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And God Said | Electric

Electromagnetic waves transport
energy through empty space, stored
in the propagating electric and
magnetic fields.

i [ field variation
V-BE=0 s
& Magnetic field
V-D=p, variation is A1 &
db perpendicular |
VXE=—— to electric field. | l
at !
B |
a0 | T |
T Vel = o |
| g B
dt j A single-frequency electromagnetic
and then there was ligh L | wave exhibits a sinusoidal variation
of electric and magnetic fields in
space.
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Penetrates Earth's
K
Atmosphere? d N
Radiation Type Hadin Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 1072 107% 0.5x10 " 1078 1¢71¢ 1071

= H | W ?Z> Sp 4w @

Buildings Humans  Butterflies MNeedle Point Protozoans Molecules  Atoms  Atomic Nuclei

)

1K 100 K 10,000 K 10,000,000 K
-272°C 7173 °C 9727 °C ~10,000,000 °C
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ELECTROMAGHMNETIC SPECTRU

The diagram shows the entire spectrum of
electromagnetic waves, The scale at the
battom indicates representative objects . —
that are equivalent to the wavelength ] deme : Atomic |:|E],,-_-..;“
s scale, The atmospheric opacity dcﬁﬁ:q}' Ets't Mok o /~akhlaghi/ Mo Lot

what radiation reaches the Earth's wph/igts'lr. ohoku.ac.jp/™akhlaghi



S P9 o9

8 Fenkee w5l icy (2 ge Jsb bogaze o

Optical

4000 light years

Ale W oo il O ym plual angs iiing lgal (0
(SleS diey 1l b slojliwybes (LS
Lo l) gaoz sl Zlool (ul b 5 aslllas @
5 ol slaplaseS wile il 00,57 (320
2950

0.1 light yenrs

i |




039 o90bo posud

slezae Job 5l JobisS glsel (IS sk 4 @
Osle |y (e slozseob U 0920l
el o 303

LS 5o o5 sbedl 5l 508 ygole laal @
Ao Wgd oo il boo,liw Sl 505 Jo
¢80 slo yLaSeS L oo, liws gio oo\l
3510 g0l ; sled 5" 59 ol e oy

Zlool Sl ol jlaws callls Jdoay  ©
Sl sSali « S0 gloal b 30,8 Ggole
aSlgS oo ol Ll il o Sy
bl 5 je 3 gole slacgSnds

L




&30 P9

dgaz U (yiain) 2gilVYA« 5l Sie sla yuils )8 8og0we ©
ol (50,8) yogil YO

RGSUW ] LT IF KPR C ) O P S PR L Y AU TR

o0gae pl ,0 lamiwcid b LCCD L Ygone g g<uls @
WS (oo oy 22 |y Elgl

A ake ul 5l glasls i po 1) 6y5lel poni @

|



i =1 59lo 0 g2

YY. U ).a.og.sl.»\ ¢ O 099w u,u.O.u 9‘)31.@ 5&9&2;0 .
ol yiagil

4 9 09 o0 @I el lawgi joi 0dg0e (pl o ¢
Qb odgazs (ol o b Slaslie plod Lo (ron

9 Lg\o)ll...u ul.».n é\a Lthbﬁ‘ dx)las LS‘)-.‘ 03 g0 u—" ot
S5ls g0l 0,15 adgl slao L

CE Gl s L.)"'""L’ L;’JA o«)sm )Q Lﬁo)tl.w ’M’ ®

Solite L slis ian ¢lyg0 slis o (oo

S o Jb yo slee v b Lo

-




X azwil 0 g%

Al elS A ys g woniz U ek wiz

B MG - SRS SR eI o bl ol S LS el e ©
DS oolil gl by ST, ¢ ol

g oale lEws s 5l (Ko g 00,5 iS5 lgal ol Lawgs 4 dlzoliw wails’ gl cadlS o
g LSJ).J

(] Zlgel 8ogame jo 4ili L) (65,3 o I3 51 SlasyS b (slasd (ol ylas gl 0 @
el 0 L.S.w.o

http://astr.tohoku.ac.jp/~akhlaghi/

L



Lols' i 0 92

St purdolising iU zlgal v 1,355, LelE ans]

26 o ad o5 mhaw sl il cond snalive GLolS Zlgel oS b s
A0 (53wl 9>

Wdidwd p925 Sl it Fewze g (p S el 1 (SO LE Zlgel sla Ll
Jbo s lles Zloal (nl aie o polas Lids joum b loxiil (nl (515 coals
5l el o o Ll bals il (5,1 &5 (g cpl 4 i j50 L 5l (5,90
el yiias (Jlo obbo V) 23k JS 50 aud 95 80l 2l (655




92> tawgi oS guano (9l (DO yAF

100 %

{dpaqueniss

o5

i i -1
lrem Ipm 10em [ Jgm 10ps Qpum 1em 1A Hom Im Il O L=

Wavelength

http://astr.tohoku.ac.jp/~akhlaghi/




099ux0 3B 3O Lo sd1d 69 guxo

I I I

+
£
—
| -
.0
s
s =
- @
= 0
E <
(e ] =
= S
= ©
-
e
=]
=
(=
L
L=
(o

-16 -12 -8 -4 0 4

Logarithm of Wavelength (cm)




(b pls) b bobs

(b)) S, ezl an ]y ol ol o8y oy o jauiie SO yolo)l 8 L poaan 8 o L pdol gig.0
aS wo bbb ol 5580 cw,p LYACOQ s o William Wollaston (1766-1828) .5 ,S" quwdi

Dyl 8 and e e )0 SOLU oghas
Cod ple 09 00,5 ol wl e b )0 0,5 Ja> TVO Joseph Fraunhofer (1787 —1826) YAVY U

Sl (25, Lol 5o Jsbo Bed sl Lo aiz g3 Jobo o5 o8 snalie jiogils desl 5o Jsb
.oﬁ@&Uoﬁwa@)ﬁi)oJ@Kw&sjﬁ
ol caiiind Al 93 b olw bl les bahas pl aSGl g oo ciol b en el b

Continuous Spectrum

Emission Spectrum

Absorption Spectrum




4000 4300 000 5500 000 E500 000 Mercury

Hvdrogen

Sodium

Oxveen

Helium

Argon

Neon

Lithium

5 5 7
2S00 5000 G500 000




4 \ B tial motiof | 4 < *
< (X ..\.| s e o b 5o sles )5 51 (e

A .

< (&> IS Sy 0y 4 S BT iS50 33

= () 5

L



olw > Wb

Ol Gl S5, S aS win 0 S ol Jle S8 g0 4 ST ©
Sleod yo Gglas Ldo & K, Sglas ol 0,10 0ezg Ll > g 592l Ll
SV 5l i Ll oy 9 eelS Yo o |yadllal el ol g0 (pl oelaws
| 04915 d..>)d

4, Thomas Wedgeworth lawgi |b pdsl 1 glos g ool b K, e L3I @
Al alS Y vAay JL.»

aS ad ouo Ko laeiils lawgs QT 3 dw 380 Sloalis Le
aS o,lo Lauli wylo pelS a0 5l min o &S ez j2
ols las p3 Hloged b1 ol ol s
oo Job a5 saas lis cudles (VAYA B YAPY) g olodss®
L1y s ally 09300 (U e o)1 50 &5 (pled g ond il
:JJ)L) R
Cansled (6w YAFY B VYADA) SO BT coles o0

AT =0290cm x K g o Bl el
sy (g Souo Sl slddolie a4 aillS gl o8 L

he |
- y |:> EnLng,ng (T" = (T ‘|— ) ELH‘ ?LJ_ —|—?¢}—|— ?.‘_3




olw > b

_ dlog(2) _ Sak g
{E} ol d3 N exXp (.'j'}:) 4 :> H-[:l-"_. T) B E”'J' Eh’ﬂ"’lkT —1 .

&2 b oo lade (i 4 Mol as ol cpl ol cpl 0jge o Ll ST @
Qb asls 1, wli oyl
Ol zge Jobo (piias g (eolS Az j00A L ¢ 0l 93w sles Sl 4 Az L @
wg.s u)g..@ L)"‘ O ‘) 29 :\.Lw‘) U‘ﬁ'\f ) ﬁﬁ?“"’“’i’ 5 AR U‘ )‘ O]
Amax T=(5000A)(5800K)

p...,bf d.a)Ja.o W‘M J.tysb L)"J"L;L“" | L’:‘{" ‘9"L§° ) oL.~4 (o> u.u.sl; ¢
RWIRVAPES o dx al> 0 aS

e




S s s oS

S0 slaaiws 4 licid Sluogas wlal ol 8w bo wl o ol pol 5145 jglailen @

o)l ;8 s polic 4z &5 puten el oo (OB b (b bshas colil g b ) B0 5L
iloads ojdgs b as Xl

2 Olgen ol pslas alizes polie (10,5 ojdsy b (S Sily sl o3Y (555 45 ol 50
Dy g oyl daw gloo

LJ")"QJ'M’MaL)")"ﬁ;OQ )Qd\SLQQLSLM)JsM cKcG chAcB GOLA@‘OB;M
IS o S o 08 &3 [ mog S ol 51 &IOS 2 ccans

o ylid olagl pl wgd o adtice o liw ojlail o Slidigy ¢ 09y Slael fyolo 13 L coles o @
sasanilis Vg la Jee sasaaslis H da Jse ol sasmailes | ocius Gﬂ...'a L9.|a.> L;Mu.er,

cwwl G2V ‘54\395 )’| L M)P




— de * +« —
Sl o SV &
o) clls wales (6 in ol ol slazae Jsb jo e o sleo sl lao L
d"’?"‘"tS“ M 2 (50...'0 Lgl.(bdusf E¥ l.tbo)l.'l.w LM O (oL.w AWE S

Class| Temperature Conventional color Apparent color®! Mass | Radius Luminosity Hydrogen lines 9 of all M S Sst?!
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&y B 10.000-30,000 K blue white blue white to white 18 7 20,000 Medium 0.13%

A |T.500-10,000 K | white white it |24 80 Strong 0.6%

F |6,000-7.500 K | yellowish white white 1 |13 B Medium 3%

G [5,000-6,000 K |yellow yellow b1 (14 1.2 Weak 8%

K 3.500-5000 K | orange yellow orange 08 09 04 WVery weak 13%

M 2000-3,500 K (red orange red 0. 0.4 0.04 WVery weak =76%
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The progenitor of a Type Ia supernova

e JWe.

...which spills gas onto the
Two normal stars The more massive secondary star, causing it to
are in a binary pair. star becomes a giant... expand and become engulfed.

The secondary, lighter star
and the core of the giant
star spiral inward within

a common envelope.

The common envelope is
ejected, while the separation
between the core and the
secondary star decreases.

The remaining core of
the giant collapses and
becomes a white dwarf.

The aging companion

star starts swelling, spilling increases unftil it réaghes;\a ...causing the companion
gas onto the white dwarf. criticals-mass and explodes... star to be ejected away.
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