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Henry Dra_pér and His Catalog * =

'Henry Draper was an Amer:ic-;ar'm‘.doctbr- with an interés-’; '
in astropomy; s 0 : G &
He was the first person to p_hbtograp‘h the Moon through
- atelescope and the first person to photograph the Orion-
-Nebula, pioneering the field of astrophotography

: : ; Henry'D per
When he died early at the age of 45, his very rich window, A h
Mary Anna Draper donated his equipment to the Harvard

College Observatory and endowed Harvard with money

to continue the research - 5,

What became bf that money Wi;l_‘S the Henry Drap'ér Catalogue,
a collection of photographic plates for 225,300 stars o










.Pickering_ah'd.His Computers - -

EdWard-P.iékering was the Director of the Harvard
College Observatory and in charge of Draper’s catalog
and plates :

He began.to collect the spectra of stars by puttinga
large prism in front of a photographic_plate, capturing
the spectra of over 220,000 stars. - . '







Pickéri'n_g_ah’dHis Computers - -
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Despite some women being astronomy grads, they usually earned $0.25 - $0.50 per hour ($7-$13/hr in 2020), more than a factory worker



Williamina Fleming -
1857 - 1911
« 59 nebulae
~ + 310 variable stars
* 10 novae :
* The first white dwarf .
* Horsehead Nebula

Fleming: originally was a maid for Pickering, his wife suggested that she work at the observatory















. ; ; fﬂ ( _ : | :
Williamina Fleming* " Henrietta Swan Leavitt - . -~ Annie Jump Cannon
1857 ek =il o 1868 - 1921 R e~ 1863 - 11941

:g?onebu.la;. ;c ik : | - .+ Classified ~350,00(‘)_
: variable stars -+ Cepheid period- < 5 Stars

. IOl_no'vae S e e S s ‘
CTHE fes e Iu.m|n05|ty relatlor\shlp 300 variable stars

* Horsehead Nebula - e % 5 novae

Leavitt: graduated from Radcliffe College with a bachelor’s degree; got an A- in astronomy.

Cannon: graduated valedictorian from Wellesley College with a degree in physics. Got a masters degree from Radcliffe College where Pickering hired her
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The Co'mp_oéi_tion of Stars

The most prominent features in stellar spectra
* were from heavy elements, like calcium and iron

Astronomers concluded that the stars were made
~ of the same elements-as Earth in roughly the same
~ proportions ) o '

After Cecilia Payne emigrated to America, she

worked with Cannon and the other computers on

understanding the classification system physically

: Ce,cilial Payne
1900 - 1979 .

It was Payne who distve'rf.ed that the spectf‘al
type tells what the tempergture of a star is and
- that stars are mostly hydrogen and helium!

“The outstanding discrepancies between the astrophysical and terrestrial abundances are displayed for hydrogen and helium. The enormous abundance derived for
these elements in the stellar atmosphere is almost certainly not real.”
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Spectral Typ_es .

~Origin'ally, spectral types were alphabetical, “A” through “Q” excluding “J”
Once Cannon knew that spectral type told the temperature of a star, she

threw out redundant types and arranged in order of temperature

- Spectral Type Temperature Color “Color” Nu.mbers,'are added (0-9) _tc; :
40,000 K blue ‘further subdivide the C|éSSGS -

0NN deep blue white " For instance:

9000 K blue white NMSWATS . The Sunisa G2

7000 K white white . ‘Betelgeuse is an M|
" * Rigel is a B8
‘Sirius is an Al

5500 K yellowish white yellow

CEON @I pale yellow orange orange

»

3000 K light orange red red



Spectral T_yp'e Mnemonics

~The original mnemonicis:.




Spectral T_yp'e Mnemonics

-The original mnemonicis:.

Oh, Be A Fine Guy/Gal, Kiss Me!




Spectral T_yp'e Mnemonics

~The driginal mnemohic is: Fa i
Oh, Be A Fine Guy/Gal, Kiss Me!

‘But others can be made!




Spectral T_yp'e Mnemonics

~The driginal mnemohic is: Fa i
Oh, Be A Fine Guy/Gal, Kiss Me!
But -oth_e'rs can be made! '

Only Boring Astronomers Fdrget Generally Known Mnemonics




Spectral Typ'e Mnerﬁoni;cs
"_The orlglnal mnemonic is: . i

Oh,Be A F|ne Guy/GaI K|ss Me!
But -oth_ers can be made! '

Only Boring Astronomers Fdrget Generally Known Mnemonics

Your turn' Can you come up W|th a
' good mnemonic?




What are some patterns you see here?
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Explaining ‘the Absorption Lines-

The strength of absorptiéh‘lines depends on the surface temperature of the star




Explaining ‘the Absdrp'ti'on Lines-

The strength of absorptlon lines depends on the surface temperature of the star

Let’s take the Balmer lines of hydrogen (Ha, HB, Hy, etc)

Two competmg ‘effects as temperature rises: (1) the fractian of neutral
‘atoms that have their electron in the n = 2 state increases, and (2) the
fraction of atoms. that are neutral decreases :
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Two competmg ‘effects as temperature rises: (1) the fractian of neutral
‘atoms that have their electron in the n = 2 state increases, and (2) the
fraction of atoms. that are neutral decreases :

These effects maximize the strength-
of the Balmer lines at a temperature .
of T =~ 10,000 K, correspondlng to

A-type stars_ ;




Explaining ‘the Absdrp'ti'on Lines-

The strength of absorptlon lines depends on the surface temperature of the star

Let’s take the Balmer lines of hydrogen (Ha, HB, Hy, etc)

Two competmg ‘effects as temperature rises: (1) the fractian of neutral
‘atoms that have their electron in the n = 2 state increases, and (2) the
fraction of atoms. that are neutral decreases :

These effects maximize the strength-
of the Balmer lines at a temperature .
of T =~ 10,000 K, correspondlng to

A-type stars ;

" Hotter and all of the hydrogen has
been fully ionized, cooler and there
are no excited electrons in
hydrogen! i




Explaining ‘the Absdrp'ti'on Lines-

The strength of absorptlon lines depends on the surface temperature of the star

Let’s take the Balmer lines of hydrogen (Ha, HB, Hy, etc)

Two competmg ‘effects as temperature rises: (1) the fractian of neutral
‘atoms that have their electron in the n = 2 state increases, and (2) the
fraction of atoms. that are neutral decreases :

<— Surface temperature (K)

These effects maximize the strength-
of the Balmer lines at a temperature .
of T =~ 10,000 K, correspondlng to
A-type stars ;
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Correlations Amongst the Stars -

One astronomer who gatherédtbgethe-r ol ;
- measurements of many stars was Danish astronomer
Ejnar Hertzsprung, but he was not well-known. . :

Hertzsprung published in tabular form, so it wasn’t easy to grasp any patterns. He also published in obscure journals, so when he published in 1905, no one noticed.

Russell was an eminent astronomer at Princeton and he singled out one relationship.



Correlations Amongst the Stars' -
One astronomer who gathered.together

 measurements of many stars was Danjsh astronomer
Ejnar Hertzsprung, but he was not well-known.

Several years after Hertzsprung, Henry Norris.
Russell did the same work, but plotted his results -




Correlations "_Amongs_t SNENSN 5 Spocial Clacs
One astronomer who gathered.together "~ ; °
| measurements of many stars was Danish astronomer -
Ejnar Hertzsprung, but he was not well-known. . C N o |
2 ) -44,*

Several years after Hertzsprung, Henry Norris.
Russell did the same work, but plotted his results -




Correlations Amongst the Stars' - RISy = fgFes
One astronomer who gathered together : 0
' measurements of many stars was Danish astronomer -
Ejnar Hertzsprung, but he was not well-known. . C N o |
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Correlations Amongst the Stars' -
One astronomer who gathered.together

 measurements of many stars was Danjsh astronomer
Ejnar Hertzsprung, but he was not well-known-

Several years after Hertzsprung, Henry Norris.
Russell did the same work, but plotted his results -
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 The Hértzsprung—Ru.ssell
~Diagram '
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The Hértzsprung—Ru.ssell
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 The Hertzsprung-Russell
Bright , Diagram i '
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 The Hertzsprung-Russell
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 The Hertzsprung-Russell
Bright , Diagram i '

What .pafterné do you sé_e in
. the HR diagram?.
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Patterns in the HR Diagram

Colour (B-V)




Patterns in the HR Diagram

Most stars fall along the main sequence,
_including our Sun : &b

I BrightG

Main Sejuence




= w = @ w1 Patterns in the HR Diagram

Most stars fall along the main sequence,
_including our Sun : &b

The stars at ';hé'v_e_ry top are supergiants
since they are bright and very large

+1.0
Colour (B-V)




T G e [ Patterns in the HR Dlagram

Most stars fall along the main seuenc .
; |nc|ud|ng our Sun

The stars at the very top are s supergiants
since they are brlght and very Iarge

Below the supergiants are the |ant wh|ch
are somewhat smaller and dimmer

+1.0
Colour (B-V)




T G e [ Patterns in the HR Dlagram

Most stars fall along the main seuenc .
; |nc|ud|ng our Sun

The stars at the very top are s supergiants
since they are brlght and very Iarge

Below the supergiants are the |ant wh|ch
are somewhat smaIIer and dlmmer :

'SmaII in radlus, but with hlgh temperature
are the whlte dwarfs

+1.0
Colour (B-V)




T G e [ Patterns in the HR Dlagram

Most stars fall along the main seuenc .
; |nc|ud|ng our Sun

The stars at the very top are s supergiants
since they are brlght and very Iarge

Below the supergiants are the |ant wh|ch
are somewhat smaIIer and dlmmer :

'SmaII in radlus, but with hlgh temperature
are the whlte dwarfs
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Colour (B-V)




T o [ Patterns in the HR Dlagram
' 'Astronomers also make the distinetion
between luminosity classes:

Class Name
I Supergiants
Il Bright giants
‘I Giants
IV Subgiants
"~V Main-sequence
VI Subdwarf
"wd  White dwarf

The Sun’s full 'cvlégssiﬁcation,is a G2V star

»

+1.0
Colour (B-V)




Proxima Centauri - Centaurus
Barnard’s Star - Ophiuchus
Mira - Cetus

Antares - Scorpius
Betelgeuse - Orion

7500K BO00K 5000K 4000K 3000K  (Temperature)

Betelgeuse

Antares

\ Barnard’s Star

+1.0
Colour (B-V)

: .Why-do these stars (and their groups) differ
4 in luminosity? B

Hint: remember the Stefan-Boltzmann Law!




10000K 7500K 6000k 5000K 4000K

Betelgeuse

Antares

. Barnard’s Star

+1.0
Colour (B-V)

: .Why-d_o these

stars (and their groups) differ
in luminosity? -,

Hint: remember the Stefan-Boltzmann Law!

They are different sizes! -




10000K 7500K B000K 5000K 4000K 3000K  (Temperature)

Betelgeuse

T Antares : ‘Why-do these stars (and their groups) differ
: in luminosity? o

Hint: remember the Stefan-Boltzmann Law!

~ They are different sizes! -

Star Size
Proxima Centauri
\_ Barnard's Star £ Barnard’s Star
O . Mira
Antares

Betelgeuse

+1.0
Colour (B-V)
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Bamarg's Starl 0.1 M,
* Ross 128

Wolf 350,
Proxma Centaur ®
OX Cancl*

10,000 6,000

surface temperature (Kelvin)

Colour (B-V)

‘Why-do these stars (and their groups) differ
: in luminosity? %

Hint: remember the Stefan-Boltzmann Law!
They are different sizes! -
Star Size
Proxima Centauri
Barnard’s Star
Mira
Antares

Betelgeuse
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~* Bright Stérs Fsamn P 5 Nea:;"by Stars

Nearby stars should be a “fair sample” of stars in the galaxy, since there’s nothing special about our location. No supergiants in the Sun’s neighborhood! A few white
dwarfs, mostly M dwarfs.

Bright stars are an unrepresentative sample of stars. Most of them are hot, luminous main sequence stars, giants, and supergiants. High luminosity makes them visible
over large distances.



EXPANDED HERTZEPRUNG-RUSSELL DIAGRAM The H-R diagram of Astronomers”
EFFECTIVE TEMPERATURE e Peer reviewed scientific papers

(Including fractional papers in preparation for those with few papers)
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| P.S. This was made in 2010 as a joke: http://www.strudel.org. uk/blog/astro/000943. shtml. See http://tinyurl. com/astroHR for a follow-up AAS poster based on real data

[T Kprof Carl Sagan
L BETELGEUSE ® E % Prof Brian Cox . hm,‘w”c“’".
0% Q SUPERGIANTS F ¥ ot i wene ksl
- GIPNTS : L . Fpm— ]
T |027L -Academict PI’SQ“L“.(VTHEQ ;ig(i;wshuc(k 7
ol ~MAIN SEQUENCE A ants s Lo
21' )_ E X Dr Chris Lintott E g
% 10 | \,,A-“TE/ Cm' /BRM WP'RFS E oot Joce\y‘: if“"c’ penmy Sacket E @
: K)Zl : WARFS 'HD ‘8?733 b L *Pr::“’”‘;ii‘:‘ Feorof A”d‘,";m‘yvt‘[‘» Jil Tarter i §
\\?—') ; “\_INTERIOR OF A HYDROGEN JUPITER E o Ty Ne-media {10,000 z
S IOW [(BOHB D‘R’f% DETONATION VENUS .EARTH E % Prof Simon White grof Wently Erecdan branch E 2
= ~100 MILLO . N 5 ] 8
X E R [ 3 7 #*
S st NUCLEAR Mook =rRes 0 1 ¢
t " FIREBALL FRACE EROPA- | Jimo £
' VANFAH SOUR : : 1 i
o [ LIGHTNG BOLT PLANT SALT TANK I o 1
u ' E = 100
| MEDLM-SIZED LAVALAKE> - RUSE : Back dstionemesss &% =
o F s e el MR 1
o CAMPFIRE * UHALE i s
B ARC mnp. i UGHTBUB ~ 10




