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.D>25107 NMYPN DXPN NIIYN NIV ,NNNN MDY

DY N9 DX MONHI Y MTIPY P>, N9Nn NX N2110N DXPEN NINY
NANNA NP> 90° P NI NI, NAND 221559 DY NAND NN NP WYY, TPURY
209NN NANNN NP> 270° M 2IYN 1P NAXNN N> 180° Y ONT PO

NIPY ,N9NN PYD NN NXON ONND DMNVWN DY RN ONNND P DI NPT

M0V NP NN WNI DY NNNDIN (1 9dR) ;onnwn n1pdn .(Horizon) pann
SV MYN 12V NPPINND DRV NTIPIN DT .PIND ONA 90° NN (Zenith)

1N Davnn 8N (Meridian) 9nsn .(Nadir) 77y IXIPY ,N9INN Y9X7 INNN ,NTON

Y290 PYND DMNYN NI NN PONN INXNN VI TIT 92 DIVTY NN P2 9annY

DN POM

b)

=
2
z

MINVN IITIN HY 1IN MTIPY 1 IR

.105 "0y DYWN NYPN “z
NN YT 212°0Y DN YOI DY DOINWN DIHVYN D7) DIPPIY T2 1% NVLWN Yv pronn *
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YNPYN MORDTNPN NN IRIPIN ,0029109 NNMYPN D PSN NOIYNA
yorn DONDIPYN NIX DNYN DN 0131010 1)7 ,NPINVND MOURIPTNP IN TIIMVNN

(AN TN MNPN NN XIND NTI DY DNYYN NOIWVNY DT T NN

"7 3w 2P (North Celestial Pole) »198 »nw 201p w0t monw 17100

.(2 99N) (South Celestial Pole)

north
celestial pole

| %

$ %

& | >

< %
C)
2

|
e s PP
right asce“s‘o“

south
celestial pole

DNV NI 1YY MTMPY 2 IR

AN TR ONP MM L, BNIND NI YW 9NN INIM TNIRD MNPY ImITa

Celestial ) nPNYN MORPTNIPN AR DINPN -TINYN DXPNN NOIYNI
MNP WPIN N N LY DIINY HY DMIPIN 1NY Nwnwn I noyn (Coordinates
" ,(Right Ascension) mw> N»YY DXNIPI NNV PIMYNN NN TIIRD

49 (Declination) n»v) ©XIPI 2NN

MYNN IP N 0° W 7D ,(360°) MOYNY DXPOINND NMVI - DMNVYN AININ MNP

J(+) D199 YMDN PON PNPD NNHN MITI INAY 90° 3 DINRNN) DOAVPMN MWD

.25 /0y DIPPN MNAY ANV ION AXPA NNT DOWIY ,DMPN NN DIWN NNY 922w 021090 ¥
MVYNN P9 ©9apNn DN on amA Mp -(Teresstrial Coordinate) NPYIN MOXPTNPN IX MM *
OYN5 DXPOINK TIIRD MNP AMIN MNP NIND NTI 220 M7 2I0IPY 2198 2I0IPN DMINYN TNNR NP ,(°0)

.0, Dec. -on MmOy .-, RAA., w19y -Dn nwdn Moy : D0noom oo ¥
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NPT 92, NUp MPT 60-2 NPONN NOYN DOV NS ¥ () DN DT P

VP MY 60-D NPONN
DOYPOINNN) DAXIND TNIND ONPN NNV ,NIY DOY -O»DdNYN TIND NP
DPOINN TNIND MNP DI ,AMIN MNPY T (23 TY 0-1) MYV 24-5 PONY ,(MOYND
DN NMVI NN NIV MPTIV W WITAD W NIV 60-D NPT YD) MPT 60-2

A2 YT N NI DY NIV MPTN TIva ,mdyna
(Ecliptic) P10 9m) XIpin q0n 5iyn PTHNY ¥ 0N TR IP PTHIND mn Dy
Y NN NVI NPIRN NN WOPIN NI M DY WNRYN 219010 DX INDN ,NT NN
VRN P IR TN DPDIN NN Onvn NN IPY onda (23.44° 23.5°
P NN NN YHYN NAY DTIPIN JPNYD TITIP) DIMIPN MTIPI N1 20vn

NN 1N (Vernal Equinox) 2>axn 91y AP IXIPI NAYD D1 TH INWNN
PNY NTIPINNIPY - ONTY PAYHD  INVND WP NN wpwn NININ Ny

DYAVPN DX 12NN PN MY TN DX TIX P . (Autumnal Equinox) - ynon

Z2axn YNV NP 71T 92N

DMINIVONXI DPNIN DTN

AMMNOMINLN NVIY) NOPOIN VY .1

SOMIPRN MDA VIOV .2
INW DY HW (DMHNWN NDYD 29 YY) TPNN TPIMINN NHINN XN ° NOPYION NOW
NV 1N IDDAY MIPNRT YHOIVN T MPAIN MTIP) dNY P 19¥) NI TWND
AN P MY ONN SY YI9N1) WHYN 2220 YN NIND NTI 91D0NI MINSDIN MTIP)

(WNYN A0 YIRD-ITY DY 210N 0WP) NP N 300-5 AN -(MM9NY
19193 MMAXN NYA (3 PN NN PN NN DYTTINY 29191 N PWHYN TpTPm

NOOVN YW NTINI NN L,V O8N DY WIS YIND NI MTNPIN NWHN PN

5955 .a00N YW NOPYIAN N DT NIPY NP DOPININ DAMON YPI DY 150N

ANIMY 21) ANRN PPNY DY DMIN¥A 12:00 NYWA N2 DY NN NI AND PNY AP

DNY AT ANMON YNNI DY NI9INN T NOW L1838 MW YD PTIS Y MWRIY T
DMNTPN
WNWUNN YINND NI YW Y$INNN PRI on»m >
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TONT THO DY 2510 SN PNIND NYIAP .INY MVP PV NOPIIAN ,INY PINT 22100V
NOON HY PIND NNONND NIPY ,WNYn 220 XIND NTD DHY0N 10IP) NOPYISN

A0V RPN DIDIN TN DT TURD DOPIV-NNVY ¥Iwna

NOPYIO MYXNRA PRNIN NTTN @ 3 IPR

PPN MY VIV

TIND NNXIY NTTH MYSNNI PNIN NTTH DY NODINNN NVIY KO NIDN NVOY
NIRY IND DMINY .DOYTY NN NN NVINN NN NHXIY NRY PINT DNY HY NORDIN
MY DMIP DT NX (TYNHNA PT -NVONYI MDA D) NNIPN) NPNNNN DM
,PNANN Y1259 DY NIYIT IR NHNNIY I DOYTY NN INNRN .(DYOITIVD MN) 7OMIPN
NN 2VNY D127 NX NVININN MPNAN NY TN TIRIIN NINRD NNXIY NTTHN N

2IPNN Y PRINN

DNINIVONI PNIN MTN

1N (DYPTI) WRWN) XIND T DY y$mnn pRiInn ,NopoIon NVOWA INIY 29D
. (Astronomical Unit- AU) n>nm7v0oN NN XY -0 148,597,870
N NP (Parsec-pc) *pois NNIPIN TPMNTVON ATMNI NN PRIND DTN

PYTA NNX YR NIV XIN VY NOPIINY MPHT 231D IXR PNINI NITHIN

1 pc=206265 AU=3.06*1013km

(MMY) NTNPOY NOPYID YYPYH NN PO NN
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72ww PNt N N NN L(light year-ly) 2w mvw nxapy naon pnan nmnd
NNN N MVY NI ,1MIVWD NP GON 300 XD NIND MIPNN .DNN MY TYNI NN

11y=9.46*102km : xon

. Astronomical Light Years
kilometres (km) Parsec (pc)

units (AU) (l.y.)

kilometres

149.6 million 9,460,000,000,000 30,857,000,000,000

(km)
Astronomical
. 0.0000000067 1 63,240 206,263
units (AU)
Light Years
0.00000000000011 0.000016 1 3.2616
(ly.)
Parsec (pc) 0.000000000000033 0.0000048 0.3066 1

MINIVORI D'PNIN NINN DIDD :1 1YV

1imil~hivhb)

.D121511 NYAPNNN NNRN MND NTTNH

(Luminosity) 22191 M°’N2

MPNAN .9H1N 97N YD 29150 79 NVWH NVDAN NPXNNN D TO NN 25151 MN2
-25190 OV F-1 (po193) pnann wnNR Awnd .L=47r R2F: Xan awpn 9 by navinn

22197 Y2 NYINN L PAT NTNYDY NOLYW NN MIIIND MO
95 29157 M2 ION DNTI DTN .OOMN DTND NPT DTN P 572 25150 M1

25190 DTN NNRIPY L(NNNN PY) DD DIXID NRY NIND NNNWY .PYY NNV

-absolute magnitude) VoNM ST ,TNN .(M-1 DN apparent magnitude)
5y ,pD9 10 -PNNX PNINA DXIA01D0N 9 SV NMYTHN 'ONTHYIIYI Dapnn (M-1 ymon
NN NINND N ,A0D0N T PNV ,m MITH DT PN IYRD 0NN IMNYND 1IN

M=m-5log r+5 :75 **vonmn Yin

M=-26.8-510g(5*10)+5=4.7 »¥N r=5*10" Y m=-26.8 1)1 TWXI wHWN Y¥ M nrosn 799 NonT
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NNMNY DYT) DD 9 DY Yyap) ,MNS DX PN 022130 0PN 021D P2 MNIANN
MPNAN ON0 NXR PN (1856) NON NI DIMNTVOND DNV NAPNNI DT
JOIND IND YN TIYNND PYNVY N TIY NON 1NN NIPDI MINIMIVOND
NOPDA .PYN MYNNDNI WY ,NNPN NN TY WY TMPNAN-MTTH 9 P2RnemD

NYNRYN .6 NN NH T2 25191 PIT2 100 %9 PN 1 MDA NHITA 21910 NN DV
(Y100 ~ 2.5118864) 100 Y¥ >v>1N WY 9 PN 1 MPNA NHTTA 191D NN 2T
INYY 0 MDA SYAD ¥aP) ,92) D210 NXIAPA NN 2101 .2 MDA NHITA 201N
DNYY MPNIANY 0’2310 PYOY DI NT DIPN IMIPNA 29 DY DXONMNN DXIADN
DYPO NP PNAN NIAYN 221D (-4) N NP2 PNIAN NOON 2510 D 1DV

.2 1520 NN -(-1.5)
1 NIND DNYN NPNAL 21990 PN MR 2092 PYA PRIANY MIYEND
MOND 6.5 - 6 MIPNA NN TY MINID 1N PYNNN DI NOY PYA NN 29157 N¥M)

.DMIVYN MINADY PYN MYHH1

m - 5m DYNHY DN
26.5 vny
12.5 RN N
-4 I RV (Venus) N
-2 amn Rwa (Mars) 01 (Jupiter) PR
-1.5 (Sirius) oV'0

1.0 (Altair) TPRUYR 21010

MW Mmas

6.5 nTMYN-RY Py

10 NI NOpYN
13 n"o 15 podv
20 'n 5.0 :IpOYL MYENHRI IR

DIV MWYWNIN MYIAN DPNYA NN NI YV DYTI: 2 1Hav

SYTNN NN NYOIN JAT A7 XN 1210 NN INDNY 17 W IaNnn Tinn >
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1"DIPOTIVPDO
DNY NN MONT -DIVPION MNP MYNNNI 0¥2A21DN IPN NN INHPOIIVPID
DN 231N 737N NPIPN NNXIY 5H7 TIHINI MOND DX215N NINN NNHNIY -0
SV MOM 12590 NN XN G XTI AWNN NIV DIPINNNDY DITNIND ,DIININND
29790
NONDN DTNN PYY DOYIANN DIIVPAD DMV D) MININ DY NN NXIN 129N IND
N ,9IND) NYON 2NN ,DIND TIT (NP2 DYTHIN D) TN DY) DYTRN Y2 YINWN VIYPY
N2 VPN DHIN TN DY - HNON

SPMPONVPIO MYNNNI IVIN D21 Y NIV YN 2

D291 YV O9IVPID WD

22PN ,NY DIVPID .NNNXIY 3 DY) NIIPN DITVPID 19 DY MDY N DXIANON NN

771107900 KIN DMYIVPAD DXDINV 9 HY X1 PHRY NNANN .D¥2ADNIN DIPINN

n¥ap Y5 .0,BAF,GKM mxiap nyavwd phn 091550 .25100 M9 DY Nn»pn
A4 PR NIRY )DIVPIO DIV NXRIPI

.00,01,02,03...09,B0,B1,B2...B9,A0... : M1 »nn vy pony Nt D10

.5000092K-30002K 5 N710791Y *9P1 0231910 DHAPNNN DP’HIVPAD DMNP YV NITO : 4 TR

.DY215152 DINKNIN OMYN MTIDIA PNV D215157 P2 121N HTINY NDONY DIMINIVONRN NN 19-N RN %
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PNYP MOYNIA NIVIVNVI YN 97y DNPIZNY DNYN DIDINVN DN PNY

Type
O

B

Color

Blue

Blue

Blue

Blue to White

White to Yellow

Orange to Red

Red

Temperature [°K]

> 25,000

11,000 - 25,000

7,500 - 11,000

6,000 - 7,500

5,000 - 6,000

3,500 - 5,000

< 3,500

Examples
10 Lacertra

Rigel
Spica
Sirius
Vega

Canopus
Procyon

Sun
Capella

Arcturus
Aldebaran

Betelgeuse
Antares

(HR) SONI-1IOWNIN NNPINT

ININD 993 ,(79932) DI 23N INIAVWNIN PN L,DININIVON NWINMS 1913 Mwva

.DNOY NMVIDNVN PIAD PN DXADD GOIN DY NVOMNN NMINIAN PAY IWPH NN

POIND PN (54 Tya 21 XA TIY IR 5 IPR NI PNIOTI 1O NNNNRTH

N2 9T02 DANIN NNMVINNVN I — (PDIVPIDN DIVLN) NNVINVN TNV

MMIDD) WNRYN MPNAY TOON 20100 MDA PN OIRND PSN ONPYY P

YN PONA INYD BN B9 .10° Pav 107 pa oy M PN Iy (L/L(sun)

,(0,B ©y0un) 1n»a onnn 025150 . PNNNN IPONI NP ONYNM 9NN DY

IPON2 OXNNNDY (M DI90N) NP2 OIPN DX2DI1D0N THNRD) PONNDYUN 1T INND»
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http://www.ynet.co.il/yaan/0,7340,L-93935,00.html
http://www.ynet.co.il/yaan/0,7340,L-93935,00.html
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10 000 5000
(K) now nlivono

HR YORI-111799890 DIRIT : 5 IR

M1 DIV MY 1IN NNNNITI NLY NN DINDNN DN DXA1DN ,NINIY 1NNV 29D
12921 NY>’NNN 0231571 )7 NX NYON NVIIAN NNIAPN .DIMDN DINNA DA
O01) 92 MTMPIN N INNNNN TN NP9 NHPMNONMY MPOYN NIONNYN
17702 DXAIN NHYNRIN N9T0N NNIPI N NP .13 NP NNDMIN L(WHvn
119193 NVIVNIV YHYA -DINPNY DMIP BN INNNNN NI NP9 DXIDNINN MYNIN
HNHYN 192 DX1D11HN DXIDDN ,0NMYY .0MMTN DD DXNIPIY ,JOP OPTN

.DY2IND DIPIY DIXIPI DM DITH DOPTIN NN DMPN,DX0N ON MOYN
0>1°12 YAN DMIP WK D215 .JPOYN MNON PONI NXNNI NNNNITA IV NP

19193 DNYY NTVIVNVLM ,YNRVYN DTN 100 9 T 10 Y9 DY) DNDY DPTIN . TIND
S9N 0Py DNIPY 1IN 01917 .OYTN ¥ava o) 01 .4000K-3000K mon

=9y DORIPI (NP ODYTHY DXOPTI) ,INY DM M OOYa D90 OMP DA

0Py

DTN DY N¥IIAPN DINOVPINY ;MW N¥IAPN PI2TON T I¥IAPA 0220199 NonT >
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IR TIND DIN 025197 NI .INNNNN MIONNDYN NI92 NRNNI THOYWHYN NIAPN

2292335 0993 DNIPI DN . TIND JOP DNYW DPTIN TRND N2 OMPNI

DXAD) DWW N¥N L0327 DA YW DMYI0PAD DONM 190N Yo Twna
DX19195Y YN MY 28D .1V NN Y I -NNT OYIN TN NIY DMPNIY

799 9219 ,NNIVIANVN Y P DD PINY IWON X 1991 DMWY DIDPTI DIV 1IN
NN (W.W.Morgan) 1371 .90 071191 -901 1PN TN NY NIN IDI0VPID MO
2NN OND MNININ MPINN 6-93570PAD ND Y2 D231 NPIYNY NVLIY
DOPI-Dy-oy -la

Dpy-dy -1b

0> N1 Py -1

ooy -111

Dpy-nn -1V

TPYRIN NITON 72010 -0 -V

.0°02)-nN -VI mWURIN NITOY NNNN X¥NIN G0N N0

.G2V : 2 nomon wnwn -1t Npivna vindyd Nyt

DN ©AON 21 NN IP¥NN 3 N0 PPNY TN PIONNN PINN DYDY

97N, AN DTN POIVPID NPD ,0MNYN N DIPXN NN MO NYaVH AN

PN/ VININ

91POYL MYNNNI P NIWIRNN 1T NPT 798N >
255 my » The Brightest Stars” Tynn
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Declination Apparent Absolute Distance

Star RA (2000) (2000) Spectral Type Magnitude  Magnitude (in light-years)
Sirius 0&h 45m -167° AlY -1.44 |.45 8.60
Canopus 0&h 24m =51.7° Folb -0.62 -5.53 310
Alpha Centauri 14h 40m —60.8° GIVHE LY 027 4.08 4.39
Arcwrus 14h | 6m +19.2° K210 —0.05 —0.31 6.7
Vega 18h 37m +38.87 AV 0.03 0.se 253
Capella 05h 1 7m +46.0° GEI+GOllI 0.08 —0.48 42
Rigel 0%h 15m —-8.2° BBla 0.18 —6.69 JI0E
Procyon 07h 3%m +5.2° FSIV-Y 0.40 268 1.4
Achernar 0lh 38m =57.2° B3V 0.45 =77 144
Betelgeuse 05h 55m +7.47 M2lb 0.45- —E5.14% 4308
Beta Centauri 14h 04m —40.4° Bl 0.61 542 530
Altair 0% 5lm +8.9° ATV 0.76 220 26.7
Alpha Crucis 12h 27m —63.1° BOSIV+BIY 0.76* —4.19 320
Aldebaran 04h 36m +16.57 K5 0.87 —0.63 65
Spica 13h 25m —11.2° BIV+B2V 0.98 —3.55 260
Antares l&6h 29m -26.4° MIIb+E4Y 1.06" -5.28 600"
Pollux 07h 45m +28.0° Kol l.1& 1.09 335
Fomalhaut 22h 58m —29.6° A3V 117 |.74 2512
Beta Crucis 12h 48m —59.7° BO.SII 1.25 —3.92 350
Deneb 20h 41m +45.37 Alla 1.25 -8.73" 3.000°
Regulus 10h 08m +12.07 BTV 1.36 —0.52 ]

0712 021210 '1M ¢ 3 1YY
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DIPOYV
NUNIN /DPINTY DIANYI NMINY wuwnn SOMN 95 wn (Telescope) “a1povv
IO INDDY PN (MY MITN DII) NPMINITVOR MIVND NPOIVI VINY NYYY
-(Perspicillum) 09019 9730 PWond RIP ,H1NNYa DNPOHL MY ,IND)
S1DMVP DMINY MNXIDOYNNNY NPPVIN DNINI
NN NRD DX TPND (NPONY) DXPINT DINXYN NN NOXY NPOOVN PPN
YD) NRN NOIR N PN NMPOOVN HY NP2 MVNND PNINON SNV .TPIN

,MIPOOLN NN IN) NMPOOVN TVIPA NPIVN VON NMNONN NV DY DTN
2V NLYN IR PTHIND VPN DX P8 NPoHLN NN (Telescope Diameter

NI - AN 1T MHPOHLN HY INNNNY DI .DXNN NN DN DIINYNN NPIPN NION)

ANY DNPN DMINY ZNINIDY HNDN NI 1D DY) 9N 29 N GO

: O»O0] OOV

GOINY YWUNIN YONNN NN XN (Objective) 220P»2IN IN NININY IN DNV NYUTY
.DPOOVN YVIP (179N XY TNR) 217D NIN NNXYN T0IP .9POHLY WHINN IIND NN
MNTN AR M DY N Pan (Ocular Lens w Eyepiece) pyn nw1y N noyy
9IPOYLN HY TPINN NIV NINNN NPVIIND

VN LN MNTH NINY Poyw Nwnn NN (Focal Plane) Tpmn mwewmn

DIPOOLN DY YVLAINN NOND MYN NPNTHN INNY) PNYNI NN NOR TP
DONIAND NIITY TPPYN DX DNPHNN PYN MY¥NNI NPOOVI DINIAND TWUND

DY9I¥ JUNIY (FPYN DY TPINN TN NON PIYTHN PNIND) TPIND NN N1Ipa
IMNX 0IPNRN (CCD NNnd¥na wimdw 1WY 12) NOW IPNNN 1D MNRTN THN MYNNHNI

PN NN PYTa

NPOOVLN ND .MNIONM MNIM ¥ TNX D30 .0NPOHL YV D27 DOND DI

Schmidt-Cassegrain ) yMONP ONHY NPOYL PN PN I NYNPNVYNIY

190 INNY .PT MHPIN NYTY TIT PYRI 12 NIND 1Y NON NPOHLA - (telescope

COINIDNINT MININD INPIYONNNN MY 1611 MWV MNM ,7DOPINT D127 MNXID” NYIA MNP NNPN ©
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1P MIWN ININY TN DY 2T TNN NOY NNYP TPYRI NN YN NN

NN N T2YD MM NXRN TMWVNN IRINDNND .IPNND DYTYN 220 DY MININ

DAY NN W YURIN DRIND .9POOVN DV TRIN NN N8N D) DYY NOURIN

NLWN 93Y5 57PN MDD DPIIPI INRN TN TRI NN PODN NN AT TNN

DMIP NMINNY NPIVMNIT DNSN TN TP INDINND XD NN MMM I NTD

P01 (6 IPNX NNRI) NPOHVLN NI NN TN TP T2YD MITMN D’2APNI MYNNN

27
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NN 'MA0F-0UTNY DIP070
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N'YURIN ARMN IR
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n'URIN
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nawn
nypnmn nvTy
0TV aion
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B | 4 \

—~
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nay p'rtnn ]
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N0 WY MYIN 7Y
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NOXIN DXyNn

S8

17730P-0TINY 110N MIPDYV : 6 1R



28

pnnn



IPNNRN NYVN

XY .NYON NOONNA DOIRNDN DXDDN NN NPISNA TPHNN MDY IPNNN
% DY L, PYD INIIN DXIADN NRY PIAT NN IYARNDD PVNNND NV NN IPHNN
MININ OWAPNNT ,DXNMIVONX OMVNIY DY DDA IPNNN .TPNIONN NYIITN
PY1 ,0°15152 NN ,TPYNIN DXNY NNIAPY IRNYN TIN NN, NPIVNIVID MTTI

DTINN ONYA

MANNN NIIYN

V¥ T 19PN EHNM MWD TYna Ww8aw nvasn Yy DDan [ edw Apnnn
VPS50 NP ,OPPD NN, DIMNMVPIN ,DINRVIN [, PRUIN : DIDD INHY
NOYN2 IN D XD ,NDDN NYXNNA PYD DX IOV PP IPNNY 1IN ON DI

2NO5NN PONA ADNNY 9D ,NVININ
95 NDD NOIND 91937 12 YXIN DY WX 1PNY DRIV 29 ION NINNN APV OINNIN

LDNNON 1N OMX NINTDY DY251971) DN VIAND PYSNHN
nownn #(31.81, 34.72) m> NP2 MNP MMM Y TIRD  NPINNN NN

12) DR NIINNN NNONMY (NDPY NN 551ON) NPOYL NOND (2 NHNN NIRD)
DTNRYND W DY YD 12295 N7 NN NOIWNN .OIDINN MNNI IN MIND AVNN
INMOM NPOHLN NIAND DY .MMIAP NMTIPIA IV NLWN DY AN NPOHLN .WTNN
9P PN W 10N DT NPOYL .JPOYLN YW NPYN NN DYV AN
PIY NRD ,WNUN DYPY 99 NYNNN NOIWNN NHYIN 19190 NN Cynnn 1Na
TOVUYI 291010 NN .MPOYVLN YT Y WNYN NYPY OTIP WPI1ann 251910 NN INND
25190 DTNV NS ¥ NN NOYNN JOP NORIN NTY TWUNRD 11V NONIAND TN

N0 ANNRD TN PYNNY YPIN RIN TN MINWNN PIXNN TONNA MINWN DN

M2 099 NDWI WTINA WIDP NN WK ,I09) O 97T 297 ST>-5Y 19811 19N nposn®

5¢ YMIPYN NYIAPY DOWNWHRN XIND YT 239 5Y DPIPMIT DMNP -2MAM THRD MNP AN DI 1IN )
DN AN ISINN) TIN DY DXNNINA XIND DY MTIPI

TPIY (MWTY 900 IN) TPYNIN NYTYY 120 929N NINN NIY IPPY HY DIODIN NN MW DINpoHL &
aMmwn

220 NYOWN IDP IPPON .MPOIV HW NN N1YYN PN Yy 297N yun-(Tracking motor) NPy yun
.DYIYN M99 NN APYN TNXY 1Y A0 YIND NTD

TN IN MIIWIN NIND TP MOIONN 1Y PRIDN-TPI TNX 070 545 TP THN YY) 0713 80 Nnona &
SVIND VINYNNN
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PYY MPOLLN HY NDPYN NIIYNT IWIRD TN DY NPIN PN DYDY NP1V 15107

5¥ 1PN CNPIvNILID NNYNNA TPIYN NYTY NN (12 1MNN) DT 19w PINN
Anx Cynnn Pna Capwn :podvd NNy (ST-8300M :ox1) “SBIG m1an

INND . TIPMIN NOWA N¥N ONINNN ANV T MOYN 90 HY NPDII9 MYNNINI , 20151
VX (02 TINN NRIINNONNN NOYI DPOIN MOYN -10-2 DY NP /9NVY NNVP
Y52 MNNY HHNPOPNT MNNNN 90N NPT NN SNYD NNONN NNY¥RN MY

YNNI MNNNN MNNI ,DINN TONN . MPT 30 TONN2 1D ,60 NN THR NANN
Jsbig VNPV MMPNN MY MNNPNN . NNXNN I POV NN MYNNINI

DN MM TYNNY TRD DOPNMYAYA DINWYHD DOPN DY) IR DNNRND 1IN
O DNPIINN ,DXNN NP N NN ,MPOYVLY NNYSNN NAIIIN I WY Dapna
12 YXID MONDY ,23101 TI0Y 12 PO IN DPVIN NX NNIND DWITI ,9POIVN
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clear all
close all

DMNH NPPH NN

pathstr=uigetdir(‘'select a directory’,"\")
NameOfStar = pathstr(26:end);
NameOfStarl1=[NameOfStar(1:6),-',(NameOfStar(8:end))]

pathsbg=[pathstr \sb-g\';
pathjpg=[pathstr \jp-o\];
pathstr_all=[(pathstr(1:end-6)) \str_all\];

strCounter = pathstr(end-4:end-2);
Counter2=0;

DINYN NITHIN

numfile=length(dir(pathjpg));
VavgStr=[];

VavgBackG=[];
VMagnitude=[];
VnameStr=[];

Time=[];

TimeR=[];
TimeHumanObservation=[];
TimeSunSet=[];

191N OPYY 29191 NYIIN YAT .2 .IYPY .N: DN NOIDN

SunSet=input('Insert the sunset time [hh mm] ','s");
SunSetMinutes=str2num(SunSet(end-1:end));
SunSetHour=str2num(SunSet(end-3:end-2));

TimeSunSet = [TimeSunSet SunSetHour+SunSetMinutes/60];

HumanObservation=input('Insert the human observation time [hh mm]','s");

HumanObservationMinutes=str2num( HumanObservation(end-1:end));
HumanObservationHour=str2num( HumanObservation(end-3:end-2));
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TimeHumanObservation = [TimeHumanObservation
HumanObservationHour+HumanObservationMinutes/60];

NTTHA NIHINH TdY

for i=101:(101+numfile-3);

inumsrt=[num2str(i)];
inumsrt=inumsrt(end-1:end);

Counter2=Counter2+1;

namestr=['AutoGrab',strCounter,inumsrt];

Str=imread([pathjpg namestr,".jpg1);
[strY,strX]=size(Str);
Str = double(Str) ;

StrDemol=zeros (strY,strX);
StrDemol1(strY/2-2:strY/2+3,strX/2-2:strX/2+3)=1,

F1=fftshift(fft2(fftshift(Str)));
F2=fftshift(fft2(fftshift(StrDemol)));
out=abs(fftshift(ifft2(fftshift(conj(F2).*F1))));

v=max(max(out));
[y,x]=find(out==v);

MapStr=[Str(y-1:y+2,x-1:x+2)];

if x+110>strX
PlaceBR_X=x-100;
else
PlaceBR_X=x+100;
end

if y+110>strY
PlaceBR_Y=y-100;
else
PlaceBR_Y=y;
end

BackG=[Str(PlaceBR_Y:PlaceBR_Y+10,PlaceBR_X:PlaceBR_X+10)];

61



avgStr=mean(MapsStr(:));
if avgStr>100
VavgStr=[VavgStr avgStr];

avgBackG=mean (BackG(:));
VavgBackG=[VavgBackG avgBackG];

VPN NNXY DNYY 212157 NNXIY DN -DIVNIPN 2IVIN NRNDN

VMagnitude=[VMagnitude (avgStr-avgBackG)/avgBackG];

VnameStr=[VnameStr namestr];

strtimeshbg=dir(pathsbg);
strtime=strtimesbg(2+(i-100)).date;

stimeSeconds=str2num(strtime(end-1:end));
stimeMinutes=str2num(strtime(end-4:end-3));
stimeHour=str2num(strtime(end-7:end-6));
TimeR = [TimeR stimeHour+stimeMinutes/60+stimeSeconds/3600];
Time=TimeR-TimeSunSet;

end

end;

NPYNN NHYPNI NN

Smth=smooth(VMagnitude);
f=Smth’;

TimeHO=TimeHumanObservation-TimeSunSet;

MPWN Y3 ,Mpwn yan) YAt DY TPNPN0D MDA — NANN DY NN DY 19T SN

(0-59m™mn

plot(Time,[f;VMagnitude]);

ylabel('Magnitude”);

xlabel('Time");
title({[NameOfStarl,'-Star'];['Date:',strtime(1:end-9)]});

hold on;
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TimeXHO=Time(min(find(Time>=TimeHO)));
TimeYHO=f(min(find(Time>=TimeHO)));

plot (TimeXHO,TimeYHO,['0"; r']);
details={[NameOfStarl,'-Star];['Date:',strtime(1:end-9)]};
savefile=['STR_',[strCounter]];

NYANNN DY MM NVNY

save ([pathstr_all savefile] , Time','f', TimeXHO', TimeYHO', 'details");
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clear all
close all

NameTheSTR=[];
xStr=[];

10Y5 0w NN2

{['Select the name of the
star'];['1.Vega'l;['2.Altair];['3.Capella;['4.Rigel'];['5.Procyon’];['6. Arcturus’];['7.Antar

esT}
xStr=input('Choose a number','s";
switch xStr
case '1'
NameTheSTR=("Vega");
case 2'
NameTheSTR=("Altair’);
case '3'
NameTheSTR=('Capella’);
case '4'
NameTheSTR=('Rigel’);
case '5'
NameTheSTR=('Procyon’);
case '6'
NameTheSTR=('Arcturus’);
case 7'
NameTheSTR=('Antares’);
otherwise
NameTheSTR=('No name of star’);
end

pathstr=uigetdir('selecting a directory of star',"\")

numfile=length(dir(pathstr));

ii=l

Sfiles=[];

d=[l;
NumOfStr=[];
NumOfStrl=[];
NameofStar=[];
MagVek=[];

i=0;
xmin=0;
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xmax=0;
ymin=1.7;
ymax=0;
magniStar=[];

d = dir(pathstr);

(N 1291N) AN MY NP MINXIN 977Y : 29197 NN NHYV

for i=3:(numfile);

Sfiles =d(i).name;

NOS=str2num(Sfiles(end-6:end-4));

load (Sfiles);

a=min(Time);

if a<xmin
xmin=min(Time);
Xmin=xmin-0.1;

end

a2=max(Time);

if a2>xmax
xmax=max(Time);
xmax=xmax+0.02;

end

b=min(f);

if b<ymin
ymin=min(f);
ymin=ymin-0.05;

end

b2=max(f);

if b2>ymax
ymax=max(f);
ymax=ymax+0.05;

end

plot(Time,f);
ylabel("Magnitude’);
xlabel('Time");

hold on;
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plot (TimeXHO,TimeYHO,['0'; 'r'] ,xmin,ymin,['m'],xmax,ymax,['m]);
hold on;

NumOfStr=num2str(NOS);

text (TimeXHO,TimeYHO,[NumOfStr]);

NOIND MY 231971 NPT I ,TAXNN MY DY MPNAN NN DM

MagVek=[MagVek TimeYHO];

clear Time f TimeXHO TimeYHO
end;
hold on;

plot((xmin:0.01:xmax),min(MagVek), m-');
plot((xmin:0.01:xmax),mean(MagVek),'q.";
plot((xmin:0.01:xmax),max(MagVek),'m-");

1PN LD 2WON
SdtStar=std(MagVek,0,2);

title({[ The magnitude of ',NameTheSTR,' is:',num2str(mean(MagVek))],['+/-
,num2str(SdtStar)]});
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III

At the end of the scientific background, we describe the structure and the type of

telescope we used in the research.

The research chapter opens with the research objective which is to develop a
mathematical expression that will enable us to predict the visible star appearance by
the human eye. This chapter presents the observation system which includes a
telescope, camera and a description of the place where the research took place as well
as a group of spectators who observe the sky in order to identify the star. This stage of
research took a year and two months. It included observations of eight stars (Altair,
Antares, Arcturus, Vega, Sirius, Chapel, Rigel and Procyon) which appear at twilight.
After collecting the data, we placed the pictures according to the nights of observation
on each star. [ wrote a special Matlab program which processes and analyzes these
pictures. At the same time, it checks the time when it was seen by a human eye. At the
end of this process, the program shows a graph for each star, which shows the
magnitude of viewing the star, and its average value along the nights it was observed
and filmed.

On the result stage, seven out of eight stars are shown as they were observed and
analyzed. Sirius was "taken out" as it was seen before sunset. Each star had its own data
table that included the star name, the group of stars it belongs to, spectaralic type,
relative magnitude and absolute magnitude, its size, distance and place in the sky.

After presenting the results, I bring the central finding - the general average of all stars,
which means, the time - the moment when an observer can see the star in the sky
depending on the star's magnitude. The research is summed up bringing the major
conclusions of this research. The average level of the visible magnitude of stars is 1.96.
In conclusion, according to the thesis we showed, it is possible to predict the level of

magnitude that is needed in order to see the stars without any means.



II

Abstract

The stars that surround us, determine time in the world of Halacha - Jewish laws.
Starting with Moses, through the Mishna and Gmarah, and in the Shulhan Aruch laws,
are all assisted by the observations and measurements to determine time in the
Halacha. The use of those observations, over the last generations, were meant to
determine time during the day - sun rise and sun set - appearance of stars as well as the
moon birth. These observations were done without any accurate tools. Jewish law time
was determined by these observation bases.

This research deals with measuring the time when the stars are seen by the human eye.
It develops a formula which could help predict when it will be possible to see a specific
star depending on how bright the sky is and the observer's visibility conditions. This
research combines scientific modern tools (telescope, special camera and computerized
data follow up and processing), on the one hand, and keeps the naked eye observation
to determine the star appearance as the Halacha demands, on the other hand.

The first chapter deals with the scientific and Jewish background. This chapter includes
a Jewish law study on the issue of the star appearance. At the same time, there is an
astronomic - scientific study that focuses on astronomical observations.

The Jewish law part deals with the star appearance consequences in the Halacha. The
beginning of the night issue is studied by the Sages (Hazal) first, by the sky state, then,
by the star astronomic observation and by time description from the sun set. Later, I
present some up to date opinion on how to determine the star appearance, according to
recent observation done by leading rabbis and poskim during the last decay
(Acharonim). In the last part of the Jewish law chapter, we deal with the Jewish attitude
towards the use of scientific tools in the Halacha. We focus on Rabbi Dr. Nahum Eliezer
Rabinovich's article, which deals with the scientific calculation as a way to Jewish
determination as well as when the definition is Hilchatic and when it is determined
according to science.

The second part starts with the scientific aspect. It starts with a short description of the
sky dome as we see it. As we go on, we show the optic observation information about
the stars as we get it from three main types of astronomic observations.

Astrometry - determining the star places in the sky and measuring their movements.
Photometric - measuring the amount of light we get from the stars.

Spectroscopic - taking pictures of the light spectrum we get from the stars.



B"H !‘J'H-"l] J'IU'U'IJ‘]_IN

BAR-ILAN UNIVERSITY

New method for determination of visibility of stars based on
photometric measurement with comparison to human observation

David Ben Yaakov

Submitted in partial fulfillment of the requirements for the
Master's Degree in the School of Education , Bar-llan
University

Ramat Gan, Israel 2014




