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Askronomy — a discipline that tncludes shudy of hearenly

bodies, everything ezcef[' Planet earth or E - amc’

everylhing beyond earth’s atmasphere.

Am = _€.

Casmology — a park of ashronamy thak involves origin/causess ¢!

evolubion of universe.

—> the dislance byw sun and earth (centre o centre)
is called astronomical unik AU,
1AU = 1-5x10' m

—> anolher unit of distance 1o ezpress se}oaraflbn byw Standard candle
heavenly objecks is Light year (ly); One ly distance 2%
is egual to the diskance covered by Light (EM radiation) 3.&x 10 Js'

through vacuum in one year.
1ly =9-5x10m 1 standard candle

— another unit of distance used in asb'onomy is parsec
( Fc) which is used to view a distant skar from earth,
1 pc = 3.1 x10%m

L uminosily

Stars are idenkified by the Light they emit.

The Luminosily (L) of a star is defined as the fotal
amount of energy emitled per unil time OR the total Standard candle
power of radiation emiled by a shar, 14 is measored in

watls or Js' —2a rad,'a!'in’ objec.l'

of known Lominosily
The lur'""m-f"[}7 of a shr depend; upon iks size €.9. sun.

and i‘emperafurz’,

Luminosily — oul Put power

L = Amount of eneryy emilked
time

L - E
£

The luminosily of sun is 3.5x00 T5' (Appnx. 4xlau J's_')
Stars radiak energy radially in all direckions and infensity
variakion with diskance follows inverse square law.



Skandard candle

An objecl‘ of Known lumino.silj‘, is Kknown as skandard
candle.

The luminosily of son L, is 3.5x10 W and it is
krown as standard candle. Tt is used as a skandard
valve and used #o calculafe diskances 4o slars and

galaxies.
An oljed‘ at femp. above absolulé zero radiakes
and has a luminosily, Its luminosily can be compared 1-°. L
witth a skandard candle. A A
AN,
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A shar emilks energy spherically in all direckions. The amoont
of energy incident per unit time per unil area of earih’s surface from

a star at normal incidence is called Radiant Flux Infensily (F).
F = Amount of energy emilled per unit time %
" Area of sphere
9 P e Radiant
Flu x
fl L where Inl’en.si}y
4 X d? Amount c}l energy emilted by a shar
per Un/'l' ime S Lumino.fl‘.[)-/- L and F - L z %
d is the distance ]crom cenkre tA
of the star
I [t
The radiant flox infensily is measvred in Wm' or JS'm" 4xr*
The expression shows that The radiant J[lux iniensil}':: F- _L_
47d?

* s direcﬂy Frapori‘z'onal to shri Luminosily
¥ 1s inVersl)/ Fmporfzbnal 1o the square of the
diskance )Crom centre oJ[ shar (inverse square fow)



Stellar Rad::

Skars em:} raaliafi’ony light dve o nuclear reactions
and resvltant varfationr mass. Skars emit di)[ erenk
amounks o light per unit " time wilh difperent waveleng fhs,
Hence skars differ in colours and brightness.

Stars 1hak appear while o an unaided observers eye are
observed to have di,tferenl‘ colours when viewed through a
fele.SCoPe as G fele.rcape coflects much [ager amoun t of
energy .

Infensily

Radiafions emibted by a star has a continvovs spedwm of
wavelength 1hat includes visible light and infra-red rays also.
Tre inkensily of emibled radiation depend: upon femperalvre.

wavelength

|
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If femperature of a hot object is changed, the diskribukion '
. |

of intensily against wavelength changes. A

>
e.g. if femperuture g a shr is increased, The emitlted radiabions have
higher inkensily at “shorfer wavelength; more Phol’on.r of shorter wavelength A< A< A
or more pholons of larger amount of energy. E :‘:\_C 5 Infensily :ﬁ%{
The curves shown on Infensily - wavelength variafion graph are called
black body radiation corves.

Black bedy is defineal as an objecf Jhak absorbs all fhe
radiations incidenk on it a perfeck absorber. A black body is also
a Perfect emibler. : :
Every object em:t electromagnebic yadiations if ik !tmperafvr? is above IR e e
zero Kelvin; absolote zero.

Intensity (k)/nm)

A slar can be assumed fo be a black bedy as any radiation
incident on it will be absorbed ; no r!fledlbns or transmissions take
Place,

The spedrum of thermal radiations emitled by a star has a
continvous range wawleryfh! wefh z'nims;‘[}'r distribution similor 1=

0 200 400 600 800 1000

to ﬂm!‘ 07[ a black bady rad:'a.h%n curve, A

ensity (W/m2/Hz x 1018)
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For a black bedy, di)c}cerenf radration corves are obtained
at di,c,cerenl’ kmfemfures. The peak of each curve is higher at
shorker wavelength than the curves at lower Lemperature.

The laws of thermal radiakion are used %o amly;e the

curves,



Wein's Displacement law

The low skates hat The Wave.[en_gﬂl of emibled radiations

at peak infensily is inversly proportional %o The thermodynamic
femperature (femp. in Kelvin).

Wavelength of emitted
Amax < L ) g rnaczgti’;iﬁal jl:nnximum
T tntensily

Aomos T : , pomebr
Wein’s conskank 2.9x 10 Mk/}elw'n

The curve shows that ot higher femp., the wavelenght
at peak intensily Js shorter.

The wein’s displacement law can be used to find
fempemfure of Phol‘oslp}zere ( surface ) of a stkar by

ana lyzinj the radiations from shar

Sl'afen Boltzman’s Law

The law skites fhat the Quminosily (or power radiated
or energy emibted per unit time) per unit surface area of

a black body at a Parh'cular iempemfure is direcﬂy Pm/:or,h'onal
to the fourth power of ibs tem/:emfure.

4 4
L T o PxT
A A

OR

the luminosily ¢ a black body at a parkicolar [emfera!ure is

directly Pm’:mhbnd b its surface area A and the fourfh power
of ike absolute !t»m/:erai‘ure.

4
L < AT

4 .Stafen Bo.U'zmnn’.r_a &
A% = T constant 5-67x10 Wm'k

sur](a.ce area oJ[ s}:here

4
L =0 4xr' T

Inkensily
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onk 4
[ 4 where [l-_?la;;l:an r@ < T,
L=0AT A=4xr’ I"b"""t;'



Hubbles law and Big Bang Theory

Dopplers effect and Red shift ro_V
pplers eff i e
If a source of yocliation is travelling relative £o an observer,
the wavelength (or § requency) of recieved signal is nok equal fo
the actval wavelength of source. The change observed freq. or wave-
length is called Doppler shz}l.
If a source of racliation /s moving foward; an ohbserver,
the wavelength a” waves defecked must be less than the actval
valve and vice’ versa.
If a radiating source like a skar or a galazy is moving away
from earth, the wavelengths would be longer fhan if the star or galazy Red _,-},y[—
was stationary. The spectral lines of emission spectrum of light Freg.decreare
from galaxy are shifled towards the red park of visible s)vec.l‘rum Dappler a?%}ce moving
as wavelength of The Iighf' recieved increases. Shif J
This increase in wavelength dve fo racliakion source moving \, Blue shif
away (receding) from earth is called Red shift. Freg increase
Sovrce moving
J
e Inihal Pas:fton
A =A+d A=-C , Of source
f EnliPied s, |
v milled waves :
A-A=d A=cT iromri‘ourryslhr:
, V wards observer | I3 I'atz'onar}/
A—-A=vT ] \ ¢ observer
A—A _ vT §
A ¢ < d > A >
o , S
Ar _ v ) T !
A C
When source moves away from a
Vv _ DA _ Af | T stationory observer, preg. of reciered /
¢ A f delected by observer 1s less than the
change in apparent-wavelength actval freq. OR wavekngth 2 reciered
Speed signal is’ greafer than achwel wavelength;
of radichion &) - _ (af
“ource f© [® p Rl — v
5’>¢¢d 700 400
l[ghl‘in‘} ﬂ/%s;glly Ackyal i o
vacwm reg-

Red shif!’:"‘fncrmse in w«velm_,ib
Decrease in freq.




 Hubbles Llaw

Edwin Hubble studied continvous ezpansion of universe
by observing light recieved from distant galaxies/stars.

It was observed thakt spectral lines op emmisions from
distant shrs were red shipted, the wavelengths were elongated.

The red sh:}tl‘ observakion for d:’/'ferenl' individval
stars was used #o calculate speed of recession, the
speed at which the skars are moving away 7¢’rom earth.

The luminosily of shirs was vied 4o estimale The distance
of shars from earth.

The resvlts of Hubbles observation showed that galaxies

are receding from earth at a speed which is direc ly pro-
,oorz‘/'onal 1o 75124» disfance 7l’n-.»rz e{:fh.

Hubble’s law skles thok recessional speed o/ a _9alaxy
is direcHy proportional to its dislance from earth.

V.t d

V = H,d  where H, nFre.cenb
Hubble’s constant.

/'l'° =2.2 x/5'ss"

The observakions showed light/spectral lines recieved

from masl'z the galaxies are red shighed which provides an
evidence thk galaxtes are moving away and have a relative

Velocil}'/ away From earth

The forther away the galoxy is, The yeaf?r The size
red éuhz;l'.l' andyjcas}ez fhe/v 3alax/v is moving. ﬂe

According to Hubbles law the distank galaxies are
moving away from earth. T+ also shows galaxies are
all moving ‘away fLrom each other hence The universe
musk therefore be expanding. Astronomers belseved
that the universe was creafed in a massive ezplosbn
and has been ezpanding ever since. The Theory was
reffered as Big Bang Jheory.



= Since all distank slars and galaxies dre moving

awdy from us; red .shifhral , The whole unjverse
is ezpanding.

= Hubbles law provides The Key evidence for The
idea of Big Bang theory and the model 4

ex'oandirg universe.

— Hubble’s law chje.rfeal thak The fabric of space
and £ime is expanding in all directions, such Thak nok
only galaxies are moving away from earth buk the

ackval space bw galaxies (s also expandisg.

- 7h'ere’£ore the jdax/?s Thak are 7£’ar7'/r(r away
f'mm Us move fasl-er than those nearer fo us.
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Luminosily L = —t_E-

Luminasily of sun

L, = 3.8x10°°W (1 skandard candle)

Radiant Fluz Infensily F - AL

F -

L
47d*

Sl:afen Boltzmans Law
4
L=0AT
> 4
L -o47xr T

where "
A=4xr
T 5urJ[aTe area of _s)ohere

Slafen Boltzman’
constant 5-67;:/5’?/”2’;?'

Wein’s DisFIacemeni' Jaw

ll'ﬂax = Const. ?I

/1.,,‘“ T = Con.sl’anf'

-3
where const. is 2.9x 10 mk
Wein’s constant

Wavelength of emitled
Amai— {adiatio{hd f;naximum
tntensily

T Black body

Radiation curves
Wein’s distribudions

- Inlensily

| wgvtn_gfh
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A, < A< A

.DaPPIGr.? shijd'

v _ AA _ AF
c A f

Vv —>s)veed of wave source
C —>5Peed. of waves

Hubble’s Law

Vxd
V:Hod

where H, npre:enl:r
Hubble’s constant
/1’° =2.2 X/O-lgs-,




Q.No. 1.

Q.No. 2.

Q.M. 3.

Q. No. 4.

Q.No.5.

Q. no. 6.

The sun has lumina:i[j'/ of 3-8’x/02‘W and the
rediant flux ¢nlensily from sun ot earths surface
is /300 Wni? Calculate the sefam.b'on belween

centres tbt earth and sun . F -

L

47d*

Bekelgeuse is a skar with |-42x 10 stindard
candles. It5 radiant flox intensily af earth
is 11 x 10°Writ® How far is Betelfyeuse f""’”

earth?  standard candle = 3.9x/56w

J'uPil'er} orbik is 52 AU [rom the sun. The

Luminosily of prz'f?f is 5.09xI10W.

ta) Estimale the skandard canclles 7t‘or The \Tu,:z'ier.

(b) Calcolate The maximum radiank J(lux 2'n1'en.s:2[}'z
at earths surface dve to J'upil'eri elec.lroma_ynd‘fc
radiakion. ~ 1 AU=1-5x10"m Standard candle = 3.5 x15'W

Radiant flvx

infensity F= Liaxr®
A star Regulur in The conskellation of Leo has
[apparent brighFnesd of 5.2x10" thak o} the sun
and. lominosily 140 bimes thak of The sun. Ir the
diskance from earth to the sun is I-legm, how
far from earth is Rejulu; ?

Standard candle = 3.5 x IéGW

The  Ama, of radiation J[mm sun |s 500nm
when 1'#s surface fempercfure reaches 5500k .
The Amax emibled by a nearby skar is 310nm
wfh luminasi'/}/ of 10 times That o sun.
Calculate The steller radius of this star.
L,=3.85x10 W (standard canclle )

A skar has a radius of 7x/05km and.
femperature of its photosphere is Sgook.

Wein’s constant = 2.9x 16°

@ Calcvlale the energy radiated by star in one year.
) Calcvlale Ay, 5 wavelength at z'nfensi!}'z peak.

(c) The average power recieved on earth per

unik area |s 130 nWm z, calcvlate Hhe diskance
of this skar from earth.



