
ASTR120 Fall 2009
Homework 4 : More electromagnetic radiation, and telescopes

(Due 27th October 2009)

1. The 21cm hydrogen line : Neutral hydrogen has a very important emission/absorptionline with a
wavelength ofλ = 21.106cm. This particular emission line is not due to electronsjumping between
shells in the atom; it is instead due to a reversal in the direction of the electron spin, and the fact
that the energy-level of the atom has a very subtle dependence on whether the electron is spinning
in the same or opposite sense to the nucleus. Thus, this is sometimes called the “spin-flip line of
hydrogen”.

(a) In what part of the spectrum is the emission/absorption line mentioned above?

(b) Using the information above, calculate the energy difference between a hydrogen atom in
which the electron and nuclear spin are aligned versus an atom in which they are opposite.

(c) In a distant galaxy, we observe a strong emission line with a wavelength of 22.977 cm, and
we interpret it as the redshifted spin-flip line of hydrogen.Calculate the velocity of the galaxy
relative to Earth.

2. An unlikely catastrophe : If the Earth lacked any atmosphere and was a perfect black body warmed
by the Sun, it would radiate with an average temperature of 279K (6◦C). An energy flux from the hot
interior of the Earth also reaches the surface; this energy flux is 6000 times smaller than the average
energy flux received from the Sun. Now, suppose some catastrophic event causes the Earth to be
flung into interstellar space (i.e., very very far from the Sun). However, this event does not disrupt
the internal structure of the Earth. Using these facts, estimate the new temperature of the Earth’s
surface when it is heated only by its own internal energy.

3. A serious search for the Tibetan Yeti : The Discovery Channel is tipped off that a family of Yetis
(a very large and shaggy primate, and a close relative of Bigfoot) is actually living in a particular
set of caves in Tibet. Unfortunately, Discovery Channel investigators are denied visas to enter Tibet,
so they decide to launch a geosynchronous surveillance satellite (which will be placed at a height
H = 3.59×107 m above the Earth’s surface) to monitor the cave 24 hours per day. You are brought
in as a consultant to assess certain technical aspects of theplan.

(a) The cave is at a latitude of 30◦N. Is it possible for this satellite to be directly overhead (i.e., at
the Zenith) at all times as seen by the chief Yeti standing outside of his cave?

(b) Secret US government files suggest that the body temperature of a Yeti is 40◦. Assuming
that they radiate as blackbodies of this temperature, at what wavelength would their emission
spectrum peak? In practice, why might the observed spectrumhave a lower peak?

(c) Discovery’s surveillance satellite is essentially a reflecting telescope, and they decide to opti-
mize it to study emissions with wavelengths at the peak of the(naively) expected Yeti emission
spectrum (i.e. that calculated in part-(b)). How big will the primary mirror need to be in order
to resolve a Yeti? [Assume that the height of the Yeti is approximately 2–3m. Also, base your
estimate on the wavelength calculated in part-(b).]

(d) This plan has many technical problems. List as many of theproblems as you can think of.
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