1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

SLIB Physics s

Your notes

Fusion & Stars

Contents

Fusion Reactionsin Stars

Energy Releasedin Fusion Reactions
Star Formation

Life Cycle of a Star

The Hertzsprung-Russell (HR) Diagram
Emission & Absorption Spectrain Stars
Stellar Parallax

Determination of Stellar Radii

K K % K %K K%k

Page1of 39

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Fusion Reactionsin Stars ,
Your notes

Fusion Reactionsin Stars

= |nthe centre of a stable star, hydrogen atoms undergo nuclear fusion to form helium
= The equationforthisreactionis:

2 3 4 1
N+ R ——2> _He + !n

Deuterium and tritium are both isotopes of hydrogen. They can be formed through other fusion
reactions in the star

= Fusionisdefinedas:
The joining of two small nuclei to produce alarger nucleus

= Low-mass nuclei(such as hydrogen and helium) can undergo fusion and release energy
= Ahuge amount of energyisreleasedinthe reaction
= This provides aradiation pressure that prevents the star from collapsing underits gravity

NUCLEAR FUSION

DEUTERIUM HELIUM

$ 2
. FUSION .

TRITIUM

NEUTRON

The fusion of deuterium and tritium to form helium with the release of energy

= Whentwo protons fuse, a deuterium nucleusis produced
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= |nthe centre of stars, the deuterium combines with a tritium nucleus to form a helium nucleus

The total mass of the helium nucleusis less than the total mass of the individual nucleons /
Hence, the reactionreleases energy, which provides fuel for the star to continue burning
Fusion & The Strong Nuclear Force

Your notes

Fortwo nucleito fuse, both nuclei must have high kinetic energy
= Thisisbecause

= Nucleimust overcome the repulsive coulomb forces between protons

= The strong nuclear force, which binds nucleons together, has a very short range
= Therefore, nucleimust get very close together for the strong nuclear force to take effect
= This means an extremely hot and dense environment is required to achieve fusion

O Examiner Tip

Inthe fusion process, the mass of the new heavier nucleusis less than the mass of the constituent parts
of the nucleifused together, as some massis convertedinto energy.

Not all of this energy is used as binding energy for the new larger nucleus, so energy will be released
from this reaction. The binding energy pernucleon afterwards is higher than at the start.
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Energy Released in Fusion Reactions

Energy Released in Fusion Reactions

= Whentwo small nucleiundergo a fusionreaction, the single larger nucleus produced as a result will

= Asaresult of the mass defect between the parent nuclei and the daughter nucleus, energy is released

have a higher binding energy per nucleon than the original two nuclei

BINDING ENERGY PER NUCLEON
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The energy released from fusion reactions is due to the mass defect between parent and daughter

nuclei

= \Whentwo protons fuse, the element deuteriumis produced

Inthe centre of stars, the deuterium combines with a tritium nucleus to form a helium nucleus, plus the

release of energy, which provides fuel for the star to continue burning
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.—><—. STAGE 1: TWO PROTONS FUSE Your notes

.O STAGE 2: ONE PROTON CHANGES
INTO A NEUTRON, AS IN BETA-PLUS
M DECAY, TO LEAVE A DEUTERIUM

NUCLEUS
._)(_ STAGE 3: ANOTHER PROTON JOINS
ON MAKING A NUCLEUS OF He-3

l)_)(_ b STAGE 4: TWO He—3 NUCLEI FUSE

STAGE 5: TWO PROTONS BREAK OFF
2 . = | LEAVING AN He—4 NUCLEUS

The five-stage process of fusion in stars
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@ Worked example
Inthe Sun, fusion occurs via a process known as the proton-proton cycle.

Itis predicted that 80% of the total power output of the Sunis produced through the following cycle:
N

IH+ 1H - 2H + Y%+ + v

1 1 1 1 e

%H + %H - %He + v 4iH - gHe + 2(1)6"' + 2ve(overallreaction)

3 + 3 - 4 + 1H + 1
2He 2He 2He 1H 1H J

nucleus restmass/u
hydrogen-1 1.007825
helium-4 4.002603

The neutrinos produced in the first step carry away 2% of the energy released by the process.
Determine the mass of hydrogen-1that must be fused each second to produce this output.

Luminosity of the Sun=3.85 x 1026 W.

Answer:
Step 1: Determine the energy released per overall fusion reaction

= Intheoverallreaction, 4 hydrogen-1nucleifuseinto a helium-4 nucleus, so the mass defectis
mass defect: Am=4(1.007825u) - 4.002603u=0.028697u

= Where atomic mass unit, u=1.66 x 1027 kg
= Using mass-energy equivalence, the energy released by one reactionis
AE =Amc? =0.028697 x (1.66 x 10727) x (3 x 108)2

energy released: AE=4.287 x10712 )
Step 2: Determine the energy released minus the energy that is carried away by neutrinos

= Perreaction, neutrinos carry away 2% of 4.287 x 10712 J, so 98% of the energy contributes to the
luminosity of the Sun
energyreleased: AE=0.98 x(4.287 x10712)=4.201x 10712}

Step 3: Determine the number of fusion reactions that happen each second

= This process accounts for 80% of the luminosity of the Sun,
= So, the total power output of the reaction = 0.8 x (3.85 x 1026) W
= The number of fusionreactions each secondis:
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power output _0.8%(3.85 x 10%)

number of reactions = . =
energy released per reaction 4.201 x 10712

number of reactions = 7.332 x 1037 s
Step 4: Determine the mass of hydrogen that fuses each second

= Everyreactionfuses 4 hydrogen-Tnuclei, so the mass perreactionis 4 x 1.007825u
= The mass of hydrogen-1that fuses each secondin this processis
=4u x number of reactions

mass of hydrogen-1=4x1.007825 x (1.66 x 10727) x (7.332 x 10%7)

mass of hydrogen-1=4.91x 10" kg s-!
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Star Formation

Conditions for Fusion

= Fornuclearfusionto occur, both nuclei must have sufficiently high kinetic energy to overcome the
electrostatic repulsion between protons
= The conditions required to achieve this are:
= Very high temperature (on the scale of 100 million Kelvin)
= Very high pressure and density

= Fourhydrogen nuclei(protons) are fused into one helium nucleus, producing two gamma-ray photons,

two neutrinos and two positrons
= Massive amounts of energy are released
= The momentum of the gamma-ray photons resultsin an outward acting pressure called radiation
pressure

GAMMA RAY

EEIED O PHOTONS
PROTON ® X . POSITRONS

!J

PROTON: O ™_(NEUTRINOS

Nuclear fusion of hydrogen nuclei to form helium nuclei
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Equilibriumin Stars

= Oncethe coretemperature of a starreaches millions of degrees kelvin and the fusion of hydrogen
nucleito helium nucleibegins
= The protostar’s gravitational field continues to attract more gas and dust, increasing the
temperature and pressure of the core
= With more frequent collisions, the kinetic energy of the particles increases, increasing the
probability that fusion willoccur
= Eventually, when the core becomes hot enough and fusion reactions can occur, they will begin to
produce an outward radiation pressure which balances the inward pull of gravity
= The starreaches a stable state where the inward and outward forces are in equilibrium
= Asthetemperature of the starincreases and its volume decreases due to gravitational collapse,
the gas pressure increases
= The gas pressure and the radiation pressure act outwards to balance the gravitational force
(weight, F = mg) acting inwards

INWARD PULL
OF GRAVITY

OUTWARD
PRESSURE

\

|

|
|
1
|
i

\

Equilibrium in stars occurs when the outward radiation pressure is balanced with the inward
gravitational force

= [fthe temperature of a starincreases, the outward pressure will also increase
= |f outward pressure > gravitational force, the star will expand

= |f the temperature drops the outward pressure will also decrease
= |f outward pressure < gravitational force, the star will contract

= Aslongasthese two forces are balanced, the star willremain stable
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Life Cycle of a Star

The Life Cycle of Stars

= Thelife cycle of a star follows predictable stages
= The exactroute a star's development takes depends onits initial mass

Initial Stages for All Masses

= The first four stagesin the life cycle of stars are the same for stars of allmasses
= Afterthese stages, the life-cycle branches depending onwhether the staris:
= Low mass: stars with a core mass of less than about 1.4 times the mass of the Sun (< 1.4 Mg,,))

= High mass: stars with a core mass of more than about 1.4 times the mass of the Sun (> 1.4 Mg))
1. Nebula

= Allstars form from a giant cloud of hydrogen gas and dust called a nebula
= Gravitational attraction betweenindividual atoms forms denser clumps of matter
= Thisinward movement of matteris called gravitational collapse
2. Protostar

= The gravitational collapse causes the gas to heat up and glow, forming a protostar

= Work done on the particles of gas and dust by collisions between the particles causes anincrease

in their kinetic energy, resultingin anincrease in temperature

= Protostars canbe detected by telescopes that can observe infrared radiation

= Eventually the temperature will reach millions of degrees Kelvin and the fusion of hydrogen nucleito
helium nucleibegins

= The protostar’s gravitational field continues to attract more gas and dust, increasing the
temperature and pressure of the core

= With more frequent collisions, the kinetic energy of the particles increases, increasing the
probability that fusion willoccur

3. Main Sequence Star

= The starreaches a stable state where the inward and outward forces are in equilibrium
= Asthetemperature of the starincreases and its volume decreases due to gravitational collapse, the
gas pressure increases
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MAIN SEQUENCE STAR

RADIATION PRESSURE AND
GAS PRESSURE EXERT
OUTWARD FORCES

INWARD AND OUTWARD
FORCES ARE BALANCED

WEIGHT OF GAS EXERTS
AN INWARD FORCE

Forces acting within a main sequence star. The balanced inward and outward forces will remain that
way for millions, or even billions of years

= Astarwill spend most of its life cycle on the main sequence
= 90% of stars are on the main sequence
= Mainsequence stars canvary in mass from ~10% of the mass of the Sun to 200 times the mass of
the Sun
= The Sunhas been onthe main sequence for 4.6 billion years and will remain there for an estimated
6.5 billionyears

Next Stages for Low Mass Stars

= The fate of a starbeyond the main sequence depends onits mass
= Astarisclassed as alow-mass starif it has a total mass less than 4 times the mass of the Sun
= Alow-mass star willbecome ared giant before turning into a white dwarf

4. Red Giant

= Hydrogen suppliesinthe core begins to run out
= Most of the hydrogen nucleiin the core of the star have been fused into helium
= Nuclearfusion slows
= Energyreleased by hydrogen fusion decreases, but it continuesin the shell around the core
= The starinitially shrinks which causes the core to become hotter
= Whenthe temperature is high enough, helium fusion begins
= Thisreleases massive amounts of energy which causes the outerlayers to swell and cool to form ared
giant
5. Planetary Nebula

= The helium supply in the core begins to run out

= The core contracts, butit does not get hot enough for further fusion reactions
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= The outerlayers of the star are released ,

6. White Dwarf
Your notes

= Thesolid core collapses under gravity
= Theremnantleftbehindis avery hot, dense core called a white dwarf

— @ .

STELLAR NEBULA PROTOSTAR MAIN SEQUENCE STAR
{fe————

HRe
DWARF —

g‘;ﬁﬁ:F © ' PLANETARY B ReD GIANT B
| Bl \csULA

The lifecycle of alow mass star

Next Stages for Massive Stars

= Astarisclassed as ahigh-mass starif it has a total mass greater than 4 times the mass of the Sun
= Ahigh-mass star willbecome ared supergiant before exploding as a supernova
= Theremnant of the core will either be a neutron star or black hole

4. Red Super Giant

= The star follows the same process as the formation of ared giant
= The shell-burning and core-burning cycle in massive stars goes beyond that of low-mass stars, fusing
elements up toiron
5. Supernova

= Theironcore collapses
= The outershellis blown outin an explosive supernova
6. Neutron Star (or Black Hole)
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= Afterthe supernova explosion, the collapsed neutron core canremainintact having formed a neutron /
star
= |ftheremnant core has a mass greater than 3 times the solar mass, the pressure becomes so great that Your notes

it collapses and produces a black hole

STELLAR NEBULA _' PROTOSTAR MAIN SEQUENCE STAR

NEUTRON - e
N =

@ SUPERNOVA 'RED SUPER :
BLACK ,_,——f"’ GIANT STAR
HOLE | | |

Lifecycle of massive stars
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@ Worked example

Starsless massive than our Sun will leave the main sequence and become red giants.

Describe and explain the next stages of evolution for such stars.

Answer:

Step 1: Plan your answer

Make alist of the remaining stages in the evolution of alow-mass star adding any important points
orkeywords

Red giant Planetary nebula White dwarf

Fuelruns out
= Carbon-oxygen core not hot
Forcesnolongerbalanced , = Hot, denseremnant of the

enough for further fusion
Expands and cools core

. . . = Quterlayersreleased
Fusion continuesin shell

Step 2: Use the plan to keep the answer concise and logically sequenced

Low-mass stars leave the main sequence and become red giants when the hydrogenin the
coreruns out. Reduced energy released by fusion leads to radiation pressure decreasing

Radiation pressure and gas pressure no longer balance the gravitational pressure and the core
collapses. Fusion no longer takes place inside the core

The outer layers expand and cool to form a red giant. Temperatures generated by the
collapsing core are high enough for fusion to occur in the shell around the core.

Contraction of the core produces temperatures great enough for the fusion of heliuminto
carbon and oxygen. The carbon-oxygen core is not hot enough for further fusion, so the core
collapses

The outer layers are ejected forming a planetary nebula.

Theremnant core remainsintact leaving a hot, dense, solid core called a white dwarf.
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@ Worked example

Describe the evolution of a star much more massive than our Sun fromits formation to its eventual
death.

Answer:
Step 1: Plan your answer

= Listthe stages that a massive star goes through, this will help you form your answerin alogical
sequence of events

. . Neutron
Nebula Protostar Main sequence |Red supergiant|  Supernova
star/black hole
= HtoHe
generates | = expands = jroncore
s = super
= gravitational | = heatsup energy and cools collapses dense
collapse andglows | = stable, = fusionup = shockwave
} ) remnants
forces toiron explosion
balanced

Step 2: Use the plan to keep the answer concise and logically sequenced

A star more massive than our Sun will form from clouds of gas and dust called anebula. The
gravitational collapse of matterincreases the temperature of the cloud causing it to glow - this
is aprotostar.

Nuclear fusion of hydrogen nuclei to helium nuclei generates massive amounts of energy. The
outwardradiation and gas pressure balance the inward gravitational pressure allowing the star
to become stable asit enters the main sequence stage.

When the hydrogen runs out, the outer layers of the star expand and cool to formared
supergiant. The core becomes hot enough for helium fusion. Once helium fusion ends,
successive cycles of expansion and collapse occur as heavier elements are fused in the core,
up toiron.

Eventually, once iron has formed in the core and fusion reactions can no longer continue, the
outward layers of the star collapse and the starundergoes a shockwave explosion known as a
supernova.

The remnant of the core collapses further and forms either a neutron star or a black hole.
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The Hertzsprung-Russell (HR) Diagram /

Your notes

The Hertzsprung-Russell (HR) Diagram

= Danish astronomer Ejnar Hertzsprung, and American astronomer Henry Noris Russell, independently
plotted the luminosity of different stars against their temperature
= Luminosity, relative to the Sun, on the y-axis, goes from dim (at the bottom) to bright (at the top)
= Temperature, in degrees Kelvin, on the x-axis, goes from hot (on the left) to cool (on the right)
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The Hertzsprung-Russell Diagram depicts the luminosity of stars against their temperature

= Hertzsprung and Russel found that the stars clustered in distinct areas
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Most stars are clustered in a band called the main sequence

= Formainsequence stars, luminosity increases with surface temperature
A smaller number of stars clustered above the main sequence in two areas, red giants, and red
supergiants

= These stars show anincrease in luminosity at cooler temperatures

= The only explanation for thisis that these stars are much larger than main sequence stars
Below and to the left of the main sequence are the white dwarf stars

= These stars are hot, but not very luminous

= Therefore, they must be much smaller than main sequence stars
The Hertzsprung-Russell Diagram only shows stars that are in stable phases

= Transitory phases happen quickly inrelation to the lifetime of a star

= Blackholes cannot be seensince they emit no light
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@ Worked example /

Your notes
Stars can be classified using the Hertzsprung-Russell (H-R) Diagram.

10—‘1 -
1072 |-

1073 |-

LUMINOSITY COMPARED TO THE SUN

| I I I >
30000 10 000 6000 3000

SURFACE TEMPERATURE/K

(a) State the types of stars foundinareas A, B, Cand D
(b) Onthe H-Rdiagram, plot the star with a surface temperature of 20 000 Kand a luminosity 10
000 times greater than the Sun and label it Star X.

Answer:
(a)
Step 1: Identify the main sequence on the HR diagram

= The mainsequenceis the easiest torecognise asitis the long band diagonally central to the
diagram where the majority of stars are found
= The mainsequenceisregionB
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Step 2: Identify the white dwarf region on the HR diagram /

= White dwarf stars are hot, but not very luminous Your notes
= |dentify the area with alower luminosity than the main sequence
= The white dwarf regionis area A

Step 3: Identify the red giant and red supergiant regions on the HR diagram

= Redgiants and superred giants have a greater luminosity than main sequence stars at alower
temperature

= Thatmeansthat they are bigger than main sequence stars

= The biggerthey are, the more luminous they are

= So, the superred giants are more luminous than the red giants and willappear above them on the
graph

= ThesuperredgiantregionisareaC

= TheredgiantregionisareaD

(b)
Step 1: List the known quantities

= Surface temperature of StarX=20 000K
= Luminosity of Star X =10 000 times that of the Sun
Step 2: Use the graph to find the value for the luminosity of the Sun

= Usearulerand pencil to draw aline from the position of the sun to the luminosity axis (y-axis)
= The Sun’sluminosity on this scale is Tbecause the luminosities given are relative to the luminosity
of the sun
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Step 3: Calculate the luminosity of Star X

= StarXis10 000 times that of the Sun
= Theluminosity of the Sunis
10000 x1=10000 or104

Step 4: Plot the position of Star X on the HR diagram

= | ocate the surface temperature of StarXat 20 000K
= Locate the luminosity of StarX at 10%
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LUMINOSITY COMPARED TO THE SUN

i I | | >
30000 10 000 6000 3000
SURFACE TEMPERATURE/K

= Plot the point andlabelit Star X
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LUMINOSITY COMPARED TO THE SUN

| I | | >
30000 10000 6000 3000

SURFACE TEMPERATURE/K

O Examiner Tip

You need to be able to identify the distinct areas of the Hertzsprung-Russell diagram out of context
like in this exam question

Page 22 of 39

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Emission & Absorption Spectrain Stars /

Your notes
Emission & Absorption Spectrain Stars

Types of Spectra

= There are three types of light spectra:
= Continuous emission spectra
= Emissionline spectra
= Absorptionline spectra
Continuous Spectra

= |nacontinuous spectrum, photons emitted from the core of a star contain all the wavelengths and
frequencies of the electromagnetic spectrum
= Continuous spectra are produced from hot, dense sources, such as the cores of stars
Emission Spectra

= Whenan electron transitions from a higher energy level to alower energy level, this resultsin the
emission of a photon

= Eachtransition corresponds to a different wavelength of light and this corresponds to aline in the
spectrum

= Theresulting emission spectrum contains a set of discrete wavelengths represented by coloured lines
onablack background

= Emissionline spectraare produced by hot, low-pressure gases

Absorption Spectra

= Anatom can be raised to an excited state by the absorption of a photon

= Absorption spectraare observed when white light passes through a cool, low-pressure gas

= Some wavelengths appear to be missing in an absorption spectrum which correspond to the linesin
the emission spectra of the same element
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HOT MATTER
COOL, LOW
DENSITY GAS

An absorption spectrum is the combination of an emission spectrum on top of a continuous spectrum

Chemical Composition of Stars

= Stellarspectrallines are caused by the interactions between photons and the atoms presentin
gaseous layers of stars
= Photons produced by fusion reactionsin a star’s core move towards the layers of gas in the outer
atmosphere of the star
= The photons produced inthe core form a continuous spectrum
= Photons are absorbed by the gas atoms, which excite and re-emit other photons of various
frequenciesinrandom directions
= Thelight from a star can be analysed using spectroscopy
= The atmospheres of stars are not hot enough to produce an emissionline spectrum
= Therefore, stars are found to emit an absorptionline spectrum
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HYDROGEN ABSORPTION SPECTRUM

410 434 436 656
WAVELENGTH , A (nm)
n=4
n=2
n=1

An absorption line will appear in a spectrum if an absorbing material is placed between a source and the
observer

= Anabsorptionline spectrumis the equivalent of an emission line spectrum butitis made of dark lines
on top of a continuous spectrum
= Thedarklinesrepresent the frequencies or wavelengths that are absorbed by a medium, suchas a
gas, whenlight passes throughit
= The absorption spectral linesrepresent the energy that has been absorbed by electronsin the
outer atmosphere of the star
= Eachgas produces aunique pattern of spectral lines due to the specific transition between the
element’s energy levels
= The presence of spectrallinesin a star’s absorption spectrum act as fingerprints
= Theycanbe usedto determine the presence of a certain element within the star
= The chemical composition of a star can be investigated even when extremely distant
= |fthe elementis presentinthe star, its characteristic pattern of spectral lines will appear as dark
linesinthe absorptionline spectrum of the star
= The Sunis predominantly made up of hydrogen and helium gas
= The chemical composition of the Sun can be verified using the emission line spectra of the two
gases compared with the absorption line spectrum of the Sun
= Forexample, the hydrogen emission line spectrumincludeslines at:
= 2nm,486.3nmand 656.5nm
= While helium spectrumincludeslines at:
= 7nmand587.7nm
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= The same wavelengths can be seen as darklines on top of the Sun’s continuous spectrum ,

Surface Temperature of Stars Your notes

= The spectra of stars consist of a wide distribution of wavelengths
= Eachwavelength of radiation has a different intensity
= The peak wavelengthrefers to the wavelength with the highest intensity

SURFACE
TEMPERATURE: 30000K 20000K 10000K 7000K 6000K 4000K 3000K

The colour of a star correlates to its temperature

= Stars are the closest approximation to black-body radiators that exist
= Therefore, the colour of astari.e. its peak emission wavelength, can be attributed to its temperature
according to Wien's law, where:
= Ashorter peak wavelength corresponds to a highertemperature at the peak intensity, so hotter
stars tend to be white or blue

= Alongerpeak wavelength corresponds to alower temperature at the peakintensity, so cooler
stars tend to be red or yellow
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I
ULTRAVIOLET IVISIBLE! INFRARED Your notes
10 —

INTENSITY

WAVELENGTH A (Pml

The intensity-wavelength graph shows how thermodynamic temperature links to the peak wavelength
for four different stars
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@ Worked example

Explain why:
a) Hot, dense sources produce continuous spectra
b) Hot, low pressure gases produce emission spectra
c) Hot, dense sources observed through cool, low pressure gases produce absorption
spectra
Answer:

(a) Hot, dense sources, such as the cores of stars, produce continuous spectra because:

In a hot, dense material, the atoms ormolecules are so close together that they interact with one
another

Thisleads to a spread of energy states that are not clearly defined

Therefore, photons of all frequencies are emitted leading to an uninterrupted band of colour

(b) Hot, low pressure gases produce emission line spectra, because:

Hot gases produce emission line spectra when photons are emitted due to the transition of
electrons

between discrete energy levelsin atoms of the gas

The line spectrum has certain, fixed frequencies related to the differencesin energy between the
various energy levels of the atoms of the gas

In alow pressure gas, the atoms ormolecules are not close together

This means the energy levels of the gas atoms or molecules are clearly quantised and well-defined
Therefore, only photons which correspond to the differences in energy between the energy levels
of abound electron are seen

(c) Hot, dense sources observed through cold gases produce absorption spectra because:

Atoms of different elementsin the cold gas absorb energy emitted from the hot source but only at
particularenergy values

These particular energy values correspond to the differences in energy between the energy levels
of abound electron

This means that particular frequencies of light are absorbed, creating black lines in the continuous
emission spectrum

O Examiner Tip

Given an absorption line spectrum for a specific star, you can be asked to identify a star of similar
chemical composition. Itisimportant to pay attention to the spacing between the lines to be able to
correctly identify the most similar star to the given one.
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Stellar Parallax ,

Your notes

Astronomical Unit Conversions

= Astronomical distances are very large and as aresult, are usually measured using:
= Astronomical Units (AU)
= Light-years(ly)
= Parsecs(pc)
Astronomical Unit (AU)

= The astronomical unit (AU) is defined as
The mean distance from the centre of the Earth to the centre of the Sun

= Asthe Earth’s orbit around the Sunis elliptical it will be slightly closerto the Sunin January (1.471 x 101 m)
thanitisinJuly (1.521x 10" m)
= Calculating the mean of these two values gives:

(1.471x 1011) +(1.521 x 1011)
2

=1.496 x10"m

= Therefore, 1astronomical unit=1.496 x10"m=1.5x10"m
= Theastronomical unitis useful for studying distances on the scale of the solar system

1AU

Light-year (ly)

= Alight-yearis defined as:
The distance travelled by light in one year
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= This canbe calculated using:
Distance = speed x time
Your notes

= Where:
= Thespeedoflightis3x108ms-!

» lyear=60x60x24x365=315x10"s
= Hence, the distance travelled by lightin one year = (3 x 108) x (3.15 x 107) = 9.46 x 101 m

= Therefore, 1light-year=9.5x10®m
Parsec (pc)
= Angles smallerthan1degree canbe measured in arcminutes or arcseconds

= ]degree =60 arcminutes
= Tarcminute = 60 arcseconds
= Therefore, 1degree =60 x 60 = 3600 arcseconds

= Jarcsecond=1/3600 degree

= The parsecisdefined as
A unit of distance that gives a parallax angle of 1second of an arc (of a degree), using the

radius of the Earth’s orbit (1 AU) as the baseline of aright-angled triangle

,—FEARTH]
, (6= 1ARCSECOND]

l
< — DISTANCE = 1PARSEC - > -
STAR:

» Giventhat1AU=1.496 x 10" m, trigonometry can be used to express 1 parsec in metres

opp 1 AU

tanf = - =
adj 1 pc
{ 1 \ 1 AU
03600 ) ~ 1 pe

1 AU 1.496 x 101!
= 1 ) =3.09x10"%m

Tpc= 1 =
tan( 3600 ) tan( 3600

» Therefore, Tparsec=3.1x10%m
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= Theparsec (1pc =3.1x10'®m)and the light-year (1ly = 9.5 x 10'> m) are much greater in size than the
astronomical unit (1AU = 1.496 x 101" m)
= This makes them useful when studying interstellar distances
= Forexample, onthe scale of distances between the Earth and stars, or neighbouring galaxies

@ Worked example

The closest starto Earthis a triple-star system called Alpha Centauri, whichis approximately 4.35 light-
years from Earth.

Calculate the distance between the Earth and Alpha Centauriin:

(a) Astronomical units
(b) Parsecs

An astronomical unitis 1.496 x 10T m.

Answer:
(a)
Step 1: List the known quantities

= llight-year=9.5 x 10" m (from data booklet)
= TAU=1.496x10"m
= DistancetoAlpha Centauri=4.351ly

Step 2: Convert 4.35 light-years into metres

m 4.35ly=4.35%x(9.5x10')=413x10"%m
Step 3: Convert from metresinto AU

4.13x 1016

s 413x10m=""—"—"—"—""=-2.8x10%5AU(to 2s.f)
1.496 x 101!

(b)
Step 1: List the known quantities

= 1parsec=3.1x10%m (from data booklet)
s 4.35ly=4.13x10"®m (from part a)
Step 2: Convert from metres into parsecs

4.13 x 1016

m 413x10¥m=—"—"—""-=13pc(to2s.f)
3.1 x 1016
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O Examiner Tip

You do not needtolearn all of the conversion factors for astronomical distances, you just need to know
how to use them! The following are givenin the data booklet:

1light-year=9.5x10%m
Tparsec=3.1x10%m

However, the astronomical unit (AU) is not, so this could be useful to learn by heart!
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Parallax Calculations

= The principle of parallaxis based on how the position of an object appears to change depending on
whereitis observed from

= When observing the volume of liquid in a measuring cylinder the parallax principle will resultin the
observer obtaining different values based on where they viewed the bottom of the meniscus from

<)
19.82 ml —
19.70 mlL <
20 —
10.62m <& | S— \
g ——
o

Parallax error describes the false readings that can be made by taking measurements from different
angles

Stellar parallax can be used to measure the distance to nearby stars

= Stellar Parallaxis defined as:

The apparent shifting in position of a nearby star against a background of distant stars
when viewed from different positions of the Earth, during the Earth’s orbit about the Sun

= |tinvolves observing how the position of a nearby star changes over a period of time against a fixed
background of distant stars
= Toanobserver, the position of distant stars does not change with time
= |fanearby starisviewed from the Earth at 6 monthsintervals (e.g. oncein January and once againin
July), the Earth will be at a different positioninits orbit around the Sun
= The nearby star willappearin a different position compared to the backdrop of distant stars
= The distant stats will appear to not have moved
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= This apparent movement of the nearby staris called the stellar parallax /
Your notes
APPARENT
EARTH IN STAR POSITION
JULY IN JANUARY h
- PARALLAX ANGLE DISTANT
. BACKGROUND
STARS WHICH
APPEAR TO
STAR X POSITION
EARTH IN
JANUARY APPARENT
STAR POSITION
IN JULY

= Applying trigonometry to the parallax equation:

1 AU
tanp = —d

= Where:
= ]AU =radius of the Earth's orbit around the sun
= p=parallaxangle from Earth to the nearby star
= d=distance to the nearby star

= Forsmallangles, expressedinradians, tan p = p, therefore:

_1AU
P="q

= |fthe distance to the nearby staris to be measuredin parsec, thenit can be shown that the relationship
between the distance to a star from Earth and the angle of stellar parallaxis given by

_ 1
P="

= Where:
= p=parallax (")
= d=thedistancetothe nearby star(pc)

= Thisequationisaccurate fordistances of up to 100 pc

= Fordistanceslargerthan100 pc, the anglesinvolved are so small they are too difficult to measure
accurately
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A NEARBY STAR WILL HAVE Your notes
A LARGER PARALLAX ANGLE

A DISTANT STAR
~ % WILL HAVE A
SMALLER PARALLAX

ANGLE
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@ Worked example

The nearest star to Earth, Proxima Centauri, has a parallax of 0.768 seconds of arc.

Calculate the distance of Proxima Centauri from Earth
(a)inparsecs

(b)inlight-years

Answer:
(a)
Step 1: List the known quantities

= Parallax,p=0.768"
Step 2: State the parallax equation

1
PT
Step 3: Rearrange and calculate the distance d

1 1
; = 0768 1.30 pc

d =
(b)

Step 1: State the conversion between parsecs and metres

= Fromthe databooklet:
Tparsec=3.1x10"%m

Step 2: Convert1.30 pctom
1.30pc=1.30x(3.1x10%) =4.03x10%m
Step 3: State the conversion between light-years and metres

= Fromthe databooklet
Tlight-year=9.5x10""m

Step 4: Convert 4.03 x 10'¢ minto light-years

4.03x 1016

W =4.2ly(to2s.1)
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O Examiner Tip /

Your notes
Make sure you know the units for arc seconds (") and arc minutes (')

= Tarcminuteis denoted by T'
= Jarcsecondisdenotedby1"
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Determination of Stellar Radii
Your notes

Determination of Stellar Radii

= Theradius of a star can be estimated by combining Wien’s displacement law and the Stefan-

Boltzmann law
= The procedure for thisis as follows:
= Using Wien’s displacement law to find the surface temperature of the star
= Usingtheinverse square law of flux equation to find the luminosity of the star (if given the radiant

flux and stellar distance)
= Then, using the Stefan-Boltzmannlaw, the stellarradius can be obtained

SUMMARY OF EQUATIONS

\[ERADIANT FLUX INTENSITY

INVERSE  SQUARE E = L
LAW OF FLUX 4:]Td2
\\kDISTANCE BETWEEN

THE STAR AND EARTH

fﬁ PEAK WAVELENGTH
1

WIEN'S DISPLACEMENT
LAW g S o

T

SURFACE TEMPERATURE

A T = 2.9 %1073 mK

[E: STELLAR RADIUS

STEFAN-BOLTZMANN 4
L=4TTr2sT

LAW
‘E LUMINOSITYI
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@ Worked example /

Your notes
Betelguese is our nearest red giant star. It has a luminosity of 4.49 x 1031 W and emits radiation with a

peak wavelength of 850 nm.
Calculate the ratio of the radius of Betelgeuse rg to the radius of the Sunrs.

Radius of the Sun, rg= 6.95 x 108 m.

Answer:
Step 1: List the known quantities

= Luminosity of Betelgeuse, L =4.49 x 103TW
= Peak wavelength of Betelgeuse, Amax =850 nm =850 x 109 m
= Radius of the Sun,rg=6.95x108m

Step 2: Write down Wien’s displacement law

AmaxT =2.9 x 1073 mK
Step 3: Rearrange Wien’s displacement law to find the surface temperature of Betelguese

_29x10"° 29x107°
Mnax 850 x 1077

T =3410K

Step 4: Write down the Stefan-Boltzmann law
L = 4nr?oT?

Step 5: Rearrange forr and calculate the stellar radius of Betelguese

g = L. 649 X610 =6.83 x 10"
57 N dnoT* ~ \ 4nx(5.67 x 10 ®)x(3410)* ks

Step 6: Calculate theratiorg /g

s _ 683 x10" _

rs  6.95x 108 "oe

= Therefore, theradius of Betelguese is about 1000 times larger than the Sun’s radius
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