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Astrophysics 
Solar System:  Our Solar System has eight planets. The picture below shows their relative positions, and 
the one on the right shows their relative sizes. 
 
 
 
 
A planet orbits the sun, and has gravitationally cleared its orbital area  
    of other orbiting objects 
 
The orbits are elliptical, but are very close to circular. The sun is at  
one of the foci of the ellipse. The planets have a common orbital plane. 
 
 
Asteroids orbit the sun as if they were a large disintegrated planet.  
Why do they not count as planets? 
 
International Astronomy Union defines a planet as an object that:  
 
1) Must be large enough to achieve hydrostatic equilibrium  

(Enough gravity to be round)  
 

2) Is in orbit of a star, not another planet  
(if it orbits a planet then it's a moon)  
 

3) Has cleared its orbit of other objects  
 

Moons are objects that orbit 
planets. Earth has one moon; 
Jupiter and Saturn have many 
moons. 
 
 
 
 
 
 
 
Comets are “dirty snowballs” 
that have extreme elliptical 
orbits that can be out of the 
orbital plane of the planets. 
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The size of the universe 
is vast. We are truly an 
insignificant amount of 
matter in the universe… 
 
The universe is 
organized upon 
gravitational principles. 
Bodies that are 
gravitationally 
connected are 
considered units. 
 
The constellations we 
see appear to be groups, 
but the stars can be very 
far apart and not 
gravitationally related. 

• The first gravitational unit is our solar system. However, our sun is in a group of stars in our neighborhood. 
• Our sun is one star in the orbiting mass of stars in the Milky Way Galaxy which has about 100 billion stars (1 x 1011). 

(The universe is estimated to have about 100 billion galaxies in it.) 
• The local collection of galaxies that are gravitationally connected is called the Local Group. Compare the distance 

between stars to the distance between galaxies. (a few light years vs several million light years) 
• Our local group is part of our corner of the Universe -our Supercluster. 

Throughout the night, stars will rotate in a circular pattern with the 
axis on the north and south poles.  
 
Through the seasons, different stars can be visible and the position 
of other stars will change. 
 
Explain the nightly motion of stars and the annual motion of stars. 
 The constellations appear to rotate 
around the pole star, in one 
direction. 
 
Each night the constellations have 
the same relative positions to each 
other, but the location of the pole 
star changes over the period of a 
year, at which point it returns to its 
original position. 
 

A.  Simultaneity and the Relativity of Time 
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Galaxies, Constellations and Nebulae 

Nebula is an interstellar cloud of dust, hydrogen gas and plasma. It is the first stage of a star's cycle but it can 
also refer to the remains of a dying star (planetary nebula). 
 
Originally nebula was a general name for any extended astronomical object, including galaxies beyond the 
Milky Way (some examples of the older usage survive; for example, the Andromeda Galaxy was referred to as 
the Andromeda Nebula before galaxies were discovered by Edwin Hubble). 
                          Nebulae often form star-forming regions, such as in the Eagle Nebula. 
 
Planetary nebulae are nebulae that form from the gaseous shells that are ejected from low-mass giant stars 
when they transform into white dwarfs. 
 

Constellations - A group of stars 
in a recognizable pattern that 
appear to be near each other in 
space. 

A galaxy is a collection of a very large number of stars mutually 
attracting each other through the gravitational force and staying 
together. The number of stars varies between a few million and 
hundreds of billions. There approximately 100 billion galaxies in 
the observable universe. 
There are three types of galaxies: 
 - Spiral (Milky Way) 
 - Elliptical (M49) 
 - Irregular (Magellanic Clouds) 

Spiral galaxies - consist of a rotating disk of 
stars and interstellar medium, along with a 
central bulge of generally older stars. 
Extending outward from the bulge are 
relatively bright arms. 

Elliptical galaxies - Elliptical cross-section and no 
spiral arms.  They range in shape from nearly 
spherical to highly flattened ellipsoids and in size 
from hundreds of millions to over one trillion stars.  
In the outer regions, many stars are grouped into 
globular clusters. 

Irregular galaxies - Irregular galaxies have no 
specific structure. The Large and Small Magellanic 
Clouds, the nearest galaxies, are an example of 
irregular galaxies.   
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IB Physics - Astronomy 

4 of 4 

Throughout  the night, stars will rotate in a circular pattern with the 
axis on the nor th and south poles.  
Through the seasons, different stars 
can be visible and the position of 
other stars will change. 
Explain the nightly motion of stars 
and the annual motion of stars. 
 
Q1-Q4, 1, 3, 5-6, 10-17 
 
 
 
 
 
 
 
 
 
 
 

Stars 
The source of energy in the sun is nuclear fusion.  The energy of 
the hydrogen that collapsed to form the sun (kinetic energy from 
the gravitational energy) is enough to initiate nuclear fusion.  The 
simplified reaction is 4 hydrogen nuclei becoming one helium 
nuclei, two neutrinos and six photons. 
 
The energy released per reaction is 26.7 MeV 
(3.98 x 10-12 J) 
 
The kinetic energy on the particles and 
energy in the sun generates a “radiation 
pressure” that counteracts the gravitational 
pressure contracting the sun. 
 
A star that is in an equilibrium state between 
gravity and radiation pressure is a “main 
sequence” star. 
Larger stars will be at a hot ter temperature 
and consume their nuclear fuel faster at 
equilibrium.  The more nuclear fuel a star 
has, the shor ter its time in the main sequence. 
 

4 1
1H ! 2

4He + 2 + 6
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the gravitational energy) is enough  to initiate nuclear fusion.  The 
simplified reaction is 4 hydrogen nuclei becoming one helium 
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The energy released per reaction is 26.7 MeV 
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The kinetic energy on the particles and 
energy in the sun generates a “radiation 
pressure” that counteracts the gravitational 
pressure contracting the sun. 
 
A star that is in an equilibrium state between 
gravity and radiation pressure is a “main 
sequence” star. 
Larger stars will be at a hotter temperature 
and consume their nuclear fuel faster at 
equilibrium.  The more nuclear fuel a star 
has, the shorter its time in the main sequence. 
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Stars 

• Stars are formed by interstellar dust coming together through 
mutual gravitational attraction. 

• The loss of potential energy is responsible for the initial high 
temperature (Kinetic Energy) necessary for fusion.  

• The fusion process releases so much energy that the pressure 
created prevents the star from collapsing due to gravitational 
pressure 

• The “Proton – Proton Cycle” simplified reaction is 4 hydrogen 
nuclei becoming one helium nuclei, two neutrinos and six 
photons. (requires heat and pressure) 

• The energy released per reaction is 26.7 MeV (3.98 x 10-12 J) 

What is the most important thing about a star? MASS! 
The mass of a normal star almost completely determines its 
LUMINOSITY and TEMPERATURE! 
 
Note: “normal” star means a star that’s fusing Hydrogen into 
Helium in its center (we say “hydrogen burning”). 

 

Massive Star sun-like star low-mass   

The LUMINOSITY of a star is how much ENERGY it gives off per second:  
 
1. Our Sun has a surface temp of about 5787 K, and a radius of 6.96 x 108 m.  

What is its Luminosity?  (Recall the Stefan-Boltzmann law) 
 
L = σAT4 = 5.67x10-8(4π(7x108 ) 2 )(5787)4 = 3.87x1026 Watts 
 
 

The core pressure determines the rate of fusion… which in turn determines the star’s luminosity 
Mass -> Pressure & temp -> Rate of fusion ->Luminosity 

Luminosity is an intrinsic property…  
it doesn’t depend on distance! 

What does luminosity have to do with mass?  
-The mass of a star determines the pressure in its core 
-The more mass the star has, the higher the central pressure! 

This light bulb has a 
luminosity of 60 Watts 

2.  A star has a radius of 5 x 108 m, and Luminosity of 4.2 x    
     1026 Watts. What is its surface temperature? 
Luminosity L = σAT4 ,  
T =(L/(σ4π (5x108)2)).25 =6968 K = 7.0x103 K 

This light bulb has a luminosity of 60 
Watts… 
No matter where it is, or where we 
view it from, it will always be a 60 
Watt light bulb 
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Apparent brightness 

The energy that arrives at the Earth is only a very small amount when compared will the 
total energy released by the Sun. 
 
When the light from the Sun reaches the Earth it will be spread out over a 
sphere of radius d. The energy received per unit time per unit area is 
apparent brightness 

b =   L/4πd2 

b =  The apparent brightness  Units [W/m2] 
L = The star’s Luminosity  Units [Watts] 
d = The distance to the star   Units [m]   

L is spread out over a sphere. 

By analyzing a star’s spectrum, we can know in what 
wavelength the star emits more energy. 
 
 
3. The Sun has a surface temperature of 5787 K.  At what 
wavelength does it emits the most energy?  
λmax = (2.90 x 10-3 m K)/T   = (2.90 x 10-3 m K)/5787 = 501 nm 
  
 
 
4. A star has a λmax of 940 nm. What is its surface temperature? 
λmax = (2.90 x 10-3 m K)/T,   
T = (2.90 x 10-3 m K)/ λmax   
  =  (2.90 x 10-3 m K)/ (940E-9) = 3100 K 
 

1. Our Sun puts out about 3.87 x 1026 Watts of power, and we are 1.50 x 1011  m from it.  What is the apparent 
brightness of the Sun from the Earth? Recall 3.87 x 1026 Watts comes from the Stefan-Boltzmann law 
b = L/4πd2 = 3.87 x 1026/ 4π(1.50x1011)2 = 1370 W/m2 
 

2. Another star has a luminosity of 3.2  x 1026 Watts.  We measure an apparent brightness of 1.4 x 10-9 W/m2. How 
far are we from it? 
b = L/4πd2 , d = (L/4πb).5 = 1.3x1017 m 

use Wien Law to find the temperature of a star from its spectrum. 
Use Stephan-Boltzmann law to find radius (if we know its 
temperature and its luminosity) 

Black Body Radiation – Star’s color and Temperature 
• A black body is a perfect emitter. A good model for a black body is a filament light bulb: the light bulb 

emits in a very large region of the electromagnetic spectrum. 
• There is a clear relationship between the temperature of an object and the wavelength for which the 

emission is maximum. That relationship is known as Wien’s law: 
λmax (metres) = 2.90 x 10-3 m k 

      T (Kelvin) 
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Real spectra are more complicated than this (remember emission and 
absorption lines?) 
 
Stars can be arranged into categories based on the features in their spectra… 
 
How do we categorize stars?  A few options: 

• by the “strength” (depth) of the absorption lines in their spectra  
• by their color as determined by their blackbody curve  
• by their temperature and luminosity 

“Spectral Classification” 

First attempts to classify stars used the strength of their 
absorption lines… 
 
Stars were labeled “A, B, C…” 
in order of increasing strength of Hydrogen lines 
 

OBAFGKM – Mnemonics 
 
O      Be        A                  Fine Girl/Guy           Kiss         Me 
 
Only Boring Astronomers Find Gratification in Knowing Mnemonics! 

Strength of absorption lines 

The Harvard “computers” 

Williamina 
Fleming 
 

Annie Jump Cannon 

Later, these categories were reordered according to temperature/color… 
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Spectral types: highlight characteristics of spectrum 
O - 30,000 - 60,000 K, ionized H, weak H lines, spectral lines are spread out.  O types are rare and gigantic. 
B -10,000 - 30,000K, H lines are stronger, lines are less spread out (Rigel, Spica are type B stars) 
A - 7,500   - 10,000K, strong H lines, Mg, Ca lines appear (H and K) (Sirius, Deneb and Vega are Atype stars) 
F - 6,000   - 7,500K, weaker H lines than in type A, strong Ca lines (Canopus (S.H.) and Polaris are type F) 
G - 5,000   - 6,000K, yellow stars like the sun.  Strongest H and K lines of Ca appear in this star. 
K - 3,500    - 5,000K, spectrum has many lines from neutral metals. Reddish stars (Arcturus and Aldebaran  

are type K stars) 
M - 3,500K or less, molecular spectra appear.  Titanium oxide lines appear.  Red stars (Betelgeuse is a  
   prominent type M) 
 
Suffixes 0 (hottest) - 9 (coolest) so O0, O1…O9, then B0, B1… 
Hot stars are:    Cool stars are:  
 Big, Bright, Brief and Blue   Diminuitive, Dim, and Durable and um… reD 
 
 

3 
2 
4 
5 
6 
7 
1 

Number the spectrum to 
the right from least to 
greatest λmax. 
 
What does this tell us 
about their temperatures? 
 
O=brightest/hottest 
M=dimmest/coolest 

“If a picture is worth a 1000 
words, a spectrum is worth 
1000 pictures.” 
 
Spectra tell us about the physics 
of the star and how those 
physics affect the atoms in it. 

___ 

___ 

___ 

___ 

___ 

___ 

___ 

The Spectral Sequence 

The light from a star can be too dim to determine the λmax. As most stars have a similar chemical 
composition, the presence or absence of certain lines can give information about temperature.  
 
 

Eventually, the connection was made between the observables and the theory. 
Observable: 

 Strength of Hydrogen Absorption Lines, Blackbody Curve (Color) 
Theoretical: 

 Using observables to determine things we can’t measure: Temperature and Luminosity 
 
 

Cecilia Payne 
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The Hertzsprung-Russell diagram 

Stars can be divided into a myriad of types and 
classifications. The best tool to describe the primary 
categories is the Hertzsprung-Russell Diagram. This 
graph compares absolute magnitude and/or 
luminosity with surface temperature. 
 
Note that the scales are not linear, as the temperature 
varies from 3000 to 25000 K whereas the luminosity 
varies from 10-4 to 106, 10 orders of magnitude. 
 
Note the correlation between radii, mass and position 
for Main Sequence.   
Highlight possible axes labels 

You are here 

blue white yellow 
orange 

red 
•The stars are not randomly distributed on the diagram. 
•There are 3 features that emerge from the H-R diagram: 

•Most stars fall on a strip extending diagonally across 
the diagram from top left to bottom right. This is 
called the MAIN SEQUENCE. 

•Some large stars, reddish in colour occupy the top 
right – these are red giants (large, cool stars). 

•The bottom left is a region of small stars known as 
white dwarfs (small and hot) 

 

22 000 stars are plotted from the Hipparcos catalog and 1000 from the 
Gliese catalog of nearby stars. 
An examination of the diagram shows that stars tend to fall only into 
certain regions on the diagram. 
The most predominant is the diagonal, going from the upper-left (hot 
and bright) to the lower-right (cooler and less bright), called the main 
sequence. 
In the lower-left is where white dwarfs are found, and above the main 
sequence are the subgiants, giants and supergiants. The Sun is found on 
the main sequence at luminosity 1 and temperature 5780K (spectral 
type G2). 
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Red Giants –  
- Very large, cool stars with a reddish 
appearance. 

  
- All main sequence stars evolve into a red 
giant.    Show on hr diagram? 
 
- In red giants there are nuclear reactions 
involving the fusion of helium into heavier 
elements. 

Types of Stars 
Overview of the life of a star: 
Formation of protostar   -> Main sequence star -> Red giant 

White dwarf or… 
Supernova -  

Neutron star (including pulsars) or  
Black hole 

White dwarfs - 
A red giant at the end stage of its evolution will 
throw off mass and leave behind a very small size 
(the size of the Earth), very dense star in which 
no nuclear reactions take place. It is very hot but 
its small size gives it a very small luminosity. 
 
White dwarfs have mass comparable to the Sun's 
and their volume is comparable to the Earth's,  
=> they are very dense. 

A comparison 
between the white 
dwarf IK Pegasi B 
(center), its A-class 
companion IK Pegasi 
A (left) and the Sun 
(right). This white 
dwarf has a surface 
temperature of 35,500 
K. 
 

Supernovae 
A supernova is a stellar explosion that creates 
an extremely luminous object. 
The explosion expels much or all of a star's 
material at a velocity of up to a tenth the speed 
of light, driving a shock wave into the 
surrounding interstellar medium. This shock 
wave sweeps up an expanding shell of gas and 
dust called a supernova remnant. 
 

A supernova causes a burst of radiation that may briefly outshine 
its entire host galaxy before fading from view over several weeks 
or months. During this short interval, a supernova can radiate as 
much energy as the Sun would emit over 10 billion years. 

Supernova remnant N 63A lies within 
a clumpy region of gas and dust in 
the Large Magellanic Cloud. NASA  

Crab Nebula 
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Neutron stars -  
Formed from the collapsed remnant of a massive 
star (usually supergiant stars – very big red 
stars). Models predict that neutron stars consist 
mostly of neutrons, hence the name. Such stars 
are very hot. A neutron star is one of the few 
possible conclusions of stellar evolution. 
 

The first direct observation of 
a neutron star in visible light. 
The neutron star being RX 
J185635-3754. 
 

Pulsars -  
H0ighly magnetized rotating neutron stars which 
emit a beam of detectable electromagnetic 
radiation in the form of radio waves. Periods of 
rotation vary from a few milliseconds to seconds. 
 

Schematic view of a pulsar. 
The sphere in the middle 
represents the neutron star, 
the curves indicate the 
magnetic field lines and the 
protruding cones represent 
the emission beams. 
 

Show crabanim, crabmov videos 

Black Hole: a region of spacetime with extreme 
curvature due to the presence of a mass 
 
Black holes can be detected if they interact with 
matter outside the event horizon, for example 
by drawing in gas from an orbiting star. The gas 
spirals inward, heating up to very high 
temperatures and emitting large amounts of 
radiation in the process. 
 

Schwarzschild Radius 
(RS) – a particular 
distance from the center 
of black hole where the 
escape velocity is equal 
to the speed of light 
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= An artist’s depiction of a black hole 
 

Cepheid variables - 
Stars of variable luminosity. The luminosity 
increases sharply and falls of gently with a well-
defined period. 
 
The period is related to the absolute luminosity of 
the star -> can be used to estimate the distance to the 
star. 
 
A Cepheid is usually a giant yellow star, pulsing 
regularly by expanding and contracting, resulting in 
a regular oscillation of its luminosity. The 
luminosity of Cepheid stars range from 103 to 104 
times that of the Sun. 
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Eclipsing binaries – some binaries 
are two far to be resolved visually as 
two separate stars (at big distances 
two stars may seem to be one).  
 

Binary Stars 

A binary star is a stellar system consisting of two stars orbiting around their 
centre of mass. For each star, the other is its companion star. A large percentage 
of stars are part of systems with at least two stars. 
 
Binary star systems are very important in astrophysics, because observing their 
mutual orbits allows their mass to be determined. The masses of many single stars 
can then be determined by extrapolations made from the observation of binaries. 
 
Three Types:  
Visual,  
Eclipsing, 
Spectroscopic  
 

Hubble image of the Sirius binary system, in which 
Sirius B can be clearly distinguished (lower left). 
 

Visual binaries – these appear as two 
separate stars when viewed through a 
telescope and consist of two stars orbiting 
about common centre. The common 
rotation period is given by the formula: 
 

d = the distance between the stars. 
 
Because the rotation period can be measured directly, 
the sum of the masses can be determined as well as 
the individual masses. This is useful as it allows us to 
determine the mass of single stars just by knowing 
their luminosities. 
DRAW PIC 
 

If plane of orbit of two stars is suitably oriented 
relative to that of the Earth, the light of one of the 
stars in the binary may be blocked by the other, 
resulting in an eclipse of the star,  
(total or partial) 
 
Notice variation pattern is different than Cepheid’s 

Spectroscopic binaries – this system is detected by 
analysing the light from one or both of its members 
and observing that there is a periodic Doppler shifting 
of the lines in the spectrum. 
 A blue shift is expected as the star 
approaches the Earth and a red shift as it 
moves away from the Earth in its orbit 
around its companion. 
 
∆ λ/ λ≅ v/c  

REVIEW HR diagram 
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Astronomical distances 

1. A star has an annual parallax of .037”.  What is its distance in parsecs?  How far away is it in km? 
pc = 1/.037 = 27 pc ( no conversion between degrees and radians needed) 
1 pc = 3.08568025×1013 km so 27 pc x (3.08568025×1013 km/pc) = 8.3x1014 km 
Check data book constants 
 

The SI unit for length, the metre, is a very small unit to measure 
astronomical distances. Three units usually used is astronomy: 
 
The Astronomical Unit [AU] – this is the average distance between 
the Earth and the Sun. Mostly used within the Solar System. 

1 AU = 150 000 000 km or  1 AU = 1.5x1011m 
 The light year [ly] – this is the distance travelled by the light in one 

year.  
 c = 3x108 m/s,     t = 1 year = 365.25 x 24 x 60 x 60= 3.16 x 107 s 

v =D / t   => D = v x t      = 3x108 m/s x 3.16 x 107 s = 9.46 x 1015 m 
1 ly = 9.46x1015 m 
 
 

The parsec [pc] – this is the distance at which 1 AU subtends an angle of 1 arc-second… ???  
Parsec” is short for parallax arcsecond 

1 pc = 3.086x1016 m  or 1 pc = 3.26 ly                         (MARK 1 pc, 1’’ on diagram) 
 

Angular sizes 
s 360 degrees (360o) in a circle 
s 60 arcminutes (60’) in a degree 
s 60 arcseconds (60”) in an arcminute  

Nearest Star 1.3 pc  (206,000 times further than the Earth is from the Sun) 
 
 Parallax and Parsecs 

Parallax, more accurately motion parallax, 
is the change of angular position of two 
observations of a single object relative to 
each other as seen by an observer, caused 
by the motion of the observer. 
 
In other words, it is the apparent shift 
of an object against the background 
that is caused by a change in the 
observer's position.  
 

We know how big the Earth’s orbit is, we measure the shift 
(parallax), and then we get the distance… 
 tan p (parallax) = R (baseline)/ d (distance) 

For very small angles, (tan (p)) ≈ p 
p ≅ R/d               d=1AU=1.5x1011m            p = 1’’=1/3600o 
d(parsec) = 1/p (arcsecond) 
Therefore 1 pc (R) = 1.5x1011m / (2π/3600)(1/3600) 
                                  =3.086x1016m 
 

NOTE: Distances to stars that are relatively close to us (<100 ly) can be determined by their 
relative movement or parallax. (Up to 500 ly for space based measurements.) 

3.2o*3600”/1o=11520”  
 

2. If a star is 89 parsecs away, what is its parallax in arcseconds?  
Parsecs = 1/arcseconds so 89 = 1/arseconds, arseconds = 1/89 = .0112” 
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Magnitude Description 

1st The 20 brightest stars 

2nd stars less bright than the 20 
brightest 

3rd and so on... 

4th getting dimmer each time 

5th and more in each group, until 

6th the dimmest stars (depending on 
your eyesight) 

Object  Apparent 
Magnitude 

The Sun  -26.8 

Full Moon  -12.6 

Venus (at brightest)  -4.4 

Sirius (brightest star)  -1.5 

Faintest naked eye stars  6 to 7 

Faintest star visible 
from Earth telescopes ~25 

The Magnitude Scale 

Another thing we can figure out about stars is their colors… 
 
We’ve figured out brightness, but stars don’t put out an equal amount of  

all light…  
…some put out more blue light, while others put out more red light!  
 
Usually, what we know is how bright the star looks to us here on Earth… 
We call this its Apparent Magnitude  
 
Magnitudes are a way of assigning a number to a star so we know how bright it is 
 
Similar to how the Richter scale assigns a number to the strength of an earthquake 

The historical magnitude scale… 
 
Greeks ordered the stars in the sky from brightest to faintest… 
…so brighter stars have smaller magnitudes. 
 
Later, astronomers quantified this system. 

• Because stars have such a wide range in brightness, 
magnitudes are on a “log scale” 

• Every one magnitude corresponds to a factor of 2.5 
change in brightness 

• Every 5 magnitudes is a factor of 100 change in 
brightness  (because (2.5)5 = 2.5 x 2.5 x 2.5 x 2.5 x 2.5 = 100) 

 
Where would the sun fall on this scale? 

 
Apparent Magnitude (m) 
Brighter = Smaller magnitudes Fainter = Bigger magnitudes 

Magnitudes are negative for really objects. 
 
However: knowing how bright a star looks doesn’t really tell us anything 
about the star itself! 
 
We’d really like to know things that are intrinsic properties of the star 
like:  Luminosity (energy output) and Temperature  
 
In order to get from how bright something looks… to how much 
energy it’s putting out… …we need to know its distance! 
 

The purpose of knowing the distance (using the 
parallax) method is to figure out luminosity…  
Once we know brightness and distance, we can 
do that! 
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Absolute Magnitude (M) can be calculated:  B=L/4π(10pc)2 

The difference between absolute magnitude (M) and apparent magnitude (m) is related to distance (d) 
 

m – M = 5 log (d/10) (where d is in parsecs) 

So we have three ways of talking about brightness: 
Apparent Magnitude - How bright a star looks from Earth 
Luminosity - How much energy a star puts out per second 
Absolute Magnitude - How bright a star would look if it was 10 parsecs away 

It is often helpful to put luminosity on the magnitude scale…  
 
Absolute Magnitude (M):  The apparent magnitude an object would have if we 
put it 10 parsecs away from Earth  
 
1. Explain the changes in the Sun’s and Aldebaran’s Apparent Magnitudes and 
Absolute Magnitudes. Remember magnitude scale is “backwards”  
 
The Sun is -26.7 in apparent magnitude, but would be 4.8 if we moved it far away 
Aldebaran is farther than 10pc, so it’s absolute magnitude is brighter than its apparent magnitude 
 
 

2 . Find the absolute magnitude of the Sun. 
The apparent magnitude is -26.7 The distance of the Sun from the Earth is 1 AU = 4.9x10-6 pc 
Therefore,  M= -26.7 – 5 log (4.9x10-6/10)  = + 4.8 
 
3. Two stars have the same luminosity. One is a magnitude 12, the other a magnitude of 9.5. How much 
brighter does the first one appear? What is the ratio of their distances from Earth?    
(each 1 on magnitude scale = 2.5 times brighter) 2.x2.5 = 10 x brighter) 
 
 

Spectroscopic Parallax 

•Spectroscopic parallax is an astronomical method for measuring the distances to stars. Despite its name, it does 
not rely on the apparent change in the position of the star. 
 
•This technique can be applied to any main sequence star for which a spectrum can be recorded (<10 Mpc) 

 
•It uses the absorption spectrum of a star to find its Luminosity  
 
1) Using its spectrum a star can be placed in spectral class. (OBAFGKM, see pg 7) 
 
2) The star’s surface temperature can determined from its spectrum (Wien’s law) 
 
3) Using the H-R diagram and knowing both temperature and spectral class of the star, its luminosity can be found. 



IB 12 

15 

4. A star has a peak wavelength at 3.0x10-7 m. Its 
apparent brightness is 2.5x10 -10 Wm-2 How far 
away is the star? 
 

Cepheid Variables 

A three-day period Cepheid has a luminosity of 
about 800 times that of the Sun. 
A thirty-day period Cepheid is 10,000 times as 
bright as the Sun.  
The scale has been calibrated using nearby 
Cepheid stars, for which the distance was already 
known. 
 
This high luminosity, and the precision with which 
their distance can be estimated, makes Cepheid 
stars the ideal standard candle to measure the 
distance of clusters and external galaxies.  
 

 
- Cepheid variables are stars of variable luminosity.  
- The luminosity increases sharply and falls of gently with a well-defined period. 
 
- The period is related to the absolute luminosity of the star and so can be used to 
estimate the distance to the star. 
 
 - A Cepheid is usually a giant yellow star, pulsing regularly by expanding and 
contracting, resulting in a regular oscillation of its luminosity. The luminosity of 
Cepheid stars range from 103 to 104 times that of the Sun. 
 
- The relationship between a Cepheid variable's luminosity and variability period 
is quite precise, and has been used as a standard candle (astronomical object that 
has a know luminosity) for almost a century. 
 
- This connection was discovered in 1912 by Henrietta Swan Leavitt. She 
measured the brightness of hundreds of Cepheid variables and discovered a 
distinct period-luminosity relationship. 
 
 

λmax= 2.90 x 10-3 m k/T 
T=2.9E-3/3.0E-7=9700K - type A0,  
From chart M~0.5 
M = m - 5 log(d/10)  
5 log(d/10) = m – M  
log(d/10) = (m - M)/5   
d/10pc = 10((m - M)/5) 
d = (10 pc)10((2.5E-10 - 0.5)/5)  
d = 3.2 pc 
 
 5. How far is a B0 that has an m of 8? 
 
d = (10 pc)10((8 - -4.3)/5) 
d = 2884 pc 
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A Cepheid is identified in a 
different galaxy. Its peak apparent 
magnitude is -2.7.  Estimate its 
distance from Earth. 

 
From graphs, T=6 days, M=-3.4 
m-M = 5 log(d/10)  
d= (10pc)*10((m - M)/5) 
d= (10pc)*10((-2.7 - -3.4)/5) 

=14pc 
 

Obler’s paradox 

Why is the night sky dark? Or Why isn't the night sky as uniformly bright as the surface of the Sun?  
 
 If the Universe has infinitely many stars, then it should be.   
If the Universe is eternal and infinite and if it has an infinite number of stars, then the night sky 
should be bright.  Very distant stars contribute with very little light to an observer on Earth but 
there are many of them. So if there is an infinite number of stars, each one emitting a certain 
amount of light, the total energy received must be infinite, making the night sky infinitely bright, 
which is not. (all wrong Newtonian assumptions) 
 

If we consider the Universe finite and expanding, the received will be small and finite mainly for a few reasons: 
 There is a finite number of stars and each has a finite lifetime (they don’t radiate forever) 
 Because of the finite age of the Universe, stars that are far away have not yet had time for their light to reach us. 
 The Universe is expanding, so distant stars are red-shifted into obscurity (contain less energy).  

 
Doppler Effect 

In astronomy, the Doppler Effect was originally studied in the visible 
part of the electromagnetic spectrum. Today, the Doppler shift, as it is 
also known, applies to electromagnetic waves in all portions of the 
spectrum.  
 
Also, because of the inverse relationship between frequency and 
wavelength, we can describe the Doppler shift in terms of wavelength. 
Radiation is redshifted when its wavelength increases, and is 
blueshifted when its wavelength decreases.  
 
 Astronomers use Doppler shifts to calculate precisely how fast 

stars and other astronomical objects move toward or away from 
Earth.  
 
 In 1920’s Edwin Hubble and Milton Humanson realised 

that the spectra of distant galaxies showed a redshift, 
which means that they are moving away from Earth. So, if 
galaxies are moving away from each other then it they 
may have been much closer together in the past  
 
Matter was concentrated in one point and some 
“explosion” may have thrown the matter apart. 
 



IB 12 

17 

The conclusion drawn was that the Universe is expanding. Like the 
points on the outside of a balloon, each part of the Universe is 
expanding away from each other point. 
 
The Universe is NOT expanding into pre-existing empty space. It is 
stretching our Universe as it expands. All parts of our Universe are 
expanding together.  A direct consequence of the expansion: the 
Universe must have originated at a Point start: The Big Bang. 
Time and space were created at this time. The Big Bang happened 
everywhere in the Universe 

Cosmic Background Radiation (CBR or CMB) 

In 1960 two physicists, Dicke and Peebles, realising that 
there was more He than could be produced by stars, 
proposed that in the beginning of the Universe it was at a 
sufficiently high temperature to produce He by fusion. 
 
In this process a great amount of highly energetic 
radiation was produced. However, as the Universe 
expanded and cooled, the energy of that radiation 
decreased as well (wavelength increased). It was 
predicted that the actual photons would have a maximum 
λ corresponding to a black body spectrum of 3K. 
So, we would be looking for microwave radiation. 
 

Shortly after this prediction, Penzias and Wilson were working with a microwave aerial and found that no 
matter in what direction they pointed the aerial it picked up a steady, continuous background radiation.  
 
In every direction, there is a very low energy and very uniform 
radiation that we see filling the Universe. This is called the 3K 
Background Radiation, or the Cosmic Background Radiation, or 
the Microwave Background.  
 
These names come about because this radiation is essentially a 
black body with temperature slightly less than 3 Kelvin (about 
2.76 K), which peaks in the microwave portion of the spectrum.  
 
Why is the background radiation an 
evidence for the Big Bang? 
 
The CBR is the “afterglow” of the big 
bang, cooled to the microwave 
spectrum by the expansion of the 
Universe for ~ 15 billion years  
(the radiation originally produced in 
the big bang is redshifted to longer 
wavelengths).  
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Big Bang 

Critical density -The density of the Universe that 
separates a universe that will expand forever (open 
universe) and one that will re-collapse (closed 
universe). 
 
A universe with a density equal to the critical density is 
called flat and it will expand forever at a slowing rate. 
 

The Big Bang Model is a broadly accepted theory for the origin and evolution of our universe. 
It postulates that 12 to 14 billion years ago, the portion of the universe we can see today was only a few 
millimetres across. 
 
It has since expanded from this hot dense state into the vast and much cooler cosmos we currently inhabit. 
 
We can see remnants of this hot dense matter as the now very cold cosmic microwave background radiation 
which still pervades the universe and is visible to microwave detectors as a uniform glow across the entire sky. 
 

Big Bang - The singular point at which space, time, matter and energy were created. The Universe has 
been expanding ever since. 
 
Main evidence: 

 Expansion of the Universe – the Universe is expanding (redshift) à it was once smaller à it must have 
started expanding sometime à “explosion”  
 

 Background radiation à evidence of an hot Universe that cooled as it expanded  
 

 He abundance à He produced by stars is little à there is no other explanation for the abundance of He 
in the Universe than the Big Bang model. 

The universe is currently expanding, but the 
gravitational pull of the matter and energy of 
the universe is slowing it down. What is the 
fate of the Universe? 
Possibilities: 
 
Open (coasting),  
Closed (re-collapsing)  
Flat (critical, asymptote) Universe.  
Accelerating? 
They imply a different fate different age of 
the Universe.  These depend on the density 
of matter/energy in the universe. 

Fate of the Universe 
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How do we measure the density of the Universe? 
If we take in account all the matter (stars) that we can see then the total mass 
would not be enough to keep the galaxies orbiting about a cluster centre. 
So, there must be some matter that cannot be seen – dark matter. Perhaps this dark 
matter cannot be seen because it is too cold to radiate. 
According to the present theories “dark matter” consists of MACHO’s and / or 
WIMPS 
 
MACHO’s - Massive compact halo objects – brown and black dwarfs or similar 
cold objects and even black holes. 
 
WIMP’s Non-barionic weakly interacting massive particles (neutrinos among 
other particles predicted by physics of elementary particles) 
 
It seems that there is also what is called “dark energy”… 
 

Stellar Processes and Stellar Evolution 
 

The formation of Stars - A typical dark nebula has a 
temperature of about 100K and contains 1010 to 1019 
particles. These consist of H (75%), He (24%) and dust 
(1%). The dust consists of atoms and molecules of many 
different elements. 
 
The density is big enough for gravity to pull the 
individual particles together. As the particles move 
together under their mutual gravitational attraction they 
lose gravitational energy and gain kinetic energy.  
 
The temperature will increase, ionisation of the 
molecules will take place and the system will acquire its 
own luminosity. 

Stars have their origin in nebulae, like Orion dark nebula. 
 

Overview of the life of a star: 
Formation of protostar   -> Main sequence star -> Red giant 

White dwarf or… 
Supernova -  

Neutron star (including pulsars) or  
Black hole 

At this point the so-called protostar 
is still very large and might have a 
surface temperature of 3000 K and 
therefore has considerable 
luminosity. A protostar of mass 
equal to the Sun can have a surface 
area 5000x greater than the Sun and 
be 100x as luminous. 
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Gravitational contraction continues, temperature of core of continues to rise 
until all electrons are the atoms making up the core. The core has now 
become plasma and nuclear fusion takes place in which H is converted into 
He and the protostar becomes a main sequence star on the H-R diagram. 
 
The nuclear fusion process will eventually stop any further gravitational 
contraction and the star will have reached hydrostatic equilibrium in which 
gravitational pressure is balanced by the pressure created by the nuclear 
fusion processes. 
 

Whereabouts a protostar “lands” on the main sequence 
is determined by its initial mass. The greater the 
initial mass, the higher will be the final surface 
temperature and the greater will be its luminosity. 
 
The more massive a protostar (> 4Mo) the more 
quickly its core will reach a temperature at 
which fusion takes place: 
 
15Mo -> 104 years 
1Mo -> 107 years 

Massive protostar - energy is lost by, radiation luminosity 
quickly stabilised, but temperature increases as it further 
contracts. 
 
Small protostars - energy is lost by convection, the surface 
temperature remains constant. The luminosity therefore will 
decrease as the protostar contracts. 
 
More massive stars take less time to reach the main sequence.  
Less massive stars take more time to reach the main sequence.  
 

Too much or not enough mass: 
 
Protostars of mass less than 0.08 Mo - Not enough 
temperature and pressure to initiate nuclear fusion and the 
protostar will contract to a brown dwarf. 
 
Protostars of mass more than 100 Mo - Internal pressure 
overcomes gravitational pressure and vast amounts of matter 
will be ejected from the outer layer of the protostar thereby 
disrupting the evolution of the star. 
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At the end of a star’s lifetime as a main sequence star all the H in its core 
has been used up. How long this takes and a star’s ultimate fate 
depends upon its initial mass. 
 
The Sun will convert H into He for 5x109 years but a star of mass 25Mo 
will take only about 106 years to use up all its H. 
 
 

• When all the H in the core has been used, no fusion processes will 
counteract the gravitational contraction so the core will now start to 
contract. 

• However there is still some H in the outer layers.  
• The core’s contraction will increase its temperature and release energy that 

will heat the outer layers. 
• This makes the burning hydrogen extend further into the outer regions. 
• As the core contracts, the Sun as a whole expands. 
• This causes the Sun’s surface temperature to drop and its luminosity to 

increase. 
• The Sun will become a Red Giant: 

o T=3500K 
o R=0.5 AU 
o L = 2000 Lo  

 

• The He created by H burning in the outer layers adds to the mass of the 
core causing the core to further contract. 

•  Its T will rise enough for the He fusion to take place. 
•  He fusion will produce 12C and 16O. 
•  When all He has been used up the core further contracts. 
•  Its T rises and the energy radiated causes He burning in the outer 

layers: 2nd red giant phase 
•  In this phase the Sun will engulf the Earth. 
•  Its luminosity will be 10 000 Lo  
 

The fate of stars 
 

The fate of the Sun 
 

Phase 2 
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• In this 2nd red giant phase the Sun undergoes bursts of luminosity in 
which a shell of its outer layers is ejected into space. 

• In this process the core will be exposed. Because of its surface 
temperature (100 000K) the energy emitted will ionize the outer gas 
layers causing them to emit visible radiation producing a planetary 
nebula.  

• The radius of the core is about that of the Earth and with no fusion 
reaction taking place within the core it will just simply cool down. 

• The Sun has become a white dwarf star. 
• The core of the Sun as a white dwarf does not keep contracting since 

there is a high density limit set by a quantum mechanical effect called 
electron degeneracy. 

• This is the point where electrons cannot be packed any closer. 
•  
• Eventually it will radiate all its energy and become a black dwarf.  
 

Projected timeline of the Sun's life (from wikipedia) 

Subrahmanyan Chandrasekhar  
 

• If the initial star mass was <4Mo, the core mass will be <1.4 Mo and the electron 
pressure can stop the further collapse of the core and the star will become a stable 
white dwarf. 
 

• This is known as the Chandrasekhar limit.  
 

• If the initial star mass was >4Mo, the core mass will be >1.4 Mo and the star will 
become a neutron star or a black hole. 

 

• If initial star mass was < 8MoWhite dwarf ejects 
~60% of its mass as a planetary nebulae (mis-
named…) 
 

• If initial star mass was 4Mo < 8Mo the star is able 
to fuse Carbon and in this process produce Neon, 
Sodium, Magnesium and Oxygen during their 
final red giant phase 

• neutron star or a black hole. 
 

Chandrasekhar limit 
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• Stars with a mass of > 8Mo or more are able to 
fuse even more elements than carbon. 

•  After all the C in the core has been used the core 
undergoes a further contraction and its T rises to 
some 109 K. 

•  Neon is produced by the fusion of carbon. 
•  When all Neon has been fused the core contracts 

again until it reaches a temperature at which 
Oxygen can be fused. 

•  Between each period of thermonuclear fusion in 
the core is a period of shell burning in the outer 
layers and the star enters a new red giant phase. 

• This supergiant has a luminosity and radius much 
greater than that of a lower mass red giant. 

• Eventually a temperature is reached in the core of a supergiant at which the fusion of silicon can take place. 
The product of burning silicone is iron. 

• Elements with an atomic number of 26 or greater cannot undergo fusion  
• As the fusion within the core ceases, the star reaches a critical state. 
• The entire inner core contracts very rapidly and reaches a very high T (≈6x109K) 
• The high energy gamma photons emitted collide with the iron nuclei breaking it into alpha-particles 
• The core becomes very dense and electrons combine with protons producing neutrons and a vast flux of 

neutrinos 
•  As these carry a large amount of energy, the core cools and contracts. 
•  The rapid contraction produces an outward moving pressure wave. 
•  Because some material from the shells is collapsing, a colossal shock wave will be formed and it will rip 

the material of the star’s outer layers apart.  
•  
 
• The star has become a supernova. 
• The star releases about 1046 J of energy and 96% of its mass. 
• This energy is enough to produce elements with atomic 

numbers higher than iron. 
• The material that is flung out in to space will eventually form 

dark nebulae from which new stars may be formed. 
•  And so the process repeats itself! 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

  

The fate of stars with M > 8Mo 

Supernova 
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• It is thought that a neutron star is the result of a supernova 
• In such a star it is Neutron degeneracy that which stops further contraction. Such 

star would have a density of 4x1017 kg/m3 (a neutron star is so dense that one 
teaspoon - 5 mL - of its material would have a mass over 5×1012 kg) 

• Rotating neutron stars emit electromagnetic waves (in the radio part of the 
spectrum and also X-rays) and are called pulsars. 

 
 

Neutron stars, pulsars, Quasars and Black Holes  
 

A pulsar has been found in the centre of Crab Nebulae (supernovae remnant) emitting a visible light pulse. 
 
• A Quasar (contraction of QUASi-stellAR radio source) is an extremely bright (10 000x the Milky 

Way’s luminosity) and distant active galactic nucleus. 
• They were first identified as being high redshift sources of electromagnetic energy, including radio 

waves and visible light that were point-like, similar to stars, rather than extended sources similar to 
galaxies. 

• While there was initially some controversy over the nature of these objects, there is now a scientific 
consensus that a quasar is a compact halo of matter surrounding the central supermassive black hole of a 
young galaxy. 

• Some quasars are as far as  4700Mpc which make them the most distant objects. 
 

Black Holes… 
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• Galaxies are grouped into clusters which in turn are grouped into 
super-clusters. 

• Due to the expansion of the Universe, the light received from 
galaxies is red-shifted. 

• The speed of the galaxy is given by: 
 
Hubble’s Law  
 

• Distant galaxies are moving away from the Earth with a  
speed that is proportional to their distance 
 

d - the distance to the galaxy  
v - its recession speed.  
H- Hubble’s constant and its average value is 65 km s-1 Mpc-1  

 
 

Galaxies (review) 
 

• In the first 10-43 s after the Big Bang the four fundamental interactions (gravity, weak force, electromagnetic force 
and strong force) were unified 

• At 10-43 s (T=1032K) gravity appeared a separated force. 
• At 10-35 s (T=1027K) strong nuclear interaction separated from weak and electromagnetic interaction. 
• Between 10-35 s and 10-24 s the Universe underwent a rapid expansion increasing its size by a factor of 1050 

(Inflationary Epoch). Matter outnumbers anti-matter. 
• At 10-12 s (T=1012K) the electromagnetic interaction separated from the weak interaction. 
• At 10-6 s temperature has dropped enough for individual protons and neutrons to exist 
• At about 2 s (T=1010K) neutrinos ceased to interact with protons and neutrons and 
• By 3 minutes after the BB all the primordial He had been produced 
• After some 300 000 years the Universe temperature had cooled enough for H and He atoms to exist. High energy 

photons no longer interact with atoms. The Universe became transparent to photons and it is these photons which 
now give rise to the 3K background radiation 

 

After the Big Bang 


