Chapter 2

Exercise Solutions

1. From Eq.2.1, F, = G532
G =6.67 x 107" Nm? /kg?
m1 = mg = 80 kg
R=2m

6.67 x 10~ HNm Nm= (80 kg)(80 kg)

F, = =1.07x 107" N
’ o ) .

2. From Eq.2.1, F, = G™52
G = 6.67 x 107! Nm?/kg?

a) my =6 x 10%* kg; R = 6378 km = 6.378 x 10° m

o 6.67 x 10~ HNm Rm” (50 kg) (6 x 10%* kg)

= 491.9 N
&= (6. 378 x 106 mn)?

b) M = Mtars = 0.11 Mgarn X (M) — 6.60 x 102 kg

1 mEarth

1 REarth

R = Ryt = 0.53 Rpgary X (M) — 338 x 10° m

6.67 x 10~ HNm (50 kg)(6.6 x 10% kg)

F, = =192.6 N
8 (3.38 x 106 m)?
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Or using ratios:

Fenars _ (mM) (REamh)Q = (0.11) (—1 )2 = 0.39
Fg,Earth MEarth RMars 0.53

Fy vars = 0.39F,; garen = (0.39)(491.9 N) = 192.6 N

C) Mo = MgSaturn = 95.2 MEarth X (&> =5.712 % 1026 kg

1 mEarth

R = RSaturn =9.5 REarth X (W) = 6.059 x 107 m

1 REarth

6.67 x 10~ HNm (50 kg)(5.712 x 10%° kg)

F, = = 5189 N
& (6 059 x 107 m)?2

Or using ratios:

Fg Saturn (mSaturn> < REarth ) 2 ( 1 ) 2
’ = =(95.2) | — ) =1.055
Fg,Earth MEarth RSaturn ( ) 9.5

Fy saturn = (1.055) Fy garen = (1.055)(491.9 N) = 518.9 N

d) 491.9 N x (2% ) = 110.5 Ibs

192.6 N x (%) = 43.3 Ibs

5189 N X (52%) = 116.6 lbs

Z

3. From Eq.2.3,a=+,s0 F=ma

m =1,200 kg and a = 0.25 m/s?

F =ma= (1200 kg)(0.25 m/s) = kgm — 300 N
4. From Eq.2.3,a==,s0 F=ma
m=100kg and a=g=9.8 m/s*
F=ma= (100 kg)(9.8 m/s%) = kgm — 980 N

By Newton’s 3rd Law, force of floor on piano is the same as piano’s force
on floor.
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F, e
5. From Eq.24, a = % = G3#

G = 6.67 x 107!t Nm?/kg?;, my = 6.4 x 1023 kg; R = 3,390 km =
3.39 x 10° m

ma 1 Nm?_ (6.4 x 10% kg) N (kg m/s%)
— a2 _ (667 x 1 =371— =371—=
R R T T E s Pkl ot
m

dist peri+dista
6. From Eq.2.7, a = 1sp++1sp

distap = 1.67 AU and  distpe = 1.38 AU

_ 1.38 AU + 1.67 AU

=1.53 AU
2

a

_ distap—distper;
7. From Eq.2.11, e = sty Tt

disty, = 1.67 AU and  distpei = 1.38 AU

167 AU—-138AU  0.29 AU

©=16TAUT138AU 305 A0 0P

8. Fig. 2.6 shows that distance from Sun to center of orbit if “f,” and Ta-
ble 2.1 gives f = ae.

a=15x10km and e=0.017

f=ae=(1.5x10° km)(0.017) = 2.55 x 10° km
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9. From Eq. 2.12, P2 = @® (as long as “P” is in years, “a” is in AU, and
the object being orbited is the Sun)

P =248 years and a3 = P?

a=VP?=3/(248)2 = 39.5 AU

10. From Eq. 2.15, P? = a®/M (as long as “P” is in years, “a” is in AU, and
“M” is in solar masses)

P = 355 days = 3.55 days x (i ) = 9.726 x 107 yeans

a = 671,000 km = 6.71 x 10°> km x (zoig—) = 4.47 x 1073 AU

@ (447 x 1073)3 L
M = IZh (0.726 < 105y = 9.4 x 107" solar masses

11. Eq. 2.13 says [P(yrs)]? = [a(AU)]?
a=3.2AU, so P=+a3=/(3.2)% = 5.72 years

Eq. 2.16 says [P(yrs)]* = [a(AU)]? /M (solar masses)

M =1 solar mass, so P = +/a3/M = /(3.2)3/1 = 5.72 years

Eq. 2.17 says P? = 452]\“43 (SI units)

a=32AU=4.787 x 10" m
M =1 solar mass = 2 x 10°° kg
G =6.67 x 107" Nm?/kg® = 6.67 x 107! m?/kg s>

/4 2q3 472(4.787 x 10 m)3
Ta T x 10" m) = 1.80 x 10® sec = 5.72 yrs
(6.67 x 1011 m3 /kg s?)(2 x 1030 kg)




