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25 Astronomy and cosmology O ~<
25.1 Standard candles <

Candidates should be able to:

understand the term luminosity as the total power of radiation emitted by a star

2 recall and use the inverse square law for radiant flux intensity F in terms of the luminosity L of the source
F=L/(4nd’)

3 understand that an object of known luminosity is called a standard candle

4 understand the use of standard candles to determine distances to galaxies
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1 The radius of the Sun is 6.96 x 10° m and its luminosity is 3.83 x 10<° W,
The orbital radius of the Earth is 1.50 x 1011 m.
Calculate the radiant flux intensity at the surface of the Sun and at the position of the Earth.
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2 The radiant flux intensity, measured at the Earth, from a Cepheid variable star in Andromeda is 1.4
x 10718 W m~2, The luminosity of the star is 1.0 x 1050 W,

Calculate the distantl‘f of this star.
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25.2 Stellar radii
Candidates should be able to:

1 recall and use Wien's displacement law A___ o 1/T to estimate the peak surface temperature of a star
2 use the Stefan-Boltzmann law L = 4ner’T
3 use Wien's displacement law and the Stefan-Boltzmann law to estimate the radius of a star
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a L|) The surface temperature of the Sun is 5800 K and wavelength of light at peak intensity is 500 nm.
The wavelength at peak intensity for Sirius-B (a white dwarf star) is 120 nm. The luminosity of this

star is 0.056 times that of the Sun. The luminosity of the Sun is 3.83 x 1025 W,
fu,j{:a]culate the radius of Sirius-B.
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g_ ca) The luminosity of the star Aldebaran is 520 times that of the Sun. The wavelength of light at peak
intensity for Aldebaran is 740 nm and the wavelength of light at peak intensity for the Sun is 500 nm.

a Explain whether Aldebaran is cooler or hotter than the Sun,
b Calculate the ratio:
radius of Aldebaran / radius of the Sun.
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25.3  Hubble's law and the Big Bang theory
Candidates should be able to:

1 understand that the lines in the emission spectra from distant objects show an increase in wavelength
from their known values

2 use Ad /4 = Af/f = v/c for the redshift of electromagnetic radiation from a source moving relative to an
observer

explain why redshift leads to the idea that the Universe is expanding

recall and use Hubble's law v == H_d and explain how this leads to the Big Bang theory
(candidates will only be required to use Sl units)
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Il‘l[éﬂg«efﬁ- gﬁgﬁn
Steloment.: The  odparent, d?&uv%q, w 1Re dservad

%an%/mmw% due o motion of a Zouwe
ond e obserwe .

Mathemaditad Fom- £ o (W

V4 Ne
{, — Obgewad ¥

fs ~ Frequom lj’ Source "
V- Veloedy wawl, Vg- velocdy ff dourd .




Resuds -

1. The obgemed wanelongl 0-8 -Qﬂeok‘nmoﬂnei[_ N
w Lorger fr o rec.ed.iwa aource  omd. gherler for
am al:;brao.chwa Loulce -

2- Doppler ogualin com e Used To delemine e
30 lodime 5.5‘3120.9( B-B N &b%{%euma u&v\aas}ﬁﬁan
wa\wﬂwﬁl—ﬁ 'B"LGYY\ a %d.fo%en emission, .

2- Doppler redahift.-
Redeht means tRat ol apectal Kines
2how G INCreaie W, wm%wzﬁkﬁ- The 'EKAtL'mQQ,
increase wn 1Re Wm»ﬂ,@wncaﬁu d,apwd,s en the recesion

speed v of the Roure/ gplancy

%}&MMP . Change ‘“_,E'E"l"-e“c’& E recesgion velocdy # oljat/ douree
oA o A
Redshife—" ~ ¢ _}\-ﬂ-..._;‘:m{timﬂ vaovello-gifs

e:m- wonds Soe Source

v
| !
.
original Spaad. #f 2-m wewas
g S b

N Nacuums (3-00xi0ms)
Q.M. Wowel

Exampls . Astronomers T\ﬁfmﬂﬂﬂ af2igm o volue for
e term ‘redshift - For xomple , O %aﬂamd ghows
redshif G-E 7-0/ weons 1Rak:

ﬁ_>‘r..:&_'¥.::-, V. o 6-070
» r =



&, E‘) In the laboratory, an emission spectral line is observed at a wavelength of 656.4 nm. The same
spectral line, in the spectrum from a distant galaxy, has wavelength 663.1 nm.

Calculate the speed v of the galaxy.
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@.. -T) The fractional change in the wavelength of the observed light from a galaxy is 0.15; its redshift is 15
1]
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Calculate its recession speed.

DA = ¥

x c

O T, AN i s
0-15 s———3 = V= U:S0x1pms

a ' %’) The Tadpole galaxy has a recession speed of 9400 km g1,
Calculate the fractional change in the wavelength of the observed spectrum.
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Hubble's law shows that recession speed of galaxy = distance from us. The gradient of the
best-fit line is equal to Hy in s™'. The scatter of the data shows considerable uncertainties in the
observation.
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12 (a) A star has a luminosity that is known to be 4.8 x 10" W_Ascientist observing this star finds
that the radiant flux intensity of light received on Earth from the star is 2.6 nWm™.

(i) Name the term used to describe an astronomical object that has known luminosity.

(iif) Determine the distance of the star from Earth.

distance = m [2]

(b) The Sun has a surface temperature of 5800 K. The wavelength A__ of light for which the
maximum rate of emission occurs from the Sun is 500 nm.

The scientist observing the star in (a) finds that the wavelength for which the maximum rate of
emission occurs from the star is 430 nm.

(i) Show that the surface temperature of the star in (a) is approximately 6700 K. Explain
your reasoning.

2]

(i) Use the information in {a) and (b)(i) to determine the radius of the star.
TS s e s s m [2]
[Total: 7]
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12(a)i) | standard candle

12(a)(ii) | F=L/4nd?

2.6 x 107 = 4.8 x 10% / 4nd?

distance = 3.8 x 10" m

12(b)i) | (Wien's displacement law states) i _ « 1/T
so T = (5800 x 500)/430 = 6700 K (6740 K)
12(b)(ii) | L = dnor?T*

48x10%=4n x5.67 x 10°® x 6700* x r*
radius = 1.8 x 10""m
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EXAM-STYLE QUESTIONS
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