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Characteristics of Main Sequence Stars

Mass in Contraction Surface  Luminosity M Yearson Radius

Class Comparison  to Zero Age Temp. compared Main in

to Sun Main Sequence (K) to sun Magnitude  Sequence suns
Not well known

2.48 9,600 24 +1.5 1B 1.8
1.86 7,920 8.8 +2.4 2B 1.6
1.46 7,050 3.8 +3.8 4 B 1.3
1.00 5,800 1.00 +4.83 10B 1.0
0.53 4,000 0.11  +8.1 50B 0.7
0.17 2,700 0.002 +144 340B 0.2

minimum two Jupiters

Luminosity is proportional to mass?~ (sun = 1)
Time on the main sequence = 1/mass >°x 10BY (sun = 10 billion years)
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Characteristics of Main Sequence Stars
High to Low Low to High

Mass in Contraction Surface  Luminosity M Years on Radius
Class Comparison  to Zero Age Temp. compared Main in

to Sun Main Sequence (K) to sun Magnitude  Sequence suns
Not well known

~ = =~
N W 1)) )
= = =
o o o

~
- r-\~

(X
=~ =~
W wn -
= = =
o Q) o
o B o B
o o o
= ) =
(O =i ol

e =t
& ¢ o
= = =
o o QL

N ‘N *N *~N *~N *~N

Gary A. Becker slide



Gary A. Becker



‘ t ' Intensity = d_lz

l Inverse Square Law
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Intensity = 1 174 179 1716
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Brlghter ) =

<« Fainter

Intensity Scale
Between Magnitudes

NM

-1
0 Intensity = 2.51"" AM = change in magnitude ‘
2.511886432... Intensity difference between magnitudes
+1 = The larger
J »>2.512 the dot, the
+2 5 brighter
»>2.512 the star
+3 = =6.310 3
»2.512
+4 = = 15.85
»2.5124
+5 = = 39.82
\ > 2.512°
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Apparent Magnitude:

The brightness of an object as measured from Earth.

Comparing Apparent Magnitudes

Object Apparent Magnitude
Sun -26.74
Moon -12.6
Venus -4.4
Jupiter 2.1
Sirius -1.46
Vega +0.03
Capella +0.07
Polaris +1.99
from Bethlehem +3.5
from Rural Locales +6 to +6.5
with Binoculars +8 to +10
Hubble Space Tel. +30
James Webb S. T. +32 to +35
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Surveying
the Universe

Baseline

Sky as seen from B

-
-—=
-
-

-
-
-
-
-
-
-

Sky as seen from A

iedrich Wilhelm Bessel o
(1784-1846)

First authenticated parallax-61 Cygni-1838

https://courses.lumenlearning.com/astronomy/chapter/surveying-the-stars/



:Pal’aua)ﬂ: Angle subtended by a baseline.
Solution to the Skinny Triangle

sun-star distance in AU

Earth's orbit
Arc ES is in the same ratio to the circumference
of the entire circle as the angle p is to 360°.

ES b | Parsec: Distance (r) created by a Speed of light =
2mr  360° parallax angle of 1' of arc 186,282 .4 miles/second
subtended over a baseline
of 1AU 1 Light Year = 63,239.73 AU
Solve for r. '
Distance Modulus Where

M = absolute magnitude
m = apparant magnitude

M=m+5-5logr r = distance in parsecs

Gary A Becker slide
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Use this Scale to measure the parallax angles of the three stars of the Great Summer Triangle.

—— Parallax in milliarcseconds (masj .. Altair

lbo 110 120 130 180 150 160 170 180 190 2P0

-+
Altair
Y‘-’ga +Vega Gary A. Becker slide




PRACTICE WITH THE DOUBLE STAR ALBIREQ: Significant numbers are a requirement.

First, find the Distance to Albireo. Parallax of Albireo = 8.46 mas (three significant figures)

8.46 mas X

173
1000 mas

= 0.008467;

D=1 ;

1 = 118pc x 3.2616ly = 3861y

p”  0.00846”

PC

Then, find the absolute magnitude of Albireo. Apparent magnitude of Albireo =+2.90 (given)

M=m+5-5logr; M=+2.90+5— 5log 118;

M =-2.46

M =+2.90 + 5 — 5(2.072):

M=+7.90-10.36

Finally, find the intensity difference between the sun and Albireo. Which star is brighter, the

sun or Albireo?

Difference in magnitude = AM =M sun— M star; AM = +4.83 — (-2.46) = 7.29 magnitudes.
Since Albireo has the brighter (more negative) absolute magnitude, it is the more luminous star.

What is the actual intensity difference?
[=2.51"M; T=2.5172%, 1= 820, taking into account significant figures Albireo is brighter than the

sun by an intensity difference of 820 times.

Data Table for the Great Summer Triangle Lab

(Correct Significant Figures Required)

Name of | Parallax | Apparent  Distancein | Absolute Change in | Intensity in | Which Star is
Star (mas) Magnitude Parsecs/ Magnitude | Magnitude = Comparison | Brighter, the
(g“"}i'f_’er Otf Light Years | \_ .5 g0, to the Sun | Sun or the
Figuros o (given) | Dpc=1/p”  Distance | Msm—Msa | [=23514M | Other Star?

be used is in Modulus (Star’s Name)
parentheses) (m) pc / ly (M) (AM) (I)

Albireo | 3) 846 | +2.90 | 118/386 -2.46 7.29 820 Albireo

Altair | 3) +0.77 /

Deneb (1) +1.24 /

Vega | (@) +0.03 /

On the next page, show all work, i.e., steps in the problem’s solution, including the correct usage of significant figures.

Gary A. Becker sliide




Solution for Deneb

Two Significant Figures

ars: ‘Yaesofy = 2.0 Mo

Di":z;”p” 2.0amag = \' . 0.0020" - 4 A [
) oD D pae” O 0070

T pep—ry e M= + .24 - 1349
M= 4124 +5- ﬁgaﬁgﬂd M" ___—!;25
™= v 624 -5 (27)

Difference in intensity compared to the sun:
Difference in M = X = Msun — MbDeneb;

AM= +4%3-(-1.%5) T 25l
M= 12.® [ T~ 61,307

Msun = +4.83  Intensity =1 = 2.51*
V2.08

b'l,000

TMES '@Tﬁiﬁﬁj

“THa» fond
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Electromagnetic Spectrum

The human visible spectrum (light)

U]ldg=)/iolet

400nm 1450nm [500nm [550nm |600nm I650nm 700 nm R
4000A 4500A 5000A 5500A 6000A 6500A 7000A 7500 A

10®  Wavelength in meters
M S I R R N BT N

Radar MW Ovens
IR huiste G Radio waves
" o ' T I ‘ | 3 ‘ T I r I T T I 1
1/MA 1/1000A 1A 1n§ 1000A10,000A Immlecm  1m 1km 1000km IMkm  Wavelength
10
High Frequency Low Frequency
ol ' X—ravﬂ ’i' . Ultravioletﬂ / ' Optical | Infrared l Radio l
4 100-10 nm 400-200 nm - * 1200-800 nm (10-3.6 um) S 60,000 nm
. 10000000 K 10,000 K " ——— _ e 4500K 600 K

S > % : <€
2 4 Twe ¥ »
. Whirlpool Galaxy =~ ¢
are emitted HOT STARS: Uh:%o?etslfms 'SOLA COOL STARS: Infrared shows COLD GAS: Radio waves reveal
from the hottest regions of the larger hot blue stars that  COI smaller cool red stars that regions of gas cool enough for
gas vihere atoms are ionized. are less frequent in galaxies. m_ake up most of the galaxy. €O, molecules to-exist.

Constructed from many different slides by Gary A. Becker



Relationship Between
Energy and Wavelength

Max Planck-1858-1947 Light acts Iike a particle

German ,

Y s I
Ca i
R

I'Iu-._.
Toow
L
s b
R
. A K

E= Energy; h = Planck constant; f = Frequenéﬁ-f
Planck constant = 6.626 x 1027 erg sec




Planck’s constant: 6.626196(50) x 102" erg s

A dyne is defined as the force required to accelerate a
mass of one gram at a rate of one centimeter per
second squared

An erq Is the amount of work done by a force of

one dyne exerted over a distance of one centimeter.
In the CGS base units, it Is equal to

one gram centimeter-squared per second-squared
(g-cm?/s?).

Gary A. Becker



<GOhAamam

Amax 2.400A

e e

Electromagnetic
Energy That The
Eye Lan See

)\ max 4,800 ﬁ

Black Body
Radiation
Curves

Wien’s Law
(Wilhelm Wien, German 1864-1928):

danax = 029X 108 A T
T

T = temperature in K
hmax = dominant wavelength
Constant =0.2898 x 105 A T

Sun =5778 K

X900 4 C = (F-32) x 5/9

|
2,000

| ] 1
4,000 6,000

I ¥ >
8,000 10,000 12,000

Wavelength in Angstroms



True Color Of The Sun or Why There Are No Green Stars

Center of Disk

Green = 204

Limb of Disk

Green = 141

Surface Temperature 5772K

Gary A. Becker



Additive and Srbtractive Colors

Additive Colors Subtractive Colors



TR

" Daylight = 5500 K (daylight-balance
photographic film standard) | l -



ission, 5000

-
[ f a glass tube fi ith-a-mixture of argon and m

Older lam ikey or. Metal electrodes ateach
electrons
emits ultravic aalat
ultraviolet radiation anefluoresce, reradiating the energy as visible light.
|
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Incandescent = 2700 K

Gary A. Becker image



Kirchhoff’s Three Laws of Spectroscopy

Continuous Spectrum—Kirchhoft’s First Law: A solid, liquid, or
gas (under high pressure) emits a continuous spectrum in which
all colors (wavelengths) are represented.

Emission Spectrum—Kirchhoff’s Second Law: A gas under low
pressure when made to fluoresce (glow) will emit energy at
certain discrete wavelengths which are specific to its
composition/atomic structure.

Absorption Spectrum—Kirchhoff’s Third Law: A rarefied gas lying
between a continuous source and an observer will produce a
continuous spectrum with discrete wavelengths of light missing.
These missing wavelengths are specific to the composition/atomic
structure of the gas through which the light from the continuous
source Is passing. These same gases If made to fluoresce would
produce emission lines at the same positions of the absorption
lines which these gases create.

Gary A. Becker slide



Types of Spectra

Continuous Spectrum

Emission Spectrum

Absorption Spectrum

modified http://en.wikipedia.org/wiki/Spectral_line



Gustav Kirchhoft’'s Three Laws
ot Spectroscopy llustrated

Kirchhoff was German
18241887

Spectrograph
Telescope

|

Law “ Emission spectrum

Continuous spectrum

G i T
Gas ato . S Telescope gpectrograph Telescope

Spectrograph

S PR TS R

Absorption spectrum

Law Nl Law |

Absorption spectrum



[Kirchilaii™s Thiree Lews [llustretca

Nebula absorbs light in
the specific wavelengths
associated with the
gasses that it contains.

iy H-beta H-alpha

: T
Absorption Spectrum

All wavelengths

of energy are

represented.

H-beta H-alpha
E = | | Cloud glows in the light which is

Continuous Emission Spectrum specifically made by the gasses
Spectrum that the nebula contains.

Gary A. Becker slide



[irchiairs Lews [ ana [[

Allen astronomy student, Monica L. Ward, observes fluorescing Kkrypton gas.

Gary A. Becker digital photo Gary A. Becker image
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Absorption Spectra

Balmer Series
~Visible~

~ Bohr Model
/' Balmer Series 0] f t »

Hydroe
Atom

No thanks.
Wrong energy.




EMISSION SPECTRUM LAB

Name of Line Colors and Positions
Plasma Gas | Blue....G......Y......O....Red
Hydrogen I I
min 1
ooe L ISR ] ]
Chlorine n . I l l
Mercury l I l |
e TR T
Xenon , m I l | | |
Carbon

Dioxide

Heliun

W

Mellow yellow..

05s
EXPOSURE LENGTH

This gas could only be..

2. 15s
EXPOSURE LENGTH

P




lonized Calcium  CH Band Neutral Neutral sodium Terrestrial O, Terrestrial O,
3933 & 3968 4300A HB iron D1 & D2 i i i
4861A 5270A PRS0 %3608 6563A Terrestrial
water vapor
38004 Neutral magnesium 7000A

5167,5173, 5184 |

Visible Spectrum (NASA) |

N W(“# “*\’ W’{ m \W,rw% - W«m W mew ' MWMM .Hj va

Wavelength A

Adapted from NASA materials-Gary A. Becker



Temperature ang Line Strength

Temperature (K)

50,000 25,000 10,000 8,000 6,000

LTL=hOha==ma™~hn

5,000

4,000

3,000

Spectral Type

TS =2mAa=mn



Temperature and Line Strength

Absorption
Strength

Helium
Hydrogen

—&
—=
-—|=

-—Q

Hydrogen

Titanium
Oxide

i

> tCHaIciurTnJ t—l— TitaniTum Oxide4]

Call

Modified from azastro.pbworks.com



Laboratory Exercises in Astronomy

Spectral Classification

4000 4500 5000

4102 4340 4861
Hé HYy HB

N TV NY Hell

eta, zeta, epsilon, delta, gamma, beta,

4500 3
3940113970

4102 4340 4861 K H G(Fe)
n¢ € HE HY Hg call 4307

| P PR AT

Ca G{Fe) TiO

4000 4500 5000




4000 4500 5000
ERTRNTE.

(I ©
- 5
14
R 4
T
SRR 20
e 22
i 26
. 26
B 27
(I 29 = anial

(S 30




Spectrograph

Comparison arc lamp

I slit

Collimating Collimator
mirror

Light from Detector
telescope Focal plane
of telescope
Diffraction
grating
Camera
mirror
Computer
Detector
eg CCD camera

€0 s 4000 $40 L (20 7000 140 o 510 2200 o500 10000




counts

~Sirius A1V Magnitude -1.5
. _ B

180000
160000
140000

120000 H
Hb

100000 H

Ha
go0000 - H

s0000 A

40000

20000 ~

I:I T T T T T T T
3500 4000 4500 2000 5500 &000 6500 Fooo 7300

Wavelength (A)




/
Blueshift Redshift

{ Positions of cljmging bell f /\

o A Redshift of spectral lines in the optical spectrum
‘Z)r B C A Radial Velocity = Speed of Light Change in Wavelength of a supercluster of distant galaxies (right), as
—— Source Wavelength ~ compared to that of the Sun (left).

A

1|
LAl
YW

Q?, No Motion

Absorption Line

’l\/\. - j - Receding
'YVV\, e) . Approaching

Galaxy




Radial Velocity = Speed of Light Change in Wavelength
Source Wavelength

—aml

When Earth's orbital
motion carries it
toward Arcturus, you
see a blueshift.

4
I

 When Earth’s orbital %Q"

é motion carries it away proper
~ from Arcturus, you Motion
see a redshift.
} |
656 657 658
V, -
) yelocity
cessiol 1ft
az Dopple” Shif

. Cengage Learning



i
[

lal Velocity = Speed of Light Change in Wavelengtn
Source Wavelength

i

|

i £ i
Orbital Speed ofg Earth ¥ C =299 792.458 kmn/sec

:

§, Red ShIft =
Rest = 656.2957| 656.3726
1 pixel = o.oo.:s's nm 30 pixel:

A .2 .3 4 .5

656.0 657.0
Wavelength (nm)

Fu e Tl ol el LSl il Wiy Py oy P i T p e TR pd FhEn i Fyad




"I love hearing that lonesome wail of the train
whistle as the frequency decreases and the
pitch lowers because of the Doppler effect."




Wien’s Law (Wilhelm Wien (Veen)—German 1864-1928):

T =0.2900 or dnax = 0.2900
}""l'['ll'lI T

Where i (lambda) equals the wavelength of the greatest
amount of energy being emitted in cm

T is the temperature in Kelvin.
Constant of proportionality 2.8977685(51)x10° m T

2900x10°mK x100ecm =2900x10'em T
m
= 02900cm T

There are 10° cm or 10°A
A cm

What is 4, of the sun if the sun’s temperature = 5800 K

}*mnx — 029090 cm K = 5x 10—5 cm X l'U'S AL
5800 K | om
Sx10° A

5000 A



Stephan’s Law (Joset Stetan—Austrian 1835-1893):

E = pT* If T doubles energy increases by 16 fold

The total energy emitted from a black body is relative to the
temperature in K to the fourth power of T

E=pT*
where p (rho), a constant, equals 5.67 x 10~ erg
cm? sec T*
E= erg = One erg = the force of a dyne acting over a distance of
cm’ sec lcm equals 1dynecm = 1gm lcm 1cm = gmcm?
sec? sec?
Let’s look at the units only E = erg T4
cm? sec T4
E=erg
cm’ sec

The sun has a temperature of S800K. Whatis its energy production?



The sun has a temperature of S800K. What is its energy production?

E=pT! E=567x10° erg cm?sec! T* x (5800K)*

E=5.67x10° erg X 1.11 x10°K*  butK=T*
cm?® sec T4

E =6.29 x 10" ergs area of the sun = 6.088 x 10%*? cm?
cm’® sec

E =6.29 x 10" ergs x 6.088 x 10?2 cm? = 38.3 x 10°? ergs
cm’ sec sec

E =3.83 x 10* ergs accepted value = 3.839x10% erg
sec sec
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Henry Norris Russell

October 25, 1877 - February 18, 1957

Ejnar Hertzsprung

October 8, 1873 - October 21, 1967



Hertzsprung-rRussell
Di cl g I'adin Original H-R Diagram
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0 A F G K Spectral Classification
25,000 10,000 6,000 Temperature (K)
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Hertzsprung-Russell Diagram

-10 ) | | T T | T

.Supergi._am'.‘s C

+5

Absolute Magnitude
o
B¢
LR

‘9?0@,}&.0 :

+10 | .

White Dwarfs -

+15 l ] 1 ' 1 1 1
O5 BO A0 FO GO KO0 MO Spectral Classification

54,000 29,200 9,600 7,350 6050 5240 3,750 Temperature (K)
-0.33 -0.30 -0.02 +0.30 +0.58 +0.81 +1.40 Color Index
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H-R
Diagram

Luminosity (Sun = 1)

0.1

1072

1073

107°

— el L Ty ¥ GiANTSS

— M - "SUPERGIANTS |
: o Betelgeuse
Canopus =

Antares

N

Lifetime ke . Aldebaran
= 10%yrs._ ‘ :
+ Pollux

e WY . Procyon
Lifetime .

109 yrs hta uri A

70~2
0/

— ar
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SiriusB*
i B WHITE . -
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E= iy A ~
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Proxima Centaur
DX

| Stars along each of these
diagonal lines all have the
Same radius.
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Temperature (K)

Main Sequence

Solar Mass Star
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keeps the temperature
of the dust cloud
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as the proto-star
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Monroe R
Cabarrus County, NC -
Ordinary Chondrite H4, 8.6 kg total mass

Witnessed fall, 3 p.m.
October 31, 1849

1 gm specimen

Gary A. Becker collection



Allende

carbonaceous
chondrite

Mexico

4.567 BY

Front
with

Fusion
e Crust

NS

Fell, 01:05, February 8, 1969
.4 o
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‘\ - ns
- S ‘ t‘-‘.:

PE . ! 1
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Gary A. Becker collection \




ad

-

Gary A. Becker collection

iy
M-






Atomic Bomb Shock Front

16 kt tower blast.. House 1100 meters frg:m b}qst site...




Beirut, Lebanon Explosion
August 4, 2020

3031 tons of ammonium nitrate

Agoston Németh




Agoston Németh




MDRS-Gary A, Becker image



eil Ne

Name: Veil, Cygnus Loop,
Type: Supernova Remnant
Distance: 1500 light years
Constellation: Cygnus
Category: Nebulae







A

Chandra X-ray . Galex Ultraviolet Spitzer Infrared

Cartwheel Galaxy-ESO 350-40

500 million ly dis't.,IS0,000 ly dia, mass 2.9—4.8 x 10”9 suns

Hubble Space Telescope/insets: Chandra X-Ray Observatory/GALEX: Galaxy Evolution Explorer /Spitzer Space Telescope



*" Cartwheel Galaxy

Chandra X-ray Observatory

Chandra X-ray Observatory/Chandra X-ray Center (satellite image)



Whirlpool Galaxy, M51, NGC 5194/5

25,000 ly
-

P il B Canés Venatici, near Big Dipper handle
i : Distance: 31 million ly
Hubble Space Telescope

.
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Eta Carmae Nebula

Carina the Keel Southern Hemlsphere o :
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 Carinae Nebula-NGC 3372

n sta )0

St

f the na)ula

; mage Credit: HST ACS/WFC, CTIO Blanco 4m MOSAIC2




. ‘stellar Birth in Orion
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Trapezium

. g 1 ' ' Hubble Space Telescope
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Hubble Space Telescope



Stellar Birth Near Trapezium

E———_.

Hubble Space Telescope



Red = Nltrogen é ;
Green = Hydn

Blue = Oxyd

jubble Space Telescope



Which one Of t hese pr apl YdS




Center of the Milky Way Galax

R T T

Protostar Cluster

< |R-Dark Cloud

i Needle Structure

lonized Hydrogen

James Webb Space Telescope




Rogelio Bernal Andreo



@ sigma Orionis
5.star system

09V/Bo.5V/A2V/B2V/B2Vp

Horsehead Nebula

(also known as Barnard 33 -
in emission nebula IC 434)

IC = Index Catalogue of Nebulae

IC 434 Is related to Sigma Orionis.

NGL 2024 Is related to Zeta Orionis.

W IC 435

John Sefic image
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Barnard 33
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NSF-NOAO-Kitt Peak image










Hubble Space Telescope image



Hubble Space Telescope image
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Luminosity (Sun = 1)
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Mass/Radius of White Dwarrs
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Core of a Red Supergiant ready to

1.6 billion kilometers

|
| About 10,000 km

Hydrogen-fusing shell
Helium-fusing shell
Carbon-fusing shell
Neon-fusing shell
Oxygen-fusing shell

Silicon-fusing shell

Central
regions of a
supergiant star

Iron core (no fusion)

£

Jupiter’s orbit

University of Alberta,
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Absolute Magnitude

Light Curve for a Type Ii

Type Il supernovas results from a star
with a minimum mass of eight to nine
solar masses ending its life as a super
red giant with an iron core.
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‘S'Llp'eln'-nfo va 1987A  peculiar type II

P AT

Dlsta née: 514 kpc (168 000 iy)..
PrOgenltgr. Sanduleak <69 202...°
Peak apparent magmtude +2.9..;° .
Constellation: Dorado the dolphmﬂsh

. Atacama Large Mlllnmeterlsubmllllmeter Array (ALMA) :



Hyades and the Plemdes
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Temperature 50,000 K 25,000 K 10,000 K 7,500 K 6,000 K 4,800 K 3,700 K
I | l | | | |

Sp Class O5V BOV A0V FOV €,1)Y KOV MOV
Co Index (UBV) -0.33 -0.30 -0.02 +0.30 +0.58 +0.81 +1.40
4300A 430nm 525nm 5250A
D - +1.94 BV is negative
Zeta Puppi B 2.21
L * +1.94-+2.21=-0.27
ue supergiant

m=+2.21

B-V is positive
+1.97 - +0.20 = +1.77
/——— ------------------ \-— +1.97

Betelgeuse (M2)
red supergiant
m=+0.2 to +1.1
variable

Intensity (m) Each star is unique.

Visual
Wavelength

Adapted by Gary A. Becker



NGC 2264 Youmng or Old Star Ciusterz

Main Sequence

1072

107
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Absolute Magnitude
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Color Index (B-V)
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Lolor-Magnitude Diagram ror the Hyades
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Hyades Star Clusters

lades-

Ple

Rogelio Bernal Andreo image
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The End



Finding the Age of Star
Clusters Using the
Hertzsprung-Russell
Diagram



Characteristics of Main Sequence Stars

Mass in Contraction Surface  Luminosity M Years on Radius

Class Comparison  to Zero Age Temp. compared  , Main in

to Sun Main Sequence (K) to sun Maguitude  Sequence  suns
Not well known

2.48 9,600 24 +15 1B 1.8
1.86 7,920 88 +24 2B 1.6
1.46 7,050 38 +38 4B 1.3
1.00 5,800 1.00 +4.83 10B 1.0
0.53 4,000 0.11 +8.1 50B 0.7
0.17 2,700 0.002 +14.4 840B 0.2

minimum two Jupiters

Gary A. Becker slide



Hertzsprung-Russell Diagram

-10 ) | | T T | T

.Supergi._am'.‘s C

+5

Absolute Magnitude
o
B¢
LR
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+10 | .

White Dwarfs -

+15 l ] 1 ' 1 1 1
O5 BO A0 FO GO KO0 MO Spectral Classification

54,000 29,200 9,600 7,350 6050 5240 3,750 Temperature (K)
-0.33 -0.30 -0.02 +0.30 +0.58 +0.81 +1.40 Color Index

Gary A. Becker slide



Comparison of Old Star Clusters of Increasing Age

Left to Right:

The clusters become older.
Note how the absolute
magnitude of the turn-off
position becomes fainter and
moves towards cooler

stars.

Praesepe

Class & B-V ¢

o5v  -0.33

o AT ! u L "I I P o DR "I L1
I

0 | 0s@W1 | 05(B-V) 1 | 0.5((B-W) 1

A0 FO0 GO KO FO GO KO A0 F0O GO KO

BOV -0.30

L werm A Lomee P J
_ 20U Iy .f. 1l e ; B - 1 J 1-'f_. f i AOV _002

FOV 0.30
GOV 0.58

KOV 0.81

MOV 1.40

F0 GO0 KO A0 F0O GO KO AIU FO GO0 K0

H-R diagrams from J. Cummings-John Hopkins Uni./Color Index-Wikipedia
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Evaluating the Age of Star Clusters

Are the stars on the

lower main sequence

coming or going?

L)

:

10 - ‘o

|—I
L

Present position
of Sun

0.1

Age: 3 million years

40.000 20,000 10,000 5000 3000
08 B2 A0 K2 M6
Surface Temperature (K)

All Stars are on the
main sequence.

lmgm I

10,000 A

All stars are the
1000 - Zero-age main
sequence

'E 100 - (new born)
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40,000 20,000 10,000 5000 3000
08 B2 A0 K2 Meé

Surface Temperature (K)

Characteristics of
MAIN SEQUENCE STARS

Contraction
to Zero A
Main

Surface
Temp.

Years on
Main
Sequence

Luminosity
compared
to sun

Class

4 M 9,600
10 M
I5M
20 M
40 M

100 M

7,920

4,000
2,700

Gary A. Becker / Wikipedia / Internet slide



Evaluating the Age of Star Clusters

Characteristics of
Turn-off at 20,000K = B2 Turn-off at 7,000K = F2
’ ’ MAIN SEQUENCE STARS
100,000 - 100,000 - Contraction  Surface Luminosity Years on
Class to Zero Age Temp. compared Main
Main Sequence (K) to sun Sequence
10,000 + ) 10,000 - Main sequence - L
Main sequence tum-off point - 1
turn-off point (3.5 billion years)
1000 - (23 million years) 1000 -
'3 100 ,3 100 -
=) .y 4 M 9.600
2 101 2 101 10M
0 7]
g g 1 15M
E 11 E i 20 M
~ o1l = o1- 40 M 4,000
o R . . » ~ F2[7000K 100 M 2,700
40,000 20,000 10,000 5000 3000 40,000 20,000 10,000 5000 3000
08 B2 A0 K2 M6 08 B2 A0 K2 M6é6
Surface Temperature (K) Surface Temperature (K)

Gary A. Becker / Wikipedia / Internet slide
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Spectral Type vs. Time on the Main Sequence
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The End



