PHY111

Our Evolving Universe


Directed Reading Exercise

Five Ages of the Universe
Adams & Laughlin

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. A human being lives for about 2.5 billion (2.5  109) seconds.  In analogy with the “cosmological decades” used in this book, we could express this in terms of “secades”, with secade 1 running from 1 second to 10 seconds, secade 2 from 10 s to 100 s, and so on.  Write a biography of a human being with time measured in secades.  Comment on why this doesn’t work, whereas the cosmological decade concept does.

2. Briefly explain what “inflation” is and why it is desirable to postulate a period of inflation very early in the history of the universe.  What supplies the energy to drive this inflation?

3. Both the Sun and Proxima Centauri will end their lives as white dwarfs. Briefly explain the differences in the evolutionary paths that will be followed by the Sun and by Proxima.  What are the main differences between the future-Sun white dwarf and the future-Proxima white dwarf?  

4. List the steps necessary to estimate the number of technological civilisations in the Galaxy (e.g. step 1 is “estimate the number of suitable stars”).  For each step, briefly explain whether we have good evidence on which to base a numerical estimate.

5. What types of object are left in the Galaxy after all the stars have died?  In each case, explain what the object in question is, how it formed, and how common it will be in the Galaxy early in the “Degenerate Era”.

6. Hydrogen fusion is 0.7% efficient, i.e. 0.7% of the initial mass is converted to energy by E = mc2.  Proton decay is nearly 100% efficient: the positron weighs only 1/2000 as much as the proton, and all the rest is converted to energy.  Why then are stars powered by proton decay so faint?  Explain your reasoning carefully.

7. Explain how tidal forces arise.  Why does a small, stellar-mass black hole exert larger tidal forces than a galactic-centre black hole with a mass a million times greater?

8. No light can escape from inside the event horizon of a black hole.  Explain why, if the surroundings are cold enough, a black hole can nonetheless seem to emit radiation.

9. The Uncertainty Principle states that you cannot measure the position and speed of an object simultaneously with infinite precision: instead, the better you measure the speed, the bigger the uncertainty in the position, and vice versa.  Use this concept to explain the phenomenon of tunnelling.

10. Why would changing the strength of the strong force by a small amount in either direction probably make life like ours impossible?  Deuterium (2H) is very weakly bound—what effect do you think a slightly weaker strong force would have on the composition of the Galaxy today (presently, by weight, about 71% H, 27% He and 2% everything else)?

