Solutions

2.1 (P) It increases — stretched to the red (red-shift).

2.2 (P) AXN/ Ao =2/500 = 0.004 = v/c.

2.3 (P) Galaxy red-shift increasing with distance; the cosmic microwave background.

2.4 (P) Faint microwave radiation reaching us from every direction — the stretched, cooled
remnant of the early universe’s radiation.

3.1 (P) Red-shift measures recession speed; red-shift proportional to distance means the
further a galaxy, the faster it recedes; everything receding from everything else is exactly
what expansion of space produces — a fixed centre is not needed.

3.2 (P) AX =659 — 656 = 3 nm; v/c = 3/656 = 4.57 x 1073; v = 1.37 x 10% m/s.

3.3 (P) A hot, dense early universe would be filled with high-energy radiation; expanding
space has stretched and cooled it into today’s uniform microwaves — exactly what is
observed from all directions.
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