
ASTR 1010 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 2 
 
29. Andromeda arrives at a position in the sky 4 hours later than Cygnus. Therefore on 
July 21, Andromeda will be highest in the sky at 4 A.M. 
 
 
34. (a) For an observer at the north pole, Figure 2-10 would have the Earth’s north pole 
and the north celestial pole at the top of the diagram. (b) For an observer at the equator, 
Figure 2-10 would have the Earth’s poles and the celestial poles at the sides of the 
diagram, 90° away from the top. (c) Since the north pole is at 90° N latitude and the north 
celestial pole is 90° above the northern horizon there (part a), and since the equator is at 
0° latitude and the north celestial pole is 0° above the horizon, the rule is justified. (d) In 
the southern hemisphere, one's latitude is equal to the angle between the south celestial 
pole and the southern horizon. 
 
 
37. If you were standing at either pole, the visible stars would all be circumpolar. At the 
equator none of the visible stars would be circumpolar. Circumpolar stars never rise or 
set. At the poles the diurnal circles of stars would be horizontal circles around the north 
celestial pole (Figure 2-11b), and at the equator the celestial poles are on the horizon so 
that the diurnal circles must cross the horizon (Figure 2-11c). 
 
 
40. Your latitude (40°) is the angular elevation of the north celestial pole above the 
northern horizon. Your latitude is also the angular distance, along the meridian, from the 
zenith to the celestial equator. (a) At noon on the day of the vernal equinox, the sun is on 
the celestial equator since the ecliptic crosses the celestial equator on that day. So the 
equinox is 90° − 40° = 50° above the southern horizon. (b) At noon on the date of the 
winter solstice, the Sun is 23.5° south of the celestial equator. So the Sun is 40° + 23.5° = 
63.5° from the zenith, which is 90° − 63.5° = 26.5° above the southern horizon. 
 
 
42. At Mumbai at 19° north latitude the Sun is at the zenith at midday twice during the 
year, once just before June 21, as the Sun moves northward, and once just after June 21, 
as the Sun moves southward. On June 21, the Sun is at the zenith at 23.5° north latitude. 
 
 
 
 



Chapter 3 
 
26. (a) Third quarter. (b) New. (c) Waning gibbous. (d) Waxing gibbous. All of these 
answers can be verified by looking at Figure 3-2. 
 
 
27. The Moon crosses the meridian when it is (a) a new moon at noon, (b) a first quarter 
moon at sunset, (c) a full moon at midnight, (d) a third quarter moon at sunrise.  Again, 
refer to Figure 3-2. 
 
 
31. (a) It takes the Moon 27.3 days to make a complete orbit of the Earth, i.e., it takes 
27.3 days to go 360°, which is a rate of 360°/(27.3 days × 24 h/day) = 0.549°/hour.  So, 
to move ½ ° = 0.5° will take a time = 0.5° / (0.549°/hour) = 0.91 hours (= 55 minutes). 
(b) In a 12-hour period, the Moon will move 12 hours × (0.549°/hour) = 6.6°, an angle 
that is greater than the separation of the pointer stars in the Big Dipper and is certainly 
noticeable. 
 
 
36. The synodic month would be shorter than the sidereal month.  Look at Figure 3-5.  
Imagine the directional arrow for the Moon's orbit around the Earth to point in the 
clockwise direction, instead of the counterclockwise direction.  If that were to occur, then 
what's labeled as point 4 would occur before what's labeled as point 3, meaning that the 
synodic month would be shorter than the sidereal month. 
 
 
43. (a) If the Moon’s diameter were doubled, going from an angular size of ½° to an 
angular size of 1°, there would be more total solar eclipses because the opportunity to 
cover the Sun’s disk would be increased. (b) If the Moon’s diameter were halved, going 
from an angular size of ½° to an angular size of ¼°, then there would be no total solar 
eclipses because the Moon would not be large enough to cover the Sun’s disk (which has 
an angular size of ½°).  Each eclipse that is now total would become an annular eclipse. 
 
 
 
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 7 
 
22. The height of Phobos above the center of Mars (which is the semi-major axis of 
Phobos’s orbit) is Mars’s radius plus Phobos’s altitude above Mars’s surface, i.e.,  
 
a = (DMars)/2 + 5980 km = (6794 km)/2 + 5980 km = 9377 km = 9.4 × 106 m. 
 
Newton’s version of Kepler’s 3rd law is P2 = (4π2 a3) / (GMMars).  We can rewrite this to 
solve for the mass of Mars (realizing that PPhobos = 0.31891 d = 2.8 × 104 s): 
 
MMars = (4π2 a3) / (GP2) = (4π2 (9.4 × 106 m)3) / (6.67 × 10-11 m3 kg-1 s-2 (2.8 × 104 s)2)  
 
= 6.3 × 1023 kg 
 
The average density is simply 
 
density = mass/volume = MMars / (4π (RMars)3/3) = MMars / (4π (DMars/2)3/3)  
 
= 6.3 × 1023 kg / (4π (6.8 × 106 m /2)3/3) = 3827 kg m-3. 
 
Both the mass and density calculated in this problem are very close to the values for Mars 
listed in Table 7-1 (page 161). 
 
 
24. (a) density = mass/volume, so mass = density × volume = density × 4π (DAsteroid/2)3/3)  
 
= 2500 kg m-3 × 4π (2000 m/2)3/3) = 1.0 × 1013 kg. 
 
(b) The formula for escape speed is given on page 169: vescape = √(2GM/R).  So, the 
escape speed for this asteroid is 
 
vescape = √(2GM/R) = √(2 × 6.67 × 10-11 m3 kg-1 s-2 × 1.0 × 1013 kg /(1000 m)) = 1.15 m/s. 
 
(c) If the astronaut jogs at 3 m/s, then he’d be jogging at a speed that exceeds the 
asteroid’s escape speed and he’d fly off into space! 
 
 
25. (a) Kinetic energy Ek = ½ mv2 (page 168).  If m = 1.0 × 1013 kg and v = 25 km/s  
= 2.5 × 104 m/s, then  
 
Ek = ½ mv2 = ½ (1.0 × 1013 kg) (2.5 × 104 m/s)2 = 3.1 × 1021 J 
 
(b) A 20-kiloton nuclear weapon releases 20 × 4.2 × 1012 J = 8.4 × 1013 J, so the asteroid 
would release (3.1 × 1021 J) / (8.4 × 1013 J) = 3.7 × 107 = 37 million times more energy 
than a 20-kiloton nuclear weapon. 



29. The distance of Ganymede from the Sun is half that of Titan. Therefore the higher 
temperature of Ganymede prevents it from having an appreciable atmosphere due to the 
higher velocity of any gases that would have been released on the surface. 
 
 
32. (a) With a semi-major axis of a = 100 AU, the period P is easily obtained from 
Kepler’s 3rd law: P2 = a3 (page 76), i.e., P = √(a3) = √(1003) = 1000 yr.   
 
(b) It would take this object 1000 yr to move 360°: 
 
360°/1000 yr = (360 × 60′)/ 1000 yr = 21.6′/yr. 
 
So, to move 1′ across the sky would take it a time = 1′ / (21.6′/yr) = 0.046 yr = 17 days. 
 
(c) Motions this small are difficult to observe. One would need to take photographs or 
CCD images several weeks apart to see the motion. (d) The trans-Neptunian objects are 
extremely faint thus requiring a lot of light-gathering power to detect them.  Also, their 
very small daily motions require high resolution observations, too. 
 
 
 
Chapter 8 
 
31.  Since ¾ of the potassium has decayed, that means that ¼ remains.  After one half-
life, ½ remains.  After two half-lives, ½ × ½ = ¼ remains, so the equivalent of two half-
lives have passed since this rock formed: 
 
2 × 1.3 billion years (from page 190) = 2.6 billion years. 
 
32. In the course of 10 years one would not expect to see planets form from a 
protoplanetary disk. The formation of planets is a process that requires times of the order 
of 100 million years. 
 
 
37. Use Newton’s form of Kepler’s 3rd law: P2 = (4π2 a3) / (GM70Vir).  First, though, we 
have to convert a = 0.48 AU to a = 0.48 AU × 1.5 × 1011 m/AU = 7.2 × 1010 m and P = 
116.7 days to P = 116.7 days × 8.64 × 104 s/day = 1.0 × 107 s.  Then, solve for the mass: 
 
M70Vir  = (4π2 a3) / (G P2) = (4π2 (7.2 × 1010 m)3) / (6.67 × 10-11 m3 kg-1 s-2 (1.0 × 107 s)2)  
 
= 2.2 × 1030 kg. 
 
Since the Sun’s mass is Mo = 2 × 1030 kg, the mass of 70 Virginis is about 1.1 Mo. 
 



40. (a) The distance between the star 2M1207 and its planet is shown in Figure 8-20: 55 
AU.  The angular separation between the star and its planet can be calculated from the 
small-angle formula (page 9) and the relation between LY and AU (page 14): 
 
α = (206,265 D) / d = (206,265 × 55 AU) / (170 LY × 63,240 AU/LY) = 1.06″ 
 
(b) Again, use Newton’s form of Kepler’s 3rd law, P2 = (4π2 a3) / (GM2M1207): 
 
P2 = (4π2 a3) / (GM2M1207)  
= (4π2 (55 AU × 1.5 × 1011 m/AU)3) / (6.67 × 10-11 m3 kg-1 s-2 × (0.025 × 2 × 1030 kg)) 
= 6.6 × 1021 s2 
 
⇒ P = √(P2) = √(6.6 × 1021 s2) = 8.2 × 1010 s = 2588 yr, far greater than a lifetime. 
 
 
Chapter 9 
 
29.  (a)  The Earth's albedo is 0.31.  Therefore (0.31)(1.75 × 1017 W) = 5.4 × 1016 W are 
reflected back out into space.  
 
(b) Of the power received, 0.69 is absorbed and would be reradiated. This amounts to 
(0.69)(1.75 × 1017 W) = 1.2 × 1017 W.  
(c) The surface area of the Earth is given by A = 4πRE

2 
where RE = 6.38 × 106 m, so A = 

5.1 × 1014 m2.  The power radiated per square meter (i.e., flux) is  
 
F = (1.2 × 1017 W)/(5.1 × 1014 m2) = 235 W m-2 
 
(d) We can rewrite the Stefan-Boltzmann law (page 107), F = σT4 to solve for T: 
 
T = 4√(F/σ) = 4√(235 W m-2/5.67 × 10-8W m-2 T-4) = 254 K = – 19 °C. 
 
(e) The Earth's average temperature of 287 K = 14 °C (page 212) is higher than that 
calculated in part (d) because of the greenhouse effect. 
 
43. The Antarctic icecap's average thickness is (300 m + 1800 m)/2 = 1050 m = 1.05 km. 
Its volume is Vicecap = (thickness)(area) = (1.05 km)(13 × 10

6 
km

2
) = 1.37 × 10

7 
km

3
. Since 

the Earth’s oceans cover about 75% of the Earth’s surface, the ocean surface area is  
Aocean = (0.75) 4πRE

2 
= (0.75) 4π (6378 km)

2 
= 3.8 × 10

8 
km

2
.  Therefore, the increase in 

depth of the oceans would be d = (1.37 × 10
7 

km
3
)/(3.8 × 10

8 
km

2
) = 0.036 km = 36 m.  

Any place on Earth that is less than 36 m above sea level would be affected. Obviously, 
ocean side communities like Santa Barbara, California, would lose a lot of beachfront 
property. Traveling Alligator Alley (I-75) across southern Florida would require a boat. 
 
 



 
Chapter 10 
 
36.  The average center-to-center distance between the Earth and the Moon is  
Rcc = 3.844 × 10

5 
km. The surface-to-surface distance is less than this by the radius of the 

Earth and the Moon or Rss = 3.844 × 10
5 
km – 1738 km – 6378 km = 3.763 × 10

5 
km.  For 

a laser pulse traveling to and from the Moon, the distance is twice Rss, so the time 
required is t = 2Rss/c =  (2)(3.763 × 10

5 
km)/(3 × 10

5 
km/s) = 2.5 seconds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 11 
 
46.  If you look at Figure 4-6 on page 70, you’ll see that the closest Mercury can get to 
the Earth is when it is at inferior conjunction.  Remember, too, that Mercury’s orbit has a 
relatively large eccentricity: at aphelion its distance from the Sun (0.467 AU) is much 
greater than when Mercury is at perihelion (0.307 AU).  So, a combination of aphelion 
and inferior conjunction would be optimal for seeing Mercury at its largest angular size.   
 
In that situation, Mercury would be (1 – 0.467) AU = 0.533 AU = 8 × 107 km from Earth.  
Mercury’s diameter is 4880 km (page 257).  So, using the small-angle formula (page 9), 
we get 
 
α = (206,265)(D)/d = (206,265)(4880 km)/(8 × 107 km) = 12.6 arcsec 
 



48.  (a) Again, use the small-angle formula, but this time solve it for distance, d.  Mars’s 
diameter is 6794 km (page 259), so, for an angular size of 60 arcsec, the distance, d, 
would be 
 
d = (206,265)(D)/α = (206,265)(6794 km)/(60 arcsec) = 2.3 × 107 km = 0.156 AU 
 
The closest Mars ever gets to Earth is at favorable opposition, when its distance is about 
0.37 AU, so, no, Mars never gets close enough to be seen as a disk. 
 
(b) Earth’s diameter is 12,756 km (page 210) and the closest it gets to Mars is 0.37 AU = 
5.6 × 107 km (see part (a) above), so from the viewpoint of an astronaut on Mars, Earth’s 
angular size would be 
 
α = (206,265)(D)/d = (206,265)(12,756 km)/(5.6 × 107 km) = 47 arcsec 
 
which is smaller than the requisite 60 arcsec to be seen as a disk. 
 
The average separation between the Earth and the Moon is 384,400 km, so they would 
appear separated by 
 
 α = (206,265)(D)/d = (206,265)(384,400 km)/(5.6 × 107 km) = 1416 arcsec 
 
which is easily resolvable from Mars. 
 
 
 
 
 
55. (a) Venus’s surface temperature is 733 K (page 258).  Plugging this value into Wien’s 
Law (page 107), we get  
 
λmax = (0.0029 K m)/T = (0.0029 K m)/(733 K) = 3.96 × 10-6 m = 3.96 µm 
 
(b) This wavelength is in the infrared portion of the electromagnetic spectrum (page 101), 
so, yes, astronomers have telescopes that can detect that readiation. 
 
(c) We can’t use those telescopes to view Venus’s surface, though, because its thick 
atmosphere absorbs infrared radiation emanating from its surface. 
 
 
 
 
66.  If 1 kg corresponds to 9.8 newtons, then 9.2 × 105 kg corresponds to 9 × 106 newtons. 
Given that a column of water n meters tall and 1 meter square has a mass of n × 1000 kg, 
then you would have to descend n = 9.2 × 105 kg / 1000 kg = 920 m into the Earth’s 
oceans to equal the atmospheric pressure on Venus. 



69.  The sand dunes, which imply the existence of wind, and the bright sky (in contrast 
to, say, the sky’s blackness as seen from the surface of the Moon (e.g., Figure 10-8 and 
10-9), which has no atmosphere). 
 
 
 
 
73.  Phobos is 9378 km from the center of Mars and Deimos is 23,460 km from the center 
of Mars (page 290).  Mars’s radius is 3397 km (page 259), so the distances of Phobos and 
Deimos from the surface of Mars at its equator are (9378 – 3397) km = 5981 km and 
(23,460 – 3397) km = 20,063 km, respectively.  The “diameters” of Phobos and Deimos 
are about 25 and 15 km, respectively.  So, from the small-angle formula, we see that their 
angular sizes would be 
 
αPhobos = (206,265)(D)/d = (206,265)(25 km)/(5981 km) = 862 arcsec 
 
αDeimos = (206,265)(D)/d = (206,265)(15 km)/(20,063 km) = 154 arcsec 
 
The Moon is about ½° = 30 arcmin = 1800 arcsec as seen from the Earth, so Phobos and 
Deimos would appear much smaller to Martians than the Moon does to us.  
 
 
 
Chapter 12 
 
 
43.  Using the Stefan-Boltzmann law, F = σT4 (page 107), we can set up a simple ratio to 
answer the question: 
 
Factual/Fhypothetical = (σTactual

4)/(σThypothetical
4) = (Tactual

4)/(Thypothetical
4) = 2 

 
⇒ (Tactual

4) = 2 (Thypothetical
4)  ⇒ (Tactual) = (4√2) (Thypothetical) = 1.2 × 107 K = 128 K 

 
 
47.  It is stated on page 313 that Jupiter’s rocky core has a mass of about 8 times the mass 
of the Earth (Mrockycore = 8 × ME = 8 × 6.0 × 1024 kg = 4.8 × 1025 kg) and its diameter is 
about 11,000 km (radius Rrockycore = 5,500 km = 5.5 × 106 m).  In order to calculate density 
we need to remember that density = mass/volume, where we assume that the rocky core 
is spherical so that its volume is 4πR3/3.  Therefore, 
 
drockycore = (Mrockycore) / (4π Rrockycore

 3/3)  
= (4.8 × 1025 kg) / (4π (5.5 × 106 m) 3/3) = 6.9 × 104 kg/m3  
 
Earth’s average density is 5515 kg/m3 (page 210).  The density of Earth’s solid inner core 
is 1.3 × 104 kg/m3 (page 215), so Jupiter’s rocky core is about 5 times more dense than 
the Earth’s solid iron core. 



51.  (a) From Figure 12-16 (page 317) we can find the radius of the outer edge of 
Saturn’s A ring (274,000 km / 2 = 137,000 km = 1.37 × 108 m) and the radius of the inner 
edge of Saturn’s B ring (184,000 km / 2 = 9.2 × 107 m).  In order to find the periods of 
those parts of the rings, we need to use Newton’s form of Kepler’s third (page 86): 
 
P2 = (4π2a3)/(G(MSaturn + MRing)) = (4π2a3)/(G(MSaturn)) 
 
So, for the outer edge of the A ring, we get: 
 
PA

2 = (4π2a3)/(G(MSaturn))  
= (4π2(1.37 × 108 m)3)/((6.67 × 10-11 m3 kg-1 s-2)(5.7 × 1026 kg)) = 2.67 × 109 s2 
⇒ PA = √ PA

2 = √(2.67 × 109 s2) = 5.1 × 104 s = 14.4 hours 
 
and for the inner edge of the B ring, we get: 
 
PB

2 = (4π2a3)/(G(MSaturn))  
= (4π2(9.2 × 107 m)3)/((6.67 × 10-11 m3 kg-1 s-2)(5.7 × 1026 kg)) = 8.08 × 108 s2 
⇒ PB = √ PB

2 = √(8.08 × 108 s2) = 2.8 × 104 s = 7.9 hours 
 
(b) Saturn’s equatorial rotation period is about 10.2 hours (page 303), so, from that 
perspective, the outer edge of the A ring would be drifting westward (because 14.4 is 
greater than 10.2) and the inner edge of the B ring would be drifting eastward (because 
7.9 is less than 10.2). 
 
 
 
Chapter 13 
 
 
44.  The mass of Io is 8.932 × 1022 kg (Table 13-1), so 10% of that is 8.932 × 1021 kg.  If 
Io were to lose mass at a rate of 1000 kg/s, then it would take 
 
t = (8.932 × 1021 kg) / (1000 kg/s) =  8.932 × 1018 s = 2.8 × 1011 yr 
 
for Io to lose 10% of its mass.  The age of the solar system is only about 5 × 1010 yr old. 
 
 
46.  Ganymede's orbital period is P = 7.155 days = 6.2 x 105 sec and its distance from 
Jupiter is R = 1,070,000 km (Table 13-1).  So the speed at which it's traveling is 
 
v = (2πR) / P = (2π x 1,070,000 km) / (6.2 x 105 sec) = 10.8 km/s 
 
In order for the entirety of Ganymede to enter or leave Jupiter's shadow, it must move a 
distance equal to its whole diameter ( = 5268 km).  So, the time it takes to do this is 
 
t = diameter/speed =  (5268 km) / (10.8 km/s) = 488 sec = 8.1 minutes 



51.  If Titan were in orbit around the Earth, it would be closer to the Sun, so it would be 
subjected to higher temperatures than it experiences in orbit around Saturn.  This means 
that its atmospheric constituents would be moving faster (see page 168), probably fast 
enough for some of them to exceed Titan's escape velocity, which means that some of its 
atmosphere would have escaped.  And because Titan is larger than the Moon (see page 
164), we would see more solar eclipses with Titan than we do with the Moon. 
 
 
Chapter 14 
 
30. We would not see occultations of stars by the rings of Uranus when the rings are 
presented toward the Earth edge-on. This arrangement occurs twice per orbit around the 
Sun, that is, every 42 years. 
 
 
33.  The average distance between the center of Pluto and the center of Charon is 19,640 
km (page 369).  The diameter of Pluto is 2274 km and that of Charon is 1190 km (page 
369), so their radii are 1137 km and 595 km, respectively.  So, from the surface of Pluto 
we'd see Charon subtending an angle of 
 
α = (206,265 D) / d = (206,265 x 1190 km) / (19,640 km – 1137 km ) = 13,265″ 
 
The diameter of the Sun is 1.4 x 106 km (page 404) and the average distance from the Sun 
to Pluto is 39.54 AU =  5.9 x 109 km (page 171), so the angular size of the Sun as seen 
from Pluto is 
 
α = (206,265 D) / d = (206,265 x 1.4 x 106 km) / (5.9 x 109 km) = 49″ 
 
Charon would easily be able to eclipse the Sun when it was in the line of sight toward the 
Sun. 
 
You would never see Charon if you were on the side of Pluto opposite Charon (see page 
369). 
 
 
38.  When Pluto is at opposition and perihelion, its distance from Earth is  
 
d = 29.649 AU – 1 AU = 28.649 AU = 4.3 x 109 km 
 
The average distance between the center of Pluto and the center of Charon is 19,640 km 
(page 369).  So, the maximum angular separation between the two as seen from Earth 
would be 
 
α = (206,265 D) / d = (206,265 x 19,640 km) / (4.3 x 109 km) = 0.94″ 
 
This value is very close to the one indicated in Figure 14-19. 



43.  If the major axis of the elliptical orbit is 30 AU + 1 AU = 31 AU, then the semi-
major axis is 15.5 AU.  We can calculate how long it would take the New Horizons 
spacecraft to reach Pluto on a one-way trip by using Kepler's 3rd law (page 76) 
 
P2 = a3 = (15.5)3 = 3724, so P = √P2 = √3724 = 61 years. 
 
But a one-way trip is only half the orbital period, so it would take 30.5 years for the one-
way trip using this orbit.  As stated on page 371, the use of the gravity boost from Jupiter 
will make the trip last only 9 years, thus saving 21.5 years. 
 
 
 
Chapter 15 
 
 
37.  (a) If we assume that Dactyl is a sphere with diameter 1.4 km, then its radius is 0.7 
km = 700 m and its volume is 
 
V = 4πR3/3 = 4π (700 m)3/3 = 1.4 x 109 m3 
 
Its mass M = density x volume = 2500 kg/m3 x 1.4 x 109 m3 = 3.6 x 1012 kg 
 
(b) The escape speed formula is vescape = √(2GM/R), so for Dactyl it's 
 
vescape = √(2GM/R) = √(2 x 6.67 × 10-11 m3 kg-1 s-2 x 3.6 x 1012 kg) / 700 m) = 0.83 m/s 
 
In order to throw a baseball on Dactyl so that it would never come down (i.e., so that it 
would escape), then you'd need to throw it at a speed greater than 0.83 m/s = 1.9 mph 
(see page 14 for conversion factors), which is easily done.  
 
 
 
38. From a Trojan asteroid, Jupiter’s phase would not change because of the fixed 
relationship between Jupiter and the asteroid. Jupiter would appear to move around the 
sky relative to the stars once every 11.86 years as Jupiter and the asteroid orbit the Sun. 
 
 
 
 
40. According to the caption for Figure 15-24, Comet Hale-Bopp's ion tail extended more 
than 10° = 36,000″ across the sky when it was 1.39 AU from the Earth.  Using the small-
angle formula, we can calculate its true size 
 
D = αd / 206,265 = (36,000)(1.39 AU)/ 206,265 = 0.24 AU 
 
 



41. If the perihelion distance is essentially zero, then the major axis is just the aphelion 
distance and the semi-major axis is half that.  Using Kepler's 3rd law we can calculate the 
orbital periods for all of the four scenarios 
 
(a) a = 100 AU/2 = 50 AU  ⇒ P = √P2 = √a3 = √(50)3 = 354 years 
(b) a = 1000 AU/2 = 500 AU  ⇒ P = √P2 = √a3 = √(500)3 = 11,180 years 
(c) a = 10,000 AU/2 = 5,000 AU ⇒ P = √P2 = √a3 = √(5000)3 = 3.5 x 105 years 
(d) a = 100,000 AU/2 = 50,000 AU ⇒ P = √P2 = √a3 = √(50,000)3 = 1.1 x 107 years 
 
The lifetimes would be 100 times the periods. 
 
 
 
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). 
 



44.  We can use Wien's law (page 107) to calculate the wavelengths at which the 
photosphere, chromosphere, and corona emit the most radiation. 
 
For the photosphere (T = 5800 K): 
λmax = (0.0029 m •K) / (5800  K) = 5 × 10

-7 
m = 500 nm ⇒ visible light telescope 

 
For the chromosphere (T = 50,000 K): 
λmax = (0.0029 m •K) / (106 K) = 5.8 × 10

-8 
m = 58 nm ⇒ ultraviolet telescope 

 
For the corona (T = 1.5 ×106 K): 
λmax = (0.0029 m •K) / (106 K) = 1.9 × 10

-9 
m = 1.9 nm ⇒ X-ray telescope 

 
 
47.  We can do the same thing here as we did in the previous problem. 
 
For the umbra (T = 4300 K; page 421): 
λmax = (0.0029 m •K) / (4300 K) = 6.7 × 10

-7 
m = 670 nm ⇒ visible light 

 
For the corona (T = 5000 K; page 421): 
λmax = (0.0029 m •K) / (5000 K) = 5.8 × 10

-7 
m = 580 nm ⇒ visible light 

 
 
 
 
Chapter 28 
 
12.  (a) If we use the values given in the text for the factors that go into the Drake 
equation (see pages 755 and 757), then if N = 1000, L must = 10,000 years. (b) If N = 
one million, then L must equal 10 million years. 
 
 


