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Comparlson of stars brown dwarfs and planets Brown dwarfs are only sllghtly larger than ]uplter but they are up to 80 tlmes more masswe Wthh means they have much higher density.
Credits: Planetk1d32 (Wlklpedla) | - I ST - et T |






Comparison of stars, brown dwarfs, and planets, showing temperatures and colors.
Credits: Planetkid32 (Wikipedia)






https://applets.kcvs.ca/StarMaker/starmaker.html


https://applets.kcvs.ca/StarMaker/starmaker.html

Hertzsprung-Russell (H-R) diagram



e Clearly, the stars are not distributed
randomly. They cluster into several
main regions.

* Most stars are along the main
sequence, the diagonal from the
upper left (bright and hot) to the
lower right (dim and cold).

* For stars on the main sequence,
hotter temperature means more
luminosity.

A Hertzsprung-Russell diagram with 23,000 stars.
Credits: Richard Powell
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* On the upper right we find various

types of giants.

* Giants have low temperature but

high luminosity.

* The energy they emit per square
meter of surface area is small, due

to their low temperature.

* So for these stars to have luminosity

equivalent to very hot main-

sequence stars, their total surface

area must be huge.

* Theretore, giants are much larger

than main-sequence stars.

A Hertzsprung-Russell diagram with 23,000 stars.
Credits: Richard Powell

spectral Clas

C B & F 1 E 10
| | | | | | | -
30000K,  10000K,  7S00K BO00K, SO00K, AD0OK, 000K, (Temperature
100 000 -
oo e 5
o0 ks
Luminosity :_,_}:I'i'g:' S e Absolute
SRR R :
(mun=1] L ‘ 5 3:3:"' | hagnitude
100 gl R A -0
" *.r.'::;:_?: g ¥
10 |
-I _ [ +5
01 o
o
0.01- s 410
0,001 - |
0.0001 - T
0.000 01 -




e On the bottom left we find a few
white dwarfs.

* White dwarts have high
temperature but low luminosity.

* By the same logic as for giants,
white dwarfs must be very small, so
they don't emit too much light
despite their very high
temperatures.

A Hertzsprung-Russell diagram with 23,000 stars.
Credits: Richard Powell
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* We can classity stars on the diagram into
luminosity classes:

* 0 orIa*: hypergiants (extremely
luminous supergiants)

* Ja: more luminous supergiants
* Ib: less luminous supergiants

* [I: bright giants (between normal
giants and supergiants)

* [II: normal giants
* [V: subgiants (less bright than giants)

* V: main sequence stars (sometimes
confusingly called “dwarfs™)

* VI: subdwartfs (less luminous than
main sequence stars)

e VII: white dwarfs

* We write the luminosity class next to the spectral
class, e.g. B2V is a main-sequence B2.

Luminosity classes on the Hertzsprung-Russell diagram.
Credits: Rursus (Wikipedia)



e Red dwarfs:






* Orange dwartfs:

* Yellow dwarfs:
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Alpha Centauri A (left) and B (right), a binary system. Together with Proxima Centauri (a.k.a. Alpha Centauri C}\they form a triple star system.
Credits: ESA / Hubble & NASA



Proxima

o Centauri B

Sun
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A comparison of the sizes and colors of the stars in the Alpha Centauri system with the Sun.
Credits: David Benbennick



e Yellow-white dwartfs:

e A dwartfs:



Arcturus ® - o - O.
. MS3 - -° - . M100 . '
° - ' M91 O A

________ OM98 @
; . !_;_9_09_—-E)|en§bola

S . (9" == =
- ' , _— ' - '
| ‘ . = ] ' 104 | -
l o . . ‘ . » M O . 1 I .
- .
—~ - | . .

1~
-

When a star’s name contains a Greek letter and a constellation name, typically it is one of the main stars in the constellation. Here, Gamma (y) Virginis is shown in the Virgo constellation.
Credits: Torsten Bronger



* B-type main-sequence stars:

* O-type main-sequence stars:



* Red giants:

* Yellow giants:

* Blue giants:






http://astronomy.nmsu.edu/geas/labs/hrde/hrd explorer.html


http://astronomy.nmsu.edu/geas/labs/hrde/hrd_explorer.html

https://voutu.be /19377711071


https://youtu.be/i93Z7zljQ7I










retroreflectors
Apollo Luna



Apollo 15.
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The Lunar Ranging Retro Reflector (LRRR) left on the sur
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Credits: Dave Scott, NASA



The locations of the lunar retroreflectors left by Apollo (A) and Luna (L) missions.
Credits: NASA



stellar parallax



Stellar parallax. Note that the parallax angle P is actually half the total parallax angle, because we like to have a baseline of 1 AU, which is half the diameter of the Earth’s orbit.
Credits: OpenStax Astronomy
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e Meter:

* Light-year:
e Parsec:



https://www.compadre.org/osp/E[SS/3571/9.htm


https://www.compadre.org/osp/EJSS/3571/9.htm

Gaia space observatory



Galactic Longitude
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Artist's conception of the Milky Way galaxy.

_ observation shadow of galactic core
Credits: NASA/JPL-Caltech/ESO/R. Hurt



inverse-square law



“standard candles”
variable stars



pulsating stars

Doppler effect



cepheid (SEH-fee-uhd)
variables Delta
Cephei (SEF-ee-eye)



A plot of the luminosity of the cepheid variable star Delta Cephei over time. This is called a light curve.
Credits: OpenStax Astronomy



Large Magellanic Cloud
Small Magellanic Cloud



Henrietta Leavitt period-luminosity
relationship






RR Lyrae
variables



https://www.eso.org/public/videos/es01636a


https://www.eso.org/public/videos/eso1636a/




Luminosity classes on the Hertzsprung-Russell diagram.
Credits: Rursus (Wikipedia)






cosmic distance ladder

calibrate



Andromeda galaxy









* This Wednesday there will be a practice session for the test!
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