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The Doppler Effect of Light

* The Dopplershift fora light-emitting non-relativistic (v << ¢) source can be described using

the equation:

* Where:

o Af=changeinfrequency (Hz)

o f=referencefrequency (frequency of the source) (Hz)
AL =changein wavelength (m)
A =reference wavelength (wavelength of the source) (m)
A v =relative velocity of the source and observer(ms™)
c=thespeed of light (ms™)

[e]

o]

[}

s}

» Thechangeinwavelength A4 is equal to:
AL =2"=1

¢ Where:
o A' =observed wavelength of the source (m)

* Therelative speed between the source and observeralong thelinejoining themis given by:

Av=v —v
5 a
+ Where:

° Vv = velocity of thelight source (ms™)

1V =velocity of the observer (ms™)

* Thevelocity of the observer(usually from Earth) can be assumed to be stationary, i.e.
v =0

o
¢ Therelative speedthen simply becomes the speed of the source:

Av=v =v
5

¢ Hence, the Doppler shift equation can be written as:

AL _ M-k _Mh_y
F a4 &

Redshift

A
« Thefractionalchangeinthewavelength — is called the redshift and is given the symbol z

A
* Interms of wavelength, redshiftis given by:
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* Interms of frequency, redshiftis given by:

* This shows thatif the source moves away from the cbserver then

o Thewavelengthincreases

o Thefrequency decreases
+ Note: the sign ofz can cause some confusion, remembertolook atthe context-zis a

measure of redshift so write it as positive forreceding objects

Doppler Shift of Light

== DIRECTION OF MOTICN =

« Dopplershift can be observed in the spectra of stars and galaxies

« Ifthestaris approachingthe Earth, blueshiftis observed (negative z)
o Therelative velocity v is positive
o Thechangeinwavelength A A is negative

« |fthe staris receding from the Earth, redshiftis observed (positive z)
o Therelativevelocity v is negative
o Thechangeinwavelength A A is positive
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9 Worked Example

a
A stationary source of lightis found to have a spectral line of wavelength 438 nm.

Thesameline from a distant star that is moving away from the Earthhas a
wavelength of 608 nm.

Calculate the speed at which the staris travellingaway fromthe Earth.
Answer:
Step 1: List the known quantities

¢ Unshiftedwavelength, 1=438 nm

« Shiftedwavelength, A'=608 nm

* Changeinwavelength,A1=(608 - 438) nm =170 nm
» Speedoflight,c=3.0x108ms"!

Step 2: Write down the Doppler equation and rearrange for velocity v

AL
2

RS

Step 3: Substitute values to calculate v

~ (3.0 x 10%)x 170

_ 8 -1
233 =116 x10°ms

Vv
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9 Worked Example

The stars in a distant galaxy can be seen to orbit about a galactic centre. The galaxy
can be observed 'edge-on' from the Earth.

Light emitted from a staron the left-hand side of the galaxy is measuredtohavea
wavelength of 656.44 nm. The same spectralline from a star on theright-hand side
is measuredto have awavelength of 656.12nm.

The wavelength of the same spectral line measured on Earthis 656.28 nm.

(a)

State and explain which side of the galaxy is moving towards the Earth.
(b)

Calculatetherotational speed of the galaxy.

Answer:
(a)

* Thelight from theright-handside(656.12 nm)is observedto be atashorter
wavelength than thereferenceline (656.28 nm)

* Therefore, theright-hand side shows blueshift and must, therefore, be moving
towards the Earth

(b)
Step 1: List the known quantities

« Observed wavelength on LHS, JILHS =656.44nm

* Observed wavelength on RHS, )“RH‘; =656.12nm

» Referencewavelength, 1=656.28 nm
+ Speedoflight,c=3.0 x 108 ms™!

Step 2: Calculate theaverage changein wavelength

¢ The magnitude of redshift or blueshift from each side is different, so you must
calculatethe average

Arbs ~ Arus _ 656.44 — 656.12

A = > 5

Al =0.32nm

+ Tip:youdon'tneedto change the wavelengths fromnm tom, as the units will
canceloutlater

Step 3: Write down the Doppler equation and rearrange for velocity v

a1
A

v
c
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==

Step 4: Substitute values into the velocity equation

(3% 108) x 0.32

656.28
Rotationalspeed: v = 1.46 x 10° ms~! = 146 kms™!
¢) ExamTip
-
Page 5 of 28
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Binary Star Systems

The Doppler effect can be used to identify eclipsing binary starsystems
An eclipsing binary starsystemis

Where two stars orbit around a common centre of mass with their orbital planein
the Earth's line of sight

L

This means that, when observed from Earth, the stars cross in front of each other as they
orbit, appearing to periodically eclipse one another
They can beidentified from their characteristic light curves

Light Curve of an Eclipsing Binary

3: NO ECLIPSE,

SO BRIGHTNESS

IS MAXIMUM
INTENSITY | |

e
Vi

1: NO ECLIPSE,
SO BRIGHTNESS
IS MAXIMUM

TIME

2: LARGER STAR
IS IN FRONT OF
SMALLER STAR,
BLOCKING ALL

OF ITS LIGHT -
PRIMARY MINIMUM

\g%@ 3

4: SMALLER STAR IS
IN FRONT OF LARGER
STAR, PARTIALLY
BLOCKING ITS LIGHT
— SECONDARY
MINIMUM

Thelightintensity curve of an eclipsing binary shows periodic dips of two different sizes

« Theprimary minima (thelargerdip) are causedby the larger starpassingin front of the
smaller star

» Thesecondary minima (the smaller dip) are caused by the smaller star passingin front of
thelarge star
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Galactic Redshift

* When spectral lines from a distant galaxy are redshifted, this means:

Thelines have shifted towards alonger wavelength, or towards the red end of the
spectrum

¢ This shift can be observed by comparing the spectra fromthe distant galaxy to a spectrum
produced by a nearby object, such as our Sun, or a laboratory sample

LIGHT SPECTRUM FROM
A CLOSE OBJECT SUCH
AS THE SUN

LIGHT SPECTRUM FROM
A DISTANT GALAXY

Comparing the light spectrum produced by the Sun with light from a distant galaxy

An Expanding Universe

» Afterthe discovery of redshift, astronomers began torealise that almost all the galaxies in
the Universe arereceding
o Thisledtotheideathatthe space between the Earth and the galaxies must be
expanding

* This expansion stretches out thelightwaves as they travel through space, shifting them
towards the red end of the spectrum

\

e Theexpansion of the Universe can be comparedto dots on aninflating balloon
o Astheballoonisinflated, the dots allmove away from each other
o Inthesameway, as therubberstretches when theballoonis inflated, spaceitselfis
stretching out between galaxies

Page 7 of 28
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o Justlike the dots, the galaxies move away from each other, however, they themselves
donotmove

* Anotherobservation from looking at thelight spectra produced by distant galaxies is that
the greater the distance to the galaxy, the greater the redshift
o This means that the greater the degree of redshift, the faster the galaxy is moving
away from Earth

Very DISTANT GALAxYs—— D] | | 1.
pisTANT caLAxys— DD | | e
NEARBY GALAXY o——= [ | | .
neArBY STAR<— [N |

LABORATORY REFERENCE%—>— |I —
400 500

600 700
WAVELENGTH/nm

The further a galaxy is from Earth, the greaterits redshift tends to be

REDSHIFT

\%

DISTANCE

The furthest galaxies appear to beredshifted the mostandarereceding the fastest
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9 Worked Example

]
The spectra below show dark absorption lines againsta continuous visible

spectrum.

LLIGH'I' FROM A SOURCE IN THE LABORATORY’

[LIGHT FROM A DISTANT GALAXY |

A particle lineinthe spectrum of lightfrom a sourceinthelaboratory has a
frequency of 4.570 x 10" Hz.

Thesamelinein the spectrum of light from a distant galaxy is observed to have a
frequency of 4.547 x 10" Hz.

Calculate the speedof the distant galaxy, and state whetheritis moving towards or
away from the Earth.

Answer:
Step 1: Write down the known quantities

« Observedfrequency, f' =4.547 x10"Hz

« Originalfrequency, f=4.570x 10" Hz

« Changeinfrequency, A f =(4.547 - 4570) x 10 =-2.3x102Hz
« Speedoflight,c=3.0x108ms"!

Step 2: Write down the Doppler redshift equation
Af

W
C

r

Step 3: Rearrange for speed v, and calculate

B cAf
L
a (3.0 X lOS)X(—2.3 X 1012)

T =-15x10ms™!

v

Step 4: Write a concluding sentence
» Therelativevelocityis negative, so the source is moving away from the Earth

OR

Page 9 of 28
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* The observedfrequencyisless than the emitted frequency (thelight froma
laboratory source), therefore, the source is receding, or moving away, from the
Earthat1.5x10°ms™!

) ExamTip

Keep track of the minus signs in your calculation, as this gives you information about
whether the object is moving away or towards the observer.

®)

The speed of lightis given in your data booklet, you willnot need to memorise this
value.

Page 10 of 28
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Hubble's Law

* Hubble's law states:
Therecessional velocity of a galaxy is proportional toits distance from Earth
» This can be expressed mathematically as:
v = Hd

* Where:
o v =recessional velocity of an object (km s
o H =Hubble constant (kms~'Mpc™)
o d =distance between the object and the Earth (Mpc)

* Hubble's law shows that:
o Thefurtheraway a staris fromthe Earth, the fasterit is moving away fromus
o Thecloserastaris tothe Earth, the sloweritis movingaway fromus

Graph of Hubble's Law
MORE DISTANT GALAXIES
A ARE MOVING AWAY AT
A FASTER VELOCITY
> o0
=
(] .
o
g :. oo
N b, 1A GRADIENT = HUBBLE CONSTANT H,
o) %
N '
wn .
wi . A
Q GALAXIES CLOSER TO EARTH
B . ARE MOVING AWAY AT A
SLOWER VELOCITY
e
0 o

DISTANCE

Akey aspectof Hubble’s lawis that the furthest galaxies appearto move away the fastest

The Hubble Constant

« Theconstant of proportionality H in Hubble's law is known as the Hubble constant:

* Thevalueforthe Hubble constant has been estimated using data from thousands of
galaxies, and othersources, such as standard candles

Page 11 of 28
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* Qurcurrent best estimate of the Hubble constant, based on CMB observations by the
Planck satellite, is:

H=67.4+0.5kms "' Mpc™

¢ Note: this valueis constantly underreview as more datais collected

Page 12 of 28
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Worked Example

The graph shows how the recessional velocity v of a group of galaxies varies with
theirdistance dfromthe Earth.

i I I
0 100 200 300
d/Mpc

Use the graph to determine a value forthe Hubble constant and state its unit.
Answer:
Step 1: Recall Hubble's Law and Hubble's constant

¢ Hubble'sLaw: v = Hd
« Thegradient of the speed-distance graph=H

Step 2: Read values of vand d fromthe graph

30,000 -

-1

26,000 ——+—F% - e o W ERSERE SRS

v/kms

10,000 -

0 100 200 300
d/Mpc

+ Fromthegraph:v=20000kms"!
» Fromthegraph:d=305MPc¢
Step 3: Calculate the gradient of the graph

H_W_GSGI( =1 Mpc~!
= 305 — 0 S . ms pc

Hubble constant: H =66 kms~'Mpc™!

Page 13 of 28
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(’) Exam Tip

-
Theunits forthe quantities in Hubble's Law and forthe Hubble Constant can change
depending on the situation, Make sure you convert them to appropriate units and
express your final answer correctly.
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Estimating the Age of the Universe

Hubble's Lawis extremely important as it can give us an estimate the age of the Universe
It can beusedto find the time since the expansion began,andhence the age of the
Universe
We can calculate the time taken toreach a distant object from the Earth if we know

o Howfarawayitis

o |tsrecessional speed

This requires a couple of assumptions:
o Allpointsin the Universe wereinitially together
o Therecessional speedof a galaxyis andhas always been, constant

Comparing the equation for speed, distance and time:

time = ————— =

distance E
speed v

With the Hubble equation:

8|«

v=Hd = H

It can be seen that;

‘ ]
ame = —
H
If we considerthatallmatterwas atthe same point at the very start of the BigBang (t = 0),
then the time taken for the galaxy to expand toits current state must be equalto the age of
theUniverse
Using current estimations of the Hubble constant, astronomers believe that the universe

has been expanding foraround13.7 billion years

Page 15 of 28
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9 Worked Example

In2020, the best estimate for the Hubble constant was 67.4 km s='Mpc-.
Use this value to calculate the age of the Universe.

Answer:

Step 1: List the known quantities

+ Hubbleconstant, H = 67.4km s~'Mpc™
* Iparsec=3.1x10"%m
e Tyear=3.16x10"s

Step 2: Convert 67.4kms~'Mpc-'toms-'Mpc-!

e H=67.4kms'Mpc'=67.4x1000=6.74 x10*ms~'Mpc™'
Step 3: Convert1Mpctom

¢ TMpc=(3.1x10%) x(1x10%) =3.1x102m
Step 4: Convertms-'Mpc-tos"!

H=674x10*ms" Mpc-’ SEELD 2.17.%x10-18 5"
. =0./4x ms pC=3.lx1022=.x =5

» Hence, H=217x10""8s"!
Step 5: Calculate the age of the Universe

1 1
» AgeoftheUni == = =4.60 x10"7
ge of the Universe: ¢ H 517 x 10-18 X S

4.60 x 1017

* AgeoftheUniverse: t = =1.46 x 109 years =14.6 billion years

3.16 x 107
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Evidence for the BigBang
* Around13.7billion years ago, all the matterin the Universe exploded from a hot, dense
singularity
* Sincethen,the matterhas been expanding and cooling from this single point to form the
Universe that exists today
o Asaresult of theinitial explosion, the Universe continues to expand

The BigBang Theory

Tracing the expansion of the Universe back to the beginning of time leads to theideaiit
must've began witha “big bang”

¢ Therearethreekey pieces of evidence to support the Big Bang theory:
1. Galacticredshift & Hubble’s law
o This provides strong evidence for the expansion of the Universe
2. Cosmic Microwave Background Radiation (CMBR)
o This provides evidence that the Universe had a hot beginning
3. Therelative abundance of hydrogen and helium

o This provides evidence the Universe was once farhotterand denserthanitis now

Page 17 of 28
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Evidence from Galactic Redshift

» Redshift provides evidence that the Universe is expandingbecause:
1. Observations showthat distant galaxies are all moving away fromus

o Lightspectra from distant galaxies show redshift
o Thelightwaves stretch (i.e. wavelength increases) due to the expansion of the
universe

2. Hubble's law shows that the further away the galaxy, the fasteritis moving away
fromus

o Observations show that the further away a galaxy is, the greater the redshift
o FromHubble's Iaw(v < d) the furtheraway a galaxy s, the fasterits recession speed

3. This suggests that at some point in the past, all galaxies must have been at the same
point

o Extrapolating Hubble's law back totime t = O suggests thatmattermust have been
closertogetherin the past

REGULAR HYDROGEN
MEASURED IN LABORATORY

VELENGTHS WAVELENGTHS

BLUE _ RED
WA

SHIFTED HYDROGEN
MEASURED FROM A DISTANT GALAXY

Comparing the light spectrum produced from the Sun anda distant galaxy

Cosmic Microwave Background Radiation

» Cosmic microwave backgroundradiation (CMBR) is the radiation detectedin all parts of
the Universe
» Thespectrumof CMBR shows a peakin the microwave region that corresponds to a

temperature of 2.7K
» The CMBRis found to be extremely uniform throughout the Universe

CMBR Map of the Universe

Page 18 of 28
For more help, please visit www.exampaperspractice.co.uk




7=

EXAM PAPERS PRACTICE

B WARMER TEMPERATURE
/__.._/-""" (HIGHER DENSITY OF GALAXIES)

N ,COOLER TEMPERATURE
(LOWER DENSITY OF GALAXIES)

The CMBR map with areas of higher andlower temperature

¢« The CMBRmapis the closestimage thatexists toa map of the Universe
¢ Thedifferent colours represent extremely small fluctuations in temperature

o Theredderregions represent slightly warmer temperatures indicating a higher

density of galaxies
o Thebluerregions represent slightly cooler temperatures indicating a lower density of

galaxies

Evidence from Cosmic Microwave Background Radiation

Cosmic microwave backgroundradiation provides evidence that the Universe had a hot
beginning because:

1. Theory predicts the existence of uniform black body radiation that peaksin the
microwave region

o CMBRis isotropic, meaning it can be detected coming from all directions equally

o Measurements show it perfectly fits a black-body profile with a peak wavelengthin the
microwave region

o [tis extremely uniform which indicates the Universe was initially much smaller than it is

now
2. CMBRis consistent withradiation that has beenredshifted over time

o Thewavelength of the CMBR has been redshifted by an expanding and cooling
Universe

Page 19 of 28
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o Theshorterwavelengthin the pastindicates the Universe musthave beenvery hotin
the beginning

3. CMBRcanbeinterpreted as theradiation left over from the Big Bang

o CMBRwas emitted when the Universe cooled sufficiently formatter andradiation to
‘decouple’i.e. when protons and electrons combinedinto neutral atoms and photons
werereleased

o The emittedradiation would have been extremely high-energy gamma which has been
redshiftedinto the microwave region as the Universe has expanded

Redshift of CMBR

TIME: 14 BILLION YEARS
300,000 YEARS AFTER AFTER THE BIG BANG
THE BIG BANG (THE PRESENT)

TEMPERATURE: 3 KELVIN
3000 KELVIN

CMBRis a result of high-energy radiation being redshifted over billions of years

Relative Abundance of Hydrogen & Helium

At the time of the Big Bang, the Universe would have been extremely hot
Initially, it would have been too hot for even protons and neutrons to exist

The Universe would have quickly cooled to the point where protons and neutrons could
exist freely

However, at this point, free neutrons would start to decay into protons

As aresult, theratio of protons to neutrons would increase rapidly

Fora short time, it would have been hot enough for hydrogen nuclei to fuseinto helium
nuclei
The neutrons bound in helium nucleiwould then become stable

Nucleosynthesis of Hydrogen & Helium

Page 20 of 28
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®:0 ®:0 o 8
PROTON : NEUTRON PROTON : NEUTRON E HYDROGEN : HELIUM
RATIO 1:1 RATIO 7:1 RATIO 3:1

NUMBER OF ﬂ
PROTONS NUMBER OF
INCREASES PROTONS ®
..0001
oo ® H
0g®®
°®

4
NUMBER OF o] W e
NEUTRONS NEUTRONS
DECREASES %
N N
TIME
INITIALLY, THERE WAS AS UNIVERSE COOLS, FREE NEUTRONS
AN EQUAL NUMBER NEUTRONS DECAY BECOME STABLE
OF PROTONS AND INTO PROTONS FASTER WHEN THEY ARE
NEUTRONS THAN THEY ARE BOUND IN HELIUM
CREATED NUCLEI

« |Initially, theratio of protons to neutrons is 1:1
o Inasample of 16 nucleons, there would be 8 protons and 8 neutrons
o If 6 neutrons decay into protons, then there would be 14 protons and 2 neutrons

* Theratio of protons toneutrons becomes 7:1
o During fusion, 2 neutrons combine with 2 protons to form a heliumnucleus, i.e. 4
nucleons in total
o Qutoflénucleons intotal, 25% of the totalmass (4 nucleons) makes up a helium
nucleus and 75% of the total mass (12 protons) makes up hydrogen nuclei
o Therefore, the relative abundance of hydrogen to heliumin the early Universeis 3:1

Evidence from the Relative Abundance of Hydrogen & Helium

¢ Therelative abundance of hydrogen and helium provides evidence for the Universe being
hotteranddenserin the pastbecause:

1. Theory predicts hydrogen fused into helium nucleiin the early Universe

o TheBigBangtheory suggests that a very brief period of hydrogen fusion occurred
when the Universe was very young and hot, resultingin the production of helium

2. Fusionwould have stopped before heavier nuclei were created

o Asthe Universe expandedand cooled, fusion reactions would have stopped before
the creation of larger nuclei could have taken place

3. The predicted relative abundances of hydrogen and helium are consistent with
observation

Page 21 of 28
For more help, please visit www.exampaperspractice.co.uk




7=

EXAM PAPERS PRACTICE

o Calculations predict the early Universe would've consisted of hydrogen and helium
nucleiin theratio of 3:1

o Thisis consistent with observations of some of the Universe’s oldest objects (73%
hydrogen, 25% helium and 2% everything else)

") ExamTip

Take some time to practice writing succinct answers to the following:

®)

Explainiiow: ..o supports the BigBang theory.

e Galactic redshift and Hubble's law
* Theexistence of cosmological microwave backgroundradiation
* Therelative abundance of hydrogen and helium

As one, or all of these could come upin the exam!
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Dark Energy & Dark Matter

* Overseveraldecades, astronomers have gathered a wealth of evidence that has furthered
ourunderstanding of the Universe
o Ascertaining a precise value forthe Hubble constant was one of the mostimportant
goals of cosmology then, and stillis today

* Inthe past, hugediscrepancies between measuredvalues of the Hubble constantand
predictions fromHubble's law were ascribed torandom and systematic errors
* However, as ourtelescopes andimaging technigues become more sophisticated, it's
becomingincreasingly clear that different sources at different distances seem to produce
fundamentally different values of H
o Forexample, CMB observations give a value of H = 68 km s~'Mpc~'but measurements
from type 1a supemovae give a value of H=73kms ™' Mpc™
o This discrepancyis known as the Hubble Tension problem, andit’s one of the deepest
mysteries of cosmology atthe moment

= Measurements of typela supernovae, which tend to be very distant, suggestthat the
Universeis expandingatanincreasingrate

* This means that the Universeis notonly expanding, but therate of expansion is
accelerating, and astronomers havenoidea why

Dark Energy: A Controversial Solution

* |thasbeensuggested that the acceleration of expansion could be caused by a mysterious
energy source called dark energy
 However, dark energyis controversial because:
o |tcannot be detecteddirectly, but there is evidence forits existence
o Nothingis known aboutits nature orits origins
o Nomechanisms can currently explain how it drives the accelerated expansion

e |fdarkenergyisn'tthesolution, then cosmologists may need tore-think some of our
fundamental models, such as the cosmic distance ladder, or even Einstein's Theory of
General Relativity

The Cosmic Distance Ladder

HUBBLE'S LAW: d =l
Ho

[0}
GALAXY CLUSTERS {}
10% Ly) ’({/
TYPE 1a TULLY-FISHER
SUPERNOWVAE RELATION
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Could everything we know about the cosmic distance ladder be wrong? Or are we on the
verge of a huge cosmological breakthrough?

O Exam T Tip

*  Don't get dark energy confused with dark matter!

Dark matteris also one of the great mysteries of modern astronomy, however, it has
more to do with rotational motion in galaxies or the gravitational lensing of starlight
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Quasars
* Quasars, orquasi-stellar objects, are

Extremely luminous star-like sources of radiation with very highredshifts

* Quasars werefirst discoveredin the 1960s due to their strong radio emissions but were
also notable for their

o Highluminosities
o Extremely large redshifts
o Small size

Formation of Quasars

« Afterthe discovery of supermassive black holes at the centres of galaxies, astronomers
were able to determine that quasars are a type of active galactic nucleus, meaning
o Theyaresupermassive black holes surrounded by an accretiondisc of matter
o Theyarefound atthe centre of extremely distant galaxies

o Whenthey becomeactive, i.e. when matter falls intoit, they become quasars

Structure of aQuasar

"
BN ACCRETION
DISC

.

JET

The quasar features a black hole surrounded by an accretion disk and emits jets of radiation

« Asmatterfallsintotheblackhole, jets of radiation are emitted fromthe poles
o Theequivalent of 100 solarmasses of mattercan fallinto a quasareach year

o Thegravitational potential energy of infalling matteris transferred to electromagnetic
radiation

o Nowitis known that quasars are strong emitters of all wavelengths, notjustradio
waves

Redshift of Quasars

s Quasars are thought to be some of the most distant measurable objects in the known
universe
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o Thisis evidenced by the extremely large redshifts they show
o This allows astronomers to see very farback to an early Universe asitwas notlong
afterthe BigBang
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Exoplanets
¢ Anexoplanetis:

Aplanet found outside our Solar System, in orbit around another star

« Exoplanets are difficult to detect directly because:
o Lightfrom the host staris much brighter than the reflected light from the planet
o Theysubtend extremely small angles comparedto theresolution of telescopes

« Astronomers mustuseindirect detection technigues to observe exoplanets, such as:
o Transitmethod
o Radialvelocity method

The Transit Method

* Whena planet passesinfront of a star(as seen from Earth), some of the light fromthe star
is obscured

« Therefore, the total amount of light reaching the Earthis reduced

* Bymeasuring the apparent magnitude, orintensity of lightreceived from the star over time,
alight curve can be obtained

Light Curve using the Transit Method
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The transit method can tell us about both the size of the exoplanet andits orbital period

¢ Thedipinbrightness can beused to determine the size of the planet
* Theduration of thedip can be usedto determine the orbital period of the planet
+ Some of the limitations of this technique are:
o Theaccuracycanbereducedifthe Earth, planet andstararenotalignedinthe same
plane
o Only planets with a short orbital period can be detected
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The Radial Velocity Method

* Asaplanet orbitsits host star, they both orbit around a common centre of mass
* Duringthe orbit, the starwillmove slightly towards, or away from the Earth as the planet
moves to different positions in the orbit
o Theline spectrum of the starwill show blueshift when it moves towards the Earth, then
redshift whenitmoves away

Doppler Shift of an Exoplanet
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How to determine the orbital period of an exoplanet using the radial velocity method

» This causes very small, but measurable, periodic shifts in the wavelength of the light
receivedfromthe star
o Thetime period of the planet’s orbitis equal to the time period of the Doppler shift

« Themainlimitation of this techniqueis that
o Low-mass, orEarth-like, planets do not cause as much 'wobble’ as high-mass planets
since they have a greater gravitational pull on the star
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