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Line Spectra

(a) Absorption bands in light from nearby galaxies

(b) Absorption bands in light from distant galaxies
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DIM FILAMENT LAMP

FLUORESCENT LAMP

SOURCES OF LIGHT

This spectrum shows which
colours are produced

All colours of light together
combine to produce white
BRIGHT FILAMENT LAMP

With a high electric current, the
whole spectrum of visible light is
produced (see p. 39).

Red, yellow, and green light
combine to produce orange

Lamp appears
orange

No blue light
produced

DIM FILAMENT LAMP

With a smaller current, the
temperature of the filament
(see pp. 532-33) is low.

Lamp produces certain colours
in each part of the spectrum

O T

All three types of cone are stimulated
and lamp appears white

FLUORESCENT LAMP

[n a fluorescent lamp, chemicals
called phosphors produce colours
in many parts of the spectrum.

LED produces colours in the
&green part of the spectrum

LED appears green

GREEN LED

An LED (light-emitting diode) is
made of a semiconductor, and
produces certain colours of light.

Two colours of light very close
together in the orange part of the
spectrum are produced

Lamp appears orange

SODIUM LAMP

In a sodium lamp, an electric current
excites electrons in sodium vapour,
giving them extra energy. The
electrons give the energy out as light.

Only certain colours
characteristic of neon
are produced

Lamp appears orange

NEON TUBE

In a similar way to a sodium lamp,
a neon discharge lamp produces a
characteristic orange glow.

GREEN LED

SODIUM LAMP

NEON TUBE



Doppler effect

A

If the light source of any electromagnelic radiation & moving
toward point A, the wavelengths are compressed (blue shifted)
whilst wavelengths from source 10 B are extended (red shifted).
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By comparing the absorption lines pfoduced in a star's or galaxy's spectrum by a variety of chemical elements, with
laboratory produced line spectra for the same elements, a line shift and so wavelength shift can be measured.
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When a light source is moving away from the Earth, its wavelength becomes stretched. The increase in wavelength
produces a red shift in the spectrum. In contrast, when a light source is moving toward the Earth, its wavelength ! .
becomes compressed. The decrease in the wavelength produces a blue shift in the spectrum. § -
- Y e LB A oy e e
Je Sl ¥ <
%&_‘. st ' - The greater the velocity of the light source relative to the Earth, the greater is
> > 4 < d - the amount of red or blue shift observed. For all electromagnetic radiation this
_ ; - Doppler effect is given by,
- Doppler Effect - ~ éfL = -ATA- :—;—' when the velocity of the light source, ¥ is much less than ¢
S R—— f f ~ where Af and AX are the changes in frequency and wavelength, and fand X
o g, ¥ "'"‘"é,’ x‘\{ . are the frequency and wavelength of the emitted electromagnetic radiation.
. P t » i «< .
For light which is red shifted, as the wavelength increases, its frequency must decrease. ,Q |’ > gl
For light which is blue shifted, as the wavelength decreases, its frequency must increase.
o Wt &
e o Y-
’g oy B R o Lo k,{
Example T e
If the hydrogen absorption line in the spectra of a star is ;"',? - et source
6.6570 x 10" m, and the same element in a Iaboratory R A - B
test is 6.5628 x 107 m then the velocity of the star can _’,j,
be found from the Doppler effect. Q‘q o
Ak _ v . (65628 - 6.6570) x 1077 _ 001435 ..‘
TGS 6.5628 x 107" 1 %
v=-0.01435 g : -
v=-43 x 10°m .

Ihe RaShn R S | sieein B Longer (red sistied) If the light source of any electromagnetic radiation is moving

o e fE be ey o the Barth. toward point A, the wavelengths are compressed (blue shifted)
- - T whilst wavelengths from source to B are extended (red shifted).
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Expanding Universe

The galazies we see i all directions are mowing away from the Earth, as ewndenced
by thei red shifts. Hubble's law describes this expansion.

The fact that we see all stars mowng away from us does not wnply that we are the
center of the universel All stars will see all other stars mowing away from them in an
expanding unverse. A nsmng loaf of ratsm bread 15 a good wsual model: each raisin
will see all other raising mowing away frotn it as the loaf expands.



Hubbles Law
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COSMOLOGICAL s
DI S TAN CE S gl 'is thought that all large galaxies contain a

supermassive black hole - the mass of the black hole W BN | Most distant quasar
being proportional to the mass of the parent galaxy. ~ 3x10*Mpc

1AL = 15x10''m g /¢ v
1ty = 95x10°m v 4 l«'l‘ﬂ_"yr
L T e ~10" Mg
] MpC = l()(‘pc = i

i

Virgo
cluster
(centre)

Andromeda Object Mass |  Diameter
Galaxy (M31) Globular |
~10!! M, _ Cluster
Typical

Galaxy

10°Mg 10% It yr

| 10''M, | 105 It yr

Cluster of |
Galaxies | 10'"Mo 107 It yr
Typical | |
Quasar | 10°Mg |1t hrs /It months

ackground is a map of the 2.7K

= S nicrowave background radiation emitted at

105 It ¥t - - i e \’ Ar.7 BE the time the universe became transparent at
B ©2 T about 300,000 yrs after the big bang.




HUBBLE 'S v (km/s)
Recessional
LAW Valocky

Slope of line
(ie v/d) is
Hubble's constant, H,

distance, d (Mpc)

HUBBLE'S CONSTANT, H,
is measured in km/s/Mpc
Present value
H, ~ 80km/s/Mpc

1012
T()~ ? yl

A large value of H,implies
a young universe.

The background picture shows the
distribution of galaxies covering the

sky around the South Galactic Pole.
No.3
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Hubble's law states that the speed k of a galaxy's recession is
Galaxies are observed to have line spectra, that are red shifted. They are proportional to its distance, given by,

therefore considered to be receding from the Earth, and from each other.
The only exceptions to this are the local galaxies, some of which have vz Hd where 4= Hubble's constant, and o = distance from Earth.
blue shifts. This is because of their rotational motion relative to each
other which blurs any recessional motion. This means that the more distant a galaxy is, the greater is its recessional
s . 2 velocity and so the greater is its red shift.
. » 13 ] ' N .,
g e %A
) 4 » v ’ - e - S i
. s B T v oS HubblesLaw |
i The graph shows the increase in recessional speed with - - S
increased distance for the five brightest clusters in each o i 4 - a
of the galaxies named. ;f{ & e £ Rstonce. o .
A Hyd -" . Q" ’ me = W therefore, = -ﬁ-
ra e
60 A - As time began with the Big Bang when space e
» began to expand, then the age of the universe is: &7 .
v 50 X ' =
15 é&\/ . V(,_"_ x“.u 3 z I
% / This assumes that the Hubble constant 4 has remained constant through time.
5 40 / Bootes ~ For this to be true the universe would have had to expand at a constant rate.
D %4 The actual rate may be slowing due to grawitational effects. If, however, a value
g 30 / - of50 kTs“Mpc" is taken, then that means a galaxy 1Mpc away is receding at
& 5S0kms™.
5 # é' I <3 g 16 ; 2
20 rina Borealis E As Ipc = 3.086 x 10'®m, therefore IMpc = 3.086 x 10%?m
g A"Sﬂ Minor This means that a galaxy 3.086 x 10%%m away is receding at 50 kms™. If this
10 / ~ has always been the rate then recession has occurred for,
3086 x10% et b o
t==—————5—=6.0x10"s™" This is about 20 billion years.
/490 S 50 x 10
0 10 200 30" 40. 350 60 P - e
relative distance ”

The value of Awhich is often taken is H=75 kms™*Mpc™™.
This gwes an age for the universe of 15 bnlnon years.

B 2 Ay .

-

The constant 4, probably lies in the range 50 - 100kms™*Mpc™

-~ -,



Big Bang




EVOLUTION OF
THE UNIVERSE

The diagram represents the
changes in the universe
from the Big Bang to the
present day.
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The Big Bang theory is an attempt to explain how the Universe came into existence, and what 1
has happened to it since. According to the model if the Universe has been expanding for a time #= H
then it is this time ago when time and space must have started. Before this, space-time must have been _
infinitely curved. The Universe must have been incredibly small and had infinite density. Any event, which may =

"

have taken place before the Big Bang would be irrelevant to the physical laws we see in the Universe today.
. Jr. . - - 3 " \ -y { ?'q‘ o "*
4 - -

If the value of A= 75 kms™*Mpc™, then space and T
time began 15 billion years ago at what is called the

of the surface of a blown up ballcon. There is no limiting

The expansion of space can be thought of like the expansion }i
A
boundary, and no centralised point. :

& o | b
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as"\- ;‘.{(;qc :, - v. & ~-.‘
Evidence for the Big Bang theory include the following predicted features which have all been
- verified by observation:
The Blg Bang « Background microwave radiation. This is received from all directions and is believed to be
surviving black body radiation following the Big Bang which has cooled to 2.7K
* The ratio of hydrogen to helium is 3:1

_’ * The red shifts of galaxies and their speeds of recession are proportional to distance, with the

t distant galaxies {quasars) having the largest red shifts and highest recessional speeds.
Accordeny o he Big Bangs e il S o S PP L Sag Wy

ording to ang: el P !

» Within the first millionth of a second fundamental particles formed. ;f dﬁ": At this point the universe would have been very small, very dense and
The universe inflated rapidly, and nuclear protons and neutrons ~ not too dissimilar to the plasma state conditions found in the core of a

formed from quarks. The temperature began to fall to =10'3K : star.
« Within a hundredth of a second matter-antimatter nucleon : ’
collisions had annihilated virtually all the less abundant antimatter ¢ * Over the next few hundred thousand years the temperature fell to
nucleons 3000K a[l)lhaévtmg at?ms to :’qrgl astelfct;:lns c;mnct’:;\:g \\(rg ;Jden ths
« Vithi ' » i . allowed photons of em radiation to travel un . (Backgroun
m;npm::conds Ee St ad anniialed radiation detected today is thought to be the cooled remnants of this
« Within a minute or two helium nuclei formed as some protons and early photon energy). Stars and galaxies started to form under

neutrons joined as the temperature fell to ~10°K. grawitational attraction.
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Rate of expansion?
Open or closed



At present the ultimate fate of the universe is not known.

There are three possible outcomes, but which one actually

: takes place depends on how the average density p, of the
G - universe compares with the critical denscty P

A
N
)

: "\ Ty . R -t A ’ﬁ’

- The universe may be open, that is, it will continue to expand forever.
This will occur if the average density of matter in the universe is less
than the critical density (p< pe).

» - - -t N T

. - g ‘\ - x @
" \p” The universe may be flat, that is, the rate of expansion
# slows until the universe reaches a point where no more

‘ expansion takes place. This will occur if the average
"t\‘ density of matter in the universe is equal to the critical

- density(p= po),

] S w0 e ) - % "
\- v P
A ;W ET S

" The Universe may be closed, that is, it will reach a maximum
A T Hie » Q‘ expansion and then contract under the influence of gravity.

flat universe

1 P ery

closed universe

This will occur if the average density of matter in the universe

| . ‘ 5‘ is greater than the critical density (p> pe).
. Big Bang Big Crunch - & za oo

Y R TRES "“,A —

- 3 .
As the Hubble constant 4, is not known exactly. the value for the crmcal sl o4 Fate of the Universe
density is not known. From estimates made from visible matter, thatis, ¢ -

matter that emits electromagnetic radiation, the average density of S - e e
matter is well below the critical density. On this evidence the universeis -t L PN
likely to continue to expand as an open universe. .,

-

-

- The actual amount of matter in the universe may, however, be much higher

— - _ than the value found from visible matter. There may be a huge amount of
From the theory of relativity the relationship between 3 ~ dark matter not seen. Neutrinos may have a finite mass and be sufficiently
critical density and the Hubble constant is given by, p = 3 . abundant to allow the average density to equal or even surpass the critical
A higher calculated value for the Hubble constant will 816 density. The universe therefore could at some time in the future begin to

increase the value for the critical density, and so make contract. This would eventually lead to a Big Crunch.
~ an open universe more likely. 2




EXPANSION

In a thousandth of the time it takes to blink an eye the universe

expanded to the size of a grapefruit.

This expansion is equivalent to a molecule expanding to the size

of a galaxy in the same time period.

Dark Matter?
Neutrinos?

String theory?

M Theory?
Quantum Gravity?
Consciousness?

New evidence suggests that the rate of expansion
is increasing.

(This suggests a type of antigravity pushing things
apart)

Size

closed universe

Big Bang Big Crunch



