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Cosmology
Cosmic Microwave Background (CMB)
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➢ The universe was in a 

Singularity in the early period. 

(Before 13.8B years)

➢ 380 000 years after the big 

bang, the universe was in a 

high dense state which was 

uniformly filled with Hydrogen 

plasma.

➢ During that time stars started to 

form due to Nuclear Fusion 

Reactions.

Big Bang



𝑻 = 𝟏𝟎−𝟑𝟓

𝒕𝒐 𝟏𝟎−𝟑𝟐 𝒔

𝑻 = 𝟏𝟎−𝟔𝒔

T = Few 

Minutes

T = 380 000 yr

T = 400 000 

yr

Inflationary Epoch

The expansion of the universe occurred exponentially. After the inflation pairs of 

elementary particles was produced. (Electrons and positrons, quarks and 

antiquarks)

Formation of baryons 

The temperature got cooled due to redshift. It helped Protons and neutrons to form. 

Deuterium and Helium Nuclei

Temperature was about 1 GK. Neutrons and protons combined to make deuterium 

and helium nuclei. Some protons remained independent to form hydrogen nuclei.

Origin of CMBR

The universe was uniformly filled with hydrogen plasma. It was cool enough to form 

atoms. Radiation and matter got separated. Photons were allowed to roam 

throughout the space. 

Formation of stars.

The points with high denser attracted the matter nearby to form first stars.

After The 
Big Bang

𝑻
= 𝟎 𝒕𝒐 𝟏𝟎−𝟒𝟑𝒔

BIG BANG occurred.

The density of the universe was so high. The laws of physics couldn’t be applied. 

All forces were unified. The temperature was about 1032 K.



➢ As we discussed before, 

the universe was uniformly 

filled with hydrogen 

plasma 13.8B years ago.

➢ During that time radiation 

got separated from matter 

and photons were free 

enough to roam through 

out the space.

➢ Therefore, if that model is 

true we should be able to 

observe a uniform 

background radiation.
If Big Bang is true…



➢ In 1964, Arno Penzias and 

Robert Wilson discovered a 

constant low level background 

noise in a sensitive antenna.

➢ The final conclusion was,

• The universe is uniformly 

filled with excess radiation.

Discovery of CMB

➢ Arno Penzias and Robert Wilson 

were awarded the Nobel prize in 

1978 for this discovery.



Doppler effect

The doppler effect is the change in frequency of a wave due to the relative motion 

between the observer and the source.

Definition

The frequency of an ambulance siren gets higher when it races towards you and 

gets lower when it races away.

Example

When the source approaches, the wavelength is shortened and the 

frequency increases. When the source leaves, the wavelength is 

lengthened and the frequency decreases.

Explanation

The doppler effect can be also applied to light waves.
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➢ Since the Doppler Effect also 

affects light rays, the frequency 

of light emitted by objects 

moving away from Earth must 

be less than the actual 

frequency of those rays.

➢ Therefore, that radiations must 

have shifted towards red in the 

visible spectrum.

➢ That phenomenon is called the 

Doppler Redshift.

Doppler Redshift

∆𝑓

𝑓
=
𝑣

𝑐

∆𝑓 = Change in Frequency(Hz)
𝑓 = 𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦(𝐻𝑧)

𝑣 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑏𝑗𝑒𝑐𝑡(𝑚 𝑠−1)
𝑐 = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡(m 𝑠−1)

➢ True only if 𝑣 ≪ 𝑐



Solution :
∆𝑓

𝑓
=
𝑣

𝑐

440.75𝐻𝑧 − 440.03𝐻𝑧

440.75𝐻𝑧
=

𝑣

3 × 108 𝑚 𝑠−1

𝑣 =
0.72

440.75
× 3 × 108 𝑚 𝑠−1

𝑣 = 4.9 × 105 𝑚 𝑠−1

A star emits light rays at a frequency of 440.75Hz. If the visible 

frequency to an observer from Earth is 440.03Hz, find the velocity 

of the star relative to the Earth.



➢ This equation in terms of 

wavelength is,

Doppler Redshift

−∆𝜆

𝜆
=
𝑣

𝑐

∆λ = Change in Wavelength(m)
𝜆 = 𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ(𝑚)

𝑣 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑏𝑗𝑒𝑐𝑡(𝑚 𝑠−1)
𝑐 = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡(m 𝑠−1)

➢ True only if 𝑣 ≪ 𝑐



Solution :
−∆𝜆

𝜆
=
𝑣

𝑐

−(559.77 × 10−9𝑚− 560.23 × 10−9 𝑚)

559.77 × 10−9 𝑚
=

𝑣

3 × 108 𝑚 𝑠−1

𝑣 =
0.46

559.77
× 3 × 108 𝑚 𝑠−1

𝑣 = 2.465 × 106 𝑚 𝑠−1

A star emits light rays at a wavelength of 559.77nm. If the visible 

wavelength to an observer from Earth is 560.23nm, find the 

velocity of the star relative to the Earth.



Frequency drop due to 

Redshift

➢ The original frequency of Cosmic Microwave Background Radiation 

may be in the X-Ray region.

➢ Accordingly, all the asteroids in the universe are moving away from 

each other very fast.

➢ As a result, and due to the redshift phenomenon, the frequency of 

CMBR is reduced to microwave region.

➢ And the temperature of CMB dropped to ~2.7K.
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