
The Expansion of Space
The Expanding Universe



SQA Higher Physics



Black Box

Building and revising 
scientific models



The Expansion of Space

• In the 1920s, Edwin Hubble observed that the light from distant 

galaxies was redshifted. He believed that it was due to galaxies 

travelling through space with increasing speeds the farther they 

were from Earth. However, astronomers now know that this 

model only works for nearby galaxies. For farther galaxies, a 
new model is needed.

• As the universe expands, the space between galaxies also 
expands, moving them farther apart. This gives the impression 

that galaxies are moving through space away from Earth at 

speeds that are proportional to their distance from us. This 

impression is created by the fact that space is expanding so 

the galaxies get farther apart without actually moving through 
space.



The Expansion of Space

• When radiation, such as light, travels through space, it also 

stretches along with space itself. When the radiation becomes 

stretched, its wavelength increases. This is what cosmologists 

call cosmological redshift. The redder a galaxy appears, the 
farther away it is, and the faster it is moving relative to us.



Spectra In the Lab

When elements get excited they release light …



Spectra In the Lab

Every element has a unique spectral signature …

H

He



Analyzing Stars

If we look at the light from the sun, we observe the 
following absorption spectrum:



Hubble–Lemaître Law

If we look at similar stars at different distances, we 
notice something strange:

… why have the lines moved?



Hubble–Lemaître Law

As we look 

further away, 

the lines shift 

further toward 

the red end of 
the spectrum



• An activity to determine the 

Hubble–Lemaître constant 

constant and then to use it to 

determine the age of the 
universe.

• Students will measure the 

redshift of a number of 
galaxies and plot a graph of 

recession speed against 

distance.

• The gradient of this graph 

gives a value for the Hubble–
Lemaître constant.

Hubble–Lemaître Law



Hubble–Lemaître Law

Using a ruler, we can measure how far the spectral 

lines have become red-shifted and infer information 
about a galaxy’s relative velocity.



Hubble–Lemaître Law



Hubble–Lemaître Law

The further a galaxy 

is from us, the faster 

it seems to be 
travelling.  

This can be 

described with the 
following equation:



Hubble–Lemaître Law

FARTHER = FASTER
The Hubble–Lemaître constant, H0, is the rate of 
expansion.

If we run the expansion backwards, we should be 
able to calculate the age of the universe …



Hubble–Lemaître Law



Not bad … current 
value is 13.8 x 109

Hubble–Lemaître Law



The Expansion of Space

• An activity used to 

demonstrate the expansion of 

a one dimensional universe 

using a simple model of 
washers attached with elastics.

• Students will measure distances 

between washers in an early 
and later universe and use 

guided discovery to confront 

misconceptions about the 

expansion of our actual 

universe.



The Expansion of Space

• Early Universe:

• Later Universe:



The Expansion of Space

After completing the activity, put yourself in the shoes 
of the students and answer the inquiry questions listed 
on the handout.  

1. Compare your gradient with that of your classmates. What do you notice? 
What effect does your choice of home galaxy have on the gradient?

2. Describe how the positions of the distant galaxies changed compared to 
the positions of the nearby galaxies. How does your gradient reflect this?

3. How would the chain look if the gradient value were higher? Lower? 
How would you describe the universe if the gradient were higher? Lower?

4. Comment on the difference in measurement units used. Is one system better 
than another?

5. If the universe is expanding, why don’t the sizes of the galaxies expand as 
well?



Predict, Observe, Explain: Where is the Centre?

The universe in the past …



The universe now…

Predict, Observe, Explain: Where is the Centre?



Everything is moving away from us

Predict, Observe, Explain: Where is the Centre?



Choose another viewpoint…

Predict, Observe, Explain: Where is the Centre?



Or another viewpoint …

Predict, Observe, Explain: Where is the Centre?



Or another…

Predict, Observe, Explain: Where is the Centre?



It doesn’t matter where you are 
… everything else is moving 
away from you

There is NO CENTRE!! 

Predict, Observe, Explain: Where is the Centre?



Thank You!!
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