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The Expanding Universe

The Doppler effect is observed in sound and light.
The Doppler effect causes shifts in wavelengths of
sound and light. The light from objects moving
away from us is shifted to longer (more red)
wavelengths

The redshift of a galaxy is the change in
wavelength divided by the emitted wavelength. For
slowly moving galaxies, redshift is the ratio of the
velocity of the galaxy to the velocity of light.

Hubble’s law shows the relationship between the
recession velocity of a galaxy and its distance from
us.

Hubble's law allows us to estimate the age of the
Universe.
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Doppler effect in terms of terrestrial sources, eg
passing ambulances.

For sound, the apparent change in frequency as a
source moves towards or away from a stationary
observer should be investigated.

Investigating the apparent shift in frequency using a
moving sound source and data logger. Applications
include measurement of speed (radar),
echocardiogram and flow measurement.

(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.)

Measuring distances to distant objects. Parallax
measurements and data analysis of apparent
brightness of standard candles.

The Unit ‘Particles and Waves’ includes an
investigation of the inverse square law for light.
Centres may wish to include this activity in this topic.
In practice, the units used by astronomers include
lightyears and parsecs rather than S| units.

Data analysis of measurements of galactic velocity
and distance.
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Black Box

Building and revising
scientific models
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The Expansion of Space

In the 1920s, Edwin Hubble observed that the light from distant
galaxies was redshiffed. 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, @
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.
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The Expansion of Space

 When radiation, such as light, tfravels through space, it also
stfretches 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.

Unstretched wave on and elastic bandage:
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Stretched wave on an elastic bandage:
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When elements get excited they release light ...
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Specira In the Lab

Every element has a unigue spectral signatfure ...
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Analyzing Stars

If we look at the light from the sun, we observe the
following absorption spectrum:
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Hubble-Lemaitre Law

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

B ||
B | |
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... why have the lines moved?
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Hubble-Lemaitre Law
400 500 600 700

As we |ook
further away,
the lines shift

further toward
the red end of
the spectrum




Hubble-Lemaitre Law

An activity to determine the
Hubble-Lemaitre 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-

Lemdaditre constant.

The Signature of the Stars

Rainbaows rawsal that whits Baht is & combination of &l the colours. In 1666, Isaac Mewton showed that
whits light could be separated into its compaonent colours wsing glass prisms. Soon scisntists wers using
this new tool to analyse tha light coming from saveral differsnt Boht sources. Soma scientists looked at hot
objects and gases; others looked at the stars and plensts. Thay all mads observations and detsctad
petterns, but it took sbout 250 years for sciantists to understand the connactions.

Pari 1: Every Elomaat Has a Unique Signature.

Evary alemant emits & unique rangs
of obours called an emission H
spectrum. & similer spactrum is T I I T I I

produced when light shinss through
ages; howsver, in this casa cartain
colowrs, or wevelengths, ars T T T I I T
abzorbad by tha gas. An .

absorption spectrum is the Li
pattarn of colours and derk Bnes I T T I I T |
that is produced when Baht shines
through & gas and the gas sbsorbs
cartain wavelengths. This is the
sama pattern that occurs in the
smission spectrum for the same L ooata Mia wavalengehs of AGhT shat ard mUssing Fom the
medium. Figurs 1 shows soma ight affar passing Mo the SIMEA. Th welpht RNckness) of it b

450 500 550 B00 B50 0 Am

N - - - incvcades #he amowat of dpht absovDed &t that wavelangih The hadvier far
simplified bsorption spectral lines. ko) tha I, $he mans lght 5 ahesvtad
L. =ciantists can use absorption 200 450 500 550 600 650 0 rm
spectra to anelyss unknawn

substances. dentify the slaments
presant in the sampls that
produces the spactra i Figura 2.
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Figura 2 Simpited absorotion spacha

Part 2: The Spectra from Galaxies are Redshifted.

In 1812, Amarican astronomar Vasto Sliphsr began to observe mors distant objscts using & spsctromstar,
and he noticed thet mast of them hed a distinct shift toward the red end of the spectrum. He recognized
this a5 & Doppler shift caused by the mation of the objects. A redshift means that the source of light is
muoving away from the obesrver.

Figure 3 shows an amission spactrum from the gueser celled 3C 273, We saa that the emission Bnes dus

to hydrogsn are shifted to the red end of the spectrum. The lergsr the redshift. the graatsr tha relativa
matian.
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Hubble-Lemaitre Law

Using a ruler, we can measure how far the spectral
ines have become red-shifted and infer information
about a galaxy’s relative velocity.

Calcium Reference Lines

400
NGC 1357 77 | | | | 1o
NGC 1832 82 | | | |
NGC 2276 1.4 | | | |
NGC 3147 13.6 [ | | |

F NGC 3368 I 3.4 . [ - I I ]

| nocer | 81 | | - | | |
NGC 4775 | 82 | | | |
NGCSSe | 224 | | |
NGCE784 | 100 | | | |
NGCoTas | 197 | | | |
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Hubble-Lemaitre Law
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Hubble-Lemaitre Law

o000 The further a galaxy
5000 /" is from us, the faster

— 4 It seems to be

Z 4000 :

£ 5cee traveling.

7 3000 s This can be

& 2000 / = described with the
10001~ following equation:

Distance (x1020 km)

° 0 5 10 15 20 25 v:HOd




Hubble-Lemaitre Law

v=H,d
FARTHER = FASTER

The Hubble-Lemaitre constant, H,, is the rate of
expansion.

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

z ~1/H,

age of universe



Hubble-Lemaitre Law

Av

T Ad
4400 X — 2000 X1

T 20x102° km — 9 x 1020 km

Ho

=22x10"18 g1




Hubble-Lemaitre Law

1 1

L — 458 x 1017 s

" Hy 2.2x10-18s1

= 458x107 s (550 (35%) ()

t = 14.5x10° yr

Not bad ... current
value is 13.8 x 107
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The Expansion of Space

 An OCﬂViTy used to The Expansion of Space
demonstrate the expansion of R R

differeri-sized washers or paper oips (sei of 12 per gro

a one dimensional universe e
using a simple model of e

engihs of elasic bands. Loop fhe elastics arcund themselves when atlaching Ihcm clhcwaﬁhcﬁ paper

washers attached with elastics. —O0—0O0—0O0—0O0—0—

2. Each group el delamung the Sstancs Eneen gakies UEing & d Merenl measaremant und, or example,

« Students will measure distances S

Uni Chake:

between washers in an early e e st ot s
and later universe and use R e S
guided discovery to confront
misconceptions about the
expansion of our actual

universe.




The Expansion of Space

« Early Universe:

)
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The Expansion of Space

After completfing 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 noticee
What effect does your choice of home galaxy have on the gradient?

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

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

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

5. |If ’rfhe2 universe is expanding, why don’t the sizes of the galaxies expand as
welle







Predict, Observe, Explain: Where is the Cent?

O O

o O
O OO0

The universe now...







Choose another viewpoint...







Or another...
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Predict, Observe, Explain: Where is the Cent?

It doesn’'t matter where you are
... everything else is moving
away from you © ©

©e0e
988 e

There is NO CENTRE!!




Thank Youll

Www.perimeterinstitute.co

Drew Burrett
drewburrett@agmail.com
@PhysicsDrew

IOP | Institute of Physics
~|In Scotland



mailto:drewburrett@gmail.com

	Slide 1
	Slide 2: SQA Higher Physics
	Slide 3
	Slide 4: The Expansion of Space
	Slide 5: The Expansion of Space
	Slide 6: Spectra In the Lab
	Slide 7: Spectra In the Lab
	Slide 8: Analyzing Stars
	Slide 9: Hubble–Lemaître  Law
	Slide 10: Hubble–Lemaître  Law
	Slide 11: Hubble–Lemaître  Law
	Slide 12: Hubble–Lemaître  Law
	Slide 13: Hubble–Lemaître  Law
	Slide 14: Hubble–Lemaître  Law
	Slide 15: Hubble–Lemaître  Law
	Slide 16: Hubble–Lemaître  Law
	Slide 17: Hubble–Lemaître  Law
	Slide 18: The Expansion of Space
	Slide 19: The Expansion of Space
	Slide 20: The Expansion of Space
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

