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soifafe «qe cemifefdeelq — Astronomy and

Geometry

“Astronomy, the oldest of the sciences, has more than renewed her
youth. At mo time in the past has she been so bright with unbounded
aspirations and hopes”

— William Huggins, 1891
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fafesae W — Radiation Laws

“The universe just talks to us in so many ways, and every time you
find a new way of listening, you find something else.”

— Ellen Zweibel, professor of Astronomy
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b o I gaR I @4 - Spectra and Spectral Lines
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2.y @ @ IR @A — Spectra and Spectral Lines
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fafea Hq 4 — Radiation Laws o b
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ATTFH! O I O FIIT QAT v BF; [F8 arw@ 2 B Assumptions Q@1 &G
TR ORIt $%IF (Blackbody) W3R $33Ed Mot [fead @ A oA ~midfawicrs fifen

TG AR JI F AR

Blackbody: 2% SPt® It $3% (Blackbody) WRIR & f&f 1?7 <1 <87 58 st
C! &I T 1?7 cenifefdeies @wet Blackbody I @39 €% wifge T8, (@ O Toia wivifow
AR e 6 Wi SifvetEe R[iead ¢l w; aFpe afewtre A efevfrs v Ml @b
fafeaced &y foaft 8- Absorption, o M@ IM @I F@Hre wivfos R[iswer ifrs
@igs, Reflection, r M@ afewfers wiex @2 Transmission, t M@ Feelfere @ @RI e

AT T8 (q,
at+r+t=1
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i}, ©F 0T Tivfes G [iead v I @0, aIpe efowed q e[qE 2re @R =1
Blackbody 93 (@ r = 0 @32 t = 0, Joqk ¢ = 11 9’ Blackbody €3 (<l ez 3
e wfes Rimaees s5A6rE eirae e

fom 2.8: a) fafafoes et b) el <@, ) ffead qefa

Sl assumption 2R SRIYER TSN AREST o7 4F3, A 2 AR IS @2
faferieas tofa 1 @ a1 @bt 4@ Mtz @@ TR ok SereEd afel @ Tafbey 3@ tofx
IF T 78 @2 Il T ORF @ G0 (TR ©%F of (+iifve 7@ et I e ora
IR T 2 Rl adiice g @ T IR AR @EE 3@ @24 (Spectral lines) e
QU SN FIRCEBRCS AREAT AZCGICe @2 Zferam qefidt i wfq @ & 6 o age
I QT2 2T OIE OIMF TOWRE T €3 ([T @F2 FIH (A @) T8 @3 @2 fofd 2a)
Jet & 2o A7

2.3.5. I 7@ — Kirchhoff’s Law

T 58 O @ e @ e wereeE & e A Fen @Wer G we Faee
A | 947 AN 92 FIAFD! IFp THUS M @RIE B3 T 1 O I @R 712 wife,
(P! IBF TAR @ (I 79w [F=e AT G101 ol wieeel o 2 (@ee #Ald ) g ffeael
T rFel e (e, Fhgol e (wow M gifee 2o (i @3 MG wepg afewire Fed |
B Rfvaes sopg we diffe a1 gaifze A afewfre 2 @b @ @b [Kivad e
HFe SRR SN F 6w | [T 2 ¢iifye A1 edifze a1 afewlie zent @ @t J
e tefa o Boi7 fsa o7, o cowfa e 0ar <@fBa o St «xee fafeaed wot “rere o=
CEET SEIRCIGIERICDIPAC C I (G

5. e (Transmission): g @i & I87 W WMea eifE® (31 Aweifere) = oot AMed |

3. offSF (Reflection): % @i @ 377 MW elfowlme 2@ @Fa© 5 AR |

©. (94 (Absorbsion): TRFE W & IY IS (HIfTS TW AR
ICHFO! AR (I T FAE QA | ALTS, FOpF (<1, elfowrer, Feier 23 @161 Wieifos
SR SRAMCHR @547 797 B0 1 (@, SR NLA-5ITC! R SICECS SFD2, S8 FLLACTA
el 21 T8 @H-@ wiefow 2 @FFer wE Awifre 2@ A ferre, €% (i,

effoets, AL 97 FA @ IFF 977 SN Ao 2R, OF SN €[ | gorre, (P!
I 7P CFOEA @ T (12 /A (IRl Az, alfewerg Afide @ 2@
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QA @ AN ARG foaio A Aewifzre Fare if7:

o (¥ @ E (Absorptivity, a) — @ W SNER @A IFF 9FF CFATE (I
e secds Seifes et (I SEfed) @ sAfad st 38 Ige s =5 i
& SAN@R @ SHAACH & TFF (<A ST I |

o dfowe q® (Reflectivity, r) — P A2 SAN@R (P I€H @IS CFAFCE (I
e semaede aiefes AR (I aEefed) @ Afme @t 35 I9e dfewhe 7w
I @ SHN@R & SFHMCY @ ITFF elf oot @R e |

o W &% (Transmissivity, t) — @ A8 SoN@E @I TG 9FF CFaRCE (@
e swomeda @ivfos O (I SERfes) @ sAfamed @t I8 IS Hewfere =7
O @ SNER @ SHAMCH @ IFF T SR A0 |

~

TR e Toitaa fonfoa «ifacs Fwa foafs aife e 0 =1

o (¥¥ ! (Absorptive Power, A) — (1 W8 SioM@r @9 387 933 CFQTE
aFF AN (S e Semmeda @ S Wi (9 WeneE) @ e e =
TIF @ SIANER @ SHHACH & TFF (K FAS! JC |

o Afewes FWel (Reflective Power, R) — (19 A8 SHN@R (P 387 935 (FQTE
G T (T e wemmeda @ e @i (I WeTeE) € T dfewte 77
SIE @ SHN@AR & STy & 59 elf e el 0 |

o FE FNol (Transmittive Power, T') — (19 M8 SIoN@y 19 387 93F CFQTE
GFF A @ e wwEmcde @ Ao Wi (A ienenlE) 18 Fge AT 77
SIE @ SHN@AR & STHMCY & IJI AL FIol 0 |

A foafb 20h Sg#iTe, AW W o (AF > GF Y IR (FI GFF (72 | A[MCP *7e foaioa
@ W GFF AR Jsim 2

GFIOE FIE I8 fFora [fsad s @6 e Fa9 o awa s wror wear R&fFad
QAT IR FACo A

>. Rfsad ¥l (Emissive Power, F) — @14 Mg SIos@y & 36 975 (Fawa (@
OFF TR @ TR s @ HAfae e ([ St 1§ dee [k =
SIE @ SHN@R & SIHMCY & /T [eRe Fe! 0T |

3. ffF7d @9% (emissivity, €) — @ U2 SIPN@R @ [ GFF FAFA (A @A
fafg wermcd el St (1 wieie) @i @ SioRiaR & SRemes T8I e
fifsfre wita (I AEFew) TereE @ SR @ sawmed @ I¥a [Riead oa
BIGH

Q7 AT AR @, [iFAd eFF 2T FI00 A A0 ANWAE TH0e 3@ @ @ Sioary
Q@ STHICH A F© [FF FEG 1 300 A A0 AT 2 Ao Yoy dE fove
s emie S
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(I (8 SrNI@R, (I 78 ST LI 9§ [P THOl G OIF (%7 Aol
GIAC &F IR 92 FYoe IF AFfeq @77 e PF T

E
A—i = k (constant)

QLE, Ay, GR ), 7R @RIF SFH e (ve el @ [ifeqd 5ol k = By, (T) 9316
FIF T Y SN 807 OT I |

SIF N (@I e Saoncd @ I8 Y7 OF (<IRel Fc A, (T I8 [ o [iSaes Facs
AR | A (@ I qPv2 PN [ I, (T I8 & STHACH (HIRe FAE A F | I
AT 98 @A T F© OT61 (79 Face F#ea e s ses fEfem s g s
@I TG @@ a+ 7+t = 1 I (@A TG ©IF TAF Q0 201 FGP [iFa9 <117 I (@,
OFp Aozt A AR O A WA OW@ r =0, t = 0 CTFE, a = 11 9T IGPE FXIS
Black Body I | $8IFH (<INl o W 11 F37EH [feae o F, Wy a1 s
a2 ©fF Tofa e ffeael s@ At we e AR

E

ORI, (A9 AR FHCF AR FIFBF W AF 6 T GT61 2o $63& el w571 1 o
IR AT T FABT qOIT Tl T

G5 @78 S N@R s [re Serachd [IPhcad e (Ul I67 [ieae Fvel 8+
T TS IOl &IF I (T3 FICPT T (13 SN (78 STHACH [[IPFCaT Srely
GG FIET [[IP=9 Tl T |

QL (ACF I AW Q@A ITGA CFCE g oiemar [ive semmcda [isaes s eiR
RFa9-eE ¢ CTA-QNTFT TF AT 1 ©R JYFCN PCA TG (AT A @t e
el tofd T EoE M W Ao Awidetera I et e it IeiR 3w
it St @ 12 @ I F TAMI (ofF 1 vy ©IF - I ALEw Fq AN (@O 2w
OTFANAZ TG 51 CTore ABIR Face +ifa 1 affsfb smnefa 3@z woa, T i Aty I
e 911 O (@I A I W QAR AR TG T SR I TW AF0T g A
& AT IR 1 GO 2R 8o B To g GNa Jr& e (oIte ¥R “IR-IARfATe J (el
TRR! @2 JHROE eFg FKeN ReEl FHe SRy FEd 9R GBiE Iw A fof
e IR AT /A @A q cFTEICS AT oz  (Astrophysics) @ IR

(Spectroscopy) b1 <o |



WY o (EHifes [T ¢ S [eqe

.8 Planetary Temperature and Energy Distribution

&Ry f[fFad =feq ey 7

grefer RiTar Seo e foafs | qeTe ome TreecEd (e “Mids (seiErs! | 1 Glifere
smiefafer zrr BOEAN, RGN, ABFRN, Tofm | wie WefEam @ e =i ¢ {61
(3eRG) Ol @=e AT A 10 i wrersE Alee e 2w e 1 s et 2 Al
A& | GPIN YU, ARF e T, TFHC YR T Wil IR, v fFfe e T *fere
Feefe =1 ek Wi T% e g @ qw A P i [k wr on w2
@ dig *fe, A a7/ EfeEd B @ [iefe «feq arfie T @ «iq 3 [idad
@AF OR P @l (@@ T R4T qew A1 [ A o I9eR IR A i, e
el

L = (surfacearea) x (fluxat surface) = 4rR*cT*

I OO I/ SIANEl T W G2 OIF ACHATHT Siow@l 7)) 28 Sid I¥B O AT AR
PEST (2t e (e 969, Py, = 4rR2%eoTy AW @2 [e9 963, Py = 4nR%e0T?
2H | o *feR AfRTSrER (b 27,

Pt = 4nR%co(T* — T)

oI M (A T8 O WA BB (6 @ Tee =1 iR ¢F *ife ffsad s v
I AW AR @A dOF A AT A SNl FACS 9 FAR | TP Ol qoId
Ty = 2.725 K @ivd1 @bie @i d qa0g @33 CFasee wirifes e Sqes FH 11 58
@35 AWE cFawE wivfes *fe 99 F9@ @ T ST A Aioifos 2R ©F AZRMI
CFATCTA S,

QT *E, Py, = e vace SieEs $Fel, Fi, x 87 SE1F A30RWE (Faed, A

Cross Section: @RI @i« @l I @ =N@R
(emfota egrRMe (FaFA (cross-sectional area)
(W (1 IM EHifeFHH (Celestial Object) QEIYer®
O[T VIR ACF O ‘cross sectional area’ (& faxfas
O M Il T AR, EICHE AN JOSF (FAze]
4379 - mR? 1 58 1M (o ey oied Fics (e
A G B, O AFORMA CFQFel (P [auifaqs wel 42l

=, CTCRCD g6 AR T T 2GR 40 TR,
PG FACO (T |
R 2
(d> oT x wR2; <R TV AL (=16 A=A & AT
Rn: 2
<IZ*> oT} x 2rR2;  qzifeq T© qC a2 1 (SISl IFIT T AT |

»fyaife quts 2BEma CFaead A @3 IEee! & A W aat F41 2EE |
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Equilibrium Temperature: ¥ &2f6/cenifest feze pagR (Radiative Equilibrium)
YE IR SRR (1 (@2 ATl *Ife e S a7d Fac3 @32 #Afwiel ¢f [Riwael v ed
oreee A cepifes (T e @it @R wrergdle f[fee Beo (1R) 61 I 4r R20 T S@ S
fafead 3,

Rn = Lout

R.\?
* 4 2 _ 2
< ¥ > oly xR, = 4rRyoT,

©rizg9 2.8.%: Derive a formula for the fractional change, AT/T in surface
brightness—considered uniform of a starlit planet, which would be produced by
a small fractional change AP/P in power it receives. [A]

Solution: JTFT &2 T9 e G2 TS Il 3N G, P = Py, = Poyy !

P = Pt = 4rR%0eT?
T = (4w R%0¢)/4pY/4

% = %(477]%205)1/413_3/4
AT 1AP
=" .8.

. 2.8, @F (@ N A AR @, AP GF @I A 278 20— IR (FIF01 7 |
Q .83

5 TRET O S0 HLhe G I s[efa wife 0.1% T ¢l oA Afaeee v
@7

SIEl TrrRAet e W (ol @1 @ fen effssimest F A “if,

L = 4rR%eT*
log, L = log, (47w0) + 2log, R+ 4log, T [8%% «Alt*l =17 fe]
dlog, L  dlog. (4mo) = d(2log, R) d(4log, T)

= ACATE FCHIEAMREE I3

dL T R Al

1 2 dlog, R 4 dlog, T

=0t — [ FACE cofarsibe X

1 2dlog, RAR 4dlog, T dT

= e TN A I

L dR dL + dl' dL (@3 T ]

1 2dR 4dT dL.  2dR 4dT

L RdL TdL L R T



WY o EHifes [fead ¢ Soma fead

Q¥ I WoF@ (infinitesimals) “fes a1 4@ 3w AN 21w (A) 4f,
AL 2AR N 4AT
L R T

TINE @ @S IR N OIS NN efareve a1 AL « L Rl @d2 Exoplanet
AT T Sl 2 G IR I A P (TS A

Math Ideas: Logarithmic Derivative

QI @ e AT GG A ACATF Seapio A TSI &) Siwa e
T 0 WIS S 1 @It (@ SR FFACR T IJIRAT Pl RAACR,

da,
dx

a7 W SRR WINEl P @9 AT efrebe s e afierE 9w e s
T4 TR | (8 @7 (BT TR FB! FAN (ACS WES G IR A,

n o _ nl,n—l

dlog,z 1
dr
GO @ AN T,
Af & of Ag
= — R.8.R
S Z; oz; f (283)
?See more: IOAA-14— D03.B
4

R.8.5. Radiation from Solar System Bodies

g A SRS S $2IE 403 TR I16 41 A [5G ORIST =iel A ooifes o=
cFE (F7/gNeg/ ) fifead s fog e w1 =01 quweg [Kfed g3z (rwe Tew
cFg fog wfefae af AF e

Emissivity: eSIRIe 41 27, (! TGT AP (Faqe] (ATF QFF TAE G0 WWE STHICHR
Topg [Fad *e @@ 2@ AT 93 FE® TOhF ({9 26 7 ©iF T | OF [iFae-eies
1 fafeaet el TCwe Tl =W G2 ¢, Mo 2 T4 71 P @ (0 e wif, FReEs

@ f&feaet el % 2 1 O™ emissivity,

Fopject(ry  Energy Emitted by an Object at T

°T Fhlackbody(\,T)  Energy emitted by a Blackbody at T

T ORISR G S & AR, (@R WA 4@ @R @ oHieE w3389 To IE I |
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MyFee F $igel (Flux Intensity) @32 @6 1 (Total Bolometric Flux) (& 11 &1

2hc? 1

°o £ _ 4
)\5 ehc/)\kT 1 u‘lﬁ\, f =ceoT

By =¢)

Albedo: @36 I8 Foi AT (ivd, e, @3 efswem FA@ @01 o7 T wioifos
S (@ O AT G0 8HTE | GO ANIis @ (@uifet@d (Asteroid, Planets, Satellites)
Albedo, A, I AfSTAFERINTS! (A MATS 2 I AW OGN (@ FI00 AT 2 | GH6
ceifetaEa Albedo ¥ (AT S 7 =S AT |

i. Albedo MYRT® STHMCHR To7 froq o 1 qfe 7HE wwincd efowfers /Rmgfre @7
wivifee SItEE 9g9ie & A0 Monochromatic Albedo TG Ay, d A, M g T4
7

ii. A7Mo® FIF @GR ?[Cﬂ/? e dfewfers FIIw AretE Geometric Albedo, A, T
@B ETFSeIced Kfoq 38T & I92F 1 W

A, = F(V = O),

So

iii. Bond Albedo, A, 2R W*fee FIF G2 KM @feFire (reflected) 93 fwpion
(scattered) FICHA Sg~® | WA Albedo T T© L FTEH FAL FAC© 27 2
SRGTECS SN Bond Albedo 4@ @ e i1

W)
Ab_fAde_ l:QL msm@d@ XAg.

ST W * W (ST el eifowiere R 79 (<79 AR,
> W AR efewime 2wz | MME swemcd 3¥a afsweamaire T
Al Reflectivity 28 Albedo %3 Albedo, Ag = 0.31 & [/

CE PTG W 03% RS afewlre s @@l bt Albedo
A G SR SN S W (e SR Al 8% aAlFfes eita
T Albedo FRE @ G AN (R @ ST ARSIl
fdfzm 3@ Albedo @ FOI Fiee AT IR, W A ThHe @
G2 A e #ife @26 efewer St M 1 Giew@ (1- A) wifd
e A PR,

R 2
Py, =(1-A) <d> oT} x R
P = 47r6RI2) UT;L

fafeqe AREN,

-Pin = Lout



330 ¢ (FHifes RfFa ¢ o fegd

2
(1-4) (%) 0T} x ©R. = dreR2oT))

LA\ R (1-A L.\
Tequlibrium = < > T — = ( >

€ 2d e 16mwod?
EECAGGH
1-A 1/4

Teq = < - ) Thlackbody (2.8.9)

1A\ A
—ww @7, Ao =0.7,e ~ 1, ( - > =0.74,

1 A\ M4
— AR, Ag = 0.37, e ~ 1, ( - ) — 0.89,

RIE @Bl AL A (TS T,

1/4
A=0 — TO:[ Lo ] —2795K

167raag9
1 A\ /4
— 7o &, Ag =0.25, ¢ ~ 1, ( ) = 0.93.
€

Temperature Models vs Distance (AU)

1000 —— Equilibrium Model: T,q = T,/ % = 2795 K
= SO\ ~==+ Albedo Model: Ty = (:=2)"1 7, /B = 2490 K
g 800 P

E@ \\ e e Greenhouse Model: T, = (1’A)1/4T B — 9961 K
© "..' % G L. Lsurface 1—2¢ * %d .
5 600 N
+~
<
g
2, 400 A
5
= 200

0 -

0.1 1.0 10.0
Distance d (AU)

fo@ 2.58: R Ty [fen woeE o
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TFae Cegere! Afol — Stellar Photometry

“Remember to look up at the stars and now down at your feet. Try to
make sense of what you see and wonder about what makes the universe
exist”

— Professor Stephen Hawking

Y SR S e (il arersit okl (@15 (26 @i [gE W w1 &I (@it @i
SCEFRE YU OIRISEET (AT (@ AT 2 @l % ©f 2R ©iAGe wieire Segerel— A G
(AP AN IR & #AfTN e APTeR (ST SMeaRI ©aw) | eyifeieaic o Segere!
A @B *fmforee 901 FEING (Photometry) 1 Standii® | Photometry *#f6 @1z fas
*%1 “photo” TF @Y BT IR SCIFH *9 “metron” TF 9L AR — ozee Gt SR (A
wlore SR Afieer e <= [

@ 3 ffon sammed @ T f[fead F@, ©f [ F@ G2 3@ 74 oy o2 e
AN @ A, O, @GR IFF N TS qU AFCAl ANSA A1 GRS JA IR
& q@eT S ez G} e SecfegE | (eifeR@E 8 i S99 & Ol sae
witR @5 (ifefife (Astrometry), IS (Spectrometry) @32 Polarimetry | 97 W&y
Spectrometry €% & Photometry @3 =% @ 3vp | ¥ M cewifefdees facn sie wace
b8 @ A Comw {7 Weel @l #1907 Oie Wi WAl (A0 6 6 02y oihe (@re AR |

JRATOR SR O AR (T2 (FIG S f @siers 1% 1 Photometry 9 %8
T M @3 o A He@dZ FE@ O OIS @I SIHAY (0 A TW GRAEHI A A
@A & (Photo Sensitive Instrument) @S9 HiF1E SRR AR | SN GIR-8
G @F {9E Photometer | (aoifsiiemar sy »fqmicem fageaem ooy e sifass
B G2 (e 5 0 e 9 T wer Kl s (68 9

0.y TegETel WA (¥ — Magnitude Scale

S-S FO0] TegEl? WP T4 OFIA TEgeTold WA OF 7, (I (P Sl Y73 g,
@ @ O Sege | 71 W wiege SRR Al o @, Aife et sl (el A"
T AR Gt 47 THES TRAT (AF ©6F @ wiwe (e fWfewew zwest 47 @ 2@ ¢ooo @R
TS Wil @l (O AT |

285



MRS @@ﬂ@m Qg CFe

o fas (a7 s20) cepfoimma sty o rew 3w ooy, TR fof cemfeleena fde
sEfeeR @Rl qrTes | fof SR TRew oA ceuifein feram | fof ot
T @32 TegeTele ARGE FCEAREN, @F TS AT ORI T, ®ST, GKFE 8 Tegerel
ARTST WG FACS I | A AT (AF GFFN (Sl OIma Segere! ML= &=y
5 ST @K OITE A 26T AN AN TS ©IT (A AW GIETE ST WA Ol 1 GO
T NG, OF WA I SAATG @R SRIENR AT (Gitd (ALl 2 17 @RI SIAd &bl
A EHFA I WY W@ O | @ 2@ AT 2F el fReigah dln 2 Twd q=d =i @3
@S 4TS R |

Q G TIRRT GPTE G5 SRl WoF SIAl (AF Foo! Tegel ©f RARSIOR N (enifeima
YRl FCARCE B 2.¢ el | T «TF, GFH SN A O o AAF S (AF .0 @l @
Toga1l FOIE? M AL = 2, 2.52 = 6.31 A G WA § A O o=@ FLCS A
A F©7 —¢ 1 Tt *rorcs &b @mifefestat Norman Robert Pogson® % ¥t @
TAF SRR 6T & A@F SR doo @ @M Tegel zeql Tow! ©iF fefie pia »f=d (G4
@) @q &0 n 8 n + 1 TR T TerreR HAfqe 5F T /100 = 2.512 1 W6Y 2o
T (P2 FIEF A e (e Qs Sigfs ogfe e @ g a3 o[kE Segere!
AR 2.¢ @9 IR Jha AR

Q47 2 5 ol Tegerom M SegE (Magnitude) NITHR 1% Afele —

By
—= =2.5120m2—m)
By
To Al #@9* f,
B
log =% = —(m1 — mg) log(2.512)
By
B
log Bil = —0.4(7711 — m2)
B
m; —mg = —2.5 IOg <1> (\9.5.5)
Bo

M. ©.5.5 GBIE 1R [qre 9 e @l @4 T© KA Magnitude-ad 00 B A3 ©F
T @ TR G361 QAT 1y = AN SR S WA, my = O ORI S A1 By =
2 O Tegerel, By = fRely R Tegerel! @ @ SR WAl ¥© et s A
Tegerel wo (@ 20 1 93 W 051 e AR Siw oo I 1 9o ikl (At wieEsio wial
S @ Tege!

Q 9.5
SN AP O (TATe (R [Feitd R (@9 O Magnitude 97

*N. Pogson 1856, MNRAS 17, 12
3R @49 (AF log,, = log 4 I I |
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1001 5

Brightness
(SN
=)

Apparent Magnitude

VER W@l ST Gl Saee 20 g g SRl A ates et Wil |iNee ]GE | RARSIeR
Y TG TG (@HIFSE AT T 0 (TS IO TG (T TEGeTold A oY 20O
AT | AP AIGR &gel Ol &S - Sirius @7 T 20 -5.8Y 1 A-(NER BIE0 KT A
TAHFA HIRCS @ Y, B, e@ ¢ I2ifS | www WAt -8 oS 20S #iE wF ifen war -2.¢
a7 05 20O A 1 T WS Tegerord Wal ™R Mg = —26.8™ I AR A (]

A S AT A TegeTo W N ¢ AR @I Ol SR 6o fTew e dife
BTt 0. WA #1431 IR, ©F (P! (@A W0 AL ETHFF @F AL (5/¢ A 0.%) W
TR FACS A | RSO TR, BN wfefee - Vega (o Lyrae) (¢ 08 (39 391 9 29
T S SeGE W MW (Myega = 0™) €1 Q! Q¥ Al o1 @Y afefere @x A oy
SRR AL T GF 9| AT 744 &G Rrwete 27 (o 92 % (S @
TR 13 | [Afen ey TIdieTs ¢F@ [T Ot Apparent /Absolute Magnitude St
A O @R (PITOR & (I T IR P ZR AN AN AL FCH (S S5 |

©.3.5. 7 8% — Absolute Magnitude

Rl @3F P (ST (T (91, (SN IR SIS O «Ffs I, o= sioma o2 witeifes
ATz ©OF W SR [ 2 B fafemr «3g sifase @i fre?! siv oot ¢RR... TE, @R AR
T 4 (O S RS LAl AT (oNAR SR O qAY A0 @l g A ot
(SN FICZ FOO! TG AN ©f AW (BILAT MR A AR JIA $oF foaaa!

SIRGE N (O SO S Fhce AR 9 G Il e (At Fool TegEl! «F ¢St A9
V! AT B T YR FACS (Eifemal ©IReE, “Sif 79 OIAIE 9FE YHeg @ (R A
T B2 TG, O fOF FHE do ARG A (@A 7 ORI (& A T4 TS!° S0 @ @&
7?7 o 1A O Magnitude @F @ G2 SR (G AT FHol8 FolfemNs ©iea
Fe FCEI° oA FAcoe ARG 2 QOrd! otd @B R Afbw Tga A A (A o
IS ©Itd GG O Tegel W TS &) Sefegel Ol 2F© Ot ([ Tegel 2© !

°Kapteyn 1902; Publ. Gron. 11, 1
8https://en.wikipedia.org/wiki/Weber-Fechner_law
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QeI SR (T JACY (Y GGl Jof =W AW 8%gey Il oW Segereld W@l (Absolute
Magnitude) | o4 3@ (G 99 *AflfeF @ @@ T4 W1 @A @9,

F
M Apsolute — Mapparent = —2.9 log <f)

L/47TD2>

M ppsolute — Mapparent = =25 log <L/47Td2

d2
M absolute — Mapparent = —2.5 log <l)2>

4%, d = o|Ib @PeE gaw AReTS; D = 10 pel

d
M Apsolute — Mapparent = —5log (10 pc> (\').).Qa)

M Apsolute = Mapparent — 9 log d[pC] +95 (\'))Qb)

AT ©.5.3b G W G Ol R B Aeva were FAfR AR FOIG AT w=! @B g9
T2 S Parsec G |

Apparent °
Magnitudes

Absolute
Magnitudes

f5@ ©.3: Canis Major SRINSER SRIGEE Segerel ARl ©6 M M T4 202 1 AT
A SGET T ATSF0 AV @I AN THMCS T do ARETP VLd AL OIRAIGTECT

A FegE SR (AT FANCF |

CTRGEITSR 36 I8 &) AN M@ W6 ~AfAeeifas ew! 27 T4 221 Q@ #= @l
H, 1 28 =831 /71 2@ 5 (epifoliml @33 e R0g (I 89 S+re 8egey 399 Phase
Angle % 2F | &7 ©I7 9ToZR © B (wifes W i TR fage Faa T4 371 Ffex
Toia? (Satellite) 99 & @2 @ Re &1 7 1000 km ©R A7 A@ltE g RO =741 =3
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L
M = 72.5logf + Mg
Absolute Magnitude, M = 4.72
Luminosity = 3.90 x 10% Watts

= 1.00 L, Solar Luminosities

Absolue Magnitue

25 26 27 28 29 30 31 32 33 34 35 36 37
Logarithm of Luminosity

fo@ 0.2 4 Segey AW AFQ FO (CTH GICP)

TARR ARt g 3BR-«fFe Ot I92R FAce Atd Geogebra (8- https://www.
geogebra.org/m/pbanu9fh

Astronomical Convention

Magnitude Notations:

5. Astronomical Magnitude (F (TS FIYT A 5P ASFICT (7T Y A
11 1 magnitude in short 1 mag, @7 m M@ gFMe ST qFEF AL
AT < e !

3. TS AGRTS SR e T4 27 91 ©le I (FR Tl «WwH Apparent
Brightness (B) & @i*if® Segetel @d2 Apparent Magnitude (lower case
m) (F e g/ Tegerold W@l /W 9191 92 oIt Absolute Magnitude
(upper case M) (3 9% 8egeT /Cegero-N@l 1< |

o, s Tegeror W2 (% 58 bl WA Tegere! Jfw #AeAl WA TegeTeld AT
1S | B2 WS T AT T 2@ @ACS AATCH |

8. W&l m; A M; e e e @ieirs /7w egey IR A | e T e
TS I ARG 140 QI @R 200 AE, my = V A mp = B @
mB—mv:B—Vl
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0. IRIMT ceyifelety e...

% Ty SR e feers ey wiemefifes For ee @ wweE ey fes
Tegere! (A1 =P Tegerel) #fawiel F0 1 WS (REAN @, Tegerel R FE FAK AW AR AL
@351 o Tegererd (1 fecal e e el S erie /W |

@301 IRTT Trread ’ReTE, €@ I, WA Whirpool (M51) 0@y #@=d F4ce biftz |
AL AN GFTTRe ERve I (FIFHT FACe Q| GIAE ANE @2 WS swEmaed
@S Bt 12 T AETRfes o @6 Fare 2@ w2 fon fon fsia for fox
bRt ceyfosa (Wl @R “NeTfre for fon «etien) Twgerom Wi A1dw A v
@6 A 27, GRIFR @A Q%@ e 9 @A 9F [EE FOEES (265 P
N | FAF G0 TS ST 40 SN BIeofs IR/ (I FCH A4CS | (T A AR
@, &R TR TR @ RO AR 7 5T AW, G&e 98 Afore GRTTFAe AT W) |

&l Johnson-Morgan P16tE V 561 M@ Whirpool W&l sou N6 «@ oRitawd
TN, (TP AW Woko xd¢o PIFHER G (gtba A @2 PEeEd @ity et
@, 12 P aisifos aas sfamde @M, ST Tt @iers Segerers @1 afefs P
FIBT FITHE TN (FICC FAE (B ICB FIWGE I 20 AW - T© VS AP AT
I8 LT (A QP9 FIceT 718 @il fevs 201 #4191

texp= 8160.0 seconds t0.5exp= 4080.0 seconds
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ALF AETF @ AT GTE DT FIET SIS T, AT AN JIFATECTT (o F16B
Q@I @ OB AT o FIED (AF FC WS TN | S (FIoe] FI6D (AF Tegerold
NG @F I &), AW S A @3 [WHE 5o gz 3 GRiceieeR s Hefer e
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FIET (T TR, O[Tl FH MR @ F© VA & (FloT IS0 AT D |

QEFH! THEA FAE 2T, (@Rg A 2t Pirsem T Segere War +iftiz, o1z @i
QT SR (A pefER [fon swerE) P Twgerel AR qF7AR P Tegerel (1 Segere))
A1 # fFeIE ETet e Fie Face 22, G161 ol 93 S Fieefe ) omsE  bie efe
@, CEGETOR SHTS! FACT G, (FoF FICCHA ATHAS! FACS BCF, W OIS ARG
REFA TN AGCA! A GRTCHIRT S A= G (SHHEEE) A GAFGIeG IS |

QAT TG QT A 93 Glerewiol T e [eifte rdd 1 A (9 I@ien e
feeita fafen 4w Joe Rege A1 [RfFee =1, o = fox for frtis Su Segeror SR A1
@A A, 9R FOIR AR 93R fomel (aRE I ©OF A GG (@ifewe @l s
SR T TE HY O (IF I A+ce 2A1fe |
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T¥f@eF 2[F@® — Stellar Observations

“The debt to our ancestors for the observations they made to our
benefit, we can pay only by doing the same to the advantage of our
successors.”

— Ejnar Hertzsprung, 1961

P oRl T8 (ARl SR TG 7S ¥ O faw e Aifa? 199 wices e
e S 20 O ORIGTEIE By WEee ({7 T© @il e e o SwieeE
s R v fog wwa 7w ermee! 7w S erReE @ 1s @i Kew s g o @@
Tegel a9 ga @ite e 7fed @l T894 ool 91 SINEl S 92 SIRISTE ST SeimE
feyters S0 To Tl witee (e A e o 1ol FIRe Qe SNime (A0S IR I OHE |

A (O] ST I ARGR R FACo #7992 (0 I AR GfS T o @3
I I OCAF O @ ST 2O ovR | FEAE (@ FE FCARE SHIe] N R 4@ L
SIS B} TR Rfeq T WAee | SiNEl G99 (St R e @ g iR eiAe
/R 936 [ME &8 @it | WY RO SINie Fo 2tk 3 &St Aeyiire 91—
S T P8 RGeS« I R QY @ WE, ©F, [, SENE, gEw 2em
YA SN AN G A (B I ©X Nw TR (Ire = FRA q© JRWHIF T O
TR FEAR AR ARIACS (AF AT FIAE YR FHARSTE A4 FF A 1 ez
21l Afvear 5% It ToreR ARTen A @ AN ARV AL F© IT A TAAAS O G

F© qol

8 T4 AN WM TR PR TFAE G0 AN SF PN O SN ST S
T QI @AY AR JWE I g T 9T I A9 OE pEefes 93 I8—
cefemetsy ffen I e SETd $99 1 THaeETa *RTsan eYete Lo for -

S. SIFICH OEIF @9 (Apparent Positions): (St f6ges orce 26 & @iel #1esi?— o
I SR CF@S AN AN (A IS A-(NTF AF0 Ol AIZ (FIAT
G (9 1 (BT i1 T4 <2t forery @iz sife @9 e sifs=iies sme e

ifoq ererd SI=l e Fhce i © (73 MW B (A0 Sme (@I TFle TRER
& @ @@ 4 T

oo
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3. @7l TegeTsl (Apprent Brightness): Wi (At Wy oeH #fawd Fif+m
FE GAPTR | SR TegeTeld WHAR e fform S @ e aibl fasa v FafeeEm
@12 s (2 awal Tegererd ARSI (F Coft F0EfR 1 @ oS 2w 2red ok
WWﬁmm¢m| G2 T ReifFs a@l 97 SR SGe ©. SEsa

< |

©. 3@l (Color or Spectrum): I A F-(F TN WL FACS A1 AR BICIF ©
5 seweE Rerbes SR, A PINE w@iEcs © B Gl @R (FE, T3E, 93 |6
~ RGB) Ml Fce #itd 1 (oxfe (epifeiieity o™ @it [fen febiead M=iey
et IS St T T A (RE G QRIS $Y (@@ FAce A7 3¢l Roaees
MW | IAA (@AST O G TN GF O AR FACS A |

o g2 o B #IEFAR O (0@ AR ORIME T SR Siffas &EE @@ Faee Ak
G2 ST HTOR ST T

7% (Distance)

@ FNel (Luminosity)
Si?[@l (Temperature)

IR A TG (Size/radius)
GNfee 0 (Elemental Composition)
@ (Space Velocity)

o9 (Mass)

T (Stellar Age)

999 (Rotation)

. ©7 Af7qeq (Mass Loss Outflows)
5. WMAGE = (Magnetic Field)

¥ ¥ 2 &€ /AR »®» 6 p v

v
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RFBEETE alfed S ASTT 2R | SINHT (SRS oo O3 IEH! (A8 ([F IR
@FMeT g i F99
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8. ATFY (AT O WF!

oIl T A TS A SIE A A @F FACS BIR
FOIE (Photometry): a9 (distances)
aieire gegeyy, I, faaset 7@ (Luminosities)

S & (Temperatures)
3ifefaf® (Spectroscopy): qrogs! (Metallicities)
Feffeir eeifafee, ceirael /fRfead @<= = (Masscs)
@aToT, I @ Uy

GRS (Ages)
AH@S oS (Stellar Motion): TRIFC @ (Space Velocities)
qrwQ e oIS, 7T

wifes cadt it gz SISEIC]
| !
B il BILIRITE

’ g (M ‘ %T(R)‘

’:24
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A2 (EHfSIERITE TP e SRIFRITEE TP TN S A I 2| 02
R cemE #ifap S T enifefieara st e FreiE T4t 2
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FACe AfF A, AR AEwd I W AR (@I Gt a3t [wE s saef [
IR MO 27 T @ IIFH FreR B FACI | &FTe WAWA SAF TS (@ O A ©f (AL
e [fen Fwe (@@ FA00 2, @ NE HNWE QRASIE Gbe AN Ewd FAcS AT
@ N T e Fretd 70 1 SN G2t SN SREAE AL G A6l
el S |

8¢



i B
(SHfeld®ITT $IF 8  FF

TN B.Y: ALGN I

*EC W wie  Speed of light in vacuum c = 2998 x 108 ms!
WAF LI Planck’s Constant h = 6.626 x 1073* JHz !
TRIFAR FIT Gravitational Constant G = 6.67384 x 107" Nm? kg2
QDS FIF Boltzmann’s Constant kg = 1.3806488 x 10~23 JK—!
FBFA-@BEIEE  Stefan-Boltzmann B o

o = 5.67x107% Wm?K™*
&IT Constant
BEFET I Electric Constant € = 8.854x 1072 m2kg 1s?A?
IR FIF Coulomb Constant ke = 47:60 = 8.98755179 x 10° Nm2 C—2
e o Ideal Gas Constant R = 8315 Jmol 'K~
freana &3 Rydberg’s Constant Ry = 1.0974 x 10" m~!
forra << Wien’s Constant b= Amax] = 2.89776829 x 107* mK
LA @A-GTF*H  Thompson cross-section or = 6.652 x 10729 m?
BEHEEE BIE Charge of a electron ge = 1.602x1071°C
QACTE FIP Hubble Constant Hy = 67.80£0.77 kms~*Mpc~!

TN B.2: Soifelfew avfre g

ceffsmi &% 1 Astronomical Unit (AU) ag = 1.4960 x 10'' m

> SITETHIN 1 lightyear ly = 946 x10¥ m

S A 1 parsec pc = 3.0856 x 101 m

NRCICIE S 1 jansky Jy = 102 Wm2Hz!

afosde g Gravitational acceleration g = 9.81ms?

TR I Gravitational Constant G ~ 4.3 %1073 pc(km/s)? Mg
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AT B.o: VBT ®
X Mass Mg = 1.9891 x 10% kg
g Radius Ro = 6.955x 10%m
wife Luminosity Lo = 3.826x 10 W
e SegEr Apparent Magnitude at Mid-day me = —206.74
AT V- Sl Absolute V-band magnitude My +4.82
T (@EINoF 8% Absolute bolometric magnitude — My, +4.74
TS (IO T Apparent angular diameter 0o 32/
”1'5 SPNEr Temperature on the surface Tetr,0 5778 K
eTe 939 (7f4dite)  Solar Constant (at Earth) So = 1366 W/m?
FeAMFF F| (AT Distance of the Sun ~ 8 kpe
V[C?fﬁ 7R from the Galactic centre

A=A B.8: v €
o] Mass M¢ = 7.4377 x 10?2 kg
Bt Radius R¢ = 1.7374x10°m
431 (1T 7 ¥ Mean distance from Earth d¢ = 3.78 x10%m
TrFfas ST Sidereal Period Te = 27.322 days
Froate Synodic Period P¢ = 29.531 days
QI A Draconic Month Tarac 27.212 days
wivre &egen ()  Apparent Magnitude (Full Moon) me —12.74
AT (I T Apparent angular diameter e = 31
@TRes ATATE S Inclination of the lunar orbit i~ so1d’
FHOE AreCIe w.r.t. the ecliptic
Bimd Y@ ACATF  Inclination of the lunar equator 6687
FHOER Aol to its orbital plane
FHARET SH@FSl  Orbital eccentricity e = 0.0549
SlGIEA) Albedo Apc 0.14
wyifufes amface Geometric Albedo Age = 0.12
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AR BLy: (feR®@d orl I/Te WFE TR

Length (cm) Comments gt

10733 Planck Length 2R A

1013 Proton (neutron) Size A (FegeTe) @

1078 Atomic Radius (A) et e

10~* ‘Large’ molecules CERIREEIRICACE

10° Common Experience (1 cm) AFe Wy

103 Largest known living things TRGE IC Qe &t

10° Asteroid; Neutron Star azlq; MeGa siw

10° Planet ag

10! Star (sun) o (°7)

1014 Red giant =fle] AINq SIdl

0% Solar System EIEE

108 1 light year (ly) > SR

10%! Globular Cluster (bound stars) <@ ORI WIS

10% Galaxies ey

10% Cluster of galaxies W ws

10%8 Size of Universe ey =

AR B.a: @nfeiie sl s

Time (s) Comments IR
10743 Planck Time (7G/c5) ZES T
10734 Period of highest energy cosmic ray ! *feq F9%s af= =y
10~2 Period of typical nuclear gamma ray SR = 7= @y
10710 Typical electron orbital period BETFHEAT FHAWRE A
107? H spin flip transition photon period 3G iq {57 FArSIHE
1073 Audio =g A
10° Common time perception ST ATORT R
10° Bacteria, virus lifetimes G, SIZACTE GRTHIA
10910 Large mammals JT FHAT 2NAT G
1013 Largest Star lifetimes IC ORIA QR
101718 Age of Universe TRIRCYR A
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AR By cefewi f[fey wfice faw el 37es (I2@)

Angular Speed,

Alpha Right Ascension omega L
Argument of Periapsis
Ecliptic latitud
Beta ciptic fatitu e? . psi Wave function
Speed as a fraction of light
Adiabatic Index, Timescale,
Gamma Stellar System Tau Half-life,
(when used for velocity) Optical Depth
Declination, Phase,
delta Small Change, Phi Latitude,
Transit Depth Azimuthal coordinate
varepsilon  Emissivity varphi Elongation
Eta Efficiency, '
Mass fraction
theta Arbitrary angle Lambda  Cosmological Constant
Summation
Kappa Opacit, Sigma ’
pp pacity & Surface Brightness
Wavelength, Phase,
lambda Ecliptic longitude, Phi Gravitational Potential,
Length scale Photon Flux
Distance Modulus (pq), Angular Speed,
Mean Molecular weight, Density parameter,
Mu Surface magnitude, Omega Solid angle,
Proper motion, Longitude of ascending
Reduced Mass node
Frequency, . Product,
Nu Pi
Neutrino (Variable star) period
. 3.14... ) Wave function,
p1 Psi
Parallax angle [w] Phase angle
Mass densit;
Rho as-,s. ULy, i Delta Change
Position angular distance
Stefan-Boltzmann constant,
. Cross section,
sigma

Standard Deviation,
Velocity Dispersion
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T B.s: (epifefea zdgeem adee [fey w8 swmms

Series Name Symbol Transition Wavelength (nm) Medium
Lyman Lya 21 121.567 vacuum

Lyp 31 102.572 vacuum

Ly~ 41 97.254 vacuum

Lytimit w1 91.18 vacuum
Balmer Ha 32 656.281 air

Hp 42 486.134 air

H~y 52 434.048 air

Ho 62 410.175 air

He 72 397.007 air

Hsg 8§ <2 388.905 air

Hiimit 0 <> 2 364.6 air
Paschen Paa 43 1875.10 air

Pag 5«3 1281.81 air

Pavy 63 1093.81 air

Pajimit 73 820.4 air

AR B.do: I-CATRR BT JIZN TRA A=A

‘ System ‘ Coordinates ‘ Interval ‘
) d: declination —90° < 6 < +90°
Equatorial
a: right Ascension 0" < a < 24"
) a: altitude —90° < a < 490°
Horizontal
A: azimuth 0° < A < 360°
Equatorial | §: declination —90° < § < +90°
Time H: hour angle 0" < H < 24"
o (3: ecliptic latitude —90° < B < +90°
Ecliptic
A: ecliptic longitude 0° < A\ < 360°
. B: galactic latitude | —90° < B < +90°
Galactic
L: galactic longitude 0°< L °
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WIW 20 b s|E Ofe < — List of 20 most brightest Star

cEfege 20 6 oFR @ SifeR Sy, WRAPR ¢ f@ig wewe 2 B @ oF qww; AR
Tz S 5 30 ol 7w M Wete $egel (Apparent Magnitude) @32 SRINEGTE NS
S R |

e AR ARG Wa Sl ebfere S

Sirius (F&<F) a CMa ->.8¢ Canis Major the Big Dog

Canopus (971%)) a Car -0.9%  Carina the keel of Argo

Rigil-Kentaurus (&) o« Cen -0.39  Centaurus the Centaur

Arcturus (¥ a Boo -0.08  Bootes the Shepherd

Vega (wfefer) a Lyr 0.09 Lyra the Lyrae

Capella (FF2vR) a Aur o.ob  Auriga the Charioteer

Rigel (Jtersret) B Ori 0.5% Orion the Hunter

Procyon (2°M) a CMi 0.98 Canis Minor Little Dog

Achernar (TA9gY) a Eri 0.8Y Eridenus the River

Betelgeuse (igf)® a Ori o.¢o Orion the Hunter

Hadar () a Cen 0.y Centaurus the Centaur

Acrux (frgifsa) a Cru 0.9V Crux the Southern Cross

Altair (%) a Aqgl 0.99 Aquila the Eagle

Aldebaran (@fR®)” o Tau o.b¢ Taurus the Bull

Antares (C\Qﬂéﬂ) a Sco 0.5Y Scorpius the Scorpion

Spica (foa) a Vir 0.5V Virgo the Virgin

Pollux (GTTo) B Gem 5.58 Gemini the Twin

Fomalhaut (YY) o« PsA 3.5 Piscis Austrinus the Southern Fish

Deneb (7%=) a Cyg d.%¢ Cygnus the Swan

Mimosa (—)° B Cru S._¢ Crux the Southern Cross

Regulus (¥4) a Leo 3.0¢ Leo the Lion

“oEl (Betelgeuse) @3 SIoTS @ 2055-2030 T 2R & S W@l @0E (oifeeT |

beifereia 38, s¢ @A Sy Tk @A, @ ¢ foar e wfvfie fEweEr (Irregular
Varriables) @ T 2, TN AN qd Wore Segrens e goigia <0 |

°Crux 1 fa=g T 20° T SFFIHF TSR (1 MO 7SR Fote (721 TR 71 ¢ 2l 78
e weet 8 RB-GHT (Acrux € Mimosa) (& IW (A [ER (AR @OiloRet S =
AR R (TR (e ©_ige) 1| @ eiferer SRl gitee @ el 2@ 1 Crux & W e oey
vt @il 2 Canis Major @9 Adhara (5.¢) 932 Gemini @9 Castor (5.€v) |

\ 4
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