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A Cepheid variable slar is Galaxy G1 is lound o have a reasured Nlux Inlensity
of 118 X 10~" W m~2. The dislance lo G1 is known lo be 1.50 x 10*' m. A
ﬂ;scope observed a Cepheid wilh lhe same period in galaxy G2 with a |
_7 measured flux intensily of 6.2 x 1072 W m=¢. '
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Calculale lhe dislance lo Galaxy G2.
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Exercise 2 (pg601, Collins)
Figure below shows Lhe light curve of 3 Type 1 Cepheid vanable slar IL1s found 0 nave 3
measured Nux inlensity on Eanh of S00 aW m~* —> /:
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(b) Figure below is 8 penoa-luminosity diagram (or Type 1 Cepheig variable slars
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Use your answers in (3) lo eslimale he luminosity of the Cepneia and nence

calculale lhe aisnce ol the Cepneid ([rom the Eanh.
(Luminosity of Sun = 3.8 x 10260 m~1)
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L sun = 3 &x 10" W
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xample (pq5a3, Collins)
A Type 13 supernova is observed in anolher galay wilh a peak radianl Nlux intensily of
9% 10-18W m~? T
(a) Il we assume lhat the peak luminogily of all Type 13 supernovae 1s aboul 103 W,
eslimale lhe dislance of lhe galaxy [rom Earth.
(b) How long ago did it explode? Use 1ly = 9-46 x 102%m.
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Exomples (pg548, Collins)

1) The sun has a surface temperalure of S780K and the wavelengh of light for which lbe maximum
rate of emission occurs is 4 30 nm The radiation from anothes star in our galaxy is found to have
ils maximum inlensity 3l a wavelengh of 250 nm. Esumale ils surface lemperalure.
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2) The slar Sinus A has a surface lempeialuie of abon 10 000 K and it luminosity is abown
9.9 x 10?7 . Esbmale the radius of Sirius A

A o (9.9 x 107)
sTH: L (47) (5 - 67 x 10~%) (10000)"

r= 737 x109m
L ~ |- 2 x109




J) A black body emiting radiation at 2000 K has ns maximum inlensity al 3 wavelengih of 1450nm
The s1ar Belelgeuse has been measured 1o have a wavelengih of 850nm al peak inlensiry and
has luminosity of 3.1 x 1084\ Eslimale s radius
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12 (a) A star has a luminosity that is known to be 4.8 x 10?® W. A scientist observing this star finds
that the radiant flux intensity of light received on Earth from the star is 2.6 "W m™,

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

Stondord Candle

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

21
L 5 ] _q:4.8><10 583 10
F:Zé .6 x 10 Ard? x
ot 18
3.8 x 10

distance =

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

of light for which the

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.
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(i) Show that the surface temperature of the star in (a) is approximately 6700 K. Explain
your reasoning.
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(ii) Use the inw and (b)(i) to determine the radius of the star.
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Examples (pgSS1, Collins) A star (OBservec\)
1) Aparlicular specisal line in the spectrum of 3 §iar is found lo have v/avelength of 600-80nm
compared o 600.00 nm as measured in the laboralory.

)\ref-

Whal s the velocity cf the star? Is n moving towards us or away fror the Earth?

A bocomos ‘onggﬂ, cored shit? ——s mow’//; oy /}’“ffeéﬁé'ﬁ}

AN =V
PN C
(600 - 80 — 600 - 00) vy taur \ledar = 20x10 Sps
(600.00) 3 x 108 ,..eceeob,,j.

A rel
2) The H alpha emission line in the hydrogen speclmm i5 656.0 nm when measured in lhe
laboralory. Star A is observed lo have Ihal line al 656.60 nm slar B al 655.90nm and star C al
656 a0 nm. A sto~
a) Which slar is moving the faslesl relalive 10 Earth?
b) What is the direction of modon of each of the slars?

£5590 65600 “seeo
AN /MOO ¢5640
65 60-656:00
= +0:600m /)W”y— N
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AN =V a) Star 4 has W%AASO(CGM

A ~ g@m& (recess ion)



3)

Neuwiral, atomic hydrogen gas in lhe spiral amms of the Milky Way emds 3 spectral line of
wavelenglh 21 cm, which s in lhe microwave pan of he eleclromagnelic speclrcum. The speciral
line when delecled by radio lelescope in a cerain orenlalion is observed lo be shiied by 0.1 mm

less than 21 ¢cm _ Ly, il — fowarda. DA

How (asl is tms parl of the galaxy is moving relalive 1o us along the line of sighl? Is il moving
lowards us or away from Earh?
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d) The lrequency of a calcium line in lhe 3bsorplion specltrum of Ihe slar Alpha Cenlaun is observed
lo have a frequency of 7.560 x 10412 The same line when observed in lhe spectrum of the Sun
is measured al 7.559 x 1044 H2

olos, .
Calculate the speed al which Alpha Cenlauri s moving away [rom our solar syslem.
W
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(7560010 =7 5590 0] = v
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The recession velocity of the galaxy NGC 4889 has been delemmined 10 be v = -4 x 106ms-".
Eslimale fs dislance in m. Take Hy = 2.2 x 107%™ (09553, Colling)

V=Hod. .
5 %iné =d = Ko Il

22x/07 "¢
ved Sﬁ/%

The wavelenglh of a specirsl line in The spearum of light from 3 dislanl galaxy \vas measured al
398 6 am_The same line measured in the laboralory has 3 wavelength of 393.3 nm. Calculale
a) lhe speed of recession of the galaxy A SevrCC

b) he distance lo (he galaxy. (0gla?, Oxford Uni Press)

AN =V o (39¢6-3932) = v
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3) ) The emission lines ol hydrogen in the specua of almost all galaxies shov 3 red shifL Explain
Ihe meaning of the ferm redshifi.

A4

The inciawe i #o m/fe/ey/% of EN) radibon due b
ﬁ/dg///f Wﬂ//ﬂh Mﬁ/@éf) VZZ/ J/é//ﬂ/ Ob‘)'c—c‘l’ ond obgesve~.

b) The emission lines of Hydrogen Specirum has a wavelengih of 21.1 cm Measurement of the
redshifl of this line in the specirum of M84 show it is redshfled by 0.0633 cm.
Calculate the velocity of galaxy M84.

AN =V V= 00633 X 39,10°
00632 = V= Ax0% ..
A 3 0f

c) Gven ihal this galaxy is 60 million light years distant calculate value for
lhe Hubble constant 1n s~'(use 1y =9.46 x 10'3m) ]

V= /oxd, A=6000° by
Q0105 = Ho [(60x10°) (4-410%) ]
Ho-— /'6)(/0_/0

d) suppose al some dislanl lime in lhe fulure, asironomers observed thar mosl galaxies were
showing a blue shffi in their spacira Whal could you deduce about the expansion ol the
Universe?

0
/Btoq/ /SGng Jheogy. 3 UmVerse originated from o dense anj'e Point
(RED SmFT) ound hos beon @x/aw!% ever sice.
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N mox ol | Absatue (Sukad)
22 jox tensity 7 Toap

T
10 (a) State Wien’s displacement law.
Fensity, of an elecko

: ce € -
(b) Fig. 10.1 shows the wavelength distributions of electromagnetic radiation emitted by two stars
A and B.
A
rate of
emission J/ _
Lo N star A E=he
N
/ A\ /I\
[ N
N,
AN
l@ Il /| r 5 AR
/ sfar B =
7 N N
/ = N .
| N N
| > N
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] R
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0 4
0 05 065 1.0 1.5 2.0
wavelength/um
Fig. 10.1

The surface temperature of star A is known to be 5800K.

(i) Determine the surface temperature of star B.
M

>\ NG X o L O 5 e - _/73 _
T 065w 5500 1461 K
(oo ) a —
- 13
( /\rf‘a’() R 1A surface temperature = .............. ﬁ' 500 ............. K [2]
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(ii) Star B appears less bright than star A when viewed from the Earth.
—_— .

Use Fig. 10.1 to suggest, with a reason, how else the physical appearance of star B
compares with that of star A.

STAR B has a %rea}er wcu/e/e/y/% Where

i‘&fe 0/ Emission IS miaymmmen . Heace STAR 1R

............................ J‘D b‘Q/mOfGRED 2]

(c) The lines in Fig. 10.1 have been corrected for redshift.

(i) State what is meant by redshift.

(bserved ent wave\enghﬁx B gmea,kr Han

(ii) Explain how cosmologists are able to determine that light from a distant star has
undergone redshift.

B#EZ ______ %GM/WM}/’%J/%#W _____
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Luminosily L = t_E

Luminasily of sun
L, = 3.8x10°°W (1 standard candle)

Radiant Fluz Infensily F - AL

F=_L
4rd

Wein's .'Dz's}olacemeni' Jaw
lmax = Const. _I
=
/L,,ax T = constant

-3
where const. is 2.9x10 mk
Wein’s constant

Wavelength of emitted
m%gfh al'fnaximam

inhnsuy

Amoi—

T Black body
Radiation curves

Wein’s distributions

- Inlensily

befen Boltzmans Law

4
L=0AT

> 4
L -oc4xr T
where L
A=4xr

1 s’urJ[ace area of s;:here

Skafen Boltzmon’
constant 5-67x10 *wilk*

Do PFIer.& sh z}d'

c A f

Vv —>5Peed of wave source
c —>speed. of waves

Hubbles Law

VX d
V:Had

where H, represenks
Hubble’s constant

H° =22 )(/0-’83”




