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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
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‘ t ' Intensity = d_lz

l Inverse Square Law
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Intensity Scale
Between Magnitudes

NM
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0 Intensity = 2.51"" AM = change in magnitude ‘
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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

-
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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

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

ES /| Parsec: Distance (r)created by a Speed of light =
Qarr B 360° parallax angle of 1" of arc 186,282.4 miles/second
subtended over a baseline
of 1AU 1Light Year = 63,239.73 AU
Solve forr. i
Distance Modulus Where

M = absolute magnitude
m = apparent magnitude

M=m+5-5logr r = distance in parsecs
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Use this Scale to measure the parallax angles of the three stars of the Great Summer Triangle.
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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.
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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. Beck



Relationship Between
Energy and Wavelength

Max Planck18581947 Light acts Iike a particle

German .

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




Pl anck6s: 6620006(50pxnt® erg s

A dyneis defined as thforce required to ".e'°f‘:"'T""eTab'e o
Time (s Velocity (cm/s)

acceleratea mass obnegram at a rate o

onecentimeter per second squared

0] 0

2 2

3 3

An erg is the amount ofvork done by
aforce of onedyne exerted over a
distanceof onecentimeter. In the CGQase units, it is equal to
onegramcentimetersquared pesecondsquared (g-Ccrts?).

4 4
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spectral irradiance (kW/m2/nm)

1000-

Black Body

900- 7000
| Radiation Curves

800-
Vis
700+ .
Black Body radiation

curves allow us to
understand the colors
of the stars.

600

500-

60001KS
400+

a0 50000KS
100- 4000 K
N - 3000-K S

200 400 500 800 1000 1200 1400 1600
wavelength (nm)
Physics Info



True Color Of The Sun or Why There Are RocenStars

Center of Disk

Green = 204

Limb of Disk

Green = 141

Surface Temperature 5772K

Gary A. Becker



Additive and Srbtractive Colors

Additive Colors Subtractive Colors



<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 = (F32) x 5/9

|
2,000

| ] 1
4,000 6,000

I ¥ >
8,000 10,000 12,000

Wavelength in Angstroms



* Daylight = 5500 K(dayllghtbala
pHotographic film standard)




ission, 5000

' a glass tube filled wi mixture of argon and mercury.

ctrodes at each end give off-elec
flows thro S b ifiavavelengh®f visi
ultraviolet |

fluoresce, r




l'

Incandescent = 2700 K
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Ki rchhoff dods Three L a\

Continuous Spectrum® Ki r chhof f 6s First L
gas (under high pressure) emits a continuous spectrum in whic
all colors (wavelengths) are represented.

Emission Spectrun®d Ki r chhof f 6s Second L
pressure when made to fluoresce (glow) will emit energy at
certain discrete wavelengths which are specific to its
composition/atomic structure.

Absorption Spectrumd Ki r chhof f s Third L:
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/ato
structure of the gas through which the light from the continuous
source is passing. These same gases if made to fluoresce wol
produce emission lines at the same positions of the absorption
lines which these gases create.
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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



Kirchliofrs Three [aws [llustratca

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.
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[irchiairs Lews [ ana [[

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






