Option F — Astrophysics
F.1 Measuring Stellar radiation
F.1.1

Gal axi es:
- Huge mass of stares, nebulae, and interstellar material
- 3 types: elliptical, spiral (arnms spiraling outwards froma
central bulge), and irregular.

- groups of stars

- Types:: Open: |oose groups of a few 1000 young stars
drifting apart / d obular: densely packed (roughly spherica
groups of hundreds of thousands of ol der stars.

Nebul ae:

- Coud of dust and gas inside a gal axy

- Enission nebulae: their gas enmts |light when stinul ated by
young star radiation

- Reflection nebulae: dust reflects light fromstars in or
around nebul ae

- Dark nebul ae: silhouettes since they block Iight from
shining nebul ae or stars

- Oher types: planetary nebula (gas shell drifting away from
dying stellar core) / supernova remant (gas shell noving
away fromstellar core at great speed after supernova)

Red G ants: (Duration: 100 million yr. / Dianeter: at |east 40
mllion mles)

- Fornms when the hydrogen in a star’s core has converted into
helium the heliumcontracts again and fuses to form carbon
while the outer layers expand cool and shine less brightly

- Large, mmssive, very |luminous, but cool

White dwarves: (dianeter 8,000 mles)

- The red giant’s core after its outer layer has drifted off.

- Very dense core, one teaspoonful weighs about 5 tons.

- Eventually cools and forns a black dwarf (cold, dead core)

- Small, dim but hot.

Supernovae: (Duration of visibility 102 yr.)

- Massive star (3 times mass of sun at least) F Red Super
giants F Iron core & Core collapses in |less than a second,
causi ng expl osion call ed Supernova.

- Shine brighter than an entire galaxy for an instant.

Neutron Stars:

- |If the supernova core survives and is between 1.5 and 3
sol ar nasses it beconmes a neutron star

- Dense (one teaspoonful weighs about a billion tons), tiny,
di aneter of about 6 miles.

- Consist alnost entirely of neutrons.

Bl ack hol es:

- If surviving supernova core is considerably greater than 3
solar masses it contracts to forma black hole.

- Strong gravity (even light cannot escape), therefore
invisible, but are detected if there is a close conpani on
star. Black hole pulls gas from conpanion star, forning an
accretion disk that spirals around the black hole at high
speed, heating up and enitting radiation

Pul sars:



- Rotating Neutron Star
- Emt 2 beans of radio waves (detected as short pul ses)

Quasars:
- Appears as a point of light but far nore powerful source of
radi o waves than any known star.
- Most distant objects in the known universe
- Gving off energy at prodigious rates
F.1.2

Paral | ax: apparent notion of a star
Parsec: 3.26 light years “the distance to a star whose parallax is 1
arc second”

The distance to stars as far as 100 light years is neasured using a
paral | ax angl e.
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F.1.3

Appar ent nmagni t ude: depends on the absolute lumnosity (intrinsic

bri ght ness)of the star and its distance from earth(decreases by 1/d2)
Absol ute magni tude: the apparent nmagnitude a star would have if it
was 10 parsecs away (32.6 |ight years)

F.1.4

L=0AT* (o = Stefan-Boltznmann constant / A = surface area / T =
absol ute tenperature / L = energy radi at ed)

F.1.5

Wen's law relationship which gives the tenperature of a black body
in terns of the wavel ength at which it radi ates the naxi mum anount of
energy in its spectrum

A max) = 2.9x10°% (nK)/ T (on fornula sheet)
- The higher the tenp. the | ower the wavel ength at which nost
of the energy is radiated.
- Useful way of measuring tenperature of an object (radiating
like a black body) from neasurenent of the intensity of its



em ssion at different wavel engths around the peak in the
spect rum

F.1.6

Study of the spectra of stars allows the identification of the
el ements nmaking up the star

F.2 Types of stellar object

F.2.1
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Low Absol ute Magnitude fl* H gh Mass and vice-versa.
For nmai n sequence: upper left = large, nore nassive than sun, hot and
bright stars / lower right = small, |ess nassive than sun, cool and
faint.

Mai n Sequence: lumnosity increases w nass.

Red G ants: Very large in size, cooler in tenp., very large

lum nosity conpared to nain sequence stars of the same tenp.

White Dnarfs: snmall size, high surface tenp, faint, v. high density.
Cepheid Stars: variable star where there exists a relationship btw
the period of the light curve and the absol ute average |um nosity of
the star.

F.2.2
(see above descriptions of stars)

F.2.3

Variable Stars: Stars which vary in brightness, a variation which may
be either periodic or non-periodic.
- Pulsating variable stars: pulse in and out at a particul ar
frequency
- lIrregular variable stars: behave in a conpletely
unpr edi ct abl e way.
- Flare stars: flares created by nmagnetic effects in red dwarf
stars may result in a sudden increase in |ight output.



F.2.4

Bi nary Stars:
- Eclipsing binaries: two stars which cross in front of each
other as they orbit.
- Visual: two separate stars orbiting around a commopn center
- Spectroscopic binaries: binaries detected by changes in
their spectra
- Cose binaries: pair of stars that are close enough to
stretch each other into a pear |ike shape
Nova outbursts result frommass transfer between cl ose binaries.

F. 3 The Expandi ng Uni verse
F.3.1

The energy carried by radiation enmtted froma noving source is
decreased if the source is noving away and vice versa. (????7??

F.3.2

Redshi fts: when a source of lights is noving away fromthe observer
the wavel ength is longer and shifted towards the red end of the
vi si bl e spectrum

F.3.3

Hubbl e’s Law. the velocity of a gal axy noving away fromus is
proportional to its distance from us

v = Hd (v = vel / H= Hubble's constant / d = distance)

T =1/ H= age of the universe

F.3.4

Hubbl e and t he expandi ng universe: if distant gal axies are noving
away fromthe observer and even with greater speed further fromthe
observer, this suggests that a great explosion could have occurred at
sone distant tinme in the past.

F.3.5

1964, Penzias and W/ son di scover a cosnic mcrowave background
radiation at a tenperature of 3K by trying to elininate all static
fromtheir radio tel escope (but they could not elimnate the 3K

nm crowave radiation). It is significant because it provides evidence
for the Big Bang theory and gives us sone idea of conditions in the
early universe

F.4 The Big Bang nodel of the creation of the universe

F.4.1
QA ber’'s Paradox:

If the universe is infinite, with stars uniformy distributed,
the night sky would be bright everywhere.

F.4.2

Consequences of O ber’s Paradox:



It was found the universe was not static, and might not be infinitely
old, these two 20'" century discoveries provide a solution to his
par adox.

F.4.3 + F.4.5

Hi story O the Universe: (The Standard Mdel)

1. Big Bang :: incredibly hot + dense

2. Gand Unified Era (GJT) [t=107-43 s], gravity ‘condensed
out’ as a separate force, no distinction between quarks and
| eptons. Tenp = 10732 K

3. 10n-35 s after Big Bang :: tenperature dropped to about
10727 K, universe filled with leptons (included el ectrons,
nmuons, taus, neutrinos and all their antiparticles.) and
quarks. Quarks began to ‘condense’ into nucl eons (protons
and neutrons) and the other hadrons and their antiparticles.
Uni verse enters the Hadron Era, where particles and
antiparticles collide and exchange energy.

- 10n-35 s :: excess of quarks over antiquarks nust have
f or med.

- 100-6 s/ 10713 K:: majority of hadrons di sappeared / one
nucl eon per 10710 photon / protons, neutrons and all other
heavi er particles reduced in nunber fl all due to a process
of anni hilation which was not countered by a process of
creation due to the decreasing average ki netic energy (under
940 MeV)

- 10n-4 s last hadrons to go.

4. Lepton Era (after 10"-4 s) era of lighter particles.

- 1 s :: universe cooled to 10010 K // average KE = 1 MeV //
el ectrons could still be forned.

- Then anni hilation (e+ + e- = photon) continued while
el ectrons could not be forned.

5. At t=10 s, the universe entered the Radiation Era / main
constituents are photons and neutrinos / universe was
radi ati on doni nat ed.

- 2/3 mn after Big Bang :: nucl ear fusion began to occur /
Tenp = 1079 K, average KE = 100 keV / nucl eons could fuse
and this period called nucl eosynthesis |asted _ hour.

6. _mllion years later :: universe expanded to 1/1000 of
present size, tenp = 3000 K, KE was a few electron Volts /
birth of atons / total energy contained in radiation had
been decreasing (redshifting) = energy becane increasingly
concentrated in matter rather than radiation. The universe
had becone matter doni nated

7. MIllion years later :: formation of stars and gal axi es
(through self-gravitation)

F.4.4

“The curvature of space is an inportant one in cosnology. |If the
uni verse has a positive curvature then the universe is finite or

closed. |If the curvature is zero or negative, then the universe

woul d be open and infinite.



