Astrophysics Review

Note that not all Syllabus points are summarised in this document.

define the term ‘resolution’ as the minimum angular separation between two equal point sources such that they can be just barely distinguished as separate sources 
define the term ‘sensitivity’ of a telescope as the light-gathering power of the telescope (directly proportional to the square of the diameter of the objective)
define the term parallax as the apparent shift in position of a close object against a distant background due to a change in position of the observer
define the term parsec (or parallax-second),  the distance that corresponds to an annual parallax of 1 second of an arc
define the term light-year as the distance travelled by light (or other EMR) in one year
define absolute magnitude as the apparent magnitude that a star would have if it were at a distance of 10 parsecs (pc) (with no absorption by interstellar dust).
define apparent magnitude as the measured brightness of the star as seen from the Earth. The more positive the magnitude is, the duller the star.
define the term ‘resolution’ as _______________________________________

________________________________________________________________

________________________________________________________________

Formula:

define the term ‘sensitivity’ of a telescope as ____________________________

________________________________________________________________

________________________________________________________________

Formula:

Define the term parallax as __________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

define the term parsec (or parallax-second), as ___________________________

________________________________________________________________

________________________________________________________________

Formula:

define the term light-year as _________________________________________

________________________________________________________________

________________________________________________________________

Formula:

define absolute magnitude as __________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

define apparent magnitude as________________________________________

________________________________________________________________

________________________________________________________________

Formula:

identify the general types of spectra produced by 

stars (continuous and absorption), 

emission nebulae (emission), 

galaxies 

· Normal galaxies have red continuous spectra and calcium absorption lines

· Galaxies undergoing massive star formation have strong emission lines

· Active galaxies (with black holes) have broad emission spectra and strong synchrotron radiation
and quasars (emission)

identify the general types of spectra produced by stars 

__________________________

identify the general types of spectra produced by emission nebulae 

__________________________

identify the general types of spectra produced by galaxies 

__________________________

identify the general types of spectra produced by quasars 

__________________________

Atmospheric distortion:

Turbulent air due to changes in density, pressure and temperature, which can cause the twinkling and blurring of star light known as 'seeing'.

Objective lens:

The lens used to gather and focus starlight.

Adaptive optics

The use of a fast computer feedback system to attempt to correct for the effects of atmospheric turbulence by rapidly adjusting mirror angles.

Interferometry:

Combining the data from several elements of an antenna array to form an interference pattern in order to achieve a higher resolution. Computers analyse the patterns to reveal information about the structure of the source.

Active optics:

The use of a slow feedback system to correct sagging or other deformities in the primary mirror of large modern reflector telescopes.

Trigonometric parallax:

Using trigonometry to solve the triangle formed by parallax to determine distance.

Astrometry:

The careful measurement of a celestial object's position, and changes in position, to a high order of accuracy.

Spectroscopy:

Using a spectroscope to spread light into its spectrum, then examining these components of light and drawing inferences about the material that produced it.

Emission spectra:

Discrete bright coloured bands against a dark background produced by hot incandescent gases of low density.

Continuous spectra:

Continuous, rainbow-like spectrum produced by a hot, glowing solid, liquid or high pressure gas.

Absorption spectra:

A continuous spectrum upon which dark lines appear due to missing wavelengths. Produced by a cool, non-luminous gas in front of a continuous spectrum source.

emission nebulae:

Hot interstellar gas clouds heated by UV radiation from a nearby star.

quasars:

Extremely distant and old objects that emit more energy than a hundred galaxies combined. Produce emission spectra right across the EM spectrum, with the bulk lying within infrared wavelengths.

Photometry:

The measurement of the brightness of a source of light or other radiation.

Binary star:

Two stars in orbit about their common centre of mass. Types include eclipsing (periodic dips in light intensity), spectroscopic, astrometric (one unseen) and visual.

Intrinsic variable

A star that varies in brightness due to changes within the star itself.

Extrinsic variable:

A star that varies in brightness due to some process external to the star.

Periodic variable:

Variable stars that show a regular pattern of brightness variation.

Non-periodic variable:

Variable stars that show an irregular pattern of brightness variation.

Cepheid variable:

Very luminous yellow supergiants with a characteristic light curve, showing a periodic variation in intensity. The light curve shows a rapid increase in apparent brightness, followed by a slower decline in brightness. This pattern repeats periodically. 

Fusion:

Joining of nuclei at high temperature.

Zero-age main sequence plot:

A plot of the main sequence using only zero-age stars.

Open cluster:

Younger cluster containing less star than globular cluster and may contain O and B stars.

Globular cluster:

Older cluster containing many more stars than open cluster and not containing massive O and B stars (too short lived).

Protostar:

A glowing newly formed star with a stable core that does not yet produce nuclear energy through fusion.

Main sequence star:

A stable star in hydrostatic equilibrium, characterised by the fusion of hydrogen to helium in the core, surrounded by layers of non-reacting hydrogen.
Red giant:

A large star characterised by a helium-burning core surrounded by a hydrogen-burning shell.

Supergiant:

More massive star with core undergoing helium burning.

planetary nebula:

Shell-shaped cloud of gas that is the blown away outer layers of a star following the red giant phase.

Supernova:

Violent explosion of uncontrolled nuclear reactions that completely blows away the various layers of a massive star. Occurs when original mass of star is more than 5 solar masses.

White dwarf:

Dense star made of degenerate matter. End point of small to medium stars.

Neutron star:

Extremely dense remnant of the core (1.4 to 3 solar masses) of a massive star. Made up of neutron matter.

Pulsar:

Spinning neutron star emitting beams of electromagnetic radiation from the magnetic poles.

Black hole:

Crushed remnant of the core (over 5 solar masses) of a very massive star. Theoretically a point of zero volume and infinite density.

Atmospheric distortion:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Objective lens:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Adaptive optics

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Interferometry:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Active optics:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Trigonometric parallax:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Astrometry:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Spectroscopy:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Emission spectra:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Continuous spectra:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Absorption spectra:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

emission nebulae:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

quasars:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Photometry:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Binary star:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Intrinsic variable

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Extrinsic variable:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Periodic variable:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Non-periodic variable:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Cepheid variable:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Fusion:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Zero-age main sequence plot:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Open cluster:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Globular cluster:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Protostar:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Main sequence star:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Red giant:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Supergiant:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

planetary nebula:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

supernova:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

white dwarf:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

neutron star:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

pulsar:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

black hole:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

outline methods by which the resolution and/or sensitivity of ground-based systems can be improved, including:

–
adaptive optics 

· interferometry

· active optics

outline spectroscopic parallax

outline the key stages in a star’s life in terms of the physical processes involved

describe the technology needed to measure astronomical spectra

describe the key features of stellar spectra and describe how these are used to classify stars

describe how spectra can provide information on surface temperature, rotational and translational velocity, density and chemical composition of stars

describe the advantages of photoelectric technologies over photographic methods for photometry

describe binary stars in terms of the means of their detection: visual, eclipsing, spectroscopic and astrometric

describe the processes involved in stellar formation

describe the types of nuclear reactions involved in Main-Sequence and post-Main Sequence stars

Describe the technology needed to measure astronomical spectra     (6 marks)

A spectroscope spreads out light rays to show the colours within the light

Filters pass light over a broad range of wavelengths
Spectrographs
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Slit and collimator allow light to enter and refract into parallel beams. 

The dispersing element breaks the light up into its constituent colours.

The camera and detector record the spectra.

(e.g. CCD then data is fed to a computer for analysis)

Spectroscopic surveys - optical fibres can observe several spectra at once
Electronic sensors mean that spectroscopy is not just restricted to visible light - also other EMR.
Describe the key features of stellar spectra and describe how these are used to classify stars

(6 marks)

Different atoms and molecules produce spectral lines of very different strengths at different temperatures.

At lower temps, molecular absorption lines are observed.

At hotter temperatures, neutral atom absorption lines dominate.

At even higher temperatures, absorption lines for ionized elements are observed.

Stars are assigned a spectral class (e.g. O,B,A,F,G,K,M or N) according to the features present.

These classes correspond to the colours and temperatures which are characteristic of these stars.

The classes are further divided into subgroups (0-9 etc.)

Describe the advantages of photoelectric technologies over photographic methods for photometry

(8 marks)

Not restricted to visible spectrum, much wider range of 
Use a high resolution charge-coupled device (CCD) so pictures are good, although photographic can sometimes get even higher resolution.

 It is an electronic signal, so it can be 

· MULTIPLIED

· DIGITISED

· ANALYSED AND

· STORED ELECTRONICALLY 

all very quickly and from a remote location if necessary - e.g. Space telescope from Earth.

Images can be sent accurately over broad or narrow wavebands.
It is more sensitive to faint light sources.
Describe how spectra can provide information on the surface temperature of stars.

A star can be analysed as a black body. By looking at the electromagnetic radiation emitted across the continuous spectrum, we can use the peak intensity wavelength (the wavelength at which the emitted radiation is at its highest peak) to determine the temperature of the star. We can use Wiens law (max W) to calculate the temperature.

The absorption spectra can be used to determine the spectral class of the star and this will give an indication of the temperature. The horizontal axis of the H-R diagram may be plotted using a temperature scale, spectral class, colour index or all three.

Alternatively, the emitted radiation (apparent magnitude using B and V filters) can be used to determine the colour index of the star. By calculating the colour index, B-V, the temperature can be determined.

Describe how spectra can provide information on rotational and translational velocity, density and chemical composition of stars     (9 marks)

Rotational velocity

DOPPLER EFFECT - DEPARTING OBJECT MEANS WAVELENGTHS ARE LONGER
Red shifted absorption spectra shows star is moving away from observer.
DOPPLER EFFECT - APPROACHING OBJECT MEANS WAVELENGTHS ARE SHORTER
Blue shifted absorption spectra shows star is moving towards observer.
THE WIDER THE GAP BETWEEN RED SHIFTED AND BLUE SHIFTED POSITION, THE HIGHER THE ROTATIONAL SPEED

If a single star is rotating, individual absorption spectrum lines will be broadened due to red and blue shifting of each side of the star.

Recessional/translational velocity

Doppler effect shows velocity away from earth. The greater the red or blue shift, the greater the velocity.

Red shifted absorption spectra shows star is moving away from observer.
Blue shifted absorption spectra shows star is moving towards observer.
This can be added (using vectors) to net sideways motion to give the resultant velocity relative to the earth 

Density and Pressure
Low density and pressure gives narrow absorption lines e.g. supergiants

High density and pressure gives broad absorption lines e.g. main sequence stars

Chemical Composition

Absorption lines from the atmosphere of stars can be matched to absorption and emission spectra from known elements to determine the chemical composition of the outer layers of stars.

There may be a number of overlapping ‘fingerprints’ of elements in the spectrum of a star.

Emission spectra can be used to determine the chemical composition of emission nebulae and quasars.

At lower temperatures, molecules can exist near the star’s surface.

At higher temperatures, molecules can no longer exist and the spectral lines are from neutral atoms.
At even higher temperatures the spectral lines are from ions.
Outline spectroscopic parallax     (5 marks)

Firstly a spectroscope is used to determine the apparent magnitude of the star, m.

Then the spectral class of the star is determined from the spectral lines.

The spectral class is used to find the range of absolute magnitudes on the Hertzsprung-Russell diagram, by tracing up to and across from the appropriate group of stars (e.g. main sequence, red giants etc.)

Now we can use the distance modulus formula
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to determine the distance to the star.

NB Spectroscopic parallax is not a precise technique because of the range of stars with the same spectral class.

Describe binary stars in terms of the means of their detection: visual, eclipsing, spectroscopic and astrometric 

Describe the processes involved in stellar formation 

Outline the key stages in a star’s life in terms of the physical processes involved 

Describe the technology needed to measure astronomical spectra

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Describe the key features of stellar spectra and describe how these are used to classify stars

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Describe how spectra can provide information on rotational and translational velocity, density and chemical composition of stars

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Outline spectroscopic parallax

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Describe the advantages of photoelectric technologies over photographic methods for photometry

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Describe binary stars in terms of the means of their detection: visual, eclipsing, spectroscopic and astrometric 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Describe the processes involved in stellar formation 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Outline the key stages in a star’s life in terms of the physical processes involved 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

explain how trigonometric parallax can be used to determine the distance to stars

explain how the concept of magnitude can be used to determine the distance to a celestial object

explain how two-colour values (ie colour index, B-V) are obtained and why they are useful

explain the importance of binary stars in determining stellar masses

explain the importance of the period-luminosity relationship for determining the distance of cepheids

explain how the age of a globular cluster can be determined from its zero-age main sequence plot for a H-R diagram

explain the concept of star death in relation to:

–
planetary nebula

–
supernovae

–
white dwarfs

–
neutron stars/pulsars

–   black holes
Explain how two-colour values (ie colour index, B-V) are obtained and why they are useful

The colour of stars varies with the instrument used to observe them.

Brightness, or apparent magnitude, also depends on the instrument used.

Photometers use different filters to give different magnitudes.  These 

are U - ultraviolet filter, B (photographic magnitude) - blue filter and V (visual magnitude) - yellow-green filter. Light passes through the filter and apparent magnitude is recorded.
A star may look bright through a red filter but may also be bright through a blue filter – hence brightness through a single filter is not necessarily indication of colour – we need a COMPARISON.

Colour Index = B - V   is useful because it gives an indication of the colour of the star. 
A red star is brighter through a V filter, so has a lower value for V than B.

So Colour Index = B - V is positive for a red star.

A blue star is brighter through a B filter, so has a lower value for B than V.
So Colour Index = B - V is negative for a blue star.

Once obtained, the colour index can therefore be useful to obtain an indication of the colour, temperature and spectral class of the star.

Explain the importance of the period-luminosity relationship for determining the distance of cepheids

Cepheids are periodic variable stars - i.e. their brightness varies at regular intervals. The period-luminosity relationship is a graph that plots absolute magnitude vs period for cepheid variables.

So if we know the period of variation of a Cepheid and 

the apparent magnitude (m),  we can use the graph to get absolute magnitude and use the distance modulus formula

M = m - 5 log (d/10)

to work out the distance to the star.

Explain how the age of a globular cluster can be determined from its zero-age main sequence plot for a H-R diagram

Globular clusters  - 100,000‘s of stars tightly bound, older, low metal abundance, mostly Hydrogen burning, M to G stars, low mass main sequence (MS) stars, many giant & supergiant high L stars.

There is a ‘continuum’ of H-R cluster diagrams - moving from  young (with high mass MS stars) (open)  to old (no high mass MS stars) (globular). 

The main sequence turn-off point indicates the age of the cluster. If the stars in the cluster do not have positions very high on the main sequence then the cluster is likely to be older. Stars in a cluster that are in higher positions in the main sequence are high mass and short lived, so the cluster must be young.
Explain the concept of star death in relation to:

–
planetary nebula

–
supernovae

–
white dwarfs

–
neutron stars/pulsars

–   black holes
Explain how two-colour values (ie colour index, B-V) are obtained and why they are useful

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Explain the importance of the period-luminosity relationship for determining the distance of cepheids

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Explain how the age of a globular cluster can be determined from its zero-age main sequence plot for a H-R diagram

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Explain the concept of star death in relation to:

–
planetary nebula

–
supernovae

–
white dwarfs

–
neutron stars/pulsars

–   black holes
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

discuss Galileo’s use of the telescope to identify features of the Moon

discuss why some wavebands can be more easily detected from space

discuss the problems associated with ground-based astronomy in terms of resolution and absorption of radiation and atmospheric distortion

discuss the limitations of trigonometric parallax measurements

discuss the synthesis of elements in stars by fusion

Discuss Galileo’s use of the telescope to identify features of the Moon

Discuss why some wavebands can be more easily detected from space

Electromagnetic radiation of different wavelengths is absorbed by different amounts in the atmosphere. Wavebands which are absorbed are therefore not easily detected from ground-based systems, so space telescopes (such as the Hubble Space Telescope) are preferable.

Very short wavelength radiation such as X-rays and Gamma rays interact with and are absorbed by oxygen and nitrogen in the atmosphere.
Most Ultraviolet (UV) radiation interacts with ozone and so cannot reach the ground. Infrared radiation interacts with water vapour and carbon dioxideand so is (incompletely) absorbed by the atmosphere. 

Long waves interact with electrons in the ionosphere. 

So only near-UV, visible light, near-Infrared, radio and microwaves make it to the ground without much absorption by the atmosphere.

All others are more easily detectable from space.
Discuss the problems associated with ground-based astronomy in terms of absorption of radiation and atmospheric distortion 

Discuss the limitations of trigonometric parallax measurements

Discuss the synthesis of elements in stars by fusion

Fusion is the joining of atomic nuclei at high temperature.

When a gas and dust cloud condenses during the formation of a star, the temperature builds and the thermal pressure increases. The outward pressure balances the inward pressure of gravity and the core size stabilises. This is a PROTOSTAR.

At 15 million degrees Celsius in the center of the star, fusion ignites.

  4 (1H) --> 4He + 2 e+ + 2 neutrinos + energy
The PROTON-PROTON reaction and the CNO cycle both involve fusion of four Hydrogen nuclei to form a He nucleus and conversion of mass to energy. The mass of the products is less than the mass of the reactants and this mass deficit is converted to energy:
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The energy appears as K.E of the particles formed, high energy gamma rays and neutrinos.

The temperature of the star’s core determines which process will dominate.

The P-P process dominates in a low-mass star like the Sun, while in higher mass (hotter) stars, the CNO cycle dominates.

After Hydrogen is exhausted in core the core collapses, releasing energy to the outer layers, which expand, forming a red giant. As the core collapses there is increasing temperature and pressure and at 100 million degrees Celsius, Helium fuses:

3 (4He) --> 12C + energy

(Be produced at an intermediate step)

This energy sustains the expanded outer layers of the Red Giant.

LOW MASS STARS: after the Helium is exhausted, outer layers of star expelled, forming a planetary nebula. At center of Planetary Nebula lies a White Dwarf (the size of the Earth with Mass of the Sun -“A ton per teaspoon” ) where the inward force of gravity is balanced by the repulsive force of electrons.

HIGH MASS STARS: after Helium exhausted, core collapses again until it becomes hot enough to fuse Carbon into Magnesium or Oxygen.


 12C + 12C --> 24Mg     OR         12C + 4H --> 16O
Through a combination of processes, successively heavier elements are formed and burned.   (cont. over)


Massive stars burn a succession of elements.

Iron is the most stable element and cannot be fused further.

Instead of releasing energy, it uses energy.

When this iron core collapses, a supernova occurs, leaving either

Neutron Star (If mass of core < 5 x Solar)

· Under collapse, protons and electrons combine to form neutrons.

· 10 Km across

or   Black Hole (If mass of core > 5 x Solar)

· not even compacted neutrons can support weight of very massive stars.
Elements heavier than iron may be formed by slow neutron capture by nuclei inside red giants or by fast neutron capture during a supernova.
Discuss Galileo’s use of the telescope to identify features of the Moon

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss why some wavebands can be more easily detected from space

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the problems associated with ground-based astronomy in terms of absorption of radiation and atmospheric distortion 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the limitations of trigonometric parallax measurements

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the synthesis of elements in stars by fusion

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

identify data sources, gather, process and present information to assess the impact of improvements in measurement technologies on our understanding of celestial objects

classify variable stars as either intrinsic or extrinsic and periodic or non-periodic

account for the production of emission and absorption spectra and compare these with a continuous blackbody spectrum

How can scientists classify variable stars as either intrinsic or extrinsic and periodic or non-periodic?

An intrinsic variable is a star that varies in brightness due to changes within the star itself.

This may be a star undergoing periodic expansion and contraction due to internal reactions.

An extrinsic variable is a star that varies in brightness due to some process external to the star.

Scientists may observe a nearby object drawing material from the star or vice versa.

A periodic variable is a variable star that shows a regular pattern of brightness variation.

Scientists can observe regular changes in the light curve.

A non-periodic variable is a variable star that shows an irregular pattern of brightness variation.

Changes in the light curve do not follow any pattern.

Assess the impact of improvements in measurement technologies on our understanding of celestial objects

Adaptive optics is the use of a fast computer feedback system to attempt to correct for the effects of atmospheric turbulence by rapidly adjusting mirror angles.

Interferometry involves combining the data from several elements of an antenna array to form an interference pattern in order to achieve a higher resolution. Computers analyse the patterns to reveal information about the structure of the source.

Active optics is the use of a slow feedback system to correct sagging or other deformities in the primary mirror of large modern reflector telescopes.

Photoelectric technology uses CCD to analyse light from stars and gain accurate information.

These improvements lead generally to better resolution and sensitivity, and photoelectric technology means the following positive out comes:

More accurate understanding of star temperature and characteristics

More wavelengths give more knowledge of radiation emitted by objects

Improvement in sensitivity and faster response times

Digitised information can be quickly manipulated, shared, stored

Faster analysis by computer

Ability to quickly retrieve accurate images from anywhere in the world or space

How can scientists classify variable stars as either intrinsic or extrinsic and periodic or non-periodic?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Assess the impact of improvements in measurement technologies on our understanding of celestial objects

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

identify data sources, plan, choose equipment or resources for, and perform an investigation to demonstrate why it is desirable for telescopes to have a large diameter objective lens or mirror in terms of both sensitivity and resolution

perform a first-hand investigation to examine a variety of spectra produced by discharge tubes, reflected sunlight, or incandescent filaments

perform an investigation to demonstrate the use of filters for photometric measurements

perform an investigation to model the light curves of eclipsing binaries using computer simulation

present information by plotting Hertzsprung-Russell diagrams for: nearby or brightest stars, stars in a young open cluster, stars in a globular cluster

present information by plotting on a H-R diagram the pathways of stars of 1, 5 and 10 solar masses during their life cycle

Revision of Practical Work/ Some key concepts

Likely HSC questions:

What did you do? Outline an investigation you conducted.

Draw a diagram

What equipment did you use?

Why did you use that equipment? Advantages? Disadvantages?

What alternative methods may have been used?

What safety precautions are necessary (risk assessment)

What is the independent and dependent variable?

What controls are involved?

Describe how the device works (e.g. A.C or D.C.  motor)

What were your observations? Results?

How reliable are your results? Possible sources of error?

What were your conclusions?

Assess the validity of your conclusions.

Check the glossary of key terms - can you apply these to your practical experiences?

Draw a labelled diagram to show the assembled apparatus you used to perform an investigation to demonstrate why it is desirable for telescopes to have a large diameter objective lens or mirror in terms of both sensitivity and resolution 

Use a table to present your results of the first-hand investigation you performed to examine a variety of spectra produced by discharge tubes, incandescent filaments and incandescent filaments through coloured solutions.

Table:

You performed an investigation to demonstrate the use of filters for photometric measurements. Identify the independent, dependent and controlled variables in this experiment.

Independent variable:

_____________________________________________________________________

_____________________________________________________________________

Dependent variable:

_____________________________________________________________________

_____________________________________________________________________

Controlled variables:

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Sketch Hertzsprung-Russell diagrams for: 

nearby or brightest stars 

stars in a young open cluster

stars in a globular cluster

solve problems and analyse information to calculate the distance to a star given its trigonometric parallax using:
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gather and process information to determine the relative limits to trigonometric parallax distance determinations using recent ground-based and space-based telescopes

solve problems and analyse information using:
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to calculate the absolute or apparent magnitude of stars using data and a reference star

analyse information to predict the surface temperature of a star from its intensity/wavelength graph

solve problems and analyse information by applying:
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analyse information from a H-R diagram and use available evidence to determine the characteristics of a star and its evolutionary stage

Outline the method used to predict the surface temperature of a star from its intensity/wavelength graph. Sketch a graph in your answer.

Sketch:
_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Formula:   
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                     Name of Law: ________________________

Quantity: _______________________________     

UNITS: ___________________

Direction (example) _________________________________________

Where     _____   is_____________________________________UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

Formula: ____________________  Name of Law: ________________________

Quantity: _______________________________     

UNITS: ___________________

Direction (example) _________________________________________

Where     _____   is_____________________________________UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

               _____   is  ____________________________________ UNITS__________

EXTRACTING DATA FROM THE QUESTION

EXAMPLE ___                                                                     EXAMPLE ___

               _____   =   ___________                                         _____   =   ___________

               _____   =   ___________                                         _____   =   ___________

               _____   =   ___________                                         _____   =   ___________

               _____   =   ___________                                          _____   =   ___________

               _____   =   ___________                                          _____   =   ___________

               _____   =   ___________                                          _____   =   ___________

Formula: ____________________                       Formula: ____________________       

EXAMPLE ___                                                                     EXAMPLE ___

               _____   =   ___________                                         _____   =   ___________

               _____   =   ___________                                         _____   =   ___________

               _____   =   ___________                                         _____   =   ___________

               _____   =   ___________                                          _____   =   ___________

               _____   =   ___________                                          _____   =   ___________

               _____   =   ___________                                          _____   =   ___________

Formula: ____________________                       Formula: ____________________       
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