
ASTR121 Homework #3 – (Hamilton)
due Thursday Feb. 20 (15 Points)

Finishing reading Chapter 16. These problems are from that chapter.

29. Calculate how much energy would be released if each of the following masses were converted
entirely into their equivalent energy: (a) a carbon atom with a mass of 2 × 10−26 kg, (b) 1
kilogram, and (c) a planet as massive as the Earth (6× 1024 kg).

32. (a) Estimate how many kilograms of hydrogen the Sun has consumed over the past 4.56
billion years, and estimate the amount of mass that the Sun has lost as a result. Assume that
the Sun’s luminosity has remained constant during that time. (b) In fact, the Sun’s luminosity
when it first formed was only about 70% of its present value. With this in mind, explain whether
your answers to part (a) are an overestimate or an underestimate.

37. (a) If the Sun were not in a state of hydrostatic equilibrium, would its diameter remain the
same? Explain your reasoning. (b) If the Sun were not in a state of thermal equilibrium, would
its luminosity remain the same? What about its surface temperature? Explain your reasoning.

40. In a typical solar oscillation, the Sun’s surface moves up or down at a maximum speed of
0.1 m/s. An astronomer sets out to measure this speed by detecting the Doppler shift of an
absorption line of iron with wavelength 557.6099 nm. What is the maximum wavelength shift
that she will observe?

42. The amount of energy required to dislodge the extra electron from a negative hydrogen ion
is 1.2×10−19 J. (a) The extra electron can be dislodged if the ion absorbs a photon of sufficiently
short wavelength. (Recall from Section 5-5 that the higher the energy of a photon, the shorter
its wavelength.) Find the longest wavelength (in nm) that can accomplish this. (b) In what
part of the electromagnetic spectrum does this wavelength lie? (c) Would a photon of visible
light be able to dislodge the extra electron? Explain. (d) Explain why the photosphere, which
contains negative hydrogen ions, is quite opaque to visible light but is less opaque to light with
wavelengths longer than the value you calculated in (a).

49. Suppose that you want to determine the Sun’s rotation rate by observing its sunspots. Is it
necessary to take the Earth’s orbital motion into account? Why or why not?


