
ASTR 1020 Homework Solutions 
 
Chapter 1 
 
 
24. Set up a proportion, but be sure that you express all the distances in the same units 
(e.g., centimeters). The diameter of the Sun is to the size of a basketball as the distance to 
Proxima Centauri (4.2 LY) is to the unknown distance (X), so  
 
(1.4 × 1011 cm) / (30 cm) = (4.2 LY)(9.46 × 1017 cm/LY) / (X) 
 
Rearranging terms, we get  
 
X = (4.2 LY)(9.46 × 1017 cm/LY)(30 cm) / (1.4 × 1011 cm) = 8.51 × 108 cm  
= 8.51 × 103 km = 8510 km 
 
In other words, if the Sun were the size of a 30-cm diameter ball, the nearest star would 
be 8510 km away, which is roughly the distance from Los Angeles to Tokyo. 
 
 
27. The Sun’s hydrogen mass is (3/4) × (1.99 × 1030 kg) = 1.49 × 1030 kg.  Now divide the 
Sun’s hydrogen mass by the mass of one hydrogen atom to get the number of hydrogen 
atoms contained in the Sun: (1.49 × 1030 kg) / (1.67 × 10-27 kg/atom) = 8.92 × 1056 atoms. 
 
 
29. The distance from the Sun to the Earth is 1 AU = 1.496 × 10

8 
km = 1.496 × 10

11 
m. 

The light-travel time is the distance, 1 AU, divided by the speed of light, i.e.,   
time = distance/speed = (1.496 × 10

11 
m) / (3.00 × 10

8 
m/s) = 0.499 × 10

3 
s  

= 499 s = 8.3 minutes. 
 
 
34. Since you are given diameter (D = 2.6 cm) and angle, and asked to find distance, you 
need to rewrite the small-angle formula as d = (206,265)(D) / (α). 
 
(a) α = 1 degree = 3600 arcsec, so d = (206,265)(D) / (α) = (206,265)(2.6 cm) / (3600) = 
149 cm = 1.5 m. 
 
(b) α = 1 arcmin = 60 arcsec, so d = (206,265)(2.6 cm) / (60) = 8938 cm = 89 m. 
 
(c) α = 1 arcsec, so d = (206,265)(2.6 cm) / (1) = 536,289 cm = 5363 m. 
 

 
35. Once again you are given D (= 2 mm) and angle (1 arcminute = 60 arcsec), and asked 
to find distance, so you need to rewrite the small-angle formula as d = (206,265)(D) / (α) 
= (206,265)(2 mm) / (60) = 6876 mm = 6.9 m. 



 
36. In this problem you’re given distance (384,000 km) and angle (1/2° = 1800 arcsec), 
so you can use the form of the small angle formula given on pg. 9 of your textbook: 
 
D = (α)(d) / (206,265) = (1800)(384,000 km) / (206,265) = 3351 km. 
 
 
 
Chapter 4 
 
33.  Mercury's synodic period S = 115.88 days = 0.317 years.  Since Mercury is an 
inferior planet, we must use the first equation in Box 4-1 on page 71: 
 
1/P = 1/E + 1/S  = 1/1 + 1/0.317 = 1 + 3.15 = 4.15. 
 
So, P = 1 / 4.15 = 0.241 years = 88 days (as shown in Table 4-1 on page 70). 
 
 
36.  Mercury takes longer to go from greatest western elongation to greatest eastern 
elongation than vice versa because the orbital distance is greater, as can be seen in Figure 
4-6.   This can be verified with the dates, too, e.g., February 24 to April 8 is 43 days, 
while April 8 to June 20 is 73 days. 
  
 
39.  Since the comet orbits the Sun, you may use Kepler's 3rd law, P2 = a3, where P is in 
years and a is in AU. (a) P = 64 years, so P2 = 4096.  Then a = cube root of 4096 = 16 
AU.  (b) The distance between perihelion and aphelion equals the major-axis, i.e., two 
times the semi-major axis or 2a.  So, if the comet is 31.5 AU from the Sun at aphelion, 
then it must be (2 × 16 AU) – 31.5 AU = 0.5 AU from the Sun at perihelion. 
 
 
43.  Newton's law of universal gravitation states that the gravitational force is 
proportional to the masses of the two objects and inversely proportional to the square of 
their separation.  So, if the mass of the hypothetical planet is 4 times greater than the 
mass of the Earth, then that would increase the gravitational force by a factor of 4.  But 
the diameter of this hypothetical planet is 4 times greater, too, meaning that you would be 
4 times farther from its center.  Since the gravitational force diminishes as the square of 
the separation, being 4 times farther away would diminish the force by a factor of 42 = 16.  
Combining the two effects we see that the force would be increased by a factor of 4, but 
diminished by a factor of 16, so overall it'd be reduced by a factor of 4/16 = ¼.  So, if you 
weigh 160 lbs on Earth, you'd weigh only 160 × ¼ = 40 pounds on the hypothetical 
planet. 
 
 
45.  If the hypothetical star's mass is 4 times greater than the mass of the Sun, then the 
factor (m1 + m2) in Newton's form of Kepler's 3rd law (page 86) is 4 times greater, too, 



since the mass of the Earth compared to the mass of the Sun (or to the mass of the 
hypothetical star) is negligible.  If the semimajor axis of the hypothetical planet orbiting 
the hypothetical star is 1 AU, then that's the same as the Earth's semimajor axis.  So, if 
(m1 + m2) increases by a factor of 4 and the semimajor axis a stays the same, then P2 must 
decrease by a factor of 4, which means that P must decrease by a factor of 2.  Since the 
Earth's orbital period is 1 year, this hypothetical planet's orbital period around this 
hypothetical star must be decreased by a factor of 2, i.e. ½ year. 
 
 
46.  (a)  The orbital period of the geosynchronous satellite is the same as the Earth’s 
rotation, P = 1 day.  (b) Use Newton's version of Kepler’s 3rd law.  In fact, if you 
remember that the Moon orbits the Earth much like the geosynchronous satellite does, 
then you can take a simple ratio of the two cases, since the mass in Newton's version of 
Kepler’s 3rd law is the mass of the Earth and thus is the same for both the Moon and the 
satellite: 
 
aSatellite

3 / aMoon
3 = PSatellite

2 / PMoon
2, which leads to 

 
aSatellite

3  = (aMoon
3) ×  (PSatellite

2 / PMoon
2) =  (384,000 km)3 ×  ([1 day]2 / [27.3 days]2)  

 
= 7.6 × 1013 km3, so a = the cube root of (7.6 × 1013 km3) = 42,353 km measured from the 
center of the Earth. (c) If the satellite did not orbit in the equatorial plane but in an 
inclined orbit, it would not appear to be stationary as seen from the Earth but would move 
north and south of the celestial equator.  Also, the Earth’s equatorial bulge would cause 
the satellite orbit to precess, thus truly making it nonsynchronous.   
  
 
Chapter 5 
 
27.  λmax = (0.0029 m •K) / (106 K) = 2.9 × 10

-9 
m = 2.9 nm, which is X-ray radiation. 

 
 
29. The energy flux is proportional to the 4th power of the temperature. Alpha Lupus’s 
temperature (21,600 K) is greater than the Sun’s (5800 K) by a factor of 21,600 / 5800 = 
3.72. The flux from Alpha Lupus’s surface is therefore (3.72)4 = 192 times greater than 
that from the Sun’s surface. 
 
35. (a) 1/λ = (1.097 × 10

7 
m-1) (1/22 – 1/72) = 2.52 × 10

6 
m-1.   

Therefore, λ = 1/ (2.52 × 10
6 
m-1) = (3.97 × 10

-7 
m) = 397 nm.  (b) This wavelength is less 

than 400 nm and so is in the ultraviolet. The lines shown in Figure 5-21 are at shorter 
wavelengths. 
 
37. (a) A hydrogen atom in the ground state cannot absorb an Hα photon because for Hα 
the atom must be in the first excited state, i.e., n = 2. (b) Similarly an atom in the n = 2 
state cannot absorb a Lyman-α photon because the Lyman series begins in the n = 1 state. 



 
40. The wavelength is shorter, or “blue shifted,” so the star is approaching us. 
 
Δλ/λ = v/c, so v = cΔλ/λ = (3 × 10

8 
m/s) (486.112 nm – 486.133 nm) / 486.133 nm  

= −1.3 × 10
4
m/s = −13 km/s. 

 
 
Chapter 6 
 
32. Light-gathering power is proportional to the area of the mirror or lens that collects the 
light. The diameter of the Keck I mirror is 10 m, which is 4.2 times larger than the 2.4 m 
diameter of the HST mirror. The light-gathering power of the Keck I telescope, which is 
proportional to the square of its diameter, is 17 times greater than that of the HST. The 
HST’s advantage is due to its location in space, where it is unaffected by the Earth’s 
atmosphere. 
 
 
33. Magnifying power equals the focal length of the mirror divided by the focal length of 
the eyepiece. The telescope’s focal length is 2 m = 2000 mm. (a) A 9-mm eyepiece gives 
a magnification of 2000mm / 9mm = 222×. (b) A 20-mm eyepiece gives a magnification 
of 2000mm / 20mm = 100×. (c) A 55-mm eyepiece gives a magnification of 2000mm / 
55mm = 36×. (d) The angular resolution is given by 
 
θ = (2.5 × 10

5
)(λ) / (D) = (2.5 × 10

5
)(6 × 10

-7 
m) / (0.20 m) = 0.75 arcsec. 

 
(e) Since the seeing disk at Mauna Kea may be as small as about 0.5 arcsec (see page 
140), in principle you would be able to achieve this angular resolution of 0.75 arcsec at 
that site. 
 
 
38. The distance to Pluto is about 28.6 AU = 4.3 × 109 km. As we saw in section 6-7, the 
resolution of the HST is 0.1 arcsec. Using the small-angle formula (Box 1-1), we find that 
the size of the smallest discernible features at Pluto’s distance from Earth is  
 
D = αd / 206,265 = (0.1)(4.3 × 109 km) / (206,265) = 2,085 km. 
 
Pluto’s diameter is only 2,290 km, so the HST would not be able to distinguish any 
features on that planet, although it might discern differences in shading of the surface. 
 
 
40. (a) For a frequency of 557 × 109 Hz, the wavelength is  
 
λ = c / ν = (3 × 108 m/s) / (557 × 109 Hz) = 5.4 × 10-4 m = 5.4 × 105 nm = 540 µm 
 
This radiation is in the far infrared near the microwave region (see page 101).  



(b) Because this radiation is strongly absorbed by the atmosphere (see page 147), a 
satellite is necessary for these observations.  
 
(c) We can rewrite  
 
θ = (2.5 × 10

5
)(λ) / (D)  to solve for D (where 4 arcminutes = 240 arseconds) 

 
D = (2.5 × 10

5
)(λ) / θ = (2.5 × 10

5
)(5.4 × 10-4 m) / 240 = 0.5625 m = 56 cm. 

 
 
 
Chapter 16 
 
31. The Sun converts 6 × 10

11
 kg of hydrogen into helium every second (page 406).  But 

only 99.3% (= 0.993) of that goes into helium; the rest, 00.7%, goes into the energy that 
causes the Sun to shine.  So, over the next 5 billion years (= 1.6 × 10

17
 seconds), this 

amount of hydrogen will be converted into helium: 
 
6 × 10

11
 kg/s  × 0.993  × 1.6 × 10

17
 seconds = 9.4 × 10

28
 kg 

 
Since the Sun's mass = 2 × 10

30
 kg, the fraction of hydrogen that will be converted into 

helium is 9.4 × 10
28

 kg / 2 × 10
30

 kg = 0.047 or 4.7%. 
 
The chemical composition of the Sun will be affected in the following way: the fraction 
of the Sun that is hydrogen will be decreased, while the fraction that is helium will be 
increased. 
 
 
34.  (a)  When a positron and an electron annihilate each other, all of their rest mass is 
converted to energy.  So the energy released is  
 
E = me-c2 + me+c2 =  2 me-c2 = 2 (9.1×10–31 kg)(3×108 m/s)2 = 1.6 × 10–13 J 
 
(b) Since two photons of equal energy are created in this annihilation process (page 407), 
each photon’s energy = 0.8 × 10–13 J.  We know from Chapter 5 that E = hc/λ or λ = hc/E, 
so the wavelength of each photon is 
 
λ = (6.63 ×10–34 J s)(3 ×108 m/s) / (0.8 × 10–13 J) = 2.5 × 10–12 m = 2.5 × 10–3 nm 
 
which is in the gamma-ray portion of the electromagnetic spectrum (see Figure 5-7). 
 
36. Since Sirius has 2.3 times the mass of the Sun, that means that Sirius has 2.3 times the 
amount of burnable hydrogen.  However, the rate of burning is 23.5 times 
greater (see Problem 35). Therefore Sirius will have a shorter lifetime than the Sun. 



 
42. (a) Again using E = hc/λ or λ = hc/E, we find that the longest wavelength photon that 
can dislodge the extra electron from a negative hydrogen ion is  
 
λ = (6.63 ×10–34 J s)(3 ×108 m/s) / (1.2 × 10–19 J) = 1.7 × 10–6 m = 1700 nm. 
 
(b) This wavelength corresponds to the infrared portion of the electromagnetic spectrum 
(see Figure 5-7). 
 
(c) A photon of visible light would have a shorter wavelength than this infrared photon, 
so it would be more energetic, so it, too, would be able to dislodge the extra electron. 
 
(d) The photosphere is opaque to visible light because the negative hydrogen ions absorb 
visible light (actually, they absorb any photons with wavelengths shorter than 1700 nm). 
 
 
Chapter 17 
 
36. (a) We need to use the equation that relates tangential velocity (vt), proper motion (µ), 
and distance (d): vt = 4.74µd (page 436).  But first we need to find the distance to 
Kapteyn’s star from its parallax: 
 
d = 1/p = 1/0.255 = 3.92 pc 
 
The star’s tangential velocity therefore is  
 
vt = 4.74µd = 4.74 (8.67 arcsec/yr) (3.92 pc) = 161 km/s 
 
(b) We can now calculate the star’s space velocity (page 436): 
 
v = √(vt

2 + vr
2) = √((161 km/s)2 + (246 km/s)2) = 294 km/s 

 
(c) The positive value for the radial velocity corresponds to a redshift, and so Kapteyn’s 
star is moving away from us.  
  
 
 
43.  From Box 17-2 (page 439) we have LC/LD = (dC/dD)2 × (bC/bD), but we want to solve 
this for  
 
bC/bD = (LC/LD)/(dC/dD)2 = 1/(dC/dD)2 (since LC = LD) 
= (dD/dC)2 = (128/32)2 = 16 
 
So, star C is 16 times brighter than star D. 
 
 



46. Again utilizing the formula in Box 17-2, we can write 
 
LProcyon/Lo = (dProcyon/do)2 × (bProcyon/bo)  
= ((3.50 pc × 206, 265 AU/pc)/(1 AU))2 × (1.3 ×10-11) = 6.8 
 
Procyon is 6.8 times more luminous than the Sun.  
 
 
 
 
50.  We need to use the distance modulus formula (Box 17-3, page 444), m – M = 5 log d 
– 5, where m is the apparent magnitude, M is the absolute magnitude, and d is the 
distance in parsecs. 
 
m – M = 5 log d – 5 = 14 – 0 = 14 
 
But we want d, so 5 log d – 5 = 14  ⇒ 5 log d = 19   ⇒ log d = 19/5 = 3.8 
 
Now recall that 10log x = x, so 10log d = d = 103.8 = 6300 pc = 6.3 kpc 
 
 
 
 
55.  From Box 17-4 (page 450) we see that  
 
RRigel/Ro = (To/TRigel)2 × √(LRiegl/Lo)  
= (To/(1.6 To))2 × √((64,000Lo)/Lo) = (1/1.6)2 × √(64,000) = 99 
 
Rigel is 99 times larger than the Sun. 
 
 
 
 
  
66.  (a) The distance to 70 Ophiuchi  can be calculated from its parallax: 
 
d = 1/p = 1 / 0.2 = 5 pc 
 
(b) The actual length of its semimajor axis can be calculated from the small-angle 
formula (page 9) 
 
D = (α)(d) / (206,265) = (4.5)(5 pc × 206, 265 AU/pc) / (206,265) = 22.5 AU 
 
(c) The sum of the masses can be obtained from  the equation on page 457: 
 
M1 + M2 = a3/P2 = (22.5)3 / (87.7)2 = a3/P2 = 1.48 Mo 



Chapter 18 
 
30.  After 1 kpc, the light would be reduced by 15% (= 0.15). After 2 kpc, the light would 
be reduced by another 15%, or .15 × .15 = 0.0225. After 3 kpc, the light would be 
reduced by another 15%, or .15 × 0.0225 = 0.0034 of the photons survive the trip to 
Earth.  
  
 
32.  First calculate the number of hydrogen atoms in one solar mass (Mo = 2 × 1030 kg).  
Since one H atom has a mass of 1.67 × 10-27 kg (Appendix 7, page A-8), one solar mass 
contains  
 
N = (2 × 1030 kg) / (1.67 × 10-27 kg/H atom) = 1.2 × 1057 H atoms 
 
This Bok globule has a mass of 100 Mo, so it contains  
 
N = 100 × 1.2 × 1057 H atoms = 1.2 × 1059 H atoms 
 
The volume of a sphere is 4πR3/3, so the volume of the Bok globule is 
 
V = 4π(1 LY)3/3 = 4π(1 LY× 9.46 × 1017 cm/LY)3/3 = 3.6 × 1054 cm3 
 
So the number density in the Bok globule is d = N/V = 1.2 × 1059 H atoms/3.6 × 1054 cm3  
= 3.3 × 104 H atoms/cm3, hundreds of times greater than the density in HII regions. 
 
 
34. The dark streaks appear dark in the visible-light image because the dust absorbs 
visible light. The same streaks appear bright in the infrared image because the dust 
grains, having been warmed by the absorption of the visible light, emit the energy in the 
infrared.  
  
35.  From Box 17-4 (page 450) we see that  
 
Rprotosun/Ro = (To/Tprotosun)2 × √(Lprotosun/Lo)  
= (5800 K/1000 K)2 × √((1000Lo)/Lo) = 1064 
 
So, the protosun was about 1000 times the radius of the present-day Sun.  In terms of  
kilometers this is 1064 × 7 × 105 km = 7.4 × 108 km, or in terms of AU, this is  
(7.4 × 108 km × 1 AU/(1.5 × 108 km)) = 4.9 AU. 
 
  
 
 
 
 
 



Chapter 19 
 
 
33.  (a) All of these stars are spectral types B or A, so they are all younger than the Sun 
because their lifetimes (800 million years or less; see Table 19-1 on page 500) are shorter 
than the present age of the Sun (about 5 billion years old). (b) One cannot tell the age of 
α Cen A from the information given. The only certainty is that α Cen A is not older than 
about 1010 years. 
 
 
 
 
36.  (a) Looking at Box 19-2, we see that a star's main sequence lifetime is given by 
 
t ∝ 1/ M2.5 
 
So, for a star with a mass of 9 Mo, its main sequence lifetime is  
t = 1/ M2.5 = 1/ 92.5 = 0.004 times the main sequence lifetime of the Sun. 
 
(b) For a star with a mass of 0.25 Mo, its main sequence lifetime is  
t = 1/ M2.5 = 1/ (0.25)2.5 = 32 times the main sequence lifetime of the Sun. 
 
 
 
 
37.  One billion years is 0.1 solar lifetime.  So, rewriting t = 1/ M2.5 to solve for M, we get 
 
M2.5 = 1/ t = 1/(0.1) = 10, so M = (10)1/2.5 = 2.5.  
 
The greatest mass that a star can have and have time for life to form on one of its 
planets is 2.5 solar masses. 
 
 
 
 
38.  We can solve this problem by first setting up a ratio of the Sun's flux when it will be 
a red giant to the flux that it has today as a main sequence star:   
 
Frg/Fms = (σTrg

4)/(σ Tms
4) = 2000. 

 
Then we can solve this for Trg because we know that Tms = 14 °C = 287 K: 
 
Trg

4 = 2000 Tms
4  ⇒  Trg

 = 4√((2000)Tms
4) = 6.7 Tms = 6.7 × 287 K = 1923 K  

 
 
 



43.  (a) If the Cepheid variable star has no strong absorption lines of heavy elements, then 
that means it must be a Population II star and it follows the period-luminosity relation for 
Type II Cepheids (see Figure 19-19 on page 515).  In this case, a period of 10 days 
corresponds roughly to a luminosity of 1000 Lo.  (b) If the Cepheid variable star does 
have strong absorption lines of heavy elements, then that means it must be a Population I 
star and it follows the period-luminosity relation for Type I Cepheids.  In this case, a 
period of 10 days corresponds roughly to a luminosity of 7000 Lo. 
 
 
 
45. Since δ Cephei is a Type I Cepheid, we need to use the period-luminosity relation for 
Type I Cepheids.  Looking at Figure 19-19, we can estimate δ Cephei's luminosity at 
about 3000 Lo.  Now we can use the inverse-square law relating apparent brightness and 
luminosity (page 437), b = L/(4πd2), to find the distance to δ Cephei.  It's easiest to do 
this by following the example in Box 17-2: 
 
dδ/dSun = √[(Lδ/LSun)/(bδ/bSun)] =  √[(3000)/(5.1 × 10-13)] =  7.7 × 107  
 
So, the approximate distance to δ Cephei,  
dδ = 7.7 × 107 dSun = 7.7 × 107 AU (1 pc/ 206,265 AU) = 372 pc 
 
 
 
Chapter 20 
 
38.  Abell 39 is about 1.5 pc in diameter and is about 2200 pc away, so we can calculate 
its angular diameter by using the small-angle formula (page 9): 
 
α = (206,265)(D)/d = (206,265)(1.5 pc)/(2200 pc) = 141 arcsec 
 
For reference, the Sun’s and Moon’s angular diameters are about 1800 arcsec. 
 
 
 
39.  The Ring Nebula’s angular size is 1.4 arcmin × 1.0 arcmin, so let’s say its angular 
“diameter” is 1.2 arcmin = 72 arcsec on average.  The true diameter of the Ring Nebula 
(whose distance is 2,700 LY) can be found from the small-angle formula: 
 
D = (αd)/(206,265) = (72 arcsec)(2,700 LY)/(206,265) = 0.94 LY = 8.9 × 1012 km 
 
So, the Ring Nebula’s radius is (8.9 × 1012 km)/2 = 4.45 × 1012 km. 
 
Since the nebula is expanding at a rate of about 20 km/s, that means it began to shed its 
outer layers this long ago 
 
t = (radius)/(expansion rate) = (4.45 × 1012 km)/(20 km/s) = 2.2 × 1011 s = 7076 yr 



44.  The density of the degenerate matter in a white dwarf is typically 109 kg/m3 (page 
531).  The meteorite has a radius of R = 10 cm = 0.10 m, so its volume is 
 
V = 4πR3/3 = 4.2 × 10-3 m3 and its mass is  
 
M = (density)(volume) =  (109 kg/m3)(4.2 × 10-3 m3) = 4.2 × 106 kg 
 
So, Ray Palmer (the alias of The Atom) would have had a very difficult time carrying the 
meteorite back to his lab. 
 
 
 
 
48.  (a) Using the same approach as in the previous problem, we get 
 
V = 4πR3/3 = 4π(104 m)3/3 = 4.2 × 1012 m3 and  
 
M = (density)(volume) =  (4 × 1017 kg/m3)(4.2 × 1012 m3) = 1.7 × 1030 kg = 0.85 Mo 
 
(b) We can calculate the force of gravity from Newton's law of universal gravitation 
(page 84)  
 
F = (Gm1m2)/(r2) = (6.67 × 10-11 N ⋅ m2 kg-2)(1.7 × 1030 kg)(1 kg)/(104 m)2 = 1.1 × 1012 N 
 
This is about 100 billion (1011) times larger than the gravitational force on the surface of 
the Earth. 
 
(c) The escape speed can be calculated from the equation given on page 169 
 
vescape = √(2GM/R)  
= √[(2)(6.67 × 10-11 N ⋅ m2 kg-2)(1.7 × 1030 kg)/(104 m)] = 1.5 × 108 m/s = 0.5 c 
 
 
 
 
 
53.  (a) The peak luminosity of a Type II supernova is about 5 × 108 Lo (see Figure 20-22 
on page 546).  The distance d = 425 LY = 2.7 × 107 AU.  So, rewriting the inverse square 
law for light given on page 438, we get 
 
b/bo = (L/Lo) (do/d)2 = (5 × 108) (1/2.7 × 107)2 = 6.9 × 10-7  
 
(b) It would be (6.9 × 10-7)/(10-9) = 690 times brighter than Venus. 
 
 



54.  A supernova spectrum showing an absorption line of ionized silicon indicates that 
the supernova must have been a Type Ia supernova.  From Figure 20-22 we can see that 
at its maximum brightness, a Type Ia SN reaches absolute magnitude M = –19.  Given 
that we know the apparent magnitude (m = +16.5), we can calculate the distance to 
SN1997cw and, hence, to its host galaxy, NGC 105, by using the distance modulus 
formula (page 444), m – M = 5 log d – 5, and solving it for distance d: 
 
d = 10(m – M + 5)/5 = 10(16.5 – (-19) + 5)/5 = 108.1 = 1.3 × 108 pc = 130 Mpc 
 
 
Chapter 21 
 
35. (a) The apparent size of the Crab Nebula is 5 arcmin = 300 arcsec and its size is 
increasing at a rate of 0.23 arcsec/year.  So the time since the supernova occurred can be 
calculated from 
 
t = (300 arcsec) / (0.23 arcsec/year) = 1304 years old 
 
So, that would mean that it blew up in 2009 – 1304 = 705 AD according to this simple-
minded analysis. 
 
(b) This does not agree with the known year of the supernova explosion, 1054 AD.  One 
problem is that it’s likely that the rate of expansion has not been constant.  It was 
probably faster earlier in its history and has slowed down since.  So, if the rate had been 
greater than 0.23 arcsec/yr earlier, then the amount of time passed since it blew up would 
be calculated to be smaller than 1304 years, thus bringing our estimate of the year in 
which it blew up closer to the known year of 1054 AD. 
 
 
36.  (a) Assuming that the supernova blew up in 1054 AD, then its true age is 2009-1054 
= 955 years.  If the gas has been moving at 1450 km/s for that entire time of 955 years, 
then the supernova remnant should have a radius of  
R = (1450 km/s)(955 yrs × 3.15 × 107 sec/yr) = 4.4 × 1013 km = 4.6 LY and a diameter of 
9.2 LY, very close to the value of 10 LY given in the caption to Figure 21-4.  
 
 
39.  (a) Using T = (P)/(2R) to calculate a pulsar’s age, we get for the Crab pulsar an age 
of  
 
T = (0.0333 s) / (2 × 4.21 × 10-13 s/s) = 3.95 × 1010 s = 1.27 × 103 years. 
 
(b) Once again, this is an overestimate of how long it’s been since the supernova blew up. 
 
One reason why this calculation is off is because the Crab’s period has increased (i.e., the 
pulsar has slowed down) since the time the supernova blew up. 
 



Chapter 22 
 
 
36. (a) To solve this problem, we need to use the formulae given in Box 22-1 (pages 580-
581).  In this case, the one-way trip as measured by the astronaut is the proper time, T0 = 
15 years.  The trip as measured by an observer on Earth takes a time  
 
T = (T0)/(√(1 – (v/c)2)) = (15 years)/(√(1 – (0.8)2)) = 25 years 
 
(b) The distance traveled is simply the time times the speed, so the astronaut measures a 
distance of  
 
dastronaut = (15 years)(0.8 LY/yr) = 12 LY 
 
The distance measured by the observer on Earth is 
 
dobserver = (25 years)(0.8 LY/yr) = 20 LY 
 
 
 
 
38. The orbital period of the neutron star binary system is P = 7.75 hours = 2.79 × 104 sec 
and the semi-major axis (i.e., the average distance) a = 2.8 Ro = 1.96 × 109 m.  So, we can 
calculate the total mass of the system by using Newton's version of Kepler's third law 
(page 86): 
 
(M1 + M2) = (4π2a3)/(GP2)  
= (4π2(1.96 × 109 m)3)/(6.67 × 10-11 m3 kg-1 s-2)(2.79 × 104 sec)2) = 5.7 × 1030 kg = 2.85 Mo 
 
This is reasonable because neutron stars have masses less than 3 Mo. 
 
 
 
39. According to Problem 38, the two neutron stars in the binary system are separated by 
2.8 Ro = 1.96 × 109 m.  So, if that distance is decreasing at a rate of 3 mm/7.75 hours  
= 3 × 10-3 m/7.75 hours, then it'll take 
 
t = (1.96 × 109 m)/(3 × 10-3 m/7.75 hours) = 5.1 × 1012 hours = 5.8 × 108 years 
 
for the two stars to collide. 
 
 
 
 
 
 



46. The formula for the Schwarzschild radius of a black hole is RSch = (2GM)/c2) (page 
593).  An alternative formula is RSch = 3 km (M/Mo), where M is the mass of the black 
hole.  In order to calculate density we need to remember that density = mass/volume, 
where the volume of the black hole is 4πRSch

3/3. 
 
(a) The Earth's mass is ME = 5.97 × 1024 kg = 3 × 10-6 Mo so if a black hole had that mass 
its Schwarzschild radius would be  
RSch = 3 km (M/Mo) = 3 km (3 × 10-6 Mo/Mo) = 9 × 10-6 km = 9 × 10-3 m = 9 mm 
 
Its density would be  
 
d = M/V = M/(4πRSch

3/3) = (5.97 × 1024 kg)/(4π(9 × 10-3 m)3/3) = 2 × 1030 kg m-3 
 
(b) If a black hole had the mass of the Sun (1 Mo = 2 × 1030 kg), then its Schwarzschild 
radius would be 
 
RSch = 3 km (M/Mo) = 3 km (1 Mo/Mo) = 3 km = 3000 m 
 
Its density would be  
 
d = M/V = M/(4πRSch

3/3) = (2 × 1030 kg)/(4π(3000 m)3/3) = 1.8 × 1019 kg m-3 
 
(c) The supermassive black hole in NGC4261 (= 1.2 × 109 Mo = 2.4 × 1039 kg), has a 
Schwarzschild radius of 
 
RSch = 3 km (M/Mo) = 3 km (1.2 × 109 Mo/Mo) = 3.6 × 109 km = 3.6 × 1012 m = 24 AU 
 
Its density is  
 
d = M/V = M/(4πRSch

3/3) = (2.4 × 1039 kg)/(4π(3.6 × 1012 m)3/3) = 12.3 kg m-3 
 
 
 
 
 
47. For this problem we just need to rewrite the formula for the Schwarzschild radius so 
that we can solve it for mass 
 
(M/Mo) = (RSch)/(3 km) = (11 km)/(3 km) = 3.67, so M = 3.67 Mo 
 
 
 
 
 
 
 



Chapter 23 
 
 
 
30. (a) The volume of a disk equals the area of the disk times the thickness of the disk.  
The area equals πR2 = π(D/2)2, so the volume is 
 
V = (thickness)(π(D/2)2) = (600 pc)(π(50,000 pc/2)2) = 1.2 × 1012 pc3 = 
 
(b) The volume of a sphere is 4πR3/3, so the volume of a sphere with a radius of 300 pc is 
 
V = 4πR3/3 = 4π(300 pc)3/3= 1.1 × 108 pc3  
 
(c) The probability that a supernova will occur in within 300 pc of the Sun is just the ratio 
of the volumes calculated in parts (b) and (a): 
 
Probability = (1.1 × 108 pc3)/(1.2 × 1012 pc3) = 9.2 × 10-5  
 
If there are 3 supernovae per century in our galaxy, then we'd expect  
 
3/(100 yr) × 9.2 × 10-5 = (2.75 × 10-4)/(100 yr) or approximately 1 every 364,000 years. 
 
 
 
 
35. We know that the Sun's orbital period around the center of the Galaxy is 2.2 × 108 yr 
(page 618).  So, the Sun has orbited the center of the Galaxy 
 
N = (4.56 × 109 yr)/(2.2 × 108 yr) = 21 times. 
 
 
 
 
38. (a) The orbital period can be calculated from P = (2πR)/v (page 618).  We are given 
that v = 400 km/s = 4 × 105 m/s and R = 20,000 pc = 6.2 × 1020 m, so  
 
P = (2πR)/v = (2π(6.2 × 1020 m))/(4 × 105 m/s) = 9.7 × 1015 s = 3.1 × 108 yr 
 
(b) To find the mass, use the equation given in Box 23-2 (page 618):  
 
M = (Rv2)/G  
= (6.2 × 1020 m)(4 × 105 m/s)2/(6.67 × 10-11 m3 kg-1 s-2) = 1.5 × 1042 kg = 7.4 × 1011 Mo 
 
 



44. (a) As mentioned in Problem 46 of Chapter 22, the formula for the Schwarzschild 
radius of a black hole is RSch = (2GM)/c2) or RSch = 3 km (M/Mo), where M is the mass of 
the black hole.  So, in this case, RSch = 3 km (3.7 × 106 Mo/Mo) = 1.1 × 107 km = 0.07 AU. 
 
(b) Using the small-angle formula α = (206,265)(D)/(d) (page 9), we get 
 
α = (206,265)(D)/(d)  
= (206,265)(2 × 1.1 × 107 km)/(8000 pc × 3.1 × 1013 km/pc) = 1.8 x 10-5 arcsec 
 
which is VERY tiny. 
 
(c) From a distance of 45 AU, the angular diameter would be 
 
α = (206,265)(D)/(d)  
= (206,265)(2 × 0.07 AU)/(45 AU) = 642 arcsec = 0.18° 
 
which is VERY large! (about 1/3 the size of the Sun or the Moon).  But you still wouldn't 
be able to see it, since it's a black hole. 
 
 
 
 
46. (a) We can use Kepler's third law for binary systems (page 457), where we assume 
that the mass of the star is negligible compared to the mass of the supermassive black 
hole:  
 
(M1 + M2) = a3/P2   ⇒ a3 = (M1 + M2)(P2)    
⇒ a = 3√(M1 + M2)(P2) = 3√(M1)(P2) = 3√(3.7 × 106)(14.5)2 = 920 AU 
 
and 
 
⇒ a = 3√(3.7 × 106)(37.3)2 = 1727 AU 
 
(b) Since we know that the distance to Sagittarius A* is 8 kpc, we can calculate the 
angular size of the two semi-major axes calculated in part (a): 
 
α = (206,265)(D)/(d)  
= (206,265)(920 AU)/(8000 pc × 206,265 AU/pc) = 0.115 arcsec  
 
and 
 
α = (206,265)(1727 AU)/(8000 pc × 206,265 AU/pc) = 0.216 arcsec  
 
Both of these values are very small and require high resolution IR images to observe 
them. 
 



Chapter 24 
 
 
34. (a) You would expect to find Type II Cepheids in globular clusters because globular 
clusters contain population II stars. You would expect to find Type I Cepheids in the 
disks of spiral galaxies because that is where population I stars are found. (b) From 
Figure 19-19 we see that Type I Cepheids are more luminous than Type II Cepheids. 
Therefore Hubble underestimated the luminosity of the Cepheids in M31, which caused 
him to underestimate the distance to M31. 
 
 
36. We can use Box 24-1 to find the absolute magnitude of a Type Ia SN (M = –19.9) and 
also to find the formula we need to solve the problem: 
 
d = 10(m – M + 5)/5 = 10(10 – (-19.9) + 5)/5 = 10(34.9)/5 = 10(34.9)/5 = 106.98 = 9.5 × 106 pc = 9.5 Mpc 
 
 
40. (a) From Box 24-2 we see that the laboratory wavelength of the K line of singly 
ionized calcium is λo = 393.3 nm.  Since the observed wavelength is λ = 403.2 nm, the 
redshift is 
 
z = (λ –λo) / λo = (403.2 – 393.3) / 393.3 = 0.025 
 
(b) For this relatively low redshift, we can use the non-relativistic form of the Doppler 
shift to get the velocity: 
 
v = zc = (0.025)(3 ×105 km/s) = 7500 km/s 
 
Then, we can use the Hubble law to find the distance: 
 
d = v / Ho = (7500 km/s) / (73 km/s/Mpc) = 102.7 Mpc 
 
 
 
41. (a) We need to use the relativistic Doppler formula for this problem, since z = 5.34 
(which is much greater than z = 0.1): 
 
v/c = [(z + 1)2 – 1] / [(z + 1)2 + 1] = [(5.34 + 1)2 – 1] / [(5.34 + 1)2 + 1] = 0.951 
 
or v = 0.951 c = 2.85 ×105 km/s 
 
(b) If we had not used the relativistic form, then we would have found v = 5.34 c, which 
is impossible. 
 
(c) Using the answer to part (a), we find the distance to RD1 using the Hubble law: 
d = v / Ho = (2.85 ×105 km/s) / (73 km/s/Mpc) = 3904 Mpc = 1.28 x 1010 ly 



Chapter 25 
 
 
26. From Table 25-1 we can see that for a redshift of z = 0.75, the lookback time to the 
quasar  is 6.48 x 109 years.  If we could see the quasar as it is today, then it would not 
look like a quasar, since the quasar epoch ended long ago. 
 
 
 
27. This problem is similar to Chapter 24, Problem 41 (a), except that z = 5.80: 
 
v/c = [(z + 1)2 – 1] / [(z + 1)2 + 1] = [(5.80 + 1)2 – 1] / [(5.80 + 1)2 + 1] = 0.958 
 
or v = 0.958 c = 2.87 ×105 km/s 
 
 
 
36. This problem is like Chapter 23, Problem 38, where we used the equation given in 
Box 23-2 (page 618): M = (Rv2)/G.  In this problem, R = 16 pc = 4.9 x 1017 m and v = 
200 km/s = 2 × 105 m/s, so 
 
M = (Rv2)/G 
= (4.9 × 1017 m)(2 × 105 m/s)2/(6.67 × 10-11 m3 kg-1 s-2) = 2.9 × 1038 kg = 1.5 × 108 Mo 
 
 
 
37. Using RSch = 3 km (M/Mo) to calculate the Scharzschild radius, we get: 
 
RSch = 3 km (M/Mo) = 3 km (109 Mo/Mo) = 3 x 109 km = 20 AU 
 
which is about half the distance to Pluto. 
 
 
Chapter 26 
 
 
36. The relationship between the age of the universe and the Hubble constant is given on 
page 697: To = 1 / Ho.  For a value of To = 6000 years = 1.9 x 1011 sec, we calculate a 
Hubble constant of  
 
Ho = 1/To = (1/1.9 × 1011 sec) (3.09 × 1019 km /1 Mpc) = 1.6 x 108 km/s/Mpc 
 
This is not a reasonable value for Ho, since all of the available data indicate the value to 
be somewhere between 50 and 100 km/s/Mpc, more than a million times smaller than 
that required by the "creation scientists." 
 



 
 
38. Wien's law (page 107) is λmax = (0.0029 m •K) / T, so for the cosmic microwave 
background (T = 2.725 K),  
 
λmax = (0.0029 m •K) / (2.725  K) = 1.06 x 10-3 m = 1.06 mm 
 
which is in the microwave part of the electromagnetic spectrum. (see page 101). 
 
 
 
42. (a) There's a typo in this problem.  It should read λ = λo(1+z), not λ = λo/(1+z), i.e., 
the wavelength of the emitted radiation is larger today than when it was emitted.  Then, 
since λ and T are inversely related via Wien's law, we get T = To/(1+z), i.e., the radiation 
is cooler today than it was when it was emitted.  
 
(b) Since T = To/(1+z), then To = T(1+z).  So, if T = 2.725 K and z =1, then To = 2.725 K 
(2) = 5.45 K.   
 
(c) In this part of the problem we want to solve for z, so we can rewrite the equation like 
this 
 
To/T = (1+z) ⇒ z = (To/T) – 1 = (293/2.725) – 1 = 106.5 
 
 
 
45. We need to use the formula for the deceleration parameter given in the problem: 
 
qo = ½ Ωo – 3/2 ΩΛ  
 
(a) If there is no cosmological constant, then ΩΛ = 0 and qo = ½ Ωo = ½ (1.02) = 0.51 > 0, 
so the expansion is slowing down (decelerating). 
 
(b) Using ΩΛ = 0.76, Ωm = 0.24, and Ωo =1.02 from Table 26-2, we get 
 
qo = ½ Ωo – 3/2 ΩΛ = ½ (1.02) – 3/2 (0.76) = –0.63 < 0, so the expansion is speeding up 
(accelerating). 
 
(c) For a universe that is neither speeding up nor slowing down, qo = 0, so 
 
½ Ωo = ½ (Ωm + ΩΛ) = 3/2 ΩΛ ⇒ 3/2 ΩΛ – ½ ΩΛ = ΩΛ = ½ Ωm = ½ (0.24) = 0.12 
 
Since Ωm = 0.24 is greater than ΩΛ = 0.12, the universe would be matter-dominated. 
 
 
 



Chapter 27 
 
 
29. The Heisenberg uncertainty principle for mass and time is Δm × Δt = h/(2πc2) (see 
page 729).  To calculate how long a proton-antiproton pair can exist, we need to know the 
mass of a proton (m = 1.67 × 10-27 kg) and to rewrite the uncertainty principle as 
 
Δt = (1/Δm) × h/(2πc2)  
= (1/(2 × 1.67 × 10-27)) × 6.625 × 10-34/(2π × (3 × 108)2) = 3.5 × 10-25 sec 
 


