
68. 
a. Kepler’s 3rd law 
 

𝑎3 = (𝑀 + 𝑚)𝑃2 = (0.95 𝑀𝑠𝑢𝑛) (
120

365.25
 𝑦𝑟)

2
    →    𝑎 = 0.468 𝐴𝑈 = 0.47 𝐴𝑈 

 
b. At the radius of the planet’s orbit, the energy from the star is spread out on the surface of 

a sphere with the same radius. 
 

𝐹 =
𝑒𝑛𝑒𝑟𝑔𝑦

𝑎𝑟𝑒𝑎
=

𝐿𝑠𝑡𝑎𝑟

4𝜋𝑅2
=

(0.88) 3.84 ∗ 1026 𝑊

4𝜋[(0.468 𝐴𝑈)(1.496 ∗ 1011  𝑚 𝐴𝑈⁄ )]2
= 5486

𝑊

𝑚2
= 5500

𝑊

𝑚2
 

 
c. Equilibrium temperature can be calculated as found here. 
 

𝑇𝑒𝑞 = (
𝐿(1 − albedo)

16𝜎𝜋𝐷2 )

1
4

= (
(0.88) 3.84 ∗ 1026 𝑊 (1 − 0.15)

16𝜎𝜋[(0.468 𝐴𝑈)(1.496 ∗ 1011  𝑚 𝐴𝑈⁄ )]2)

1
4

= 378.7𝐾 = 380 𝐾 

 
  380 K is equal to about 107° C, which is not very habitable for human life. 
 
69. 
 a. Both the star and planet orbit (circularly) around the center of mass, 𝑚𝑠𝑟𝑠 = 𝑚𝑝𝑟𝑝. 

The expression for 𝑟𝑠 can either be derived as shown below, or the final equation can 
simply be used verbatim. 

 

  𝑟𝑠 =
𝑚𝑝𝑟𝑝

𝑚𝑠
=

𝑚𝑝

𝑚𝑠
(𝑟𝑡𝑜𝑡 − 𝑟𝑠)    →    (1 −

𝑚𝑝

𝑚𝑠
) 𝑟𝑠 =

𝑚𝑝

𝑚𝑠
𝑟𝑡𝑜𝑡    →    𝑟𝑠 =

𝑟𝑡𝑜𝑡

(𝑚𝑠 𝑚𝑝⁄ )+1
 

 

𝑟𝑠 =
(0.29 𝐴𝑈)(1.496 ∗ 1011  𝑚 𝐴𝑈⁄ )

(
0.42 ∗ 1.99 ∗ 1030 𝑘𝑔

1.12 ∗ 1025 𝑘𝑔
+ 1)

= 5.81 ∗ 105 𝑚 

 

  𝑣𝑠 =
2𝜋𝑟𝑠

𝑃
=

2𝜋(5.81∗105 𝑚)

88 𝑑𝑎𝑦𝑠∗(24∗3600) 𝑠 𝑑𝑎𝑦⁄
= 0.48 𝑚 𝑠⁄  

 
b. Doppler shift 
 

 
Δ𝜆

𝜆
=

𝑣

𝑐
    →    𝑣 =

Δ𝜆

𝜆
𝑐 = (

1

1∗109) (3.00 ∗ 108 𝑚

𝑠
) = 0.30

𝑚

𝑠
 

 
 The radial velocity from part (a) is greater than 0.30 m/s, so it should be detectable. 

 
c. If a binary is not perfectly edge-on, the observed radial velocity is given by 𝑣 sin(𝑖), where 

𝑖 is the inclination angle. 
 

 𝑣𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = 𝑣 sin(30°) = (0.48
𝑚

𝑠
) ∗

1

2
= 0.24

𝑚

𝑠
 

 
 
 
 
 

https://en.wikipedia.org/wiki/Planetary_equilibrium_temperature


70. 
 a. Jeans mass can be calculated as found here. 
 

  3 (
𝑀

𝑚
) 𝑘𝑇 <

3

5

𝐺𝑀2

𝑅𝑐
    →    𝑀 >

5𝑅𝑐𝑘𝑇

𝐺𝑚
 

 

𝑀𝐽𝑒𝑎𝑛𝑠 =
5𝑅𝑐𝑘𝑇

𝐺𝑚
=

5(2.20 ∗ 1014 𝑚)(1.38 ∗ 10−23 𝐽 𝐾⁄ )(15 𝐾)

(6.67 ∗ 10−11 𝑁𝑚2 𝑘𝑔2⁄ )(1.673 ∗ 10−27 𝑘𝑔)
= 2.04 ∗ 1030 𝑘𝑔 

 
  This is just above 1 Msun (1.99 ∗ 1030 𝑘𝑔), so a 5 Msun cloud will indeed collapse. 
 

b. Conservation of angular momentum 
 

 𝐼0𝜔0 = 𝐼𝑓𝜔𝑓    →    (
2

5
𝑚𝑟0

2) (
2𝜋

𝑇0
) = (

2

5
𝑚𝑟𝑓

2) (
2𝜋

𝑇𝑓
) 

 

Note that the constant factors of 
2

5
𝑚 in the moment of inertia and 2𝜋 in the angular 

velocity will drop out, leaving just 
𝑟0

2

𝑇0
=

𝑟𝑓
2

𝑇𝑓
 

 

𝑇𝑓 =
𝑇0

𝑟0
2 𝑟𝑓

2 =
1.0 ∗ 106 𝑦𝑟 ∗ (365.25 ∗ 24) ℎ𝑟 𝑦𝑟⁄

(2.20 ∗ 1014 𝑚)2
(1.5 ∗ 6.96 ∗ 108 𝑚)2 = 0.197 ℎ𝑟 = 0.20 ℎ𝑟 

 
71. 
 a. Distance modulus 
 

𝑑 = 10(𝑚−𝑀+5) 5⁄ = 10(7.3+2.4+5) 5⁄ = 870 𝑝𝑐 
 

b. The nebula is dimming the apparent magnitude by 0.2 𝑘𝑝𝑐 ∗ 1.5
𝑚𝑎𝑔

𝑘𝑝𝑐
= 0.3 𝑚𝑎𝑔, so the 

actual apparent magnitude without extinction is +7.0. 
 

 𝑑 = 10(7.0+2.4+5) 5⁄ = 760 𝑝𝑐 
 
72. 
 a. First find the total energy emitted in a year. 
 

  0.34 (3.84 ∗ 1026 𝐽

𝑠
) ∗ (365.25 ∗ 24 ∗ 3600)

𝑠

𝑦𝑟
= 4.12 ∗ 1033 𝐽

𝑦𝑟
 

 
  Then convert to mass via Einstein’s equation, 𝐸 = 𝑚𝑐2. 
 

  𝑚 =
𝐸

𝑐2 =
4.131∗1033 𝐽

(3.00∗108𝑚 𝑠⁄ )2 = 4.58 ∗ 1016 𝑘𝑔 

 

b. Main sequence lifetimes for stars less massive than 1 Msun are given by 
𝜏

𝜏𝑠𝑢𝑛
= (

𝑀

𝑀𝑠𝑢𝑛
)

−2.5
. 

The MS lifetime of the Sun is about 10 Gyr. 
 
  𝜏 = (0.82)−2.5 ∗ 𝜏𝑠𝑢𝑛 = 1.64 ∗ (10 𝐺𝑦𝑟) = 16.4 𝐺𝑦𝑟 

http://burro.astr.cwru.edu/Academics/Astr221/LifeCycle/jeans.html

