
The Hubble constant

· When Edwin Hubble looked at the absorption
Spectra of distant galaxies ,he determineda

relationship blu a speed ofa galaxy
andit

distance from Earth.

Comparing redshifts of galaxies



Hence ,Hubble discovered that all galaxies
show redshift ,indicating they are movingaway
and galaxies that are further away

show a greater
increase in red shift.

· Hubble Diagram :-A plot of recession velocity (speed with
which galaxies aremoving away) against distance for
galaxies is close to a straight line.

Relationship between redshift and galaxy distance
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Hubble's Law tells us the greater the distance
to a galaxy ,the greater the redshift or speed
with which it moves away from Earth.



This is Hubble Law which states :

The speed of recession is proportional to
distance of galaxy away from Earth.

· Recession speedmeans the speed at which something
is moving away.
· This means a further away a galaxy

is from Earth:

· the faster it ismoving away
· the greater the increase in redshift.

· Hubble's law can be expressed as equation
v =Hoxd

· Ho = Hubble constant(persecond)
·
V = recessional velocity of an object ,the

velocity of an objectmoving away from
observer . (km/s)

· d= distance between the object and the
Earth (km)



Measuring recession speeds of galaxies
· The recession speed v (how fast it is moving away
from Earth) can be found from the changein

wavelength of the galaxy's starLight
due to

recessional
redshift. change in wavelength Ispeed

Measuring distance using supernova
· The distance (d) to a galaxy canbe determined

using the brightness of a supernova in
that

galaxy.

· Supernova are explodingstars

· Certain types of supernova have the same peak level of

brightness (absolute magnitude)meaning they canbe
used as standard candles

· These supernova
are so bright that theycan be used

for measuring
distances to must distant galaxies.



Hence ; V = Hoxd - distance of galaxy
↑
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Age of the Universe
· Hubbles law can be rearranged to
give the expression :

F
· Since the time is equal to distance divide

by speed , the termI represents
an

estimatea

of the age of the universe.



· Hubble's law provide further evidence for the

Big Bang :-

· It shows that the universehasbeen

expanding since the beginning of time.

· If we looked attime in reverse ,we
would see galaxies were closer together in
past .

· This suggests that the universe must
have

originated from a single point and
has

been expanding outward ever
since.



https://www.youtube.com/watch?v=v5dNE43Z4J4

Cosmic microwave background radiation

· Cosmic microwavebackground radiation (CMB) is aform of
electromagnetic radiation that was emitted shortly
after the beginning of the Universe .(roughly 300, 000years

after Big Bang)
· At that time, the universe was incredibly hot- denseand nearly uniform in

temperature and density.
· It is detected everywhere throughout the universe.
Note:

· The CMBR map
is the closest image that existe to a map of

universe.

· It shows that the temperature of the Universe, and

therefore the objects in it are more or less uniformly
spread out. This color
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The CMBRmap
shows areas of higher and lower temperature

in the Universe . Regions with higher temperatures have a

higher concentration of galaxies ,Suns and planets.

Evidence from CMBR:
· CMBR provides evidence for the Big Bangbecause

1.Theory predicte the early universe was extremely
hot

and dense.

· Therefore ,CMBR would have initially existed as short-

wavelength gamma radiation.

· The shorter wavelengthin the past indicates the
Universe must have been very

hot inthe beginning.

2 .
(MBR is consisent with radiation that hasbeen stretched

over time.

· The BigBang would have released a lot of energy
in the form of extremely high-energy gamma
radiation.

· As the universe expanded , the wavelength of
radiation increased.



· Overtime it has been red-shifted so much that it is

now in the microwave region of the spectrum.

3 . CMBR canbe interpreted as the radiation Left over
from the Big Bang.

· The CMBR is extremely uniform which
indicatesthe

Universe was much smaller than it is now.Note :

· At that time, the universe was incredibly hot- denseand nearly uniform in

temperature and density.

Redshift of CMBR

CMBR is aresult of high-energy radiation

beingredshifted
over abillions of years.



01) Describe and explain what can be deduced
about the history of the Universe from the
CMBR.

Ans :-Microwave
radiation is detectedfrom all

directions at a similar intensity.
This isthe

radiation produced just after the formation of
the Universe . When the universe wasformed
the radiation was highin energyand short
in wavelength. Nowit has less energyand
a longer wavelength.This is because the

Universe has expanded and cooled causing
the wavelengh to increase .

This suggests
the universe was initially very small

and

very energetic
and has been expanding

since



v= Hod.

·
From the above equation , the Hubble constant .Ho
can be definedas:

The ratio of speed at which the galaxy is moving
away from the Earth ,toits

distance from the
Earth.

· The accepted value of Hubble's constant is
Ho = 2 .2xopersecond

Measuring recession speed
anddistance

· The Hubble constantHo canbe determined from

measurements of :

* redshift of Light emitted bya galaxy
* the brightness of supernova

in the galaxy




