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AN ./ R A NS Wavelength = Speed of light
: . D - Fregquency
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| I Frequency = Speed of light
Wavelength
c=Af
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Lower Frequencies

<}——— Higher Frequencies

The Electromagnetic Spectrum:
Wavelength/frequency chart

Freguency

3 kilohertz (103 Hz)

30 kilohertz {103 Hz}¥

Long Radio Waves

AM 300 kilohertz (107 Hz) &
W 0

ShortWaves 5 pegahertz (106 Hz) -
[ %]

FM & TV =

30 Megahertz {108 Hz) 2

2

Radar 300 Megahertz (109 Hz) G
S-band e

X-hand

3 Gigahertz (109 Hz) -2
4
30 Gigahertz {107 szt
300 Gigaheriz (109 Hz)

3 Terahertz (1012 Hz) —

Infrared Radiation

30 Terahertz (1012 Hz)

Visible Light
300 Terahertz (1072 Hz)—

Ultraviolet Radialion 5 petghertz (1015 Hz) —

30 Petahertz (1012 Hz)

300 Petahertz (1079 Hz)—
X-rays

3 Exaheriz (1012 Hz)

30 Exahertz (1012 Hz)

Gamma Rays 300 Exaheriz (1012 Hz) —
3% 1021 Hz —

30 X 1021 Hz ]

300 X 10271 Hz —

3% 1024 Hz —]

30 X 1024 Hz—

Wavelength
100 kilometers {103 m)

—— 10

100 Meters

-ff— Football Field
..E Human

— 10
1
100 millimeters (103 m)
— 10

1

+ Srains of Sand

—— 100 micrometers [1!2!'E m)

<= Bacterium

—— 10

100 nanometers :j1[]'EI m)
— 1d = Virus
— 1

100 picometers [1!2!‘12 m) + Aloms
— 10

— 1

100 femtometers (10-19 m)

— 10

— 1

Atomic
Mucleus

100 attometers (10718 m) S -

— 10

300 X 1024 Hz—

— 1
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.3l Bg, 20 (RF) sug—usl, sl sl S, ay 300

Range of
Band Wavelengths (cm) Frequency (GHz)

L 30 -15 1-2

S 15-75 2-4

c 75-3.75 4-8

X 375-24 8-12

K 24-0.75 12 -40

Note: Band definitions vary shightly among different sources. These are ballpark
values.
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Wavelength Range Radiated by

(nanometers Objects at this
Type of Radiation [10° m]) Temperature Typical Sources
Few astronomuical
- | sources this hot; some
Gamma rays Less than 0.01 More than 105 K

gamma rays produced in
nuclear reactions

Gas 1n clusters of
X-rays 0.01-20 108 -10: K galaxies: supernova
remnants, solar corona

Supemm'a remnants,

Ultraviolet 20 - 400 10°-106 K
very hot stars
Visible 400 - 700 10°-10: K Exterior of stars
. Cool clouds of dust and
Infrared 10° - 10s 10-10: K Oc_, clow S O qust an
gas: planets, satellites
Radio More than 10° Less than 10K Dark dust clouds
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Brightness of Electromagnetic Radiation at Different I

Wavelengths for Blackbody Objects at Various Temperatures
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Relative Variation of Thermal and Non-thermal Radiation Emissions
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Faraday Rotation -

. : P Plane of polarization becomes
\ N, - rotated by magnetic field

www.ParsBook.org




5 .
v S 9 WS> Wil

L L zgo— whd 00,8 uwilS;8 g,y 5o 5 dyes il aS woals audles |, Ol cul 3uS JolS | Juad ol b aS (sudg 1 Was
240> 2uogi [ samablign 9,68l Gl So)y 5 @bl il (s s auwsgi (ul @ Jlasil 9 2w a Jail s ol by sy

- DS guogi | s 99 wucrw 9aud> uogs |, laisl
BUTERY]

39>9 (8IS > A4S (8090 > A4S Cowl ol el gy 3l asiws Ll il g ol cuabligog ,iSJl zlgol LuwilS ;8 @y axgi wg
owlS58 b guio Sy Sl 0ani oadlie (il GuilS,9 39 ,S eadliie 9 guio G old > Lauliél b jualS cacl aS ol acals
9 s 0 liie HSLw ,S oadline 9 guio WS,> Gw o 29l £9i5 5 50 Sl aulino il .5yl G| (edly (sl

Doppler Effects

No Change In Increasing Decreasing ‘

Distance Distance Distance
Between Source Between Source Between Source
and Receiver and Receiver and Receiver
p= ~
Source ANAR ah -ra
Waveforms S '\j .,\ L \_ \x’ '\' ‘
P ———
- . -
P ——
e —— e —
_ ~ ~ — ~
Received ANWA f/_\,_i
Waveforms N |

ol (sudg .59s Jidlex ULwSy 015,55 9 grie Elool YuilSHd (xiloy (BL ol (smabligog Sl zlsol 015,45 9 &aio Gur alold (sidg
ol aS (si8g 591 Adlg> guio zlool GuilSH8 5l i b 035,53 lool uilSHd L Gaul38l (sauwblieng ;S Zlgol 015555 9 &uio
vo3l 0 (Sus0 ) Sl oez 95 58 53 Hhies Ll .83 ABlgS 51,8 g zlgel L)Y Sl VL 03 Elgel WS L uals
ol o A Nig i (w0 S35 a0y 4 9 AGS (o S,> Lad Jgb s aS swb>l S oaub oasliie Gaab il w oo sl
o JLail @ w o @ Bg (w0 495 o Sl Lad Jgb 55 aS swlixl @S (> s (55 0lisS Sla zeo Jsb ) s9ud s I al>
Sl st 48 55 zeo Jgb Law 0ligS S oy bl LS (e Joe auublisog,iS)l b Sl zgo Jsb (swolod 53 Sy il il
58,5 d 290 Jgb wanw 3y aS (s> 5y 598 (sw 030l Lsul Coow U (ulzals AS s S > 01uuS 0B Liie Caouw @ AS Ruio
03 0adlino (w0 (sdas sino;158 o>l L 1590 (5w 0340l Ew A ull> S (s 49 S sadline 5l aS gaio 5l b
195 s ol Eriw @b JEsl ol E e oo @ csulils 195 ol S aod aS I s et buls csul Caomw @ @S ol
Al 5ui ool 6 vl blacil I 55 s 195 ol 5 Lo o Lad o asil (o bluwsl Jl s 0lp> aS 05w caisis> ol wule

www.ParsBook.org



Ul 5o wilei (o suliaSeS U ph>l alold 5gi s 03wl UlpsS & w au Jlal il Gl + 3ol v bo 5l wasi 495 JIs s Ll
Sl e9090 (il 9 3,05 Siww bluwl cerw a4 Jld ol g 055 puos pl=l s 55 5w @ Jlail S aiso 5l (iowwd
—80km \s U vl by bl ol 5l bo ozl Guose .+ ccwl oo (3o @uio Gl 5l 2 ow @ Jlail Olue s auly 0 alold Guoxs
»lw b obod « 5,5 5w @y Jil MolS « Jlio by« hleS waub ()95 Jlw 3.26 = Seu,l 1), auilb (v Sow,ly wgdao 5> 60
aS Jiiwd (o>l 5059,95 9 Guyi (swowad d,l51eS aS ads (s Wi g ew @ Jlal cul < wla aasMe B8 5561 Jio ¢ wlazaiw

33,5 (5w B A 90wl yw /4 90 390> U oani ,alb eSS uyises Wl oani oadliwe

waiwilyS 2w v Jlawl

P |, il S5l 51 S)laie il aS ads (s wlin 0. zg0 Jgb ¢ 1S (s 0,Lil zgo Jgb (sSaiinS  awl & pw @ Jlasl
@ bgsyo g rw a el (53> Hlase Guiz pd Ganl 397 03,5 ueSiiny il aS 9 Olad wl 031y waws 5l Giussio 5l 295>
A=l HUS sl aS osg i (o ool GislyS Hlaso 55 s sl ail)S Erw 4 Jlnl .S (o s | pasl,S 6i8,S Jb8 il e
3> ,lase 4y oyliw Sussi (seiihS GuisS 59 e 2ol Sl ojliw 5l sugin aS wlBis Jlio Sy g s Ll o>
Sblsy 030l 3990 adls 51518 Sy s\ S aws s [y givl Sl Gl aSiul Lbls @ o5bw (s | 030 02uisS o zg0 Jgb

b o gadlS g GiwhS Ll v 0,8 5l 2l @ b Gl wS,> il )y w0 Jail cul e (s cews 51 S50 o>l
Siwi)S sawacs

JLail 9 Ul wanb (0lwSy 518 ol . 3o5gs L3080 0 vy wsdus aS od U auis LlsS 2 a4 5,5 a>gi Ulezsio 1979 Jlw
aS 3 poleo Guw 3l (o Giwslou [ (silwsSy o> S5 edlg ugai 2 aS (sadg b 055 e sl Lol (olwsy & w @
03 o o> 9 Awdid .15 ,18 5bleS 2 @ s a5 Sud s () 9 L118S 2 G w5 Lowdiue (LSS
5 Lad 5y Juseae olEd 5 495 aS ol cul (simo @ aS didel 39>gs swinh,S Lsawae il 5 aS wisgs (sl UliaSeS S oauw

D9 (w0 WO ymeio UlinSpS Wbl

Gravitational Lensing

Image A

A
Quasar
Jbserver =

’n Earth .-Sala-y i—————

- —_ — -

olai .))9T 59>9s | 394 95 5l Giuw Llgi Lsw Ml)g).AJ ol 0ol asliow Ml)g awle 5l Sl b diges Lols JIs s
g b sinl,S 5 wle oK 5y Gl (sdeol gaio Sl i gy (sdus dilgi (sw diilomalais (swinl,S i) baawgi 0ol s9>gs

www.ParsBook.org



299 999 al
st sdligS Ulo; wae 5> UliuBo aS Wl oauw oadluwe W)1518S 55 (i adlgs> 03l pusogi A2y Jad 5> ) 5,050 o sas
S-S 05100l o>l Gl Sl cacyw 394 L LdW LIS ugai 5550 5l (v>9,3 gy S vadlie H> logac il WS,> LS Lsw

ol

o=l (29 oy Joud B 05,8 2o | Sy Jgbse puogi Ulozio ¢ululy Senwl ow)s ccwl Sew ue ul aS puils oo o
b aisS v Job i oully 9 cowl 05,5 &S )> W,i,9 @ (o JSei 5s A W, )dsl wumog 5y o> 5l sdeaS Gl aS cwl
Al Sy Jlw 5 alold .y Guos U (B)egs wusdgo sl (S il @ s

Superiuminal Velocity

sseak by v

Ca 3 light years

| Apparent motion of source |

I I

I I

I |

' I

I I

I I

I I

I I

I |

| Radiation emitted by | Radiation emitted by

I source when at A source when at B
To |

| Earth |

I I

' v

59 S (oo WSH> 9 syl ,ieS (wS hasd )llsS Gl 315 D8 B s s a5l Sis9> Sigi Jlw 4 alold @ A auS o,9
Caoow U Gl aS jebiled auw, s Cay Jlw 4 waw Ob A (sleuS il 258 caowy B aw Al U oS (sw Job S50 JLw
5o ) calps 5 aS (B .y o Lo @ 395 (02sww, B alaiy @y aS (swlSad) o> 5l (shaS Gl 5l Jlw S ol o o
©y8-0 A py> aS wl guwoly bo Sl Gl wcwl Jigl> B Gl 51 Jlw S 59id A Sl odol Giaub ¢ dowys owoy 4 (Jlw b Uguly
oo Vs o> a1 auiS sw Jgb JLw 1 yo,e s 1hsd )90 Jlw 3 g .cwl 03,5 &S,> B ay ClllsS 5850 5l 2, (sawlow

www.ParsBook.org



S s s JLw 5,5 LB G A 5l Gusss o> aS (s>

slais|

Lo 25 5l Ol Sl (a8 b JolS gk o> aS ansS (s bo (S (o seae 5,805 (silowwl 5> 9 paos o 5l iloowl o> Sy (sl
oL 51 0yl S A4S (s U puin 0ylrw b 0yl < Sols 5l olo 538 ol 0lgs o | sléis ol 5l sdlio ol o1 Olps
> uwe9 bwgi g slaisl Jio 5,8 0aslite « S (w0 494 LS 83w Sol= 5l o)lw Sy aS (siBy b S v sgue o)liw S
03t ol Shlw s 5 58500 (55 ) yiwodl 1 Sy 0 azllan Sy |y sk cv coyd o bils3 s sléss ] ol 11590 Jlu
Se> wluogas Bib 5 B Gl Gl S (o ssae 35 Sud pb=l S ad Sl 9> Job )3 e ph=l 5l Gl aS bzl Sl o9l 9>
by winb ol sl aslss lo @ 6> caolies 5 S8 5,90 »5 b csileMbleuiwl ool Db sl 8,8 Lidlgs 15 b e

Sy udlgs bo @ o uwoil wuS,i 5,90 53 (suleMbl

www.ParsBook.org



16 Joo

9" 5Ssni0 glio " " Sl abaii glie " 5l 245 o 9 148> Bubgl Coilel Aadles Lo deub JolS Jad ol S solis 1 e B
" Buio 5,05 Zuogi ¢ (vl " Awos by M9 " Ainos Ui " Gl o B uagi ¢ Luondhy S puilS)d Ll 51 b gile "
(Uws,>) ol o bl auogi « i3l G g Sl o)lab 0,liw awogi ¢ ugssly o,lw guogi M (ilpsS ey iy Uil
e Syiino Gl 5l (IS wlasine auogi " Gusnh " Slo WliseS 9 " (ssase " Sla ULLSES Bl « Ul w9 i3l G5 ol

- vosh pex Slaas, (U515 5,95 ausgi « 5l 10

oo wlél At guio Sy 23945 (o il BiwwS guio S 3l aS 39 Lo wisS 59k Lsulwlicg 1lgi sw Ul Cap> aS (sl
&0 Sy g (w0 0B Lo o 5l aS VB, lw Sl (5S=29S 09,3 b Lo 0,liw Sy (Jlio Shy aiil (o pum> Sy L olrod wilgs
255 > 09Me MU wwS" Gyl aS i 58 Ll el A S gao GuisbleS S g o ayeS i WS
o 03laiwl LeSudi gu3l, Gl s aS Sl asuil S o3lul a4 wlel (g (s 03liwl guio Sy Cumiwy Waogi Sy aS il Waol

YO ull aa llllIS da )

Classifying the Extent of the Source U e cwl Sow @ $ gilio
9 35S 050 &l Sl alhs gl Ulgic
09— Sy aiub 05,5 wS gilio

_~ <€ Discrete point source

. (C\“@‘:“f - Camwl Jl 030l gaio S5 Sl alass guio

‘UU i -3 <€—— Discrete localized source Sl S gl AS suio Vlgic @y as

Observer ,»’:\\_‘ ~ o /,f_f,'j:'.' il S0 ) -5,)—4.3 S\—0 |.)—9 |) LS\S~>‘9—S
\._uw“"@ﬂirf‘f-‘f/'/'"//y/ S W3l ol plod s> 5> 59

‘-:"/‘ 2 oo Jolb |, S =95 Az s agly
/,/.:»;'::,, )

coaner 4 P < Dscree extended source Sy sl i 5l odel Lol g
// L &l asS wwl 50 vl uloxio

Py o alats gio Ulgac @ |y oS (s v
owoner = < § iS29S aS Cswoly> . 2ysSs b 5 S|
I Aid sSli (seleis S o5l

f ‘ ‘ Ngud s 0awol " unresolved " ol >

‘7 -~ &io Ulgic au ,ig 0 s9bay Aislgi (s 9

Y P Background radiation S S0 guio » S L8, | ahs
S A i T oo oS s> wewg U atwwS guio
i Gl S 3,000 S o liw Sy L bl

8,3 5k )3 35S 000 gaio Sy Vlgic @

Y. )

05 i 3l Jlo S Ulgic @y .39 (w0 0350l 05,55uS &aio (AdS (s gy | Ulowwl 51 (83550 b Jiuss aS (sl uino
(A Qs ) 50 oL Vlgi (s |y sulinSeS 35S 50 b Syui o, UlaseS (il s

www.ParsBook.org



Sl e ploi ool 10km  glai,l s (ulowled 51w 5> S50 s Sy Slos Wlgi (5w 03,iwS uio U Syl wdlod S
5l eai eadliw 490 SISy« L,50 Wyl @ ¢ dgd 0 03,5wS el Ruio Sy Ulgic ay U g S, ,S0aSs b ausls Julod s

<)_Qm l J \5' [} ha; & V) S J A ‘.il_o (Ca ..ll >y 6inp‘ > S J O 0) )d ‘&l 6'i)| Ul o

oslasiwl oadlino Sl aS (sueSaudi i8> @ 9 Aisad Csuatd ~ 19, (w0 LIS W g5 Ruio Sy 5,60, AS -03,iwS 9 S soio WMol

0l aouwly o9 (s

Jiwli aS (s s L 5,8 (v Aosiazw agllae 390 ph> 5l e (s sl aS il v ewilS)d gl b cAinos gy il
Vil ules agllas | (wasie o335 o)low Sy pxin Su LS| 38 v Aosiumw o> 5l 5 Suss e bl Sl dino; G
LSS H ST L 03,0 wS @i o Vlgic @ U g a8)S 1 b 5> Aoy iy yiwli Vlgic @ cowl (Saw Sy ol sugusl
c 39 a8,S 5 b 53 ey Uiy Ul Sl el gie S Ulguie a el S Sy ol « Al asllne 3y00 (suiwsi9>
Sl Gl &85 ol oSawe b il Sl anwwS gilio 5l WS Sl Gl Jolas ol (Saw igo G 9 Aoy pan il
L 5 LIS Gl ¢ (ilpaS alinos gy Gl @S cowl 000 (i Ui 0305 wolie @ L a0l bo WlaseS 5l sl b pS aiwgy
el 00 oadl_ino 1965 JL_w ,> Robert  Wilson g Arno  Penzias b_wgi )Ly oudgl aS . vl Slpo 0a_ilo
aS 2z ;D Bgb w0 Sl b e sliio Sl Guos Y 9 o sy SO Gl i (b Cuxo 3 Jad > aS b Ul

c il v sl sl 5l ilesS Aoy Gl

15+l 0 osls Wi (d) X az_il 5 (Q)issiro « (b)3osd Wsslo « (@)sususl, S 290 Job 55 loca] US 15 suslai 05,8 5o
caids o b @ | Uloowl 5l welasio MolS S pug.ai

O)LE.UJ &JL&D

S Lod + Aiwid S 0050, S Ll ,Las] g8 gilin aS il 00 wisS ((sipo ) 0adline B Sl oyliw oy Ol,ha

Aol Csugasl, S o)liw Ulgs s | (suwiz (il S o)liw

£l 0,liw S g+ puds puos Sl o,liw (lolSi puw Sy |, 0f Sl culled 5 o,lw £g5 aS 1S sw VeSS Egog0
(S50 9 JluipS

saain ULS,) law

N> (od L l9iSy s S b ainod S, liw
So dob s vliygi s L =i S ol ash
P92 Gl wg> 9 . D> (o VL 595 5l 09>
vl aS ilS liw as cwl 05,5 S (sugsl)
)5S s s 0ligS (siloy Sd 0,95 ,5 W Ol (siyo
w5 sprliio Wl (plaio U L olaio olg>
. 5,ls 59 >g | a ol s (S 599051,
Lads Lo (sweoled Jio usio 0B biw 5l vas
Ol £9.35 9 uiil (o plaio 395 Sl 0,95 Whhuasi 5>

www.ParsBook.org



> Ve b plaio S 0,95 L U, liw aS cacwl 0ani wainS 50 3590 ol + il v @iad A U g, x> Wae 4 i)y s
) olisS (sdum (silo; 0,95 L puagio U, Liw .+ diiowd i wlis)s 1,5 S5 0ligS pdaio Sla 0,95 aS (suld Ol @ Coun Liiwod
03> Shy (OLS Juins)> Wao 0ligS Sl 0,95 U W jusio ool 5l plaSmd . 259 (5w 0340L RR Sl jueio (weclw 30 b 1.25

REVE EVE B o1 BT SSW-3 NE T PR R W

Sy osdus lado 4 W Ol ulicing, 9 3l pdaio ,i0S 393 S 0,95 L5 s S, uVob (siloj 0,95 aS uaio VB, lw Hlw
Vg 00 9 . 3l (suwiso Sl 0,95 dcgozxo gud plaio U S jueio . 2igui (5w 030l olaio anw Sla jusio @ ul .+ LS oo s
£S 30,9 adgigS U, bw Sl o)l ui Ul low .« S s Sl (sl 039ax0 Jg> Wilgi (s Uiy 9 diwd Ulg> VS, Lw
15l a=s 395 Sole sy @y 9 1id> (s giwlos Sl asds iz sulos 03b Sy s |y Oliygs 5> leSU Gawhdl aS viiws (53,

weles UlS,)luw

Ol el (o 39>9s 9 w8 s )% bawgi sz e 53 il Sy ST Gebaio Gl O (subiss O, liw
e 90,5 publigo 9 Sl o,liw sSla Vlbgh Llaio Joc . il (swo 3,000 U liw 5l )5 Jgoso (sdaz W (sulios 5l Csugasl, il
e pdl8 | sugusl, sl LuolS ;)9 ol g szl byl s caowl Sew

(o=l i) slawl pudb

lo (o 8L Blasl ol 5l ey aS Azl ol 59, s Ui (199 jusw ) Syisles il oo @ 0 low S5 @S (sudy Wbl s
U lo pgw slzail L ol (o g LS 05 iz haad ,had L JB> wulps (v Sloslo 5l (eSSl 9 0ai bausio 58 5l (ulal
2ol 595 SuuSUlLInb I 5l Gully dgds 03,08 K303S) @ oylew il 5> LeSIl g Lgles aSHl Sy Cowd s SIS o5l
bz S Ulouw aS | ol ol 5l 5 JB> .l 1014 cowl (Sow (sugier 0,bew oul + 1l L s U yigs wlls> @ g 5.4 s
Sy 9 swod Bubaie (siupwl H9x0 b s liso Hgxo aS Ll 5l L coils adles (swpw (s> Sa s, 9 ied)a8 colp v
ol 59t (5o el aS 59k so 01y Gl Wigo W aS L 59 s JaS G Job 5 sauiblise wibd 5l Gl s asy,l
il 58 55 1 Ol yiing dgabs (s 034> X Azl 9 (0 UwilSHd 55 W Lisl G 5l vasy a8l . peliy sl o | (uasier Gy

Jiuad Ulo; 3wl w sadlie LB (sugisl, sl

Sl o)liw G buxo Wluogas Gusi 5> Bl o

Observer in this

direction sees o . DS_A.U S\o &9'9 .).A.QD

double pulse each

revolution
A Ovserver in this
Axis of rotation /' direction sees one
) - > pulse per revolution

AN 5
Cone of ik LD . .
sweep — H RSy 9>
_ Cone of i
radiation
(holiow)
o Magnetic axis )90 a0 33 AS (g3l Elool 8rio iy S
heutron® : . . . . -
star — Magnetic poles . J\_AJJLJ S\—0 ULD)S}' 9> j).Jl ODID )I)S u&ULD)I

o il B Wgeee S o)liw S e
, o U 0,8 > W S8 s W9 o>
P | ol Wl ol sl @ Vg (sl @ ¢ syaw
ol [ ojlinw Jao cul &S cowle sauwslin Jugs>

www.ParsBook.org



Corona

Chrom/osphele

Photosphere

d

.MSM&SULC%'&SK—L“}))L@O)LHMD)}D))N'SJ\_S\OQS

aS 2wl oo e (9> ) Haueil 5l (o 58 ugigh
wogw UgyS a8 (> s S (s pdaiin |y (50,99 ik
AT STV WET VARE VICSS EEFR VT C GV WL IRV
S Sl A Hpw o6 L ol 35 JB oS (i 9 S w
Uo)S 9 »8wgigd s jpo 9 bl oo riawgind 5l )5 SLU 9 5
.2 D> s\ o JuS i |

b)lb cl.Jl._A.A.J 11 nSl.:b \_._.Jlg_‘) O)gbClS -LMJ)LS\.O)L)J a M)P
Sl il « cowl 5935 Gugols clls s g aS sady .

Lol o 1cM zgo Jgb S 05900 5> ;9uwgigd ;I Lsugusl,
g9 Jgb au sy LigyS 5l svgsh whlasl a8 (> s
ol e Im sla

U 1cm sla zgo Job s 03U 5> (i (sugusl, uoyd ojlal
55 Lol ol wso Ul )95 Lo sd 5l 438,50 (soS basd 10cm
2 So ez yes usadly s i il S zge Job
slaciol 58wgigd SYU i0alS 1 Ugaleo b Ug,yS aS Lz ol

VIR v

ww dlw 11 Sla JSow a bgy o (auw o,Lal YU > aS b Uled g 3ol (s ,92wgigd S,y S0 0,0 s>lgs Saui g3 Sla as)

9. 30l 55w 393> Bl bl adaiw U Cuows a>,5 4000 aS 1> (g csw Lol i 0w Ll (Wl LewsilS,9 wllwgs shls 9)aisb
(a9 sauubligs Sg i belhs aS wawl (Sow . Aiuibl (s Aainye3 sauudblize Ul 4 s auubliss Sla Ulauwe S50
3l + 3US Lo s Ul Sl wdad U lginwl 5l susinygs> Gius > acyw aS Ly 3900 Old v 9 od)9 9 o8 ,> Sl 0,95 Wgo @

+ Jiowliie Saigs> S ast 09,5 U Vgoso caisinS (s Ul duminyg> yéunil SYU 5l aS Sauies Sla

Comparison of Optical and Radio Solar Flares

Optical View

i

| '
@

\

)

Radio Pattern

www.ParsBook.org



60mM U 1 S zoo Jsb (s =0 5l 0adlie J1B8 Sla o3L L5 o) (sususly 55l 51 waw olisS la JUSw Saings> Sla o)l
391> aS Wg (sw siniio YU S5l b ulpsS asil wl)d S8 Sla o)l Jgb 5> wldgl (svasy . 2GS (w0 ywiniio -(5 — 300Mhz)
Sla Vg aalis bty Guwoy (awnbligo Ulaw @ Lls,L whd il aS W& . aS (sw wS,> auli ;> 500 — 1000 km
28,551 4>l S 5l aS aw) o sk A Sagdngs S o)l sl vesh S il el L ses pusles (sudad (et 9 sawpblizo
Qi 9358 AS Cawwl Gl il pazine ax Of Lol (L0 485 03930 53 SO Uil A o )dguir (0 bl Jpinyg> Ao Sl
L3l adled SO

s diud 395kl WolS werwls, My Shls Vgoso aS 1505 &ilio BMS 4 20,15 Souls 05,My «Sauiog> S 0,10 b olod il
Ll W @l 5S 00 9S8 (smublisn Ulaue 55 W UguSIl Gius > Juds a4 ol Sew Ugewls, My ol
b cpudinnn € 9 duni o3 5l (Bl sugusl, S il oasline b vpusie w90 95 W (sugush, Ulazxio S aliuwgs duiing>

c 3518 (s ,08 asllo 3,90 Gaos (855 W) reamiss v dasing> Uil il o line
wliases 1,9 9 iluuses gslio

3L LUl o 0liaseS) 5 wwl bo LSS 5l ) b o LSS 55 sunos L9 (suausl, zlaol slinio aS ousS (sw ;S8 puwilsi (s lo
OlasSeS 5l cugdl, sl Gl ) [ ol wlhusi (o UlaSeS Ugyw 5 diiwd (sugdl) glool 51 S8 gilio W uslgiul Hlxsil oilo
LS s puaudi Jled slad uliusSeS ¢ (sJoomo Sla LliseS @ | b vliusesS als; 13 ey ubuly LowS (o oy wlixo sla

S 0y ULinspS 51 (sugusly Sloi 11 S

=0 0_9)3 > UliuSeS oy Rawg ‘|J_og).b'i S))_; wxalo U~LUAS.BS Jlo sy L aiiww Sl sgd g1lo (sJgoso SlpslanseS
&1l 51 Sy 3l alold ¢uns 5l Sye0 Jlw Ugalao o 5l i o] GuwsinSaw «Jilio s .5)ls Ll @)yad wly 1032 (s vluses
ol Jo 5l S pipy semai Sho 8 Lt Slesl Sla JSoi @ ).l wly 382410, Lail ya8 Shls Olocwl s 0 ISLi] (vl

(0sS oS5 d wlauses

iid il o wliseS 5 (a,Ludl (a,blsS  sussly Sla wliseS « ol Jlst sla wluses

www.ParsBook.org



S o 8_bl_uu ._5\._1_9.;_>|) c|go| k5>l._1_)' )l_\.'d.o L;\._J_g._:_bl) sSa ul_u.LS.gS

So 5l 533500,38 U we e S Ol S0l il Cawl GSow @i aisbw (Sl o)liw A suessl, gilie ) wble 5l as a,llsS
glool 5,15 alold s 05 Jlw Vgl 15 Lol uyi S50 il 00 isS aS Liiwd (s>l Guyied )lleS il (sJsoso LSS
owl g5 we 3w %90 LgJT UL 59> s duw;y o b @y g ssiuud plle o 4 Sy LWTJ 03w, Lsweusly

s S| ada>Mo JolB lade @ oligS (slus 0,95 U > Ll suliiwg, aS aisowd by wulps v S50 b ulpilanseS b ,Lull

A6S o

owl Sy bghs Jola b Ol wub aS siwd (sugssly 2lgol 51 S8 &ilw 5w el Sl wliuseS

So ol S (ugash S LuslS)9 s (Jled LLaSeS S Gl Ll Ugyig,Siuw il (il ades LIle pouilSe (@ ol b
Oloxio .l (o b OLuSeS aiwd 5l ), (o sk a4 Cdel b Gl iy il (dsoe VLSS 5l 5 1ioi18 LL Usalio
595 olod wgi 01 oadlie wliko Sa,L3, aS (1l oarw, (Uled sld Uliases slxil )955) S 5l (93,55 Hob azis S50 @
35S0 50 L s olew 5l swoudac o> SO L dlzalow SO b 0lasSeS ool wowl (Sow aS 1S acwleo 1) Jled sla ulbases sla
Sl sSiww bl 1o, 5l o s augls @y Ll sadlinoe 9 dicil asls s9

:l.pi )l.o.sl 9 sl O)Lg.w &JL0.0

i (U5 5l (xS38S 039> S 5 it pisinw 33 )T HLdl 5 Whylow 5l 00t oamline csugusl, iyl (o o,liw B

| The image part with relaionship 1D F1d43 was nol found i the b,

www.ParsBook.org

290 Jgb . i ud ol o> sisb> 2lo—l
Slos 5l sauds wleMbl o=l ul 5l 0aui oadline
25 lizo Blocl 5l pd 9 pdaw 5> o (La Ol

A3 s b a4 b Ul adaw

po—=0 wlellao Shy o,)bw Gy Vliz ve S U
2, s Ul oodline il Sy o (sug—usl,
G Sty vl 9 wwli> (sugusl, puwils,9
51 0ai o gleel s W3l Ul S b @
Syl Sla zge Jgb 55 9 55 S99 (sdus S y5uine
0sMsy .38, (s LUl (51> il Sl aS el
Soan b Slols wygo au e ol ol sicsuw
Ul (segi asg gud au aS (il oad 054,Vs
aS oy 0 e ol U bl Lo s>
a> ol @ 4w caowl Sl sob> e Gl auld
aS ligo ool U el 985 Jl> s o 0liSeS s
Ula o s, > b we La ug, 5SUlg Ld ug
Ul 9 135S o Wl 0)l—w ublizo

el s 39> @ |y Wg»i9Sisuw

BMsl a>;5315 Guns > je=o L Ul sawudbliso
wl 5i0g 1,S18000 o,bw 38,0 5l Bzl g .55l
A pse iy )l Guoy W5 Ol (a8 Jolos
Ul (0> o Ul iw | wg > Los wlnd

wswesly pez 09,5



a5l ) Saiine 0,5 bligo pwileis 551 .5, (w0 Lw 5l b Sausinygs sb Jwsi o0l 59>9 @ Ulagwo il Ol 55 0,bow (sawnbliso
S s 0aline 395 olo 031l | Ol ouian

5l Sy sauublioo Olawe (o .o9) adlgs il 0,5 bl Sg, Sapiings Sask sl SyxeS HLind aping> 5l 9> sl o)lw
0,S bligo .ad> (5w plxil o) aunblizo Ulaw aS SIS @ s 10515 (w0 a5 Giudgs> Susii | S,ieS ,Liud 9 059s S8 Jud
o (bowshock) |, cawl 5i 3355 daning> 4 aS Ol (VU 550 5040 (50 LAdio § Jauin Saigs> Sask whawei U S i
5l 00 @i Sy 508 16) a8 (s Jiuaiigy | Ul Sl allJB 508 ,lp> 9 1S (5w yuai Syiino leuis by 100 G50 5l g 3iueS

(aiswd il 0,58, Sl B Slo,0d as

S sb bwgi aS suld wg Sl 9 W Ugigy gy auubligos bghs aS S gb ay >3l o pls @ | locwM 0,lw S5 0,5 bliss
3538 o b 09y (w0 )low 9> SVU Cuouw @ aS (uld il 9 digis (o Jo> S e

99 -5l pls @ ) 35> o e aS uld 508 adaw Sd il Llgi (s wwl \S))J._S\louio)SbLm U9 ¢S iduo D)0 D
0 03) o wowl Uil uliSeS sla wdled 5l 98w 9 US| Slpigy 5,9 @ jaxio guin Sy Sl alJB j08 (i Sudss
S o odly8 0,8 bliso Sl | asl o 55 oslo 5 10 9y 408 aS

oo skl 0,lew 9 90 G saol Ugalio 551 VL (SaSI 0Ly S AiS (o Sy> sublise Uliwe bghas Ulo )3 9 aSwl> O |
L olod 1lgi (s aS S (s szl Sl S (sugudl) uilS,3 (S o 9> ¢ dw) o S yeawedl 4 W, ul aS uls g
S G sl e 9> SYL )y | uld e Guizod UL, a0 b g Sl cusdeo

U Dgab o &blw Ssiie awublizo Ul 5l aS (souwilS 995, il 5.8 051l sl Goldstone-Apple Valley (gl gusl,
B (s8> 9 S yiiito Biwd Giund,> 9 lowwly 0,5 bligo @y =1, |, i wleMbl 1lgi (s wladliw oul .39, w8
S dupi Sy 9> Uhles Gius

RN CARVE Y]

03— gi glgol 5l Ig asllae v pr> S glgol aS cowl JStine (S s 0duzy [ svsusl) Ulexio LIS "ug" sugusl, puwlS,9
5E9ian €93 AS il (e 399 4 esian @l sl ad 9 b Rilie 5l ed Ul Elsel ol pareis K> Sns gilie b
auro soby uols e (uilS)d (ule> S)lsl sugash Sla puilaiS ) (dlell G B3ls5 Ul oa il Shsn JSuine S5 (0l
Ao 03Iy polaisl syl ez Sl

Aol Al 3e>9 sus 4 d wudgazo (il vl S bl auS swo Jloel | (suld wudga=o (@,9uuS 5l svases >

Dl be I3l s gilo

A yo (swgusl, zlsol

& suliowg,

9> SYL (s ug))ls,b wbs 5l Jols sla il

Slao,be (I3l gl Guin wows aislw gilo 5l oo, 4 g w9 Ul 5>

& Loilorgemuil,i 9 w)38 5y Sla Heil,s5

suled sla)lsl,

(Vg w0 20318 59, @ 59y AS )isissiehi 9 Lwgsshy SIS oxicw

GPS Wio & o)lgdlo ;> 59>90 Sd oaisiw,d

www.ParsBook.org



(b Jibge) sluw sla als

Ol,> (391 SVU 9 (uo; Job s (Uguiueli g o3l S 0akiw,d Ugzad )i (o wlian oo 5l &S Huin caws aisbw Slplslys
9251 it Ll ol @b v Gl OLa @508 e SYL elas,l )d 9 (digus s s o adaw L W U315 ggi ol L0
oo a>lw L 05 S Sgi Sg, wlel aS Sl SlpugSwudi GMS s (digis (sw &3y Gl Sl adaw ;505 9 d 0,5 5y B weSiuls
iz, L(ewl 00w 5S35 4 Giusw 5> aS e (sdao 4y S oo Jgb asllhs sl sanw aislw SlpyeSuds sl lasowl ) caugw

Hiioud ol olelas)l )y aS uld GeSwdi g5l Shy > ol JStiie Sy Gaes w0 S5 G 9 sy

www.ParsBook.org



Ulowwl 1 )l 0 auiasy

‘wq_bql)qé_ogsg@)?j ‘M@JLP_QL@W@pm);@ by ploil @ | uzs ol lowis aS (suidg 180D
a8, LSy dwoy Ay il 9 el o Gl G woles Ol 9 ulinSeS 9 g yily (ulgiwl (8l Wlaixo i

.QA_uJI

owlwlios Wlawl 55 5 i 5,90 05> 9 0.uS oadline wusdgo p9lio sob 4 b b azuwsi wlaiko LU Wlp> wliw ehio @
02 )5, Aindi 9 Luro Csulowwl Wlaixo 51 Jud b (o wlaixo i 35940 (s 03dlio w0 5l Lad aSuls ol 5lsgui
Olomwl o) 5l Sl oauzy WolS &L 50l 95 ol 133,550 g™ 19> W WYL 9 4553 (50 jo) D U0 19> U Loy Al
3S1 sl aggly wS,> asS L g aspi @50 blas Olgic @y O w5l oslaiwl b ailgi (o uos (328> S ainss umyd .l
S5 ol S o WS> 5S0aSy @ azgi b 0l liw 48] i azgi 1B oluil S (5Sa5; Jsb,s j%0aS) @ s OB, lw

WU ol 5 @85 b csulds SwiSs 8 Wyliul 51 oslasiwl U pd oliccl oaalie b Susss S o,liw 51 cxoS slass Sl Lo

1a0) Wloiss it

ol 03l iS55 Csvlgiwl 0l L3S 985 il 0,5 5550 Ul 5S50 aS Syeb @) S,S oum> Sy Sy Ly (ns8 Sy onls K
oo Sy, akadi ,a Sl . 2iueS (w ubdhex Jsb L Llpdl wai b 13,55 (v wgixr 9 Jloww Sla wbd Sl aS (585 S ol
ol vpe 9 58 S lpll s Sy S5S 05l g9yl alass aS oo Hlpill ai L pwS Wiy ewlss o Llpll wal S uos
b 58, a5 180-0 51 (sowgd awli g aiuds 9 azs b sulbdhe Job 15,38 (o OlwdSil gueinS L (suidalw alsas, wolw
» L8 ole au b ccwl a>53116.805 casdgo 5,5 GAVRT ailio Jlio Sl 23940 (s Uly 1w gl cani @ cnus (suye

Sl0L8 (suse (sawgd auli 18 g a8,8548 9 a> ;5116

95> >3 5l A sy ol oy 19> )8 b lgiwl ) ol lgiwl oy Ss)y s 9 Jlowts Sla VS .S o5lul Sl ggru alass
bg s | wllio 1) 19, sw L weix 9 Jlowis S8 o5lul Sy lgiwl s wljlgo @ aS suld ouls (5, alold o;lul S v s
Cud90 55> GAVRT ashio Wio .S (s 13y Jas (a5 5550 5l (sowsd auili g aids « a5 b pore .aiusS o sulbdhe> yose

S—wgd 48,8518 (a>,535 |, «a>,535.300

|lerrestrial coorainates ol lgieol Jlouiis
90° o
North UMD YRS
Pole

095 A 4,859 9 welwb 9 59,365 ;& o
ey, w aS biso ool @ 03, (o iy
elw o ie oS 100,000 39u> Ol s ,>
0 sl _ol a_8.8> a9 el _wb .l
0° Equator as 59 i o Blol 59, S whgar Jluw,lp>
29 @, 59, Ll S 1298 (w0 S Jlw Ul @

~45° N

Latitude

()
3 S5 (o Lol (axiwl 30) @09

L 4o ©
°°S 5 Sais )95 590 9 SRS )9

South

- Pole (o9 S )>)Uing—x0 S9) ub) US>
' | | B 90° wo Slail celw?24 , & sy iye> W
180° 90° W 0° 90° E o Sduine> b wgio 59, | 59, vl as a8l
Net Eouigiods POWE 180° S)lae axts 5l a5,323.5 Gl S b caeS

la_wgio 39, 5l 5 0ligS aLili56.55 g 48,953 aS (Lswsxi Ulo;) U, Liw ,305 @ Gl Guo) Uy 0,95 2390 (swo Szl o)
wowl Saui e

www.ParsBook.org



aS) o0 pu 0> Jking> 9 I L1 A adasi )5 ey S)lae Cusdse (89 IS 40,9 L ABS w Tuoss [ SHalb WMl Loy IS
Sy, 0 ahnsi 5o ,bU & sy (wowl (ugix (891 YU o
L JolS bo> S oo @S (siilo; .59 £9,0 59, el o
S9) Juin)o3> 948 «(C) 355 50 ,9> S o,lw @ axgi b
i B o9 aS L ccowl @i8)55 51,8 0 abnsi 5> ,bU Hlpdl wwas
o el 03,8 5, 0 B ay A adnds 5l au s> @ s guos
29> S0 1/365 Wb o «Sauings o) Sy vk JolS sly
DS o Jg b a8,854 590> aS 1uS (b sdlol |, JolS
w9 59 Su 5l i iV asdsd Saudngs o) Su cululy

DUkl vay vs. dilueteal vay

Sun .L'A_uJI
\\,\ 2D AS 1S (w0 s Gy a1 59, 58 ey S )
\'\\ as,8524 lJ)Jl)J Cl.>)b360).® U | aa.84 LJ)JI)J Cl.>,)b].

2 Wao a Jlw S 5> s 59, S bl (39— o
" \ y owl wse Sauags e, 5l welw24
\\\ /v"
\'\__ 1° /
\V //
\\ /
\ )4
\‘\.\ //
- = P

Precession of the Earth

UMD 90 Ql)%' Precession of

Earth’s Axis Every “\\ ’ 23 1/27A/
\ /

. L 26,000 Years
593> S)las axe v ay i U 3,03 (5o 9L gli swlyl AU o 0,9,80 SO So awlo >

. e r e . TR
W\ 9 =xio mS)LLo u‘.:ub)s A=x9.0 Couw U |) ol S>90C Cup> 9 >_,|JS @o)ub U0 ) Rotation of
. & e . ) - . é é . the Earth
So Sg) 395 s9b a4 Vlinngs o Sld wdad gb s il Y5 Jac ax,S1 oS on Its Axis
. T . . . & . . . / \ E 24
2 ul Jozio 455590 5,5 sl (poge s 205l )18 S)law axbs 4 cuws Sygoc jg=o }; \ Li?:rs

W o @,523.5 glaabs @ Sl osls (paos 90 aS 39 w0 Shil Gl s
(i iS,>).05S (sl JLw26000 390> 55 |, Lad 53 el alass Sy

1w Wlhaicke S puwuaw

2l ol Gaos Sy bl (pao; wlxas ol wS,> 9 alsl; cugden Sy Shy s> bujicowl el Gaos So)y b cusdsn Sl aius
Sl wlaio SLa s il onsS (5o oS> Olomw] @ i plio 30 b @il g isS,> s ph>l ol s Lol
lowl ph=l cusdso rogi Sl (elize S piuwsw 394 Awlxo OlS,> il ploi @ azgi b 3l Olowwl )5 ply>] usdgo
9S> aSiyl 9 paisn pudl o ) (o> az aSil 4 5,80 1,8 oslaiwl 390 aS Azl Llzil L3l sai glul Gaos W s

Sl S

19| Wlaicwo puicwiaaw

9UL0._wTu.A_J 2,9 o> Sglow (89l ¢ s ol 5> 390 s 0 s LBU Jawgi aS ccowl Guoj 9 ULo..wTwJ)).o <9
5 1dlgs 10,50 518 Gueildl Lo Llged WolS adaw Sy L5 JSI aS wewl puos

www.ParsBook.org



ww Ul 4 0,3 0,ls aS 5yl 513 Gwll caosw 9 Oloowl L5 o> Sy G «Sgoc 0ls S Layls 18 LU S s lewdiwe aS ol
XisS

qs-&_l.é.'i)l Qggljlg&LéJ)lg-w|p)>_ O)glbcm_wtl_; >)§.I£Luu )00 U dl.o.;i‘;ﬂ w88l @3|)QS- \_.A_w.]a_wyppus.; wlaizxo
IS oo 9ae gl cow 9 (891 Sy, wei> 9 JLA.;DJOL&J)|QS@§))J_ 0l .59 (s 03l — 1wl s 38 adow U o> alold
Do swo 0lgs il s

Horizon Coordinate System

Zenith
oéoi
(&
/C}/; Object
%
Zenith * Elevatior
€. angle angle
Observer \
South <2 A~ North

1

Azimuth \

.\,Lo(\

East
point

S, 393 Bl s ,bU as sl ax;3360¢ouw plod &3lg 5> <a=,3360 55 |, (88l cobow wygas aS cowl swl,SUs horizon mask

Olood (a0 il ©@)9.0,5) caowl saslie LB aS Uloww! 5l (sioaud ,d 9 caowl Ulpiy

owl 0auw osls wlaw 3 S > GAVRTabnss sl Horizon mask
Sho e lai,l 9 cromw a9l AS (50l Zid S (5w i o) G b e, Jgb 5y Uleawl s o> S wlaiko ‘@ﬁ_élw)b
Uilgi soi i) AU ccwl wwlio ( AZ_Elaul )asS (so wS,> Sxg0c 9 (sl wjgo A aS LgSaudi gusl; il S wusedgo

it diilo 39 oslaiwl cul Glaiko U Slo psuww 5l caowl sips Hehio ool Sy (a6S Gao | (siloowl o> S Cusdso

www.ParsBook.org



Horizon Mask for the Goldstone-Apple Valley Radio Telescope
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Equatorial Coordinate System
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Precessional Path of the North Celestial Pole
(Earth’s Axis Projected on the Northern Sky)
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Mercury 0.39
Venus 0.72
Earth 1.00
Mars 1.52
Jupiter 520
Satumn 9.54
Uranus 19.19
Neptune 30.06
Pluto 3953
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