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Unit Specification 
6 The Expanding Universe  

a) The Doppler Effect and redshift of galaxies. 

b) Hubble‘s Law.  

c) Evidence for the expanding Universe.  

7 Big Bang Theory 

a) The Temperature of Stellar Objects. 

b) Evidence for the Big Bang. 

Notes  
6. The Expanding Universe 

a) The Doppler Effect is observed in sound and light. For sound, the apparent change in frequency as a 

source moves towards or away from a stationary observer should be investigated. The Doppler 

Effect causes similar shifts in wavelengths of light. The light from objects moving away from us is 

shifted to longer wavelengths — redshift. The redshift of a galaxy is the change in wavelength 

divided by the emitted wavelength. For galaxies moving at non-relativistic speeds, redshift is the 

ratio of the velocity of the galaxy to the velocity of light. (Note that the Doppler Effect equations 

used for sound cannot be used with light from fast moving galaxies because relativistic effects need 

to be taken into account.)  

b) Hubble‘s Law shows the relationship between the recession velocity of a galaxy and its distance from 

us. Hubble‘s Law leads to an estimate of the age of the Universe.  

c) Measurements of the velocities of galaxies and their distance from us lead to the theory of the 

expanding Universe. Gravity is the force which slows down the expansion. The eventual fate of the 

Universe depends on its mass. The orbital speed of the Sun and other stars gives a way of 

determining the mass of our galaxy. The Sun‘s orbital speed is determined almost entirely by the 

gravitational pull of matter inside its orbit. Measurements of the mass of our galaxy and others lead 

to the conclusion that there is significant mass which cannot be detected — dark matter. 

Measurements of the expansion rate of the Universe lead to the conclusion that it is increasing, 

suggesting that there is something that overcomes the force of gravity — dark energy.  

7. The Big Bang 

a) Stellar objects emit radiation over a wide range of wavelengths. Although the distribution of energy 

is spread over a wide range of wavelengths, each object emitting radiation has a peak wavelength 

which depends on its temperature. The peak wavelength is shorter for hotter objects than for cooler 

objects. Also, hotter objects emit more radiation per unit surface area at all wavelengths than cooler 

objects. Thermal emission peaks allow the temperature of stellar objects to be measured.  

b)  The Universe cools down as it expands. The peak wavelength of cosmic microwave background 

allows the present temperature of the Universe to be determined. This temperature corresponds to 

that predicted after the Big Bang, taking into account the subsequent expansion and cooling of the 

Universe.  

Contexts  
6. The Expanding Universe 

a) Doppler Effect in terms of terrestrial sources eg passing ambulances.  

Investigating the apparent shift in frequency using a moving sound source. Applications include 

measurement of speed (radar), echocardiogram and flow measurement.  
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b) Measuring distances to distant objects. Parallax measurements and data analysis of apparent 

brightness of standard candles.  

c) In practice, the units used by astronomers include light-years and parsecs rather than SI units. Data 

analysis of measurements of galactic velocity and distance. The revival of Einstein‘s cosmological 

constant in the context of the accelerating universe.  

6. The Big Bang 

a) Remote sensing of temperature. Investigating the temperature of hot objects using infrared sensors. 

Change in colour of steel at high temperatures. Furnaces and kilns.  

b) History of Cosmic Microwave Background (CMB) discovery and measurement. COBE satellite. Other 

evidence for the Big Bang includes the observed abundance of the elements hydrogen and helium 

and the darkness of the sky (Olber‘s Paradox).  

 

Online Resources 
http://www.pbs.org/wgbh/nova/space/ 
 
Doppler Effect explanations, examples, animations, interactive demonstrations: 
http://www.physicsclassroom.com/class/waves/u10l3d.cfm  
http://galileo.phys.virginia.edu/classes/109N/more_stuff/flashlets/doppler.htm  
 
  

http://www.pbs.org/wgbh/nova/space/
http://www.physicsclassroom.com/class/waves/u10l3d.cfm
http://galileo.phys.virginia.edu/classes/109N/more_stuff/flashlets/doppler.htm
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The Expanding Universe 

The Doppler Effect and the Redshift of Galaxies 
In 1842 JC Doppler wondered what frequency we would measure for a wave, if the source was approaching us or 

moving away from us.  He suggested that we would measure a higher frequency if the source was moving towards 

us, as shown in the diagram below: 

 

Suppose the source produces a wave every second (i.e. the frequency is 1 Hz).  As the source moves towards you, 

successive waves have a shorter and shorter distance to travel before reaching you.  So you observe more than one 

wave per second.   

Similarly, if the source is moving away from you, each successive wave has further to travel and so you observe a 

lower frequency (less than one wave per second). 

So there is a difference between the source frequency and the observed frequency.  Doppler realized that this would 

also affect the wavelength (as we shall see later) and wanted to use his idea to relate the colour of the stars to their 

motion relative to the Earth.   

The Doppler Effect and Sound Waves 

 Doppler’s equation was first applied to sound waves.  Nowadays we are all familiar with the experience of the 

Doppler Effect; we hear it every time an ambulance goes past and the pitch of the siren decreases as the ambulance 

gets further away.  In Doppler’s time, transport was much slower and this phenomenon had never been knowingly 

observed.   In 1845 Ballot carried out a semi-quantitative test of the Doppler Effect.  He stationed musicians along a 

platform and on a moving train, and asked one group to play a specific note and the other group to estimate the 

pitch heard (and vice versa).  Doppler’s prediction was borne out. 

The observed frequency of a wave, which we will call f0, depends on the frequency of the source, the speed of the 

wave, v, and the velocity of the source, vs relative to the observer. 

(Why do we have to specify the velocity of the source and not just the speed?).   

The waves are ‘bunched up’ in the direction in which the source is moving and spread out behind (see diagram 

above).  They therefore have a different observed wavelength, λ0. 

If a wave passes that originates from a source moving towards an observer at velocity vS.  How far behind is the next 

wave (i.e., what is the observed wavelength, λ0)? 
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From the wave equation:   = v/fS  but   fS = 1/T   therefore  λ=vT  where T is the period of the wave. 

If the source is stationary, the distance between each wave,  λ = vt where t is the time for one wave. 

In the time between the first and second waves being emitted, the source travels a distance vst  towards the 

observer. 

So the second wave only had to travel a distance: 

λ0 = vt – vst  =  (v – vs)t 

So the wavelength that you measure,  λ0 , is smaller than the original 

wavelength, λ. 

How does this affect the frequency?  

The observed frequency is: 

   
 

  
 

 

       
 

t  is the time for one wave, so  t = T = 1/fS 

   
 

      
   

If the source is moving away from the observer, each wave has to travel an extra distance vst to reach them, so this 

time the wavelength increases; it takes longer for each wave to reach the observer and the frequency decreases.  A 

similar derivation to the one above leads to the equation:  

   
 

      
   

The two are exactly the same except for the sign.  We can combine them and write:  

S

S

f
vv

v
f




0  

You need to take care with the sign:  

Source moving towards the observer: – λ decreases – subtract vs.  f  increases. 

Source moving away from the observer: – λ increases – add vs.  f  decreases. 

  

 = vt 

0 

vSt 
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Questions 

1. In the following sentences the words represented by the letters A, B, C and D are missing. 

A moving source emits a sound with frequency fS.  When the source is moving towards a stationary observer, 
the observer hears a ____A_____ frequency f0.  When the source is moving away from a stationary observer, 
the observer hears a ____B_____ frequency f0.  This is known as the _____C____     ____D_____. 

Match each letter with the correct word from the list below: 

Doppler; Effect; higher; louder; lower; quieter; softer 

2. In the table shown, calculate the value of each missing quantity (a) to (f), for a source of sound moving in air 
relative to a stationary observer. 

Frequency heard 

by stationary 

observer fO / Hz 

Frequency of 

source fS / Hz 

Speed of source 

moving towards 

observer / m s
1

 

Speed of source 

moving away from 

observer / m s
1

 

(a) 400 10 - 

(b) 400 - 10 

850 (c) 20 - 

1020 (d) - 5 

2125 2000 (e) - 

170 200 - (f) 

 

3. A police car emits sound waves with a frequency of 1000 Hz from its siren.  The car is travelling at 20 ms-1. 

(a) Calculate the frequency heard by a stationary observer as the police car moves towards her. 

(b) Calculate the frequency heard by the same observer as the police car moves away from her. 

4. A source of sound emits waves of frequency 500 Hz.  This is detected as 540 Hz by a stationary observer as 

the source of sound approaches. Calculate the frequency of the sound detected as the source moves away 

from the stationary observer? 

 

5. A whistle of frequency 540 vibrations per second rotates in a circle of radius 0·75 m with a speed of 10 ms-1.  

Calculate the lowest and highest frequency heard by a listener some distance away at rest with respect to 

the centre of the circle. 

 

6. A siren emitting a sound of frequency 1000 vibrations per second moves away from you towards a cliff at a 

speed of 10 ms-1. 

(a) Calculate the frequency of the sound coming directly from the siren. 

(b) Calculate the frequency of the sound reflected from the cliff. 

 

7. You are standing at the side of the road.  An ambulance approaches you with its siren on.  As the ambulance 

approaches, you hear a frequency of 460 Hz and as the ambulance moves away from you, a frequency of 410 

Hz.  The nearest hospital is 3 km from where you are standing. Estimate the time for the ambulance to reach 

the hospital.  (Assume that the ambulance maintains a constant speed during its journey to the hospital.) 

8. On the planet Lts, a nattra moves towards a stationary ndo at 10 m s 1. The nattra emits sound 

waves of frequency 1100 Hz. The stationary ndo hears a frequency of 1200 Hz. 

Calculate the speed of sound on the planet Lts.  
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The Doppler Effect and Redshift 

It can be shown that the ratio of the change in wavelength to the original wavelength is the same as the ratio of the 

speed of the source (such as a distant galaxy or star) to the speed of light. 

For an object moving away at velocity v (from p5): 
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Equation A

 

When the source is moving away from the observer; the wavelength increases.  For wavelengths in the visible 

spectrum this means that the observed light moves towards the red end of the spectrum.  So this is called redshift.  

Redshift, z, is defined as the change in wavelength divided by the original wavelength. 

rest

restobservedz


 
  

So the above equation is the equation for the redshift of a galaxy. 

It can be seen from equation A above that the redshift, z is the ratio of the speed of the source to the speed of light: 

c

v
z   

When a source is moving towards the observer; the wavelength decreases.  This is called a blueshift.    

(Note that we can only use the above equations for sources which are travelling away at non-relativistic speeds – 

otherwise the equations need to be modified.) 

In astronomy, the Doppler Effect is used to measure the speed at which distant stars are moving relative to the 

Earth.  Each element has it’s a unique emission spectrum and a corresponding absorption spectrum.  The line 

spectrum of the star as observed on Earth is compared to that of the appropriate elements taken in the laboratory.  

The lines in the star's spectrum are found to be different to the laboratory spectrum, with all the wavelengths 

shifted in one direction.  The shift in wavelength tells us how fast the star is moving, and whether it is moving 

towards or away from Earth. 

blue    red               blue             red 

 

  
 

 

 

As early as 1868, only 15 years after the Doppler effect had been demonstrated for sound, the astronomers William 

and Margaret Huggins discovered a redshift in the spectrum of the star Sirius .  This implied that Sirius was moving 

away from Earth. 
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Questions 

1. In the following sentences the words represented by the letters A, B, C, D and E are missing. 

 

A hydrogen source of light gives out a number of emission lines.  The wavelength of one of these lines is 

measured.  When the light source is on the Earth, and at rest, the value of this wavelength is λrest.  When the 

same hydrogen emission line is observed, on the Earth, in light coming from a distant star the value of the 

wavelength is λobserved. 

 

When a star is moving away from the Earth λobserved is ____A_____ than λrest.  This is known as the 

____B_____ shift. 

When the distant star is moving towards the Earth λobserved is ____C_____ than λrest.  This is known as the 

____D_____ shift. 

Measurements on many stars indicate that most stars are moving ____E_____ from the Earth. 

Match each letter with the correct word from the list below: 

away; blue; longer; red; shorter; towards. 

 

2. William Huggins calculated that the wavelength of a particular absorption line for Sirius was 0.015% bigger 

than the usual wavelength for that absorption. Work out how fast Sirius is travelling away from Earth. 

3. In the table shown, calculate the value of each missing quantity. 
 

Fractional change 

in wavelength, z 

Wavelength of light on 

Earth rest / nm 

Wavelength of light observed 

from star, observed  / nm 

(a) 365 402 

(b) 434 456 

8.00 x 10
2

 486 (c) 

4.00 x 10
2

 656 (d) 

5.00 x 10
2

 (e) 456 

1.00 x 10
1

 (f) 402 

 

 

 

Resources for the Doppler Effect 

http://highered.mcgraw-hill.com/sites/0072509856/student_view0/chapter3/doppler_shift_interactive.html# 

http://www.pbs.org/wgbh/nova/physics/doppler-effect.html 

 

  

  

http://highered.mcgraw-hill.com/sites/0072509856/student_view0/chapter3/doppler_shift_interactive.html
http://www.pbs.org/wgbh/nova/physics/doppler-effect.html
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The Expanding Universe 
 In the 20th century, as theory and technology advanced, Doppler techniques began to be used widely.  Vesto Slipher, 

from 1912, made a series of astounding measurements which showed galaxies racing around the universe.  The 

Andromeda galaxy was racing towards us at 300 km/s; but almost every other galaxy was racing away from the Milky 

Way.  Slipher’s work would turn out to be vital evidence for the Big Bang theory. 

Edwin Hubble’s first great achievement was to demonstrate that the universe consisted of many galaxies, not just 

the Milky Way, and was consequently vastly bigger than anyone had realized.  To do this he used new techniques 

developed to measure astronomical distances.  Next he turned his attention to Slipher’s puzzling results – why were 

galaxies so much more likely to be moving away from the Milky Way?  Surely, if they were all randomly distributed 

throughout the cosmos, they should be as likely to go one way as another? 

Along with his colleague Milton Humason, Hubble set out to solve the puzzle.  Hubble replicated and extended 

Slipher’s measurements, while Humason meticulously measured and calculated each distance. 

Measuring Astronomical Distances 

In practice it is difficult to measure the distance to distant objects. 

Parallax 

The principle of parallax can be used to measure the distance of objects that are relatively close to the Earth. When 

an object is viewed against a distant background by two observers at different positions they will see a different 

image.  

The distance of the object affects the amount of parallax. The closer the object is to the observer the greater the 

parallax. If the angle is measured and the distance between the two observers is known the distance to the object 

can be calculated using trigonometry.  

 

Parallax is used to measure distances to stellar objects by measuring the position of stars at different times of the 

year, that is at different points of the earth’s orbit around the sun.  

It has to be emphasised that the parallax effect is very small and it is only with very accurate instruments that the 

very large distances can be measured. Parallax is now normally used to calibrate other distance measuring devices.  
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Figure 1.11 Earth’s orbit baseline    Annual parallax 
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Cepheid Variables 

Another method of measuring very large distances is to use what is known as a standard candle.  

One class of standard candle is the Cepheid variable star. It is named after the star δ Cephei, discovered by amateur 

astronomer John Goodrike in 1784. These stars have a predictable variation of luminosity with time. The period–

luminosity relationship was discovered by Henrietta Leavitt in 1912. Basically, if you know how long it takes for the 

star to go from bright to dim; this will tell you how bright it actually is.  And once you know that, you have a means 

of measuring distance. 

1. Measure the period of the star. 

2. Use the period–luminosity relationship to obtain its absolute luminosity. 

3. Measure its apparent luminosity. 

4. Use the inverse square law to calculate the distance to the star 

These distances are so large that astronomers sometimes use different units to describe these distances. 

The light year is the distance light travels in one year. It can be calculated as shown below  

s = vt    s = 3 × 10
8
 × (60 × 60 × 24 × 365) = 9460800000000000 m  

The nearest star to the Earth is 4·2 light years away.  

The parsec is also used by astronomers.  

Parsecs were first used when measuring distances using parallax (parsec stands for parallax arc second). 1 parsec 

(pc) is the distance at which a star would have a parallax of 1 arc-second. The parsec is equivalent to 3·26 light years. 

(30842208000000000 m). 

Write down these distances in scientific notation to 3 significant figures. 

1. One Light Year = 

 

2. One parsec = 
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Hubble’s Law 

When the two scientists (Hubble and Humason ) plotted speed against distance, something remarkable emerged.  

The further away a galaxy was, the faster it was moving.  This was a simple linear relationship which became known 

as Hubble’s Law: 

dHv
0

  

If v is in ms-1 and D in m: H0 = 2·3 × 10
-18 s-1 

 

In other words, the speed of a retreating galaxy is found by multiplying its distance from Earth by H0, Hubble’s 

constant.  It is important to realize that this is not one of the universal constants like the charge on an electron or the 

speed of light; it is an approximation.  Some galaxies closer to the Milky Way do not follow Hubble’s Law as local 

gravitational effects cause them to slow down or even to be blue-shifted. 

Hubble and Humason did not speculate on the meaning of their discoveries.  But the implication was clear to many 

other scientists; the galaxies were all running away, not from the Milky Way specifically, but from each other.  Run 

the clock back, and there must logically have been a time when they were all in one small space.  This was exactly 

what had been predicted by a theoretical cosmologist, Lemaitre, some three years earlier.   It was the first real 

evidence for what later became known as the Big Bang theory. 
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The Age of the Universe 

From Hubble’s graph of speed versus distance, we can obtain an estimate of how long it took for a galaxy to reach its 

current position. Assuming they have been moving away from us at a constant speed, the time taken for a particular 

galaxy to reach its current position can be found by dividing the distance by the speed. 

 

The Hubble law implies the greater the distance, the greater the speed. So a galaxy that is, say, 10 times further 

away than another will still have taken the same time to reach its current position, since it will have travelled at 10 

times the speed of the other. 

v

d
t   

Substituting:  v = H0d, we get: 

0

1

H
t   

Clearly the accuracy of this method depends on the accuracy of the measurement of H0 and whether or not the 

expansion rate has been constant.  

Current estimates of H0 are converging on a value between 60 and 80 km s–1 Mpc–1. Taking a value of 70 km s–1 Mpc–

1 gives the age of the universe to be 14 billion years. 

Evidence for the Expanding Universe 

Hubble’s discoveries fuelled discussion of one of the great controversies in scientific history – was the universe 

eternal or did it have a beginning?  His work implied a beginning and an estimate of the age for the universe. 

Measurements of the velocities of galaxies and their distance from us lead to the theory of the expanding Universe. 

Gravity is the force which slows down the expansion. The eventual fate of the Universe depends on its mass.  

But a universe with a beginning must have some fate.  The question was – what would it be?  Would it continue to 

expand forever or would it at some point begin to condense and finish in a ‘Big Crunch’?  And if it did, would it then 

start all over again? 
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The main possibilities are shown in this graph: 

 

Figure 1: From http://map.gsfc.nasa.gov/universe/bb_concepts_exp.html 

As the universe is currently expanding, an opposing force would have to exist for the expansion to slow down or 

reverse.  This force is gravity.   

However gravity can only stop or reverse the expansion if there is a certain critical density of matter in the universe.  

If the density is less than the critical density, then even though the expansion may slow, it will never stop and the 

universe will expand forever, cooling as it does so (top 3 lines) 

Above the critical density, the expansion will eventually reverse and the universe will end in a ‘Big Crunch’ (lowest 

line). 

Current observations indicate an acceleration of the expansion.  This implies a force opposing gravity, which is 

thought to be due to ‘dark matter’ (also referred to as ‘dark energy’).  It may be that the universe will indeed expand 

forever. 

The Timescale Difficulty and how it was Resolved 

Another way to estimate the age of the universe is to use  t=d/v. Cosmologists worked out how long it must have 

taken for the most distant, fastest galaxies to travel to their current positions.  This led to an estimate of 18 billion 

years for the age of the universe.  But measurements of radioactive rocks had shown that the Earth was at least 3 

billion years old.  If there really had been a Big Bang, something was wrong with at least one set of measurements.  It 

turned out that the distances to some nearer galaxies had been hugely underestimated.  These distances had been 

used as yardsticks in order to calculate the distances to galaxies further away, so when the yardsticks were 

corrected, the size, and hence the age, of the universe, were both found to be much bigger.   This also affected 

Hubble’s data and provided even better agreement with his theory. The current estimate, based on evidence from 

many different strands of physics, is about 137 billion years.   

  



14 
 

The Mass of the Milky Way Galaxy 

The mass of our galaxy is estimated by measuring orbital speeds of the sun and other stars around the galactic 

centre. This method of measuring the mass of the galaxy using Kepler’s 3rd Law is quite reliable because the orbital 

speed of a star is almost entirely dependent of the gravitational pull due to the matter inside the galaxy. The larger 

the mass; the greater the pull and therefore the greater orbital velocity of the star.  

A recent estimate of the total mass of our galaxy gives a value of the order of 1012 times the mass of the sun (giving a 

total mass of approximately 1043 kg). This gives a value much higher than the amount of mass that is visible. The 

mass can be estimated by counting the number of stars in the galaxy and assuming their mass is roughly that of the 

Sun.  The number varies depending on where one defines the edge of the Milky Way to be but the value for the mass 

is between 2 to 6 x 1011 times that of the Sun. 

This has led to the idea that there is a great deal of matter in the universe that does not emit electromagnetic 

radiation such as visible light. This is referred to as ‘dark matter’.  

When the expansion rate of the universe is measured it is found to be increasing. This has given rise to the idea that 

the force of gravity is being overcome. This is referred to as ‘dark energy’.  

When Einstein devised the General Theory of Relativity he included a ‘cosmological constant’, L, in his equations to 

explain observations of the universe. When Hubble carried out his work analysing the measurement of galactic 

velocity and distance Einstein thought that he had made a mistake and abandoned the idea of the cosmological 

constant.  

However recent measurements that suggest that the universe is expanding has caused astronomers to think that 

Einstein may have been correct in the first instance and that a cosmological constant should be reintroduced.               

(http://www.universetoday.com/22790/mass-of-the-milky-way/#:) 

  

http://www.universetoday.com/22790/mass-of-the-milky-way/
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Questions 

In the following questions, when required, use the approximation for Ho = 24 x 1018 s1 

1. Convert the following distances in light years into distances in metres. 

 (a) 1 light year     (b) 50 light years  (c) 100 000 light years   

2. Convert the following distances in metres into distances in light years. 

 (a) Approximate distance from Earth to our Sun = 144 x 1011 m 

 (b) Approximate distance from Earth to Alpha Centauri = 397 x 1016 m 

 (c) Approximate distance from Earth to a galaxy in constellation Virgo = 491 x 1023 m 

3. In the table shown, calculate the value of each missing quantity. 

Speed of galaxy relative 

to Earth / m s
1

 

Approximate distance from 

Earth to galaxy / m 

Fractional change in 

wavelength, z 

(a) 710 x 10
22

 (b) 

(c) 189 x 10
24

 (d) 

170 x 10
6
 (e) (f) 

221 x 10
6
 (g) (h) 

4. Light from a distant galaxy is found to contain the spectral lines of hydrogen.  The light causing one of these 
lines has a measured wavelength of 466 nm.  When the same line is observed from a hydrogen source on 
Earth it has a wavelength of 434 nm. 

(a) Calculate the Doppler shift, z, for this galaxy. 

(b) Calculate the speed at which the galaxy is moving relative to the Earth. 

(c) In which direction, towards or away from the Earth, is the galaxy moving? 

5. Light of wavelength 505 nm forms a line in the spectrum of an element on Earth.  The same spectrum from 
light from a galaxy in Ursula Major shows this line shifted to correspond to light of wavelength 530 nm. 

(a) Calculate the speed that the galaxy is moving relative to the Earth. 

(b) Calculate the approximate distance, in metres, the galaxy is from the Earth. 

6. A galaxy is moving away from the Earth at a speed of 0074c. 

(a) Convert 0074c into a speed in m s1. 

(b) Calculate the approximate distance, in metres, of the galaxy from the Earth. 

7. A distant star is travelling directly away from the Earth with a speed of 24 x 107 m s1. 

(a) Calculate the value of z for this star. 

(b) A hydrogen line in the spectrum of light from this star is measured to be 443 nm.  Calculate the 
wavelength of this line when it observed from a hydrogen source on the Earth. 
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8. A line in the spectrum from a hydrogen atom has a wavelength of 489 nm on the Earth.  The same line is 
observed in the spectrum of a distant star but with a longer wavelength of 538 nm. 

(a) Calculate the speed, in m s1, at which the star is moving away from the Earth. 

(b) Calculate the approximate distance, in metres and in light years, of the star from the Earth. 

9. The galaxy Corona Borealis is approximately 1 000 million light years away from the Earth.  Calculate the 
speed at which Corona Borealis is moving away from the Earth. 

10. A galaxy is moving away from the Earth at a speed of 30 x 107 m s1.  The frequency of an emission line 
coming from the galaxy is measured.  The light forming the same emission line, from a source on Earth, has a 

frequency of 500 x 1014 Hz. 

(a) Show that the wavelength of the light corresponding to the emission line from the source on the Earth is 

600 x 107 m. 

(b) Calculate the frequency of the light forming the emission line coming from the galaxy. 

11. A distant quasar is moving away from the Earth.  Hydrogen lines are observed coming from this quasar.  One 
of these lines is measured to be 20 nm longer than the same line, of wavelength 486 nm from a source on 
Earth. 

(a) Calculate the speed at which the quasar is moving away from the Earth. 

(b) Calculate the approximate distance, in millions of light years that the quasar is from the Earth. 

12. A hydrogen source, when viewed in the laboratory, emits a red emission line of wavelength 656 nm.  
Observations, for the same line in the spectrum of light from a distant star, give a wavelength of 660 nm.  
Calculate the speed of the star relative to the Earth. 
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The Big Bang 

The Temperature of Stellar Objects 

When some objects become hot they start to glow and give off light. The colour of the light given off depends on the 

temperature of the object. This can be used to measure the temperature of steel. When steel is being worked in a 

forge its colour changes with temperature. This table shows the colour steel appears at different temperatures.  

Temperature (OC) Colour Temperature (OC) Colour 

600 Brown Red 930 Orange 

650 Blood Red 980 Light Orange 

700 Dark Cherry 1050 Yellow 

760 Cherry 1100 Light Yellow 

810 Light Cherry 1200 White 

870 Light Red   

 

This is useful to engineers who wish to be sure that the steel is at the correct temperature before they start to forge 

it. 

Stars give out a wide range of wavelengths of electromagnetic radiation. Our own sun gives off a wide range of 

electromagnetic radiations including visible light, ultraviolet and infra red radiations. Some stars that only give off 

small quantities of visible light may give out much larger quantities of other electromagnetic radiations such as radio 

waves or x-rays. Astronomers will use many types of telescopes detecting different types of radiation when looking 

at the universe. For example a radio telescope image and a visible light image of the same part of the sky may look 

very different. 

 

This pair of images shows the difference in a radio telescope image and a visible light image of the planet Jupiter. 
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Black-Body Radiation 

Very hot solids or liquids nearly always emit radiation with a continuous distribution of wavelengths rather than a 

line spectrum. 

An ideal surface that absorbs all wavelengths of electromagnetic radiation is also the best emitter of electromagnetic 

radiation of any wavelength. Such an ideal surface is called a black-body, ie a black-body is a perfect absorber and 

emitter of radiation. The continuous spectrum of radiation it emits is called black-body radiation. 

 

Intensity distribution for radiation from a black-body 

The graph of intensity versus wavelength has a characteristic shape. This is called a Planck distribution. 

The black-body spectrum has three main features: 

1. The basic shape is similar at all temperatures; falling off gently on the long wavelength side of the peak, and 

much more sharply on the shorter wavelength side. 

2. As the temperature of the object is increased, the peak of the intensity spectrum shifts towards the shorter 

wavelengths, which gives the visible effect of changing from red to orange to yellow to white to blue-white, 

in that order 

3. As the temperature of the object is increased, the intensity increases for all wavelengths i.e. hot objects also 

emit more energy per unit area at all wavelengths than colder objects. 

The properties of the spectrum are characterised by a single parameter, temperature, hence it is sometimes referred 

to as a thermal radiation spectrum.  

The energy that stars emit is spread over a wide range of wavelengths. However there is a wavelength at which the 

star emits more energy than any other. This is the peak wavelength and is a measure of the temperature of the star.  
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The shorter the wavelength of the peak wavelength, then the higher the temperature of the object; 

the higher the frequency of the peak then the higher the temperature of the object. 

 

Astronomers measure the peak wavelength and then use this value to determine the temperature of the star. This 

allows astronomers to identify the type of star being observed. Stars are often categorised by colour and size e.g. red 

giants and blue dwarfs. Stars at the blue end of the spectrum have shorter peak wavelengths than stars at the red 

end of the spectrum and therefore have a higher temperature.  

 

 

This table shows one method of classifying stars know as the Harvard classification. 
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Evidence for the Big Bang. 

 One piece of evidence for the Big Bang comes from an idea called Olbers’ Paradox, named after the German 

astronomer Heinrich Wilhelm Olbers and also called the "dark night sky paradox", It is the argument that the 

darkness of the night sky conflicts with the assumption of an infinite and eternal static universe. The darkness of the 

night sky is one of the pieces of evidence that the universe is not static and infinitely old but come in to existence at 

some definite point in the past i.e. the Big Bang.  If the universe is static and populated by an infinite number of 

stars, any sight line from Earth must end at the (very bright) surface of a star, so the night sky should be completely 

bright. This contradicts the observed darkness of the night. 

Cosmic Microwave Background (CMB) Radiation 

We have seen that measurements show that the universe is expanding. As it expands the universe is cooling down.  

The current temperature of the universe can be measured by examining the peak wavelength in the cosmic 

microwave background (CMB) radiation.  

Once the peak wavelength of the cosmic background radiation is measured the temperature is calculated in the 

same way as the temperature of a star. 

The longer the peak wavelength the lower the temperature obtained for the background microwave radiation. This 

was done in part by NASA’s COBE satellite which produced the following image of the cosmic microwave background 

radiation. 

 

When the peak wavelength was measured it was found to give a temperature that agreed with predicted 

temperature when taking into account the expansion of the universe after the Big Bang. This is further evidence in 

support of the Big Bang theory for the beginning of the universe 

You should now be able to explain: 

i. That all stellar objects give out a wide range of wavelengths of electromagnetic radiation but that each 

object gives out more energy at one particular wavelength. 

ii. That the wavelength of this peak wavelength is related to the temperature of the object with hotter objects 

having a shorter peak wavelength than cooler objects. 

iii. That peak wavelengths allow the temperature of stellar objects to be calculated. 

iv. That a hot object also emits more radiation per unit surface area at all wavelengths than a cooler object. 

v. That the Universe cools down as it expands. 

vi. That the peak wavelength of cosmic microwave background allows the present temperature of the Universe 

to be determined and that this temperature corresponds to that predicted after the Big Bang, taking into 

account the subsequent expansion and cooling of the Universe.  
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Questions 

1. The graphs below are obtained by measuring the energy emitted at different wavelengths from an object at 
different temperatures. 

 

 

 

 

 

 

 

 

 

 

(a) Which part of the x-axis P or Q corresponds to ultraviolet radiation? 

(b) What do the graphs show happens to the amount of energy emitted at a certain wavelength as the 
temperature of the object increases? 

(c) What do the graphs show happens to the total energy radiated by the object as its temperature increases? 

(d) Each graph shows that there is a wavelength max at which the maximum amount of energy is emitted. 

(i) Explain why the value of max decreases as the temperature of the object increases. 

(ii) The table shows the values of max at different temperatures of the object. 

 

Temperature /K  max / m 

6000 4·8 x 10
-7

 

5000 5·8 x 10
-7

 

4000 7 3x 10
-7

 

3000 9·7 x 10
-7

 

 Use this data to determine the relationship between Temperature T and max. 

 

(e) Use your answer to (d) (ii) the calculate 

(i) The temperature of the star Sirius where max is 2·7 x10-7 m. 

(ii) The value of max for Alpha Crucis which has a temperature of 23000 K. 

(iii) The temperature of the present universe when max for the cosmic microwave radiation is measured 

as 11 x 10-3 m. 
(iv)  The approximate wavelength and type of the radiation emitted by your skin, assumed    to be at a 

temperature of 33oC. 

P Q 
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Resources 

http://www.astrophysicsspectator.com/topics/observation/StellarTypes.html 

This site explores different stellar types for those who want to know more detail 

http://big-bang-theory.com/ 

A concise explanation of big bang theory 
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