Astronomy & Astrophysics- Part I

Shobhit Mahajan

shobhit.mahajan@gmail.com

Version 1.0

Last modified on April 23, 2023



Shobhit Mahajan Astronomy & Astrophysics- Part I

Contents
[1__Course Details| 6
[2__Introductionl 9
2.1 The Heavens Observed . . . . . . . . . . . . . . . 10
[2.1.1 Objectsin thesky | . . . . ... ... .. 11
[2.2  Motions of heavenly objects| . . . . . . . . . ..o oo 15
2.2.1  Diurnal Motion| . . . . . . . . . . 15
.22 Annual Motion & Seasonsl . . . . . .. oo 19
2.3 The Moonl . . . . . . . . e 26
2.4 clipses| . . . . e e 28
[2.5  Precession of the equinoxes|. . . . . . . . . . ... 30
2.6 Julian Datel . . . . . . . 38
~elestial C G l 42
[3.1 Horizon Coordinate System| . . . . . . . . . . . . . .. .. ... 42
[3.2 Celestial or Equatorial Coordinates| . . . . . . . . . . . .. ... ... ... ....... 45
[3.3  Ecliptic Coordinates| . . . . . . . . . . . ... 58
3.4 Galactic Coordinates| . . . . . . . . . . . . 60
[3.5 Relationship between Coordinates| . . . . . . . . . . . . .. . ... ... ... ..., 64
[3.5.1  Spherical Trigonometry|. . . . . . . . .. ..o 64
[3.5.2 Astronomical Trianglel . . . . . . . ... oo 78
[3.5.3 Angular Separation between Stars|. . . . . . ... ... 89
B.0.4 Use of Rotation Matrices for conversion of coordinatesl . . . .. ... ... ... 135
[3.6 Changes of Celestial Coordinates . . . . . . . . . . . . . . . ... ... .. ....... 148
[3.6.1  Precession| . . . . . . . .. 149
[3.6.2  Nutationl. . . . . . . . . . 150
3.6.3 Parallaxl . . . . . . . . . e 151
3.6.4  Aberration|. . . . . . . ... 151
[3.6.5  Refractionl . . . . . . . . .. 154



Shobhit Mahajan Astronomy & Astrophysics- Part I

[4 Magnitudes & Distances| 155
4.1 Magnitudel . . . . . . . . 155
[4.1.1  Flux, Intensity & Luminosity| . . . . . . . . .. . ... ... ... ... 156
[4.1.2  Apparent Magnitude| . . . . . . . ..o 158
4.1.3 Color Indices| . . . . . . . . . e 161
[4.1.4  Absolute Magnitude| . . . . . . . . . ... 161
[4.1.5  Temperature|. . . . . . . ..o 174
4.1.6  Extinction| . . . . . . . . . .. e 195

4.2 Distancel . . . . . .. e 202
b Mass & Radius| 223
[b.1 Two Body Problem| . . . . . . . . . . . . 223
[>.1.1 Kepler's Laws| . . . . . . . . . 228

[>.2  Binary Stars| . . . . ... e 252
H.2.1  Visual Binariesl . . . . . . .. o 253
[H.2.2  Astrometric Binariesl . . . . . . . ..o 257
[5.2.3  Spectroscopic Binaries| . . . . . . ... 259
[5.2.4  Eclipsing Binaries| . . . . . . . . ... 268
(.25 Contact Binaries . . . . . . . . . . e 279
[5.2.6  Mass-Luminosity Relation| . . . . . . ... ... ... 0000000 281

.3 Extrasolar Planetsl . . . . . . . . . . 283
[>.3.1  Radial Velocity Measurement by Doppler eftect| . . . . . . .. .. ... ... .. 283
[5.3.2  Planetary Transits| . . . . . . . . . ... o 285
[5.3.3  Astrometry| . . . . ... 286

[6  Stellar Spectra, Composition & Classification| 290
6.1 Excitation & De-excitation of Atomsl . . . . . . . . ... oo oL 290
6.1.1 Some Preliminaries| . . . . . . . . . .. 290
0.1.2 PExcitation of Atoms| . . . . . . . . 292
6.1.3 Tonizationl . . . . . . . . . . . e 293
6.1.4 TLine Profiles . . . . . . . . . . . . 294
[6.1.5 Molecular Spectral. . . . . . .. .. 296

(6.2  Composition|. . . . . . . . . . L 297
[6.2.1 Classification of Stellar Spectra- Harvard Spectral Classification Scheme|. . . . . 298
[6.2.2  Classification of Stellar Spectra- The MKK Classification| . . . . . . . . ... .. 300
[6.2.3  Thermodynamic Equilibriuml. . . . . .. .. .. ... 0oL 304
[6.2.4  Boltzmann equation| . . . . . . . ... ... 305
[6.2.5 Saha Equation| . . . . ... ... 311

6.3 Hertzsprung-Russell Diagram| . . . . .. .. . .. ... .. ... ... ... ..., 331




Shobhit Mahajan

Astronomy & Astrophysics- Part I

(7

Observing the Stars: Telescopes|

[7.2.3  Catadioptric Telescopes| . . . . . . . . . . . .. . ..

[7.2.4  Telescope Mountings| . . . . . . . . .. ..o

[7.3  Observations at other wavelengths| . . . . . . ... ... .. ... ... ... ......
[7.3.1 Radio Telescopes| . . . . . . . . . . .
[7.3.2  X-Ray Astronomy|. . . . . . . . . . .
[7.3.3 Gamma Ray Astronomy| . . . . . . . . ... ... .0
[7.3.4  Ultraviolet Astronomy| . . . . . . . .. . .. ... .

[7.3.6  Millimeter Astronomy| . . . . . . . . .. ...
[7.4  Observations without using the Electromagnetic Spectrum| . . . . . . ... ... .. ..
[7.4.1 Cosmic Rays| . . . . . . . .

(8

8.2 Photometry| . . . . . . . .
[8.2.1 Photographic Plates . . . . . . ... ... ... ... o
[8.2.2  Photomultipliers) . . . . . . . . . . . ...
[8.2.3 Charge Coupled Device|. . . . . . . . . . . . . ... . .

[8.3  SpPectroscopy|l . . . ...

(8.4  Polarimetry| . . . . . . .

[0 The Sunl

[9.1.1 Photosphere| . . . . . . . . ..
[9.1.2  Chromosphere| . . . . . . . . . . . .
9.1.3  Coronal. . . . . . . . . e
I:!lll 1 :‘igll;il !& l'Ilsil --------------------------------------
[9.1.5 Heliosphere| . . . . . . . . ..

9.3 Solar Activity| . . . . . . . .
[9.3.1 Sunspots|. . . . . ..

338
338
339
346
353
355
357
360
361
365
366
367
368
369
370
370
371
373

375
375
375
376
377
381
390
396

404



Shobhit Mahajan Astronomy & Astrophysics- Part I

0.3.3  Solar Prominences . . . . . . . . .. ... 450

[9.3.4  Plages & Faculael . . . . . . ... ..o oo 450

[9.3.5 Babcock Model for Sunspot Formation & Solar Cyclel . . . . . . . . ... .. .. 451

9.4 Helioseismology| . . . . . . . . . 456
(10 Variable Stars| 465
[10.I Nomenclature of Variable Stars . . . . . .. .. ... .. oo 465
[10.2 Pulsating Stars| . . . . . . . . . . 467
[10.3 A Simple Model For Stellar Pulsation| . . . . . ... ... .. ... ... ... ... ... 473
(10.3.1 Period-Mean density relation| . . . . . ... ... ... ... ... ... .. ... 474

[10.3.2 Pulsating Mechanism|. . . . . . ... ... ... ... ... .. .. 479

[10.3.3 A simple Model for Pulsation| . . . . . ... ... ... ... ... ... ..., 483

(10.3.4 Non-linear Numerical Calculation| . . . . . . . .. .. ... ... ... 491

(10.4 Eruptive Variables] . . . . . . . . . . 497
(10.4.1 Non-Pulsating Variables| . . . . . ... ... ... ... ... ... .. ..... 497

(10.4.2 Cataclysmic Eruptive Variables| . . . . . ... ... ... ... ... ... ... 500

(A Physical Constants & Useful relations| 521
[B Classical & Quantum Statistics| 523
[B.1 Introductionl . . . . . . . . L 523
B.2 Maxwell-Boltzmann Statisticsl . . . . . . . . .. . ... o 524
B.2.1 Ideal Gasl . . . . . . . . . 532

B3 Fermi-Dirac Stafisticsl. . . . . . . . . . . .. 542
B.4 Bose-Finstein Statisticsl . . . . . . . . . . . 551

[C Some Useful Integrals| 555
[D Review of some topics in Optics | 566
(D.1 Introductionl . . . . . . . . . . 566
[D.2 Fermat’s Principle, Laws of Reflection & Retractionl . . . . . .. ... ... .. ... .. 567
[D.3 Refraction from Curved Surfaces. . . . . . . .. .. ... o 571
(D31 Lens Formulal . . . . . .. ..o 573

(D.3.2 Lens Maker’s Formulal . . . . ... ... ... .. 576

[D.3.3 Magnification| . . . . . . . ... 579

[D.4 Dispersion| . . . . . . . . 582
[D.5 Spherical Mirrors| . . . . . . . .o 586
(D.6 Diffractionl . . . . . . . . . 588
[D.6.1 Diffraction by a Gratingl . . . . . . ... ... ... 595

(D.7 Polarizationl . . . . . . . . . . e 601



Shobhit Mahajan

Astronomy & Astrophysics- Part I

[E Magnetohydrodynamics|

[£.1 Maxwell’s Equations| . . . . ... ... ... .....
(.2 Ideal MHD equations| . . . . . . . ... ... ... ..
[£.2.1 Induction Equation . . . . . . ... ... ...
(22 Obm'slLawl . .. ... ... ... ... ....
[£.2.3  Forces & Equation of Motion| . . . . . .. ..

[E.2.4  Equation of Continuity & Energy equation|

[£.2.5 MHD Equilibrium|. . . . ... ... ... ...
[E£.3 Dimensionless Numbers. . . . . . .. ... ... ...

o MHD Waves . . . 0 0000000

Index]

609



	Course Details
	Introduction
	The Heavens Observed
	Objects in the sky 

	Motions of heavenly objects
	Diurnal Motion
	Annual Motion & Seasons

	The Moon
	Eclipses
	Precession of the equinoxes
	 Julian Date

	Celestial Coordinates
	Horizon Coordinate System
	Celestial or Equatorial Coordinates
	Ecliptic Coordinates
	Galactic Coordinates
	Relationship between Coordinates
	Spherical Trigonometry
	Astronomical Triangle
	Angular Separation between Stars
	Use of Rotation Matrices for conversion of coordinates

	Changes of Celestial Coordinates
	Precession
	Nutation
	Parallax
	Aberration
	Refraction


	Magnitudes & Distances
	Magnitude
	Flux, Intensity & Luminosity
	Apparent Magnitude
	Color Indices
	Absolute Magnitude
	Temperature
	Extinction

	Distance

	Mass & Radius
	Two Body Problem
	Kepler's Laws

	 Binary Stars
	Visual Binaries
	Astrometric Binaries
	Spectroscopic Binaries
	Eclipsing Binaries
	Contact Binaries
	Mass-Luminosity Relation

	Extrasolar Planets
	 Radial Velocity Measurement by Doppler effect
	 Planetary Transits
	Astrometry


	Stellar Spectra, Composition & Classification
	Excitation & De-excitation of Atoms
	Some Preliminaries
	Excitation of Atoms
	Ionization
	Line Profiles
	Molecular Spectra

	Composition
	Classification of Stellar Spectra- Harvard Spectral Classification Scheme
	Classification of Stellar Spectra- The MKK Classification
	Thermodynamic Equilibrium
	Boltzmann equation
	Saha Equation

	Hertzsprung-Russell Diagram

	Observing the Stars: Telescopes
	Introduction
	Optical Telescopes
	Refracting Telescopes
	Reflectors
	Catadioptric Telescopes
	Telescope Mountings

	 Observations at other wavelengths
	Radio Telescopes
	X-Ray Astronomy
	Gamma Ray Astronomy
	Ultraviolet Astronomy
	Infrared and Near Infrared
	Millimeter Astronomy

	Observations without using the Electromagnetic Spectrum
	Cosmic Rays
	Neutrinos
	Gravitational Waves


	Observing the Stars: Detectors
	Introduction
	Photometry
	Photographic Plates
	Photomultipliers
	Charge Coupled Device

	Spectroscopy
	Polarimetry

	The Sun
	Structure of the Sun
	Photosphere
	Chromosphere
	Corona
	Solar Wind
	Heliosphere

	Standard Solar Model
	Solar Activity
	Sunspots
	Solar Flares
	Solar Prominences
	Plages & Faculae
	Babcock Model for Sunspot Formation & Solar Cycle

	Helioseismology

	Variable Stars
	Nomenclature of Variable Stars
	Pulsating Stars
	A Simple Model For Stellar Pulsation
	Period-Mean density relation
	Pulsating Mechanism
	A simple Model for Pulsation
	Non-linear Numerical Calculation

	Eruptive Variables
	Non-Pulsating Variables
	Cataclysmic Eruptive Variables


	Physical Constants & Useful relations
	Classical & Quantum Statistics
	Introduction
	Maxwell-Boltzmann Statistics
	Ideal Gas

	Fermi-Dirac Statistics
	Bose-Einstein Statistics

	Some Useful Integrals
	Review of some topics in Optics 
	Introduction
	Fermat's Principle, Laws of Reflection & Refraction
	Refraction from Curved Surfaces
	Lens Formula
	Lens Maker's Formula
	Magnification

	Dispersion
	Spherical Mirrors
	Diffraction
	Diffraction by a Grating

	Polarization

	Magnetohydrodynamics
	Maxwell's Equations
	Ideal MHD equations
	Induction Equation
	Ohm's Law
	Forces & Equation of Motion
	Equation of Continuity & Energy equation
	MHD Equilibrium

	Dimensionless Numbers
	Alfven's Frozen Flux Theorem
	MHD Waves

	Index

