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Astronomy, a discipline thatincludes studyofheavenly
bodies, everything exceptplanetearth or E

=
Amc

everything beyond earth's atmosphere.
Am =E

cosmology, a partofastronomythatinvolves origin/causes
evolution ofuniverse.

the distance byw sun and earth centre to centre

is called astronomical unit At.
!AW =
1.5x10"m

>another unitofdistance to express separation by standard candle

heavenlyobjects is Lightyear ly: One bydistance
is equal to the distance covered bylightEM radiation 3.8 x1055
through vacuum in one year.
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1ly =
9.5x10m

1
standard candle

<another unitofdistance used in astronomyis parsec
(pc) which is used to view a distantstarfrom earth.

1 pc =

3.1x10m

Luminosity

stars are identified bythe lighttheyemit.
The Luminosity 2) ofa star is defined as the total
amountofenergyemitted per unit time or the total Standard candle

power ofradiation emitted bya star. It is measured in

watts or 55'
> a radiating object
ofknown luminosity

The luminosityofa star depends upon it'ssize e.g. Sun.

and temperature.

Luminosity, outputpower

L
=E L:Amountofenergy emitted

time

The luminosityofsun is 3.8x1855. Approx. 4x1055'
Stars radiat energyradiallyin all directions and intensity
variation with distance follows inverse square law.



standard candle

An objectofknown luminosityis known as standard

candle.

The luminosityofsun to is 3.8x10W and itis
known as standard candle. Itis used as a standard

value and used to calculate distances to stars and

galaxies.

Any objectat temp. above absolutezero radiates
and has a luminosity. Its luminositycan be compared I

=I =Iwith a standard candle.

Intensity -
Astar emits energysphericallyin all directions.The amount

ofenergy incidentper unittime per unitarea ofearth's surface from
a star at normal incidence is called RadiantFluxIntensity(F).
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where Intensity
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4Ad Amountofenergyemitted bya star

per unittime is Luminosity Land F
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d is the distance from centre A A A

ofthe star.
L
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The radiantflue intensityis measured in Wm" or 55'm? 4 Ar2

The expression shows thatthe radiantfluxintensity. F
=a

xis directly proportional to star'sLuminosity
Ais inversly proportional to the square ofthe
distance from centre ofstar inverse square law)



Stellar Radi

stars emitradiations lightdue to nuclear reactions
and resultantvariations ofmass. Stars emitdifferent
amounts oflightper unittime with differentwavelengths.
Hence stars differ in colours and brightness.

In
stars thatappear white to an unaided observer'seye are

observed to have differentcolours when viewed through a
telescope as a telescope collects much larger amountof
energy.

Radiations emitted bya star has a continuous spectrum of
wavelength thatincludes visible eat and csraenraxasso. Inwarenen,

in
The intensity ofemitted radiation depends upon temperature.

Iftemperature ofa hotobjectis changed, the distribution 13

ofintensity against wavelength changes.
+"I is

e.g. iftemperature ofa star is increased, the emitted radiations have

higher intensityatshorter wavelength, more photons ofshorter wavelength X, Me is

or more photons oflarger amountofenergy. E=hc Intensity =AX
⑨

The curves shown on Intensitywavelength variation graph are called
black bodyradiation curves.

Black body is defined as an objectthatabsorbs all the

radiations incidenton it; a perfectabsorber. Ablack bodyis also
a perfectemitter.

Every object emitelectromagnetic radiations ifit'stemperature is above
Zero Kelvin;absolute zero.

Astar can be assumed to be a black bodyas any radiation
incidenton it will be absorbed;no reflections or transmissions take
place.
The spectrum ofthermal radiations emitted by a star has a
continuous range ofwavelengths with intensitydistribution similar
to thatofa black bodyradiation curve.

For a black body, differentradiation curves are obtained

atdifferenttemperatures.The peak ofeach curve is higher at
shorter wavelength than the curves atlower temperature.

The laws ofthermal radiation are used to analyse the

curves.



Wein's Displacementlaw
I Amax
a

The law states thatthe wavelength ofemitted radiations
atpeak intensity is inverslyproportional to the thermodynamic

max & I ↑maxwavelengthofemittedtee
intensity

temperature temp, in Kelvin.

>Wein's constant2.9x18mK elvin

=
warenen,in

Xmax Tt >meter

The curve shows thatathigher temp, the wavelength 13
atpeak intensityis shorter.
-

the wein's displacementlaw can be used to find +"I is

temperature ofphotosphere (surface) ofa star by
analyzing the radiations from star. X, Xe is

Staten Boltzman's Law La A+*

The law states thatthe luminosityor power radiated Ec
+*

or energy emitted per unittime cer unitsurface area ofI
a black bodyata particular temperature is directlyproportional
to the fourth power ofit'stemperature.

Ea +4or CT
4

OR

the luminosityofa black bodyata particular temperature is
directlyproportional to its surface area A and the fourth power
ofits absolute temperature.
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Stafen Boltzman's & a +*
=TP constant5.67x10Nm's
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where Flux
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4Ar Intensityat
4surface area of sphere

L
=

24πUT



Hubble's Law and Big Bang theory

Doppler} effect and Redshift f
'

=
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If a source of radiation is travelling relative to an observer
,

the wavelength or frequency of recieved signal is not equal to
the actual wavelength of source. the change observed freq . or

wavelengthis called Doppler shift .

If a source of radiation is moving towards an observer
,

the wavelength of waves detected must be less than the actual

value and vice versa
.

If a radiating source like a star or a galaxy is moving away
from earth

,
the wavelengths would be longer than if the star or galaxy

Doppler
]

Redshift
was stationary. The spectral lines of emission spectrum of light Freq . decrease

from galaxy are shifted towards the red part of visible spectrum source moving
away

as wavelength of the light recieved increases. shift .

\,Bwe shiftThis increase in wavelength due to radiation source moving
away receding ) from earth is called Red shift. Freq increase

source moving
towards
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When source moves away from a
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Hubble's Law

Edwin Hubble studied continuous expansion ofuniverse

byobserving lightrecieved from distantgalaxies stars.

Itwas observed thatspectral lines ofemmisions from
distantstars were red shifted, the wavelengths were elongated.

The red shiftobservation for differentindividual
stars was used to calculate speed ofrecession, the
speed at which the stars are moving awayfrom earth.

The luminosityofstars was used to estimate the distance

ofstars from earth.

The results ofHubble's observation showed thatgalaxies
are receding from earth ata speed which is directlypro-
portional to the distance from earth.

Hubble's law states thatrecessional speed of a galaxy
is directlyproportional to its distance from earth.

ad

v
=Hod where to represents

Hubble'sconstant.

Ho =2.2 x 10185

The observations showed lightspectral lines recieved
from mostofthe galaxies are red shifted which provides an
evidence thatgalaxies are moving awayand have a relative

velocityawayfrom earth

The further awaythe galaxyis, the greater the size of
red shiftand faster the galaxyis moving.

According to Hubble'slaw the distantgalaxies are

moving awayfrom earth. Italso shows galaxies are
all moving awayfrom each other hence the universe

must therefore be expanding. Astronomers believed
thatthe universe was created in a massive explosion
and has been expanding ever since. The theorywas
reffered as BigBang Theory.

  



BigBang theory

> since all distant stars and galaxies are moving
away from us ; red shifted , the whole universe
is expanding .

> Hubble's law provides the key evidence for the ⑨

idea of Big Bang theory and the model of > Hobbles
'

expanding universe. constant

•

> Hubble's law suggested that the fabric of space
and time is expanding in all directions, such that not

only galaxies are moving away from earth but the
actual space b/w galaxies is also expanding.

> Therefore the galaxies that are further away Big Bang Theory

from us move faster than those nearer to us .
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uminosity E
Stafen Boltzman's Law

t

2
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uminosityof sun

·
3.8x1026 I standard candle L

=

24πrT

where

A
=

4Ar

RadiantFlux IntensityF = a
surface area of sphere

Stafen Boltzman's
constant5.67x10Wm'is
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F - L
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Doppler'sshift
ein'sDisplacementlaw

I sXmax= const. I F

Xmax-constant >speed ofwave source
c < speed ofwaves

where const. is 2.9x18mk
ein'sconstant

Xmax wavelengthofemittedthe
intensity ubble'saw

In ad

v
=Hod

cbree where to represents
Hubble'sconstant.

Ho =2.2 x 10185
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X, Xe is



Q. No. 1. The sun has luminosityof3.5x10W and the

radiantfluxintensityfrom sun atearth's surface
is 1300Wni? Calculate the separation between
centres ofearth and sun. F =

L
-

4Ad

Q. No. 2. Betelgerse is a star with 1.42x10"standard
candles. It'sradiantfluxintensityat earth
is 1.1x10Wm? How far is Betelgeuse from
earth? Standard candle:3.8x18N

Q. No. 3. Jupiter'sorbit is 5.2 AU from the sun. The

LuminosityofJupiter is 5.09x10"W.
(a) Estimate the standard candles for the Jupiter.
(b) calculate the maximum radiantfluxintensity
atearth's surface due to Jupiter'selectromagnetic
radiation. 1 Arl=1.5x10"m Standard candle =3.8x18°N

Radiant,flu=4/4Te
2. No. 4. Astar Regulus in the constellation ofLeo has

apparentbrightness of5.2x10" thatof the sun
and luminosity140 times thatofthe sun. Ifthe
distance from earth to the sun is 1.5x10m, how
far from earth is Regulus?

Standard candle =3.8x18°N

Q. No. 5. The max ofradiation from sun is 500 nm

when its surface temperature reaches 5800K.
The Xmax emitted bya nearbystar is 310nm
with luminosityof10 times thatofsun.
calculate the steller radius ofthis star.
Lo=3.85x10W standard candle)

Q.no.6. A star has a radius of<x18km and

temperature of its photosphere is 5800K.
Wein's constant

=2.9x 103

cas calculate the energyradiated bystar in one year.
(b) Calculate max, wavelength at intensitypeak.
(c) The average power recieved on earth per
unitarea is 130nWn", calculate the distance

ofthis star from earth.


