Solutions

Each answer shows the steps, then the result.

2.1

« the total power of radiation emitted by the star (in all directions)
2.2

o F=L/(4rd?)

2.3

o = L/(4nd?)
. 38x10%W
~ 4m(1.5 x 10M m)?

=1.4x%x10* Wm?

2.4

e an object of known luminosity

3.1C

e F o< 1/d? so doubling d makes F' one quarter
3.2

e d=/L/(47F)

40 % 10% W
d= i - =1.3x10%m
47(2.0 x 10~ W m™?)

3.3

« find an object in that galaxy whose luminosity is known in advance from its type

— a Type Ia supernova or a Cepheid variable

o measure the radiant flux intensity F' arriving at Earth
o then F = L/(4wd?) gives d = \/L/(47F)

o the method assumes the radiation spreads out evenly and nothing absorbs it on the

way
3.4

(a) luminosity is the total power radiated by the star in all directions

o radiant flux intensity is the power received per unit area at the observer, perpen-

dicular to the direction of the star

(b) F = L/(4wd?), so d = \/L/(47F)

6.5 x 1027 W
d:\/ x 10 — 42 %107 m

47 x 2.9 x 1079 W m—2
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(c) L = 4mr?oT*, sor = /L/(4ncT?)

6.5 x 1027 W
r— \/ X —33x10°m

47(5.67 x 108 W m 2 K~*)(9600 K)4

(d) at the same radius and distance, F oc T*
« so halving T gives (1/2)* = 1/16 of the flux intensity
(e) interstellar dust and gas absorb and scatter some of the light on the way

o and the Earth’s atmosphere absorbs part of it too, so a ground-based measurement is
lower still
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