PHY111

Our Evolving Universe


Directed Reading Exercise

Origins
Neil deGrasse Tyson & Donald Goldsmith
Answer all questions.  Each question will be marked out of five.  Your answers should be careful and thorough, but reasonably concise: do not write more than one typed sheet of A4 (about 400 words) for any question, and most should require less than this.  Diagrams are welcome.

Use your own words.  
Copying directly from the book is illegal (plagiarism) and will be penalised.

1.
Summarise the observational evidence for the existence of dark matter, and for the idea that dark matter is fundamentally different from ordinary (atomic) matter.
2.
Explain how a “Type Ia supernova” happens.  In what ways are the properties of this particular type of supernova ideally suited for research in cosmology?  What is the main discovery that came out of this research?
3.
It took astronomers many years to realise that some of the “fuzzy patches” or “nebulae” in the night sky are actually galaxies like the Milky Way.  One reason for this was that only some of the objects catalogued as “nebulae” are actually galaxies.  List at least three types of nebula which are not external galaxies, and explain what they are (you’ll need to consult other sources for this, but the pictures in Origins will give you good clues).
4.
What is meant, in the context of cosmology, by homogeneity and isotropy?  Give an example (not one of those in the book) of something (object, surface, pattern, etc.) which is homogeneous but not isotropic, and of something which would appear isotropic from a particular view​point, but which is not homogeneous.
5.
Why is lithium useful in determining the ages of young stars?

The spectra of brown dwarfs may also contain lithium (in fact, the presence of lithium spectral lines defines the new “L” spectral class for brown dwarfs), even though the brown dwarf in question may not be particularly young.  Why is this possible?
6.
Why does hydrogen fusion require temperatures of the order of 10 million degrees?

Why is it so much easier to add neutrons to nuclei instead of protons?  What is the critical difference between having a rather low flux of neutrons, such as would happen in the interior of an evolved star, and having a very large flux of neutrons, as in a supernova?

7.
In the solar system, some satellites (such as the four Galilean moons of Jupiter) are thought to be produced in much the same way as planets, by accretion of planete​simals early in the history of the solar system, whereas others (such as the two small moons of Mars) are thought to have been captured by the planet at a later stage.  Explain why the observed properties of Earth’s Moon are not consistent with either of these scenarios.  What is the current favoured theory for the origin of the Moon?
8.
Contrast the locations of the Jupiter-sized planets we have discovered around other stars with the location of Jupiter itself.  What is the currently accepted explanation for this difference?  Does the lack of known Jupiter-sized planets in Jupiter-like orbits imply that Jupiter is a very unusual planet?  If not, why not?
9.
List the factors that go into the Drake equation for the number of technological civilisations in our Galaxy.  For each factor, briefly discuss whether we already have information about its value, do not currently have such information but should be able to obtain it in the near (~10−20 years) future, or have no realistic chance of obtaining it.
10.
What, according to Tyson and Goldsmith, are the essential prerequisites for the evolution of life?  Discuss these criteria with regard to (i) the planet Mars, (ii) Jupiter’s moon Europa and (iii) Saturn’s moon Titan.
