Px15y - Astcgnomy
Seckion 1 - Data € Equakions

Solar mass:  1Mg = [-98 xio*

Sdar mdis: LBy = 6-9XG7 m Reartn 5 R R V' To
OShonomicol unit = eorth-Sun distance: L&~ 1.SX10'm

parsec: 1 pc = 3.09x6°m

A -Secend : 1°- §Z|o_°“ degrees Eo= 47 136 6yr

Conversians
ll‘cj = C x 356 x24X365m Tpc = 1lau
1"

£ quahions :

For 84¢ - Oltmax = 90°+ F- &
Foc J‘Ad} - Alkmox -~ 90° -4 + d’

=Yg W b ldn e omplting | ]
A

d=£§_:
P

1A d=dolane fom Sun bSter
P Pz Porllox angle
7( = d= dstance fo Sewrce L= (uminasiy q}a}aw
Hrd® »f’:,ﬂl}x = powes per unit orea
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M -m, = ~2.S log,, (_{3)
ol

m= - 2-510310 (lc—)

d
m- M= § |63,b (W)

My Man.lhl.d-C 01 Stac n
faz flux of Stox n

frey

M = Opparent Magniucle
M = absdute majnifudz

Se = Swha brighl'ness (-ﬂux pes onge?)
lens focal lengtn
D - lens/mirer diameter

D = Clreulor telescape dio meter
A min = anaular (esoluhon (mdatlns)

On= Ongle behween L oxis ¢ tens and Ught

' Bx= powes per navelengtn

Mognifing = TSg (#\
et || &l (’5) i
D(MM = I'?-Z__)‘_
D
U = foe focal lengtn of lans n
0ol 42
d'/a(z ® Qngulor ngnigﬁcah'oh
By = 21Lhc?
AS exp(hc) )\ keT) —!

Mo T= 1. 89507 mk

J-.:O_TLI

37 Power pec unit area
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L =sng’eT" L= Luminasity of Sphenica black bodsy

i for bfnagShr Sysrem f
m i, = mc P-4 vy
keeler’s thid Low:

(= 63"C w42 = G(m+m.y
P RS

Ve= @dio \elocil

PEIDW (\+ ’:f CGSQ) = Do (|+% V= N caso

r = distance behwean a\'jm— oand mass
dec AKX 7 onge of deflection

@e = | 4GmM @€= Einstedn Qi'flj radiu s
Dc? D= Dstance fo anject
(20 =dslane to lign+ Seure)

Iy
TF ( Lo ) d= diskance fo Sun
[61t o4 T= Temperatre o dhject in Solar Sysrem

(For an exoplanet ok 7 =90 Crssing Ik hesk Sl'a.r)
2 2
§ = Tl = _Eg) = [udivs o} planet [Stox
T RS §= depth of Hunsit

Rs
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Sin” (ﬂp + Rs) D = honsit durabhon
O = ochitol  @ALuS

Pe= Central pressure
p= Ny legT TANe ke T = plet i = Mumber density of parhcien
s M= Mass pec (wni} parhcte

laTe = GM N Tc = Cenhad tempemture

R JA = Mass per wnit pakclo

LL:’Z(Z' t:&fe{mogsm tlog 1|
= fohal e"“jj ovalable L= [umlhOSil;ﬂ me

Ea= = hindt 4= degemeray enagy

2m LMe Ne = electron Number olens'f)-:,
Qs = 26w = 2
"¢z Ps5=Schuarachild  mdis f(_ She
gNLG
M= \R M= mass wtexior o Stars ok e~ dersiy d dnivens
G V= Velocih d Star

= miss o So in galaxy

\I * fecessien Speed

V= Hod = UHo=Hubble constant \V=C2  \=recesSion Velot
d= dsonce b galaxy Darcie Hurley 2023



DeE. ' I\

7 Nitude” Angue d an Object above dbservers hon'zon
> Azimuth = Angle d} deject measured fram Noth  a@und e horzon
2 Meddian— !mogmrg line UnShﬂ funning - Novi = Sowth
7 Obliquiy— Angle between o planets Spin oxis and okl axes (€asn = 23:s)
2 Sidefeat day= Time falen for Earth b mhate once Celakve b “fixed" Shavs
7 Sdac doy- Time faken for Earth b wiate felafive fo e Sun
7 Synodic daﬁ- Sax day' but for any planct
2 Zenitn  — pPoint direchy above an gbservers
E 9€UJ\X" power per wnub Orea as Seen 13 an observes
> Absolute majniluobz (M) - The Magnitucs of an Ghjeet if it waa at o dskance
c% 10pc
7 angu(ox fesoluhion ~ The Smallest angle between 2. Staxs where one (CAh
oll‘sh'ngmsh fwem as 2
?Secir\tﬂ ~ Turbulence in Earths amos phere  blug umages of aShonemical
Gb‘jacbfa‘ 3munr)-ba.seé telescopes
7 Ash'brmhﬁ — The measure ment o} Hae pcs;'h'ms, mokient and majrinuotu chfan
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Px15y - Astronomy
Sechion 2- The Coleskial Sphere

* Aoy d magping tue posion and movemont of Stans and planes  uising
o leference grid

nep Nerth Celestiol
pole

Qo= ignt ascenhon (Verhical )
0-3c0° o (0-24h
Dec = Declinahen  ( horizona )

—Somtn Celashal
pole.

" Celeshiol Sphere plates Gnce per oloy
" The Sun moves dlong e ecliphe (fuk cirele ocmss | yeor)
= Eduiphc offset by 23-5°

Vernal  equinox

- RA=0 , Dec =0

" Sun risen  due €ost ok 6am, Seks die West ak 6pm
= w2 pach

Summec  Soishee
~ RA-90 Dec = 23S’
~ Sun his peale d ecliphc = longest dlay of Hhe year

= w1 Jung
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Auwlumn Equinox

- QA= 130 Dec =0

= Sun (ey dve East and Seks owe Wer
LY K Sgprember

Winter So\shce
T~ RA= 290" Dec=-235°

~ Sun reaches lowest point th eclphc = Shortest olay ¢ year

Lo Seasons reversed pe Southom hemisphere

e Ar ? Allinde, 0. — Angle o} andbjecr above Observen
= horizan
7 Ruimuth - Angu d on objeck measured from north
: aund e horizan (N=0°, €290°,S=150°, W=230%)
J = declinafian Ls horizan Coov dinat-es

¢ = lakitude 4 observer

7 Mesidian= N-Sline for observer
* The Stac abaeve feaching it highest point in the Sy Crossing e mendian

Fﬁf JZ¢ . Al mox = ‘10°+é’-—¢
Foc d4¢ - Albmox = q0°-d+ @

2 Sdax [Ssnoaht datj - hime for | doy meosured b:j Hwe Sun Crssing
Hhe. meridion
~ Wh ~ 3¢5 Solor days in ayear
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7 Sidereol doy — fiwe falken for | day measured by Eorhs elahon P ‘fixed ' Son
| 23" s
= Increcsing with fime 0.3 €arthy  Spin period S\@ws over HMe

- Samenian Catendor had 12" ¢ 367 Wih [eap month every wg

" Julian calndor had 3¢s® + leap day every 4
’ Elfejoria.n Calendos Ships leap Yes s
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Px15y - Astronomy

deckian 3 ~Angles and Poallax

u |
1 arcSecond =1 = 3Zoe® 1°= 2¢o0"
¢ Fan o= &4
ol
4 for| dve: M- B With & v mdeans

As the corth Mowing

Qound e Sun jHre pcSlh'ons

o Sloxy move Signtty
each btewf

‘A tamek Stoxr @ ghserved L times, 6™ apost  whontne Earth-Sun veckr
15 perpendiawtor b fne foxger
"It plal change in angulas posiion 3 2p, #e dsance fomHre Sun b
the Slar @

d=le = 1A0  d=dslane fom Sunbsir d» Llau
P P p= Porallay angle

2 posec - pomllax o 1 Qrsesnd
lpc= lauw = 1Sxie"m = 3.0%uxic“m= 3.23 ly
N (7aco0)” *i5s Darcie Hurley 2023




7 Pmpex mohion — ﬁ)ced Slors Shaw mehion over Many  Yeors

™ Megsurements need b be Made over o number of yesss o Sepamke prper moban
and poallox

proper makian = A Measured in  Milki-axcseconds/yeos
Represented O Men QN3 Maec

* To get 3D space \elooly, mdiod veloclly Wowld peed fo be Measured
0
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Px15y - Astronomy
Section 4 - Fluxes and Magnitudes
Ty

7 Lusninosity - powac 4 an opect (i)
2 Flx - power pec umb  afea 05 Seen bU an observes

£1 4 d= distance fo Source
Hud*

Mgar{ih\dzs

* Sl Calalogued fom bnsm:e.s(: (m=1) fo dimmest (m=¢)
* Due fo logarihmic eye , 185 mag = | xi60 [lux

for 2 Swon:

M-m, = 2.3 log, (fi)
7

* Each Stor hay an’apparent Wnanihxde' relakve b \[230\ (my=0)

M = - 2:5log, (-}2—3‘)

7 Absdute Magnitucte (M) = The Magnitucte of an Qhjeet if it woa ot o dstance
cﬂ 10pc
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Px15y - Aakmnomy

Section 5 - Telescopes

"Lfgh’c' ﬂamcn‘nj power b pwportiondl fo Orea used fo Collect u\rjnt
* Telescopes tncrease light gathening powst, magnify lignt flux and anguios fesoluhian

Jelescopes

. ﬂefrachnj telescopes Use alens b fecus Ught
% — Simple and Cheap tf Smau

=~
rd

/7

ARV
3 /L

rd

E%— * Combiination telescopar use both  Mirers and lenses
. |

("gmems

"Simple. fefrcting felescopes Con be thovgnt of 0o camoras

" Roflecting telescoper use o pambolic  mirr

""""""""""" 1 e T ﬂajs +hren,3h lens' Centre poss U”C“a",?d
ai ~ Posautel inciclent Qys Meek ot focal peint

f

/- 0(1{ from Smau angle appwex.

- Se = Sucface brightness — fbux per angle. Squares
- D= diometer gf telescope minmr /lens
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Power into telescope = g’ T D

(.'l-
-2
Powec pec unit area = SeX"TD = Sp oD =§_ﬂ_11(,f)
46'3 q 2 /72 Cf D
P dod
@aho D

Magnifying = TS ( —’f) -2
Powes 4 D

— Telescopen have low focal ahss — fa.s+ ophcs

Arguiar Magnification

: Diﬁrachon (nh feleScoper Umih anjular resoluh'on

7 ngulor  fesolution ~ The Smallest angle hetween 7 Stas where one Can
oll’sh'ngmsh twem as 2

Omin = 1.22. 2 D = dralor telescope dio meter
2 Kmin = angular (esolution (radians)

7 Seoing - Turbulence (h Earths atmosphere.  blus umages of astonsmical
chjects for gmund-based telescopes

lo depends on Ught  patn thaugh amosphere
* Adaphve aphcs' Con Compensate for Seeing using defarmable mirears
" A telescope uith Gn eyepiece ponda angular Magnificakan

Oy = A for fcal lenghn of ns n
o 2 On= Ongle behween L ox3 g tens and (ght
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Px1sy - Asl:ronory
Section 6 - Black Bodies and Colours
Black- bodies

2 Black boa\‘j" o perfect  emitter ond Abserber of moiahion
s Absochs dil yadidhon (nadent and emib otk moliahon Cantacned

Plancus equation foc blackbedy rdiakion

By = 2nh¢ ' B>= powes per mavelengtn
N> exp(hc)AkeT) !

BA“\ dX represmrs Pouw perunil: acen. emitled betuwean wavzlzn3+hs
A and X +d)

B,
> T= 6000\

= Stegy curoffas A=0 = Wiens Toul
= Slow decrease oy A= o2 - er(aeh-Jeals Tarl

T =400k
pdﬁw's_!-/\r-qéa.ns
_ LA, ‘AT, ByT for aul wave (ngtus

Amax 1= 7. 895X0° mk J= oT! J7 Pawer pec unit area

L =4mg® o T L= luminasity of Sphonical black bod
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Colours

" Temperatures o astronomicad ohjects are measured by measunng flux
Over o range af wavelengths
=S Colawr filtes applied

“The difference wn majm'md_e. behween 2 fltrs X andy, Mx ansmy,
(s directly reiated o e i mbio fx/fy

'ﬁ'l+q> ase descrbed by Jetrers UBURZ (Whavolet, blue, Visible ,red,
mfmreo\)

— A Sk 3ith Magnicle My= 8= 12-3¢ and my=u= I1-69 Wil have
o Colous (ndex B-N:=+0-€F

f Veja o used 0b & Caltbmhon pomg 03 B-V=0

- Shors wikh B-V>0 ore Golec 4han \ege,
~ Stors with B-NV <0 are Nofer Hhan \[g?o\
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PX158 - Asl:ronomj
Section T - Astonomicr Masses

¢ BII\OJI“:) Srou Prb\‘\d-ﬂ (4,8 me.'H/\OA 'é?f' mea.\‘an'nj mass, 0% Faz=6,
‘7_.
L f-amm. M= mc -+
‘LZ

3 (= 63*C N angutax velody

63 equating  F=ma= mair to Gmm.e™ ,on equahan fer
argulor  Veloaty Can be derived ks be

o= 41 = GQ(m,+m,)
P g3

© " Visual binartes’  are hinaw Stor Segtems that Can be Spaialy
[esolved fec beth Stars
o Mot binay Sous are Mot Fhis
" Spechescopic  binarmes can be observed Hroygn 23ek d} Specie
— Dopples Sift used to determune Star Velooh

" Froon objeck with SpadV ot ange 8 't our Une o Sight:
- 0=0° is Moving Qs O = (§0° = moving fowands

Ve= @dio) VelociH

AT N (H”:TCGSQ): Mo (""% V= \ caso
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Tor o Stox U On edaeor\ oGt
( (Snorfnj Locens:

Ve= ¥ + Vo Jin(2) Stn (Z-IOL (e-@ factor )

0= rdial velocity of Coln
To = orbomy (eference bme
Voo = Oflitad  Speed

L = ovbita( (nclinahon

= for eclipsing binasies | ;= 16° Q P
Gomitdbional lonet
:M * Genemd felatviby predicts light wud
o ®\’ obsecec bend i o gmuttahomal «Felc)
2

Opl= ongue o deflechon

r = distance behu i 3
Aotz G (Stan ce ean ajhk QN0 MOSS

cir AD( Ell Gl\&( o} J.Q,ﬂgch'oh

* The bending of Ugnt rays due fo gawily Mean Hhak massive abjects
Con act an (ensen
"It o foregound mossive object Uines up perfeciy witn 0. (ignt Sowre
for on alsewes, I widt bend Uignt
— Okservex W\ See  an Einstein P-(nj oj. Ught Surrunding the pc&ih‘m of the

Sewrte
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@e : ‘ 4Gm @E= Einstern Qmj radaus
Dc?

D= Dstance b ghyject
(20 =dsione b h‘snl- Seue)
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PX158 - AStronony

Section § - The Solar Sysl'e.m and Exoplanets

QAL\S.OJ&'_Sgsﬂm_

= -Su.n

-4t Rocuj " planets

= 4 Giont Planets (ice, gas)

~ AStexcio belt (| rCky material)

~ kuipec belt (1cy bodier, Saurce of Short pentd comets, 30-SoAu )
Oort Cloud (lcy bodies , Seurce df long . peniod comets ; S0000 Au)

“Foc o obiecr of rdis R, tempecature, clistance A ’F“"" the Sun (d»e),
IE ik appear a3 a cirulor disc fo 4he Sun
* kssuming It OCk as a  blacubody , IF abserby

— =1 _..L_g -
Lo TR fror 4 d? 7[(MK = Power pexr unit area
2
4nd S~ Area
And (adigtey  41CR* e TY — fom [=4r 26T
If tn thermat equiltbrium : Y20 T = Lo T2
Yird?

I
T= Lo N\ A4 distance 5 Sl
6T 04
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Inner Planefs
* Core made fiom Maka wi Silicate manie
‘ SQCOﬂdO.V’j admos pheres dwe fo  \olcanic ad—»‘ui@ ond Comet (mpack

Outer Planets:
Lows density, composes o hydegen, holium

*© Coce of @, nickek, Siicates
Akmos phare's are primary — fotmed with fue planer
Howe Inm\g moons

Comels:
. |c:3 badi'en
- Deuves H,3 ond ches molecuies ko planch

The Sun:

* Made up 4 ht\d(bsm. helium

* Mosk o} me mass 4 Hne Solax  Systexn
Formesd witn planaw

Exoplanets
7 Exoplongt — plonet orbl'Hnj another Sof
™ ey dificult o dekeck 0s4nay do nok emit Ught
~ Ficst lnown exoplaners Jound from dopper Shfk of ter  hest Staxy

Rodral Velotily fechmigue - 5
M, (=M, (, Can be used o find tne divs ¢ e planet dhen V,=res = _'%_r

* Dlores  can mymte Significantly in ochifal mdins within Jieic Solax sysrem
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“Transiy  methed:
“1f e orbitau pare d} on exoplanet happens o Lre Clase fo edge cn
(12907 s Seen fom Earkh, it will fransit acess e Stedor
diSe
— (esuwts on apparent flux from +na Stor periodicaliy

The dep’(h 4 Yansik, 4, (s given kU twe mho ares ¢ planek h Sios

5= A - ﬁ)‘ R= mdivs o planet [Siox
125 Rs &= depth of tmnsit

The duvahon o} tansit © guven b‘j

D=_P Sn” ( Po +Rs D = honsit dumbon
T Q 0. = ochital  @dLWS
2 Micolensing - grawvitationk lensing - 0f Stous dn oux gallaxy
* Somehmen Hee Lens(n3 Obdeck @r be a Star and exoplanet

_ dueks fens Srax = SR lensing Sroxc has o plangk
AT ploneh wikn orhital @Aivs Close b g, the
@Tb\h‘lﬂj lens Srou P\am{— ol Canse —Plr"'w

Do | 3mvt{-ahon41 (znsinﬂ

brigm;v\e\ss

A

— ’ — Mlows us b deteck planets —as
=240 |+ Veny fGcut - Otharwise

7 Astomerny - The measure mont of Hhe posmms, mokiens 0nd mogrikdes of Stars
? Drect imaging- Yeung eoplane's have higher femportures - more +herma
emissicn — bﬁshte/r
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PX158 - Asl:ronony
Section 9 - Stars

" Herteopuag - Russel d}'uamm Shows Stors fie i diskinet regians of colour and
dhSolute Inajnilude , and there i arrelahon betuseen [umfnoSi?j and fempecature

Alnsoluke
maam'hm

—>

i ed
& M""gianh * Main Sequence
= Hydmgen fused in Stars core
% ~ Most o} o Stars Ufehme
51 N T 0.lRg = I0R
0 "u\qh\m s’ Colour (B-Y) o °
dinarfs
" Red 3‘|an+s
" H in core depleted, He fusion begins
~ Stor expands and OQutec layer Cools
~ 10Rg — 1000 Ko
* Whire dwarfs
" End Siate oﬂ- Mmost main Sequence Ston
- Go01Rp v P¢
T T - 235000 k = 3000
loa| =
)
% Theorcal HR dj'asmms 31\!*( LandT
high T
L bty
0 L= yr 2o T

- 2 |Oj (Te#)

hioh T Darcie Hurley 2023



Stog Clusress

* Useful fo sludjsm 0s they Contan  Soxs of He Some age ang Compesthon
HR Diagram fo- Stas Clusters

Open Clusters (1001000 Stass) i

= Found (n disk of cus galacy oyt L adamye

Al shous \Iu:) Young (1m - 1bit Yeons)

10 G5r
Globwiar Clusters (10° - 10° Starns a8 X
= ML over Hee galogy T legf
- V@g old st (12 6yc)

thmécu Cohdifians

* MoSt Stos are in hﬂdrosm& equlthnium - Pressure Supperts AU above any  point
Foo =Pah . h=P ond q-=GMm 3§ p=p= M
m P f 3 . \3 R? U f ‘/D Yla A3

= fEm - 2 GM? Pc= Central pressure
~ 4n  p4

ASSunm'nj p\[= NRaT

P=_Nn NMUsT = n, laT = P laT  Na= number dU\Sl*j of porhcles

M @
JA= Mass pex pa.rh‘d.a
7 - PleT
Then usiny pc.‘ '672'6 'L}% 31\:@ legT = GW\M
24

Thermal €= 3raml-ah'ana1 E
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Stellax Exelubion
"Mk Hhemmay Supportad Stoxs musk hove o finike |ifefime 05 they lase heat

—

tz € t- lifefine of Star
L E:=ph enorgy cvailable L= luminesity

* The Sowrce 9 Stellox enargy Musk be fom hadrogzn fusion

- ﬁ)&im er\mglﬁ Su.ppbj ol Mass t oc |
- Lo me

O Main Sequence
* Ho He [fusion v Core
" Mot f St Ufehime
@ Re giont
Hdepleted in core — He fusion in Sheu amund Core
" Envelope of Star expands
@  Horizonal brnch phase
Twv |6°k
He Stars b fuse (n Core
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®  Asympbic Giant Borcn  (AGE)

" He depleted in core

* He ﬁmm Un Shetl Qmund Core, With H fusion Shey avound (&
® white dwact

* Bral Shate 03 Stour d-wel'\dmj on ks mas
s ML0.68Mp — Broun dwarts
— Donk get hat ensygn b fuse H
Lo 068 Mg < M £6.8Mpo— Rad and k dwarts
— H ﬁm‘m but low L means £ age d} Universe
Ls 0-8Mg LML SMe - White dwarfs
= H fusin, Ufeoycte 4 Hhesun
ls. SMp €M 2SMg — Newlen Stas
s M>2smg — Black holes

USting Paulis  exclusion principle and A= "/ ¥, the degenomey enegy

Ed = f = h? ﬂez"” Ea-= alejmemc_q enarqy
m Lme he = electon Number densiny

A No T de pendence !

- d232naraie elechaony exert o pressure, Which Su. pports hite dwarts

" Degenomey enorgy Can balance graw® indefinitely a5 ik @ ot
dependent on temperaiure

- deso_nm% enargy Scalen fastec than 3ra\hfatimou( , dllowing  Staxs b feack
Soble  radi
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N ewton Shas:
“For high massen , E= pc = henB

" ChanduSelehor  dliScovered de@enam.'ce dbjecks have a. maximum
Moss, ghove Ghich sy Collagse

\
Ee,‘ 4 (_ﬂ /3 ol _ﬂLl!j édrau O(M
3 2. R

"I M1 and R4 Stoc can Sugport lseHe WKL Momentum becomes relakvishe,
Hen Eax M3/R , So AM conndt be balanced by AR and Stax collapses

Black holes:
" ohjech With \lexe >XC  Could escapt

\ese® = 2.Gm So for Vesc=C
K

Rs = 26m  Rs=Schwac2chid  rodis
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PX158 - ASl;ronomJ

Section 10 - Gataxies
7 Galay ~ Gavily bound calleckon o Stany jolust and gas

3 Main l:yzs:

© Spu balaxies (Mrlluj Way)

= Cenhul region (buige) and Spirax arms

= Site °J' 3““‘3 Stac »fovmab'an = Contain hot young Jta.n
" El phical galakr‘al

- Ex{-repvuxj (orge

~  Conlon  older ,low-mass Stan

Ire eﬁulwr Salakl'ej

T Smalk  wikh  tndishinct Shape

' Orbi Velody ;o Jolowy  appears consrant, rgnt owk fo Lk of
obsecgakions

— Mast mass s unseen (dark matker)

Stars on orcwlac orbits balance vaﬁah'ondl with Centripetal force

GM ms = Mms\’ Ms = mass of' Shar
2
P R M = mass intenor to Stog ovbi-
Ve
M= NP 1 “ atakin curve®
Q
= 3 R

™~ onl:j u \ewy, centa| 129idn

| Darcle Hurley 2028




"~ Mot 3:1!01«‘@3 believed to have black holes o+ theic Centre
= Vﬁ.ﬂﬁ M[‘Sh Mmoss

Galoaxen are nok mndomtﬂ AShy buted on Spaca = MGJar Conceh fahon
0} salakfes = Jalaxy clusters
L bkdj dwe b fne Woy  univese flas exdved Since brg banrg

Ly dlkmp\'nﬂ dl. dorw mattes
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PX158 - AStronomJ
Secbbon Il — The Universe

Hubbles low
" Hubble found Ve ¢ galoxies tncreased wite ok (dstance o galaxy)
T alwaﬂs Y‘edsﬁtfb — Qalaxies mawving awaﬂfrom us
\ = recessien Speed
V= Hod  Ue=Hubble constant
d= dsance o galaxy
— Hubbles ConStont s o funchon o tme Ho =H(E) to: age of univese

bo= Uo7 13.6 Gyr
" The expansion of Hhe Univese Can be Measured by cedswift, 2

| +Z=_> ) = apparent wclu-elrug{-h
Mo = fest Wae Lengin

20 o for lscal objecd
Z 0l {tr fne  focal Universe

271 (a for Mue g - redsuift univene (olistunt universe)

\NV=CZ N =recesSio Velotihy
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*Cosmic Micouwave hacu\ciramé AAOHI Can be detected frrm ald
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