 45
" § Tt = —(60.0 kg) (9.81 m/s2)< m)(sin 20.0°) — (100.0 kg)(9.81 m/sz)( m)(sin 60.0°)
6, =20.0° from 6:00 2 2
6,, = 60.0° from 6:00 Tyer =—2.7%10° Nem — 1.9 10’ Nem = [ -2.2 X 10’ Noem
¢=9.81 m/s?
45. ¢ff=0.64 _ Wour _ Fourdour
eff =
m=178 kg Wm Findm
d.,=40m £ = Foudowr _ mgdour _ (78kg)(9.81 m/s®)(4.0 m)
0o " dy(eff)  digleff) (24 m)(0.64)
m—
_ 2
2=9.81 m/s® Fj,=|2.0x10°N
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Givens Solutions

46. d=2.0m Wour = Fyd(sin 6)
6=15° Win= (F + Fg . )d = [l Fy(cos ) + Fy(sin 0)]d
Uy =0.160 W;, = ng[uk(cos 0) + (sin 6)]
off = Wous _ Fd(sin 0) _ sin

w; ng[,uk(cos 0) + (sin B)]  wy(cos ) + (sin )

_ sin 15° B 0.26
(0.160)(cos 15°) + (sin 15°) 0.15+0.26

0.26
eff =—— =0.63=

eff

0.41
417. dout =3.0m effz Wout — Foutdout — mgdout
Fj, =2200 N Win  Findin  Fipdiy
din =14 m 2
(750 kg)(9.81 m/s”)(3.0 m)
_ eff = =0.72=|72%
m =750 kg if (2200 N)(14 m) -
¢=9.81 m/s’
48. eﬁ: 0.875 eﬁz Waut — Fuutdout — mgdaut
Fj, =648 N Win — Fidiy  Fipdiy
=150 k d 150 kg)(9.81 m/s%)(2.46
m 8 dinz mgi out _ ( g)( m/s”)( m)=
d.. =246m Fy(eff) (648 N)(0.875)
g=9.381 m/s’
49. 1,=1.82x10°m a.r=rptd+n
d=422x10%m r=1.82x10°m+4.22x 10 m+7.15x 10’ m
r=7.15%10" m r=4.95x10°m
_ 27
my=1.90 x 10 kg p (4.95><108 m)3
Nem? T=2rm =2 5
— —11 1N¢ Gm Nem
G=6.673x10 W / (6.673 X 10“7)(1.90 x 10%7 kg)
g

T=(1.94 % 10°5)(1 h/3600 5)(1 day/24 h) =

b. r=4.95x10% m (see part a.)

fekii]

=

vy=

o

_11Nem?| [ 1.90 x 10?7 kg 1
6.673 % 10 - | =|1.60x 10* m/s
kg’ |\ 4.95x10%m
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Givens

50. F,=13500N
r=2.00% 10’ m

Solutions

2 3
vy (50.0 x 10> m/h)*(1 h/3600 s)
a.a.=—= 200)(102 965111/8

r

v; =50.0 km/h

(R 13500 N ,
¢=9.81 m/s’ b. F.=ma, = Ea[ F(O%Sm/s)— 1.33x10° N

C. Fc:Fk::uan:MkFg
F, 1330N
=—=——=10.0985
M=, " 13500N
51.d=150m a. T = Fg,maxd(sin 0;) = (450 N)(15.0 m)(sin 70.0°) =| 6.3 X 10° Nem

6;=90.0°-20.0°=70.0°
Fy nax =450 N
6,=90.0°—40.0° = 50.0°

3
T, 6.3 X 10" Nem
F,=—max __ = -5.5 x10°N
£ d(sin 6,)  (15.0 m)(sin 50.0°)

52. m;=5.00 kg
my=1.99x10°" kg
F,=1370N

G=6.673x107""

Nem?

kg

F szgnz
r

Gm1m2

r= —_—
Fg

(6 673x 10711 Y = )(5 00 kg)(1.99 x 10% kg)

g —[6.96% 10°m
1370 N

r=

53. 1,=55.0 km/h

Fp= uiF, = pymg=(0.500)(1350 kg)(9.81 m/s”)

r=40.0 m 2 3 2
_my? _ (1350 kg)[(55.0 x 10° m/h)(1 /3600 5)]* _
m=1350 kg Fe=—"= 20.0m 7880 N
M=10.500 - . - .
Because F,> F, the frictional force is not large enough to maintain the circular
g=9.81 m/s’ motion.
54. 6=60.0° T 2.0 Nem
d=0.35m dsin@ (0.35 m)(sin 60.0°)
7=2.0Nem Tynax 18 produced when 6 =90.0°

Ty = Fdsin® = (6.6 N)(0.35 m)(sin 90.0°) =
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Circular Motion and Gravitation, Standardized Test Prep

Givens Solutions
2. 1;=15m/s v?  (15m/s)?
t 2
ag.=—=——"""—=[9.0m/s
A =
4. mp=5.97x 10" kg Fp= GIETs
p
_ 30
mg=1.99 % 10" kg o 6673><10‘”N'm2 (5.97 x 102 kg)(1.99 x 10° kg)
r=150x 10" m g\ kg’ (1.50 x 10" m)?

rn2

Ne
kg2 Fg— 352X 10" N

9. F1:60N Thet=T1+ T+ T3
F,=6.0N Tyer=F1dsin@; + F,dsin@,+ F3dsin6€;
F3= 6.0 N

Tper= (6.0 N)(1.0 m)(sin 90.0°) + (6.0 N)(1.0 m)(sin 30.0°) 4 (6.0 N)(1.0 m)(sin 0.0°)

T,0=6.0 Nom +3.0 Nem + 0.0 Nem =

6;=90.0°
6,=90.0° — 60.0° = 30.0°

65=0.0°
d=1.0m
10. F;,,=75N MA:%:225N:
Fyp=225N Fip 75N
11. ¢ff=87.5%=0.875 off Wour _ Foutdout
Fpp=1320N Wip Wi
d,;,=150m __Foutdnut_(1320N)(1-50m)_
" Win= of 0.875 =[2200)
17. m=1.99x10"k 3
my=1.99 x 10°" kg T:M/r
r=228x10"m Gmy
_1y Nem®
G=6.673x 107" — b
kg |, (2.28x10"" m) 1h 1 day
=|2r
_ Nem? 50, . |\3600s] | 241
6.673x 107 1= ——|(1.99x 10" kg)
g
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