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Chapter 14 of Modern Physics 4/e is available through the Freeman Physics Web site at
www.whfreeman.com/modphysics4e.

Chapter 14 ! Astrophysics and Cosmology

14-1.  = 4 km/s.  Assuming Sun’s rotation to be uniform,

so that , then  = 2 km/s.  

Because v = 2Br/T,  or 

14-2.

The Sun’s luminosity 

14-3. The fusion of  1H to  4He proceeds via the proton-proton cycle.  The binding energy of  4He
is so high that the binding energy of two  4He nuclei exceeds that of  8Be produced in the
fusion reaction:  4He +  4He 6  8Be + (  and the  8Be nucleus fissions quickly to two  4He nuclei
via an electromagnetic decay.  However, at high pressures and temperatures a very small
amount is always present, enough for the fusion reaction: 8Be +  4He 

6  12C + ( to proceed.
This 3- 4He fusion to  12C produces no net  8Be and bypasses both Li and B, so their
concentration in the cosmos is low.

14-4. The Sun is 30,000 cAy from Galactic center = radius of orbit
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14-5. Observed mass (average) . 1 H atom/m3 = 1.67 × 10!27 kg/m3 = 10% of total mass

500 </cm3 = 500 × 106 </m3, 

so the mass of each < would be  

or 

 
14-6.

14-7. (a) See Fig. 14-14.    1 AU = 1.496 × 1011 m.  R = 1 pc when 2 = 1", so  or

(b) When 2 = 0.01", R = 100 pc and the volume of a sphere with that radius is 
  
.    If the density of stars is 0.08/pc3, then the number of
stars 

in the sphere is equal to  stars.

14-8.

     Thus, 
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(Problem 14-8 continued)

Because 

14-9. (a)  

(b)

(c) R - M   º   R = "M   º   

   Similarly, 

(d) 

.   Similarly, 

14-10. Angular separation 

14-11. Equation 14-18: . , ,

.  Energy required: .

Equation 14-19:  

Energy required: 
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14-12.        (a) ; assuming constant expansion rate, 

Age of shell = 

       (b) 

Using either the Te or L relations, 

or 

14-13.   (Equation 14-24)

(a) Sun  

(b) Jupiter   

(c) Earth      (. 9 mm!)

14-14.

(a) (Equation 14-22) 

(b)     
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(Problem 14-14 continued)

(c)   

14-15. Milky Way contains .1011 stars of average mass , therefore the 

visible mass = 

(a) Mass of a central black hole = 

(b) Its radius would be (Equation 14-24).

      

14-16. v = 72,000 km/s.  (a) 

(b) From Equation 14-28 the maximum age of the galaxy is: 

    so the maximum age will also be in error by 10%.

14-17. The process that generated the increase could propagate across the core at a maximum rate of c,

thus the core can be at most

in diameter.  The Milky Way

diameter is 
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14-18. Equation 14-30: 

(This is about 5 hydrogen atoms/m3 !)

14-19.

(See Figure 14-25.)

(a) 2000 years ago, (b) 106 years ago 

(c) 10 seconds after the Big Bang  

(d) 1 second after the Big Bang  

(e) 10!6 seconds after the Big Bang 

 

14-20.

14-21. Wien’s law (Equation 3-11):  

(this is in the microwave region of the EM spectrum)
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14-22. Muon rest energy = 208 me = 106 MeV/c2.  The universe cooled to this energy (average) at about

10!3 s (see Figure 14-25).  2.728K corresponds to average energy . 10!3 eV.  Therefore,

14-23. If Hubble’s law applies in A, then .  

From mechanics,  and 

Hubble’s law applies in C, as well, and by extension in all other
galaxies.

14-24. (a)

(b)

(c)

14-25. SN1987A is in the Large Magellanic cloud, which is 170,000 cAy away; therefore (a) supernova
occurred 170,000 years BP.

(b) 
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(Problem 14-25 continued)

K = 109 eV, 

Therefore, the distance protons have traveled in No,

they are not here yet.

14-26. .  (a) When first formed, mass of H = 0.7 ,

, thus

(b) If all H ÿ He; .  The number of He atoms produced = .

 

Total energy produced = 

(c) 23% of max possible = 

14-27. (a)

Substituting for f and noting that the period T = 1/f, 
or,        ,    which is Kepler's third law.
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(Problem 14-27 continued)

(b) Rearranging Kepler's third law in part (a),

(c)

(d)

14-28. (a) 

(b) for  reduced mass , then   and

(c) from the graph 

  and, similarly, 
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(Problem 14-28 continued)

Assuming circular orbits,   Substituting yields, 

14-29.

14-30.

     Current average density = 1 H atom/m3

 

 The current expansion rate at R is

 

Current volume  
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(Problem 14-30 continued)

14-31. (a) Equation 8-12: vrms  is used to compute vrms vs T for each gas ® = gas constant.

Gas M (x10!3

kg)
vrms (m/s) at T = :

50K 200K 500K 750K 1000K

H2 O 18 37.2 263 526 832 1020 1180

CO2 44 23.8 168 337 532 652 753

O2 32 27.9 197 395 624 764 883

CH4 16 39.5 279 558 883 1080 1250

H2 2 111.6 789 1580 2500 3060 3530

He 4 78.9 558 1120 1770 2160 2500

The escape velocity vesc , where the planet masses M and radii R are given in

Table 14-4.

Planet Earth Venus Mercury Jupiter Neptune Mars

vesc (km/s) 11.2 10.3 4.5 60.2 23.4 5.1

vesc/6 (m/s) 1870 1720 750 10,000 3900 850

On the graph of vrms vs. T the vesc/6 points are shown for each planet.
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(Problem 14-31 continued)

(b) 

(c) All six gases will still be in Jupiter’s atmosphere and Neptune’s atmosphere, because vesc for

these is so high.  H2 will be gone from Earth; H2 and probably He will be gone from Venus;

H2 and He are gone from Mars.  Only CO2 and probably O2 remain in Mercury’s atmosphere.

14-32. (a) " Centauri 
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(Problem 14-32 continued)

(b) Procyon

14-33. Earth is currently in thermal equilibrium with surface temperature .300 K.  Assuming Earth radiates

as a blackbody  and .  The solar constant 

currently, so Earth absorbs 459/1360 = 0.338 of incident solar energy.

When .  If the Earth remains in equilibrium.

 or  sufficient to boil the oceans away.      

       However, the vrms for H2O molecules at 994 K is vrms  = 

1146 m/s = 1.15 km/s.  The vesc = 11.2 km/s (see solution to problem 14-26).  Because vrms ,

the H2O will remain in the atmosphere.

14-34. (a)

n = grains/cm3

total scattering area = 

which is of the total area = 

fraction scattered = 

From those photons that scatter at x = 0 (No), those that have not scattered again after traveling some

distance x = L is .  The average value of L (= do) is given by
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(Problem 14-34 continued)

(b)   near the Sun 

(c)  

14-35.

Net energy difference (release) = 

Net energy required = 
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14-36. (a)

rearranging, the mass rate of change is

Clearly, the larger the mass M, the lower the rate at which the black hole loses mass.

(b)

far larger than the present age of the universe.

(c)


