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In this section I will focus your attention on 

Luminosity, Flux, Brightness, Magnitude & 

Temperature of stars.

In this section I will focus your attention on 

what H-R diagram is and special data can be 

obtained using them.



Chapter 1
Stellar Properties



1.1.  Luminosity & Brightness

.• Amount of energy output a star radiates is called the 

Luminosity.

• The amount of light received (Brightness) from the 

source is proportional to its energy output 

(Luminosity (L) )and inversely proportional to the 

square of the distance 

𝐵𝑟𝑖𝑔ℎ𝑡𝑛𝑒𝑠𝑠 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐿𝑢𝑚𝑖𝑛𝑜𝑠𝑖𝑡𝑦

4𝜋(𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒)2

𝐼 =
𝐿

4𝜋𝑑2



1.2.  Flux & Luminosity

.
• A star produces light – the total amount of energy that 

a star puts out as light each second is called its 

Luminosity.. 

• If we have a light detector (eye, camera, telescope) we 

can measure the light produced by the star – the total 

amount of energy intercepted by the detector divided 

by the area of the detector is called the Flux. 



1.3.  Brightness of Stars

.
• Brightness of a star is a measure of its flux.

• In 150 A.D. Ptolemy divided stars in into 6 Magnitude 

Groups according to their Brightness.

• This was first quantitatively studied by Herschel. He 

compared his measurements with those of Ptolemy 

and gave values for Magnitude.

• In Herschel’s system, if a star is 1/100 as bright as 

another then the dimmer star has a magnitude 5 higher 

than the brighter one. 



1.4.  Apparent Magnitude 

.• Apparent magnitude (m) is a measure of the 

brightness of a star or other astronomical object 

observed from Earth.

• Consider two stars, 1 and 2, with apparent magnitudes 

m1 and m2 and fluxes F1 and F2. The relation 

between apparent magnitude and flux is 

𝑚1 −𝑚2 = −2.5 log10
𝐹1
𝐹2

𝐹1
𝐹2

= 10 ൗ
𝑚2−𝑚1

2.5

𝐼𝑓 𝑚2 −𝑚1 = 5, ൗ
𝐹1

𝐹2
= 100



1.5.  Flux, Luminosity & Magnitude

.
𝐹 =

𝐿

4𝜋𝐷2

𝑚2 −𝑚1 = 2.5 log10(
𝐹1
𝐹2
)

𝑚2 −𝑚1 = 2.5 log10(
𝐿1

4𝜋𝐷1
2 ×

4𝜋𝐷2
2

𝐿2
)

𝑚2 −𝑚1 = −2.5 log10(
𝐿2
𝐿1
) + 5 log10(

𝐷2
𝐷1
)



Which star appears brighter to the 

observer?



Solution :

𝐿2

𝐿1
= 10

𝐷2

𝐷1
= 10

𝑚2 −𝑚1 = −2.5 log10(
𝐿2
𝐿1
) + 5 log10(

𝐷2
𝐷1
)

𝑚2 −𝑚1 = −2.5 log10( 10) + 5 log10( 10)

𝑚2 −𝑚1 = −2.5 + 5 = 2.5

Therefore Star 1 is Brighter to the 

observer.

Which star appears brighter to the 

observer?



1.6.  Absolute Magnitude

.• An object's absolute magnitude is defined to be equal 

to the apparent magnitude that the object would have 

if it were viewed from a distance of exactly 10 parsecs 

(32.6 light-years), without extinction (or dimming) of its 

light due to absorption by interstellar matter and 

cosmic dust.

• Absolute Magnitude (M),

𝑀 = 𝑚 − 5 log10 𝐷 − 5

𝐷 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟 (𝑝𝑐)

• If 𝐷 = 10 𝑝𝑐, then 5 log10 10 = 5, 𝑀 = 𝑚.



1.7.  Stellar Temperature 

.

• Temperature is proportional to the Average Kinetic 

Energy per Molecule.

𝐸𝑘 =
1

2
𝑚𝑣2 =

3

2
𝑘𝑇

𝐾 = 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛𝑛 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (1.38 × 10−23 𝐽 𝐾−1)



1.8.  Blackbody Radiation

.

• A blackbody is an idealized physical body that 

absorbs all incident electromagnetic radiation, 

regardless of frequency or angle of incidence.

• Pure black surfaces emit radiation strongly and in a 

well-defined way – this is called blackbody radiation.

• A graph of intensity against wavelength for black body 

radiation is known as a black body curve. 

• Blackbody Curve depends on Temperature.



1.9.  Wien’s Displacement Law

.

• Wien's displacement law states that the black-body 

radiation curve for different temperatures will peak at 

different wavelengths that are inversely proportional to 

the Temperature.

𝜆𝑚𝑎𝑥 ∝
1

𝑇

𝜆𝑚𝑎𝑥𝑇 = 2.898 × 10−3 𝑚 𝐾



Solution :

𝜆𝑚𝑎𝑥𝑇 = 2.898 × 10−3 𝑚𝐾

𝜆𝑚𝑎𝑥 =
2.898 × 10−3 𝑚 𝐾

2000𝐾

𝜆𝑚𝑎𝑥 = 1.449 × 10−6𝑚
= 1450𝑛𝑚

Therefore this is in the Infrared region.

Find the peak wavelength of a blackbody 

emitting radiation at 2000K. To which part of 

electromagnetic spectrum does it belong to?



A certain star appears to be red. If the 

wavelength of red light is about 600nm, find 

the surface temperature of the star.

Solution :

𝜆𝑚𝑎𝑥𝑇 = 2.898 × 10−3 𝑚 𝐾

𝑇 =
2.898 × 10−3 𝑚 𝐾

600 × 10−9 𝑚

𝑇 = 4830 𝐾



1.10.  Stefan’s Law

.

• The total energy per unit time radiated by a blackbody 

is proportional to the fourth power of its absolute 

temperature. 

𝐿 ∝ 𝑇4

𝐿 = 𝜎𝐴𝑇4

𝐿 = 𝐿𝑢𝑚𝑖𝑛𝑜𝑠𝑖𝑡𝑦 (𝑊)
𝐴 = 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 (𝑚2)

𝑇 = 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝐾
𝜎 = 𝑆𝑡𝑒𝑓𝑎𝑛′𝑠 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (5.67 × 10−8 𝑊𝑚−2 𝐾−4)



1.11.  Luminosity of a Star

.

• The luminosity of a star is measured as the total power 

output by the star in a unit time.

• Let’s assume that an star is a perfect sphere and a 

perfect blackbody.

• By Stefan’s Law,

𝐿 = 𝜎𝐴𝑇4

𝐿 = 4𝜋𝑟2𝜎𝑇4

𝑟 = 𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟 (𝑚)



1.12.  Inverse Square Law

.

• From earth we can measure the intensity of a star,

𝐼 =
𝐿

4𝜋𝐷2

𝐿 = 𝐿𝑢𝑚𝑖𝑛𝑜𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑡𝑎𝑟
𝐷 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐸𝑎𝑟𝑡ℎ 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟



Chapter 2
H-R Diagrams



2.1.  What is a Star?

.
• Star is a body which satisfies the conditions 

below.

1. Should be bounded by self gravity

2. Should radiate energy from internal source.

•



2.2.  Luminosity of a star

.

• According to Stefan’s Law, the 

luminosity of a star depends on two 

properties.
1. Radius of the star

2. Surface Temperature of the star

𝐿 = 4𝜋𝑅2𝜎𝑇4

𝐿 ∝ 𝑅2𝑇4



2.3.  Hurtzsprung - Russell Diagram

.

• A Hurtzsprung – Russell Diagram is a scatter plot of 

stars showing the relationship between Luminosity and 

effective temperature.

• One can get an idea about following properties of a 

star by a H-R Diagram.

1. Luminosity

2. Temperature and Spectral Type

3. Size

4. Mass of the Main Sequence

5. Lifetime





2.4.  Main Sequence

.

• The main sequence stretching from the upper left 

(hot, luminous stars) to the bottom right (cool, faint 

stars) dominates the HR diagram.

• Most stars fall somewhere on the main sequence of 

the H-R diagram 





2.5.  Giants and Supergiants

.

• Stars with lower T and higher L than main-sequence 

stars must have larger radii.

• Those are known as Giants and Supergiants.





2.6.  White Dwarfs

.

• Stars with lower L and higher T than main-sequence 

stars must have smaller radii.

• Those are known as White Dwarfs.





Answers :

1. 𝐴

2. 𝐶

3. 𝐷

4. 𝐶

Provide answers for the following 

questions using the diagram given 

below.

1. Which one is the hottest?

2. Which one is the most luminous?

3. Which one is a main sequence 

star?

4. Which one has the largest radius?



2.7.  The Spectral Sequence



2.8.  Star Classification

.• A star’s full classification includes spectral type (line 

identities) and luminosity class (line shapes, related to 

the size of the star) 

I. Supergiant

II. Bright Giant

III. Giant

IV. Subgiant

V. Main Sequence

• Examples,

✓ Sun – G2 V

✓ Sirius – A1 V

✓ Proxima Centauri – M5.5 V

✓ Betelgeuse – M2 I 



2.9.  Significance of Main Sequence

.

• Main sequence stars are fusing Hydrogen into 

Helium in their cores.

• In the main sequence

✓ Luminous stars are hot. (Blue)

✓ Dimmer stars are cold. (Red)



2.10.  Mass

.

• Core pressure and temperature of a higher mass 

star should be larger in order to balance gravity

• It leads to boost fusion reactions.

• Therefore the star appears to be more luminous.

• Therefore, the hot blue stars are bigger than the cold 

red or yellow ones.

• In that case, the mass of a normal hydrogen burning 

star determines its luminosity and spectral type.



2.11.  Off the main sequence

. • Stellar properties depend on mass and age.

• The stars that have finished fusing, leave the main 

sequence.

• The star then becomes a Giant or a White Dwarf 

depending on its mass. 

1. Stars become larger and redder after finishing 

fusion reactions become Giants or Supergiants.

2. Stars become small and white after finishing 

fusion reactions become Dwarfs. 



Answers :

1. 𝐵

2. 𝐶

3. 𝐴

Provide answers for the following 

questions using the diagram given 

below.

1. Which one is most similar to sun?

2. Which of these stars will have 

changed after 10B years from now?

3. Which of these stars can be 

younger than 10B years?


