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ITEPIAHYH

H mpoondBeia yuo v e€epedvnon twv pulsars yperdletar ) cvpPoAn moArdV
EPEVVNTIKOV KEVIPMOV 0VOL TOV KOGHO KOl TOVTOYPOVA TO TEPAUATIKA SEGOUEVA TPETEL VL
elvar dwBéoipa oe OAovg ToVg emoTiuoves. 'Evag kovog KOdKog emkolvoviag He
poOnUaTikn cvvénelo eivat 1o KAWL o€ avtv TV Tpoondbeia. Aappdavoviag v Oy
Vv eEATA®MON TOV NAEKTPOVIKOV VTOAOYIGTOV OTIS UEPEG MOG, €lval @avepd OTL M
NAEKTPOVIKN HOPON €ivorl 1 O KATAAANAN Y10 TNV ATOONKELGN KOl YP1|GLULOTOINGT TOV
ACTPOVOUKAV OedOUEVOV. TNV gpyacio avtrn yiveTol po Tpoomdeia meptypapng evOg
format dedopévamv, tov EPN format (European Pulsar Network format), To onoio kpivetan
wKavod va maiEel To pOLO TOVL KOWVOU KMOKO EMKOIVAOVING HETAED TOV PUdSGTPOVOL®V,
0TO YOPO TG HeEAETNG TV pulsars. Ymapyel avapopd oto mAcovektriuato tov EPN
format ka0ng kol oto Aoyiopkd JHSTAT mov ypnotipomoteitat yio tnv avéyveoon Kot )
otatioTikn enegepyacia dedopévov and tovg pulsars. Télog, ypnoipomoteitol Eva GetT
dedopévev TpogpyOUEVO OO TO VOTITOVTO padloactpovopiog g Bovvng, oe EPN
format yio v TpdOT avdivon tov dedopévev tov pulsar PSR B0329+54 c¢ 600
SLPOPETIKEG GLYVOTNTES OO TAVTOYPOVES TAPOTNPNOELS.
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Ewoayoym

T'evika yi0 Ta pulsars

O évaoTpog ovPaVOG TOL TTAPUTNPOVLE TN VOYTO OTOTEAEITAL A0 Y1IMAOEG ACTEP®V,
TOVG 0moloVg UTOPOVUE Vo dtakpivovpe pe youvo patt. Mmopovpe iowg [e KOmTolo To
TPOGEKTIKN TOpATHPNOT va dtakpivoupe akOpa Kot peptkods mo apvdpots. I[ap' OA
aVTO TO CUUTAV TEPLEYEL U0 copeio amd aoTPIKA OVIIKEIPHEVA, T®OV OmOol®V 1
akTvoPfoAio Katavépetal Kuplwg o€ GAA0 PNKN KOUOTOG €KTOG TOV OMTIKMV.
Avapépovtag optopéve 0o GuVAVTNGOLE TOVS padioyaltalies, Onwc o M87 610 GUNVOG
g mapbévov, ta Quasars (quasistellar radio source) 6nmwg to 3C273, 11g Tyés axtivawv
X, 6nwg n Cygnus X-1, ¢ omoiag mnyn evépyetag ewcdleton 0Tt lvat po LEAOVY Omn, T1G
eKPNEELS VITEPKALVOQPAVAV, KOTA TN SLAPKELD TV OTOI®V EKADOVTOL LEYAAEG TOGOTNTES
OKTIVOfoLlog Yoo KoL TEAOG VAL OVOPEPOVLE TIG TAEOV «KATAEIWUEVES) POSIOTNYES TOV
OVUTAVTOG, TOVG pulsars, 6mwg 1o Crab pulsar mov €dpdletol 610 VEQEA®UA TOV
Koapkivov. Ot 6erideg mov Ba axorovBncovv avapépovtal oTa TEAELTOIN KOl KUPimG
OTNV OVAALON TOV TANPOPOPLOV Tov Aapfdvovpe amd tovg pulsars pécw g
NAEKTPOLAYVITIKNG aKTIVOBOAIOG TOVG.



H ¢von twv pulsars

Ot pulsars 1 maAAOUEVOL AOTEPEG €lval avTd TOV LTOOINAMVEL TO Vol TOLS, ONANdN
A0TEPEG, TOV OMOIMV 1 «OVLUTEPLQOPE» €XEL MG OMOTEAEGUO TNV TOPAYOYN
NAEKTPOUAYVNTIK®OV TOAUDV, TOLG 0moiovg kot Aapupdvoope yio T peAétn tovg. Ot
aotépeg avtol elval amopevapla ™ Plotag Ekpnéng mov Aappdvel pépog oto Tehevtaio
01ad10 TG Long TV peyding palog actépov (6Me <M< 20Me). Katd 10 otddio avtd
To. KaOGIo Tov actépa £xovv eEaviAndel kot 1 Bepuoxpacio otov Topnva dev givat
waviy va Tpokodéoel mepartépm kavoeic. ‘Etol o mupnvag (C°Fe, péyiotn evépyela
oLVOEDONG 0VA VOLKAEOVIO) KaTappEetl KAT® amd Vv idta T Papdntd Tov oynpatilovtag
évav aotépa verpoviov, pdlag to molv péypt 3.2Me. To vrdérowmo ¢ apykng palag
TOV 0OTEPA EKTIVAGOETOL UE UEYAAN TOYVTNTO GLUVOOELOUEVO OO LGYLPT EKTOUMN
aktwofoliiag yappo kot vetpivo (pdaon ehévBepng dactoAns). To OAo @aivopevo
avtiotoyel og vrepravoeovi Tomov II. Adyw tov yeyovdtog 611 dhot aoTEPES EYOLV LI
neplodo afoviKNG mePLoTPOPNG Ommg emiong ki éva poyvntikd medio, pe Pdon ™
JlTNPNO™M NG GTPOPOPUNG KOl TNG HOYVNTIKNG PONG TOV aGTEPX, €ival duvatov va
deyBel 6tL M mePlod0g TEPIGTPOPNG TOV ACTEPO VETPOVIOL glvarl Tng TAENS TOL msec,
KoBdg Kat 6Tt 1 poyvnuky emoyoyd oyyilet to 102 G. To poviého Tov ToE®C
TEPICTPEPOLEVOL LAYV TICUEVOD OGTEPA VETPOVIOV givar avtd mov ovopdlovpe pulsar.

H tepdotia evépyela, n omoio ekAivetal and t€T0100 €100VE ACTPIKA OVTIKEIHEVQ,
duvatar va eEnynBet pe v vdBeon 6TL Tpdkeltat Yo akTivofoArio poryvnTikoh dumdAov,
axtivag g Ta&Ng TG aKTivag Tov aoTépa VETpovimy. XOUeova e otV T Bedpnon,
TOL TOYVTOTA TEPIGTPEPOUEVO COUATION TOV TAAGUOTOS TNG EMOAVELNG TOV OGTEPA,
oLVIGTOUV HETOPAAAOUEVO KUKAIKE pedUATO, TO. OTTOl €ival 0 TapdyovTag Onpovpyiog
OoYVPNG NAEKTPOUOYVNTIKNG aKTIVOPOAlaG. AvTtd Opmg mpobmobétel €va pvOuo
emPpdovvong g mEPGTPOPNS Ttov pulsar -tov Adyo Tov omoiov Bo eEnynoovpe
TAPOKAT®- TOV OUWG Oev £xel mapatnpndel emakpPdg. Avt' avtov ot Tapatnpndeioeg
TIéG delyvouv Ot To poviého avtd de pmopel va otabel povo tov kot ypetdletal va
eméABovv Bedtidoeic. [lapd TavTa N £peLVa GTOV TOUEN TOV UNYOVIGLOV EKTOUTNG TNG
axtwvoPoiiag Tmv pulsar cuveyiletatl kot 6A0 Kot kKavoHpla LOVTEAN KOTAoKELALOVTAL,
1oV mOaVOV 6T0 PHEAAOV Vo TPOPAETOVY OAES TIG 1OLOTNTES TOVC.

Onwg avapépnke, n mepiodog meploTpoeng evog pulsar mpémel va avédvel pe v
Tépodo Tov YPOVOV, TPAYLO TOV OTOOEIKVOOVY Ol TOPATNPNGELS TOV PUSLOTUALDY TOV
KatoOdvouv mg gndg, aAld Kot enainbévovy ot 6 6Ao to H/M ¢@dopa gvépyesieg mov
exméumel o mept tov pulsar pecoactpikdg yopoc. ITo cvykekpuéva, givar yvootd 4Tt
010 KEVIPO TOL vepelopotog Tov Kapkivov Bpioketar 1o amopswvdpt piag Ekpnéng
VIEPKALVOPOVOVG, 1 omoia €0edOn palota and toug Kivélovg aotpovopovg to 1054
w.X, o Crab pulsar. Metpfioelg g evépyelog Katd T O1evBuven ToV VEPEADUOTOG
00100, VTOSEUVOLY 6Tt 1] ekALOpEVY evépyeta (~10°° erg/sec) Adyw g emPpaduveng
Mg mePLoTpoPng Tov Crab, coppwvel og TAEN peyéBoug pe ot Tov TPOEPYETOL OO TO
VEQEA®UA GOV GUVOAO, OIKOLOVOVTOG £TGL TNV AmOYN OTL 1 TNYN EVEPYELNS TOL
vepelopatog givar o Crab pulsar. Ot Adyot yuo Tovg 0moiovg €vag mEPIOTPEPOUEVOC
AoTEPUG VETPOVIWV TTPETEL VO EMPPASHVETOL OEV EYOVV OMOKPVOTOAW®OEL KOO TANP®G.
Opiopévol dpmg emotiuoveg, 6mwg o T.Gold, emyeipnpotoroydvag vedeiEov ot N
KIVNTIKY eVEPYELD TEPIOTPOPNG €VOC pulsar Oa mpémel va petaoynuatifetor oe dAAeg
Hopeéc, OmmG m.x KwnTikn evépyela niektpoviov. Emmpocbétmg évag mpdseata
oynuaticpévog pulsar duvatal vo ekméunel kol Baputikn axtivofoiio Adym Tov 16 LPOY



nediov Papdtnrag Tov Tov TEPIPAALEL.

To €idos s axtivoflolias Twv pulsars

To gbpog 1oL PAGHATOG CLYVOTNTOV LEGH GTO OTOT0 EKTEUTOVY Ot pulsars givat apKeTd
HEYGAO, EKTEWVOHEVO Omd TIC YAUNAEC padtogavikéc (<107 Hz) fwg kot Tic okAnpég
axtivee yappo (~10°* Hz). H petdoon Opog omd T podlopoVvikKy Teptoyl Tpog TiC
VYNAEG oUYVOTNTEG €lval OIGVVEYNG, TPAYLO TOV WG VTAYOPEVEL OTL O UNYOVIOUOG
exmopunng ™ axtivofolriog Bo mpémet va elval d1APopog 6€ AVTEG TIC OVO TEPLOYEG. AT
™V GAAN, M TEPLOYN otV omoia Aapfdvovpe padtokvuaTo ival TOAD TO GTEVY] amd TNV
avTioTolyM 6TO OMTIKO Kot oT1g aktiveg X, elval Opmg «TAovcldtepn» o€ POTOVIA, Kab'
6Gov 1 por| TG axTvoBoriag oe avTV TNV TEployn eivor peyodlvtepn. Adym tov 6Tt Yo
TG EMIYEIEG TAPOUTNPNOELS LG EVOLAPEPOVY OL PASTOPOVIKEG GLYVOTNTES, Ba avapépovpie
LOVo TO aVTIGTOLYO LOVTEAD EKTTOUTNG.

YOoppova e Tig Tpéxovoeg Bewpiec, N ekmoumn TG padloP®VIKNG akTvofoAiiog evog
pulsar opegidetol 0T OTEWPOEWDN Kivon TOV POPTIOV, TOL OTOGTA TO HoyvNnTiKd Tedio
TOV 0OTEPA VETPOVIOV OO TNV ETOAVELL
TOV, KOTO UNKOG TOV SUVALIK®V YPOUUDY
(axtvoBoiia cVyypotpov). Me avtdv Tov
Tpémo M akTvoPoAiia mapdyeTon GTOLG
LLOYyVNTIKOVG TOAOVG KOl EKTEUTETOAL KOLTOL
1 devbuvon tov dEova tov mediov. H
déoun ¢ aktivoPoriog £xel ) pHopon
EVOG KOVIKOD (@AOL00 TOL Omoiov 1
KOPLON KOTAANYEL GTO HoyvnTikd TOAO.
AGy® TOL YEOUETPIKOV TOTOV HEGO GTOV
omoio meplopilovtar avTég 01 OEGES, TOVG

& d0Onke N ovopacio conal beams. Extog
Typa 1.1 H popen too payvytikod mediov evog opowc oamd TNV KOVIKT 0éo 1n
pulsar ka1 n d1e06vvon g axtivofoliog aktivoPoliog, évog pulsar pmopel va

OOYYPOTPOV, COUPDVOL LUE TO HOVTEAO THS KWVIKHG

exmounic. EKTEUTEL KO OTLG EVOLANECES TTEPLOYECS

0V KOVOL. Ot déceg mov TpoEpyovTaL

Ao aVTEG TIG TEPLOYEG KaAoVVTOL core beams.

Emedn o d&ovag mepiotpoeng tov pulsar dg cuumintet pe 10 poyvntikd d&ova, 1 déoun
MG PadI00KTIVOBOAOG OO TOV ACTEPA GAPMVEL TNV 0VPAVIL GPaipa KOONDS 0 TPDOTOG
neplotpépetal. 'Etot Aowmodv, edv toyet kot Bpebet n yn oto dpdpo avtig g déoung, Ha
TOPOTNPTCOVUE LE TO PASIOTNAESKOMLO TOV O100ETOVE £Vl GUVTOWO TOAUO TOV OTOi0V
n owpkelo egapthtar and Vv mepiodo Tov pulsar. Ady® TOL YEYOVOTOG OTL O
YEMUETPIKOG TOTOG TNG déoung vog pulsar givar ocuvBetog 6w eimape, avtd Tov Ha
napatnprioovpe o€ Ba eival évag d1akpitog TaANOS aALE €va GOVOAO A0 VTOTAAUODS
(sub-pulses), o1 omoiot B GLVIGTOVV TO GUVOETO TOAUO. ZOUEMOVO UE TO LOVTELO TMV
Lyne kot Manchester, ot vroraApol mov gpgovifovial otnv meplpépeto. Tov GHVOETOV
TPOPIA 0PEIAOVTOL GTNV KOVIKY] 0KTVOPOAIM, EVED 01 KEVTIPIKOL LTOTOALOL TPOEPYOVTAL
amd to Aeydpevo core emission, dOnAadn Adym tov core beams. A&ilel va onueiwbel 6t
éva. mohaidtepo poviédo ekmounnc (Rankin J.M, 1992), Bewpel moAromlovg KOVOLG



aktwvoPoiiag pe afova TO pOyvVNTIKO KOl 3
TOTO0ETNUEVOLS O EVag LEGO GTOV GALOV. i i
"Eva dALo pawvopevo, o omoio givar vrevBuvo yio 20 4 5

™ S10PpOPOTOINCT TNG LOPPNG KOl TNG EVTAONG TOV
ToApdVv, eivar m  petdntocn tov  dfova
nepotpopnc.  To @awvopevo avtd €xel cav
cvvéneln vo, PAETOVUE SL0QOPETIKO HEPOG TOV | Tyfpa 1.2 Hapddenyua oovleton
KOVOL akTivoPoAiag kdbe popd, pExpt QUOIKA Vo | maluod. Ipdxreitar yio tpimhd mpopil,
TANPDOGEL TNV TEPIOS0 TNG HETATTOONG O UOTEPAG, | OPEIACUEVO 0TI YeWUETPIa TOD KHVOV
ondte Kot Ba maparnpicovpe emaviAnym tov | wmvoboliac.

apykoV. 'Eyxovv mapatmpnBel mepiodor petantwong péxpt kar 1000 nuepdv. Ag
onuelwdel 60tL 10 avriotoyo @awopevo yuo ™ YN, Owapkel 26000 ypovia (!).
[Teprocdtepa otoyeia yioo Tig mePLdOovg, KaOMG KAl Yo T HOpPOY He TNV omoio
enpaviovtat ot AneBévtec padtomaiiol, o ovapEPOLLLE TOPAKATO.

O1 waiuol Twv pulsars

i) Xpovikég 1010t TECS

AvoeépOnke mponyovpévme 0Tt ot maipoi mov maipvovpe amd €vav pulsar,
amotelovviol omd GAlovg pikpotepovs. 'Exel Bpebel pdiota -pe avaivon peyding
OLKPITIKNG 1KAVOTNTOG- OTL KOl 0VTOl Ol VWOTAANOl AmoTEAOVVTOL OO aKOUO
HKPOTEPOLG, TOVG €T ovopalOUEVOVS pikpomoliods. BAémovpe dSniadn 0Tt ta dedopuéval
TOV KOTAYPAPOLLE TOPoVStdlovy (o Aexzy doun, M| omoia yaptv avaroyiog Oa pmropovoe
VO TAPOUOLOCTEL LE TN AEMTH VON TOV YPAUUIKOD QACHOTOS TV aTopmv. Emopévag
yivetal kotavontd 0Tt dev TPOKELTAL Yio £VOL AAO GAVOUEVO, AL Yoo pio TEpITAOKN
dradkacio ekmoumg ™S aktvofoiiag, n oroia povo cav amotéleoua epeaviCeTol pe
HOPON KAVOVIKOV TOAU®V oTabepng meptdoov (TOLAAYIGTOV Yo 1KOVE YPOVIKA
JSloTHHOTA).

15
]
10 ]
5
4
2
]
0 —
0 T 20
~0.5 ms
Tymna 1.3 H Aewtij dousp evog maduod tov pulsar PSR 0950+ 08.

Ot kVpieg meprodikdtnteg mov epeaviovror oe pia mapatnpnpon evog pulsar, givat
1peic. To ypovikod dtbdotnua Letald dVO SLASOYIKMV TUNGEMY TOV KMVOL 0KTVOPoAAG e
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v evbeia nap(mﬁpncmg*, oounintel pe v nepiodo aovikng meEPIGTPOPNG TOov pulsar
Ko, Y0PV YvooTng onueoypapiog, ag tnv ovopdcsoovpe P Ot tipég g Py xopaivovion
ano pepikd msec (o PSR 1937+214 éye1 Py = 1.5 msec) éwg tig cuvnfeig tipég g tééemg
tov sec (PSR 0529-66 pe P; = 0.95 sec). Emedn], 0nwg imape, 1 0€on evog maipov dev
etvar amoAvtoc kabopiopévn, Ady®m Tov OTL CLVIGTATOL AT SLAPOPOLS VITOTAALOVGS, Eivart
ocuVNB®g POAMKATEPO VAL XPNGUYLOTOOVUE EVOV olorAnpawuévo maiuo (integrated pulse)
v Tov kaBopiopd g Pi. O olokAnpopévog moipdg eival n cuvieTapévn TOAAGV
Jdrdoykadv chvletwv, aAld dtakprtdv malpov (single pulses), eival 6 1 vtépBeon g
YPOVIKNG akolovBiog avtov. Eivar mpdypott 6popeo 1o Béapa evog oAoKANp®UEVOD
nalpovd! To mpoeil avtov mpoceyyilel KOAOTEPO TO LOVTEAD TOV 1OEATOV PASIOPAPOV
OV €YOVUE VT OYT. AVGTLYOG OUMG, OT®G CLUPATVEL YEVIKOTEPO LE TOL PUOIKA LOVTEAQ
TOV EMVOOVLLE, 1| OLOPPLA ovTh dev givar ywpic Tiunpa. "Etot, pe v vrépbeon molddv
oLVOETOV TOAUDV, XEAVOLUE OPKETEG TANPOPOPIES Yia TN (Vo™ ToL pulsar, KaBdg Kot yio
TOVG UNYOVIGHOVG EKTOUTNG (LOPPY] KOVOL aKTIVOROAING, TEPI0G0C VITOTOAUDY K.0L).

Xympa 1.4 O1 tpeic meprodikoTyes Tov
onuatog Tov Aapfidvovue amo évav pulsar. O
oloxAnpawuévog morudg aupfovera péoa oe
&va, ypovio mapaBvpo, TAGTOVS [iag TEPLOSOD
700 pulsar.

*

To va Adfovpe moApd Kot omd Tovg dVo HoyVNTIKOOS TOAOVG Eivat TPAYHO LAAAOV GTAVIO POV
npoimofétel o GEovag mePIoTPOPNG va givat oyeddV KABeTOg TPOG AVTOV TOV poyvnTikod Ttediov (aligned
rotator).
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2TIC TOPOTNPNOELS TOL SEEAYOVTAL LUE TO PAOIOTNAEGKOTLO, O TOALOL TOV AVLYVEVOVTOL
oLyypovifovtal Le TO TOTIKO POAOL, DCTE VO EXOVUE £VOL ATTOAVTO GUGTNLO LETPNONG TOV
xpOVoL e 1o omoio Ba e€dyovpe cuUTEPAGHLOTO Yiot TV 0TAOEPOTNTA TG TEPLOSOV TOV
pulsar, 11¢ andtopeg petaforéc o’ avtnyv (glitches), ™ dibpkela g exundéviong twv
noApmv (nulling), kabdg Kot GAla xpovikd @atvopeva mov oyetilovral pe v mepiodo
TOV 00TEPA. ZVVIO®G TO YpoviKO mapdbvpo, HéEco 6To 0moio ep@avileTonl 0 TOANOC
(apyikd ovyypovog), eivar ico pe 1/30 g Pi. Me 1 mdpodo 10V Ypdvov Odpmg
TapoTPEiTAL LETOTOMION TOV «KTTOKETOL» TMOV VIOTOAUMV HEGH G aVTO TO Tapdbvpo,
dtvovtag €161 Mo Yoo Tov opiopd pag véag meptodov g P,  omoia opiletor og t0
YPOVIKO SLAGTNLO TTOL EKKPEEL OO TNV EUPAVION EVOG OPYIKOD GUVOETOL TOALOD, HEYPL
va enavaAneOel akppmg o id1o¢ oto 1610 onueio Tov mapabdpov. H mepiodog Py givan
oAV peyaAvtepn and v Pi. Télog, eivar duvatdv va Tpochyovpe 6To TPOeiA Tov
naApoV evog pulsar Kot pal Tpitn mepiodo mov INAGVEL TN YPOVIKT amOGTOCT UETAED TOV
vromaAp®V péoa 6'sva ovvleto maApd. [ivetor gavepd oL 1 televtaio ovty mEPiodog
P; elvor dueco cuvdedepévn e TNV KOTAVOUY TNG EVEPYELNG TOV KOVOL aKTIVOPOATNG
nov, OTmg eimape dev glvatl cvumayne. Puowkd woydvel 6t P, > Py > Ps.

Ext0¢ and 11¢ mpoPrendpeveg meplodikdtnteg £vOg pulsar cupPaivel katd Kopovg va
eupaviCoviot p€ca 6To YPoviKd TapAbvpo CHUATO SLPOPETIKNG LOPPNS amd TO GV OEG,
EVAD £Y0VV OVTIHETOTIOTEL TEPITTMGELS, OTOV ANEONKE oMU Kot EKTOC Tapadipov cg
amOGTOON WONG TEPLOSOL amd avtd. To eawvdpevo ovopdletal mode changing Kot dgv
elvar aocvvnbeg, addd evdoyevig 110t TO oplopévey pulsars. Otav de 610 KLPIWG
napabvpo -6mov péypt ekelvn T oTyp| epeoviCOTOV £vag 1oYVPOS TAALOG- EUPAVICTEL
évag acbeving Aoyw mode changing maApdc, Aépe 611 o pulsar exnéuner oe Quiet Mode
(Q-mode). Ze po téTolo TEPIMTOON 1 EKTOUTY TOV IGYVPAOV TOAU®OV ovopdaletor Burst
Mode (B-mode), aALd dev elvatl mdvta avtd to cuvnbiocpévo mode 610 omoio €yovpe
exmounn. Ymapyovv €£lcov Kot TEPMTAOCELS, OOV AVTO TO OITAO TPOPIA péoa Ge pia
nepiodo etvar 1o emkpatéotepo. Avardymg mold and to 6o modes gival cuyvoTEPO, TO
ovopdCovpe Normal Mode, eve 10 o omdvio Abnormal Mode.

ii) [IoA®GIPETPIKES OLOTITES KOL AVAORALY PUIVOREVA

Ot moApoi wov maipvovpe omd Tovg pulsars gppaviCovv ektdg TV GAL®V Kol TOA®ON.
YuvnBmg gpgaviCovral EAAEITTIKA TOA®UEVOL, GAAG OeV OMOKAEIETAL GE OPIOUEVEG
TEPUITOGELG VO ANPOOVV KLKAIKE M kot ypappikd molopévor maipoi. H vmépbeon
TOAADV TOALMY Y10 TNV TOPAYOYT TOV TPOPIA EVOG OAOKANPOUEVOL TAALOV, EYEL MG
arotédespo TV eEacBévion g TOAMOoNG, AOY® NG S106TOPAS TOL TAPOLGIALEL TO £100G
™G TOAWONG amd TaAnd o€ moApnd. H mAnpng pabnuotikny meptypaen g moAmong tov
NAEKTPOUAYVNTIKOV TOAU®V TOov Aopupfdavovpe olvetor pe ™ Ponbeia tecodpwv
TOPAUETPOV, TOV Tapouetpwv Stokes. Me  Ponbeia dVo kabétwv dektdv, Ta

*
padlotnieckomia eival oyedtacpéva va petpovv ar' gvbeiag tig tpég tov I, O, U, V' €@’

*
Ot mapdpeTpotl cuVSEOVTaL [E TO NAEKTPLKO TS0 HECH TOV OYECEDV
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6c0V PmopovV Kol «otcOdvoviayy to TAGTN TOL MAEKTPIKOL mediov, KaBDS avtd
petafdirovior pe to xpovo. 'Etot,  Kataypopr] Tov dedopévev dtotpeital o€ TE€6GEPQ
KOVAALL TOA®ONG LE GTOYO TNV AMEIKOVIGT TOL OVTIGTOLYOV TPOPIA TV OAOKANPOUEVOV
ToA®V. Oa pémel TELOC Vo ovoEPOLUE OTL amd TN HEAETN TV TopapéTpov Stokes
evog pulsar ekmnydlovv TOALEG TANPOPOPIES Y10 TN LOPPT] AVTOV TOV LOyVNTIKOD TTEGIOV.

Iympna 1.5 H kazaypopn tov moiuod oto téeoepa kavalia
molwong I, O, U, V.

Ext6¢ and molwoipetpikég 1010tnteg, ot maApol tov pulsars gpoavifovv kot kdmolo
Walovoa cvumepteopd Katd dtaotipata. Mio amd TIg YOPAKTNPIGTIKES WOLOTNTEG TOVG
elvar ot amdtopeg petaforég (glitches) g meprodov a&ovikng mepiotpoeng tovs. Il
OLYKEKPIUEVA, TPOKELTOL YloL U TPOPAETOUEVN avENGT TOV PLOLOD TEPIGTPOPNG TOV
aoTEPU PECH GE UIKPO XPOVIKO oo o oyéon pe tn (o tov. 'Etot, yuo mapdostypa,
o pulsar Vela (PSR 0833-45) xatd t obpxewa evog glitch to 1969, eddttwoe v
neplodo mepiotpoeng tov kKatd 200 nsec péca oe dStdotnmua 10 muepodv. XTig
TEPLOGOTEPES TOV MEPIMTOGEMV UETA amd éva glitch, o pulsar arokabiotd Tov apyikd
pLOUo emPpadvvong.  Ymapyovv Opumg Kot eEapEcElg COUEMOVO UE TIG OTOileg M
napatnpnon £0e1&e avénon tov pubpov emPpddvvong (AP/At) petd to glitch.

Ievikd onpepa, dexdpacte kupiwg dvo poviéda yuo v e&nynon tov glitches evog
pulsar. Ave&apmntog Opmg povtélov, gival Tapadektd OtL N tpoetopacio evog glitch
amd TovV aoTEPO JLOPKEL LEYAAO YPOVIKO SLAGTNLO GUYKPITIKA [E TO TOGO dtopKel avTo.
ZOUQOVO LE TO TPATO HOVIEAO, 1) TEPICTPOPN TOV AGTEPA VETPOVI®V €ivol TETOL0 TOV
EMTPEMEL OTIC PLYOKEVIPIKES OVVAUELS VO TOPAUOPPDOGOVV TOV eEMTEPIKO PAOLO LE
AmOTELEG O VO, ELPAVICOVTOL EAACTIKES TACELS EMOVOPOPAS, Ol OTOIEG CLGMOPPEVHOVTAL LLE
10 xpovo. Koabog ot duvdpelg avtég dev eivar dvvatdv va dtapericovv Tov actépal,
eElooppomodvtal e kOmolo puéytoto. Avtd mov emakoAovbel givar 1 extOVOON TOV
ACTEPQ LLE TN LOPPN EVOC UIKPOTEIGUOD, ATOTEAEGLO. TOV 0moiov eivar 1 Ppayvmpdbeoun
avénon tov pvOpoL TEPLETPOPNS Tov pulsar. Ouwg avtég ot andtopes petaforés otnv
nepiodo evog pulsar pmopodv va e€nynbodv kot pe ) PapuTiky GLGTOAN TOL ACTEPQ

1=(E.)+(E.)
Q=(E.)—(E.)
U=2EE, cos[8 -8, ])

V=2E,E, sin[6 -8 ]

av 1o eninedo TOA®oNG gival T0 Xy-eninedo.
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75750 SED veTpovimv, OTMG VITOJEIKVVETAL Ao

! : - . « ! L m [.0.X. Ewwdtepa yio tovg
J pulsars pikpng niwiog, TpoPAénetan
? LEYOAVTEPT GLYVOTNTO EUOAVIONG

tov glitches. Ta amoteAécpato mov
TPOKVTTOVV CUULO®OVOVV
IKOVOTTOMTIKA pe To Be@pnTIKAOG
- . vroAoylopeva.

Eva aKoun dtaitepo
TOPATNPNOLOKO QULVOLEVO TOV
TPEMEL VAL AVOQEPOVLE, Elvar 1 KOT
T TEPLOOOVG EKUNOEVIOT] TOV TOAUDY
T tov pulsars. Ymdpyoovv OonmAadn
I | oplouéveg MEPMTMOOELS GTIG OMOLES
. dev  mapatnpeitar (M eav
? nopatnpeitar n €vracn Tov eival

TOALAEG Popéc acBevéatepn) TaAUdg
Yo SlaoTNHe TOAADV TEPLOdMV.
Otav ot maApoi emavepoviotovyv, ot
Xymna 1.6 Ipogixy mapdotacn tov gorvouévoo tov HETOBAAAOUEVES TOPAUETPOL TOV

glitch arovg pulsars. Iopoznpodue oti 0 parvouevo OV apoxtnpifovy, cvveyiloviat
eleliooetan o€ oyetiKd oOVTOUO AIGoTHIO Kol O pLOUOS S Xop np ’ X

emifpddvvong tov pulsar petofdAleror ueta to glitch. omd TG TIHEG OV giyav mpiv v
exundévion(!).

period

0 1000 2000 3000

Eniopaon tov uecoootpikod ympoo

H axtwvoBoAia amd toug pulsars diaviel peydn andotaon péypt va etdoet ' epdg. O
LEGONOTPIKOG YDPOS OUMS amd Tov omoio OépyeTal dev eivarl Kevdg, oAlo pmopet va
TEPLEYEL OLAPOPa. €101 VANG, OMMG HLEGONSTPIKN GKAOVN, VOPOYOVIKA VEQET, aKOUN Kot
opyavika poakpopopto £xovv mapatnpndel. H ernintoon 6Aowv avtdv kopaivetat ond tnv
anAn e&ocBévion tov moApov, €wg TV TANPN avoipeon Tov. Amo ™ cwpeia TOV
QOWVOUEVOV OAANAETIOPOONG POTOC-UANG, €00 B0 AVOPEPOVILE ETLYPOUUATIKG OVTO TOV
yivovtalr meptocdtepo aoONTE OTIC TPOKEINEVEG GLYVOTNTES KOl YEVIKOTEPH OTIC
TOPOTNPNOELS TV pulsars:

i) Al0omopa NAEKTPORA YV TIKAOV KOPATOV

Onwg eimape oto mponyoOUEVA, Ol KLUOTOCVPUOL TOV ekméumovtol and to pulsars
ocvvictavtal and dEOp®V cuyvotHTeV Kopata. Otav évag T6T010G KLUATOGVPUHG
O1éABeL amd T PECOUOTPIKT VAN, 1) S1A00T| TV SLPOPOV LOVOYPOUATIKOV KOUATOV Oa
Yivel pe S1apopeTIKEG TaYVTNTES, Ol OToieg eEapT®VIOL amd TO KOS KOHOTOG 4 TOL
EKACTOTE Kl')uarog*. Amodekvietal 6Tt Ta Vyicvyva kKopato TaEdgvovy YpnyopdTEPQ

*
H 814800m evdg kdpatog og péco deiktn Stdbiaong n yiveral pe toydmto 1 onoia e&optdtat and to A
péom g oxéong v=c/n(A).
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Héca 6To HECO JLAS00NG Ao OTL TO YOUNAOTEPNS CLYVOTNTOG. XVVETEL AVTOL lval Ot
ool vo @OAavouv ¢' gLl o€ SPOPETIKOVS XPOVOLS OAAOLDOVOVTOS TN dopu| Tovg. To
QOVOUEVO 0VTO KoAeitan diaomopd Ko PETPO NG eivar To uétpo diaomopag DM.

ii) Xtpoon Faraday

Avaeépbnie 6t 1 aktvoPforio mov wpoépyetal and ta pulsars cuyva epgaviletol va
elvar ypoppikd molopuévn endvo ¢' éva eminmedo mOAwong. To yeyovog ovtd og
oLVOLOGUO LLE TO OTL M| LEGOACTPIKN VAN €lval HayvnTIGHEVN, £XEL O ATOTEAEGLO VO
petofdAietor to eminedo MOAWONG TG PASIOP®VIKNG aKTvoPBoAiag, Kabmg dradideTon
0T GTO HEGOOOTPIKO Ydpo. To pétpo g emidpaong Tov PUIVOUEVOL QVTOV GTNV
APYIKOG eKTePTONEVN aKtivoPolria, kabopiletar amd to uépo arpopns RM. Adyw tov
OTL TO PETPO GTPOPNG Kol TO HETPO JLACTOPAG 0peilovTal o Evav KOO TopAyovTo TOoV
glvar n mokvomto TOV QPopti®v Tov pécov dtddoons, avtd cvoyetifovtal pe v
avoloyio (RM)/(DM) ~ (|B|), 6mov to B givat 1 évtaon tov poyvntikod mediov 610 ydpo
TOV PHEGOV.

iii) Meooaotpikog omvOnpiopog

To @aivopevo tov omvONpopoy eival €MONTIKOTEPA TOPATNPNOIUO OTIS OMTIKEG
GLYVOTNTES, OTOV BAETOVIE TO YOG TOV GOTPOV VoL TPEROTOILEL . TTNV TEPITTOGT TOV
opatov PMTOS 0 omvOnplopdg
opeiletar oe petaPorég g
b OTLOGPULPIKNG TUKVOTNTOG EVEM

’ aVTIOETOG O PASIOKVLUATO OO
86— i
= Mapampnric | TOVG pulsars veictavrot

[

e

n“fﬂ l.‘_>—<‘:: LEGOOOTPIKO oTvONpPIopo, Adym
L ONAadN TG UECOOGTPIKNG VANG

® - oV TWOPEUPAAETOL GTOV OMTIKO

<o TP dpopo petald myNng Kot yne.

Avtd mov moapatnpovEe EUELG

Xymna 1.7 To povigdo g Aemens 00ovig, yia v epunveio, glvar o1 déopec OwTOC Vo PV

TOD POIVOUEVOD TOD HEGOOTTPIKOD OTIVONPLaLLOD TOD

, o KatapBavouv mavta, o¢
vpiotarol 1 axtivoflodio evog pulsar.

ocvpeoOvia OAAL pE Olpopd
eAaoNS N o oG TPOG TNV GAAN. XT1C OnTIKEG GLYVOTNTEG Eival dSuvaTOV AOY® TOV PIKPOD
UKOLG KOUATOG TNG aKTivoforiog, d00 décueg va aAlnioavaipedodv (Sapopd epdong )
Kl €161 va. TpokAnOel otrypaio eEAdtTmon TG £VIaong Tov POTOS. XTo POSIOKVLUTO
Op®g ovtd elvol Mo OMAVIO KAl HAALGTA 1 GLYVOTNTO TOV OVUALUTOV AOY®
omvOnpopob etvor ToAd pikpodTeEPN amt' 0,Tt 6GTO ONTIKO.

*
To eawvopevo dev mapatnpeitatl GTovg TAAVITEG AOY® TOV OTL awToi dgv epEavifovTol te onuelakd

péyebog Ommg ot pakpuvoi aoTEPEG 01 0Toi0L Eivat onpetakég Tnyég yuo pdc. Exnépmovtag g and dla
T0 oMpEln TNG EMPAVELIG TOVG O1 TAUVITES, LLOG GTEAVOLY GUVEXDG PAOG SLOPOPETIKAY OTTIKAOV SPOUOV KL
€101 8¢ yivetan avtinmtog o omvOnpiopdc.
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iv) ITAdatuven TG O1GPKELNG TOV TAANDV

Ot oxedaldueveg décUec amd TO UEGONOTPIKO YDPO TAPOVGLALOVV Lo YPOVIKY|
kaBvotépnon oe oxéomn pe avtéc mov cvveyilovv v gvBvYpapun mopeion Tovg. XTo
TPOQiA Tov Aappdvovpe avtd gpeaviCeTor ¢ TAGTUVOT TOV TOAUDV, 0QOV 1| ATOcPeon
10V ToANOoV O¢ Oa elvan amdtoun, aArhd Ba mapovcsidaletl exBetikn cuuTeEPLPOPE AOY® TNG
OLUPOANG GTN GLUVOALKY] EIKOVA KOl TOV OELTEPEVOVSMOV okedalopevav deopmv. To
(QOVOUEVO TG TAATLVOTG YIVETOL TEPIGGATEPO ALGONTO OTIC YOUNAES GLYVOTNTES.

Oa wpémel vo Tovicovpe 67 aVTO TO oNpEL0 OTL, EVAD OAEG O1 TAPATAV®D EMOPACELS TNG
LEGONCTPIKNG VANG TAPOUOPOAOVOLY TNV TPOYUOTIKY] €KOVO TOL TAAUOV, Ol
POOLOACTPOVOLOL AVTIGTPOPA XPNOCLULOTOOVV -yvmPilovTag Kot TOVG VOUOVS Tov To
OETOLV- TO. POIVOUEVO QT Yol TN HEAETN TNG SOUNG KOl YEVIKOTEPO TOV 1O10THTMOV
(Loyvn ko medio, TUKVOTNTO NAEKTPOVIOV KAT.) TOL LEGOUGTPIKOV YMDPOV.

Torol Pulsars

H pedém tov pulsars, 0nog eimape, £6e1&e o011 avtol gival Toxéwg TePLGTPEPOUEVOL
aoTEPEG VETPOVIMV Kot OTL M TYN EVEPYELIS TOVG opeileTarl Kupimg 6To 16YVPO TOLG
payvntikd medio. Eivor opwg 6Aot ot pulsars mov aviyvedoovpe oto didotnua idtor; H
épevva €0e1&e OTL LIAPYEL JLPOPOTOINGN TNG TEAIKNG KATAGTOGNG TOVG, 1 Oomoia
opeileTan oe StopopeTiKn e€eMkTikn mopeia Kol apyikég ovvOnkes. To mapokdTo
Stypappo delyvel TNV KaTnyoplomoinom tov padtogmvik®v pulsars e single ko binary,
KaBmGg Kot oplopéveg vokaTnyopieg Kupiwg A0y® TV S10pOpmV cuVoddV TV binary
pulsars.

NORMAL (BE0329+54)
— SINGLE

PLANETS (E1257+12)
MILLI
SECOND

SOLITARY (E1937+21)

MASSIVE
— MAIN (F0045-7519)

SEQUENCE (B1259-63)

RADIO  __| — gIE)tEK
PULSARS

NEUTRON (BI913+16)
'— BINARY —— STAR NORMAL (B0655+64)

HIGH
MASS
MILLI
| WHITE SECOND (2145-0750)
DWARF

LOW  p1555409)
MASS joa57 4715)

| SuB (BIS57+20)
STELLAR (J2051-0827)

Xynpa 1.8 Aidypouuio katnyopiomoinons twv tHmmY TV
pulsars avaloya e t0 ovVOIO TOV ATTEPO. VETPOVIWY Kal
™mv mepiodo repiotpopric. Eivar alioonueiwto 1o yeyovog
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Actpovopika formats 6gdouévev

Ta data formats ka1 y ypijon tovg

Ot TAnpoeopieg TOV GLAAEYOLV 01 AGTPOVOLOL ATTO TOV OVPOVO EIVOL OVEKTIUNTES KOl GE
TOALEG TEPUTTMOELS KATAYPAPOVTAL POLVOUEVQ, TO OTTola {6mG vor U1 EAvAERPAVIGTOOV N
eowopeva to omoia £xovv mepiodo ekatovtadmv eT®v. Xpeldletor Aomdv to dedopéva
Ao TIG TOPOATNPNOELS EITE TPOKELTAL Y10l OTTIKES PMTOYPOPIES EITE .. YO TANPOPOPiES
MG €VTAoNG TOV TOAU®V €vOg pulsar, va amobnikevBovv yioo peAAOVTIKY ovAALGON Kot
avaQopd 6€ aVTAE Omd EMGTNUOVES, Ol 0moiot de Ba Exovv TV TOYN Vo LEAETHGOVY O’
evbelog ta @awopeva. Ilolawdtepa, OTav dev LANPYOV Ol LTOAOYIGTEG, TO
TOPATNPNCLOKA 0E00UEVE KATAYPAPOVTAV GTO Yopti Kot N mpdcsPfaocn oe avtd and
dAhovg peleTnTéG NTOV TOAD SVGKOAT KO GE TOALEG TOV TEPMTMOGEMY XPEWLOTAV aWTOl
vo TaEEYoVV GE PEYAAES anocrdsatg*. Zfuepa OPMG LE TNV EVKOALN TOV TAPEYOLV O1
NAekTpovikol VTOAOYIGTEG KOt T d1ddoon mov €xel 0 maykdsuog 1otdg (World Wide
Web), ot mAnpogopieg eivar mpocsPhoipes and omolodNToTe HEPOG TOL KOGUOV Kol M
apyetoBETon Tovg yivetor pe oyeTikn evkoAia. Tovto dpmg onuaivel 60Tt ta dedopéva
pog dev Ppiokoviot T otV XEPOypaen Lopen, OT®mg cuvEPave TaAaldTePa, 0ALY elval
POPUOPLOUEVO. GTIG OTOLTNOELS T®V VIOAOYIGT®V. 'Evag epevvnng dev pumopel vo Pydret
ovumePAGUATO PAETOVTOG QLTAV TN HOPOY TV dedopévev, aldd Ba mpémel vo ta
petaepaoel mpota pe 1 Pondeta kotdAniwv epyoreiov. H popeomompuévn didtaln
TV dedopévev (data) mov ypnotponotel 0 NAEKTPOVIKOG VITOAOYIGTYG, Y10 VO, S1ACEL, Vo
AVOAVCEL KO VO OTEIKOVIGEL TIG TANPOPOPIES TOV EUTEPLEYOVTAL G’ QVTA, KoAeital data
format. YmotiBetai 6Tt avt 1 popeomompévn otdtaln dev petafdiietor and apyeio og
apyeio €101, ®ote va pmopet vag voroylotg va dwPalet Ola ta apyeio idov format
YPNOULOTOIMVTAG TO {d10 LETAPPOACTIKA EPYOAETLQL.

To wWovikd 6o NMrav va vanpyxe éva kowd format ywa v apyeobétnon tov
TAPOTNPNCEDV HAG, LE TOV 1010 TPpOTO oL B NTav Wovikd va pkdve dhot ot dvBpwmot
v 1010 YAdooa endvo otn yn. Kdabe Aadg Opmg £xet 10 01KO TOV KOJKA EMKOWVOVIOG,
OT®C Kol KABE EMGTNUOVIKY KOwOTnTo Ypnotponolel tov d1kd tng TpOmO, Yoo Vo
apye0OETAGEL Kal Vo oVOADGEL TIG TANPOPOPIEG TOV AVTAOVVTOL OO TNV TAPATHPNON.
To yeyovdc avtd €16a4yel KATOleg SLGKOAIEG GTNV TPOM®ON O™ TG EMOTHUNG, SVOKOAES Ot
omoieg avaAvovtal otV endpevn mopdypapo £otialoviag 10 BEpa oIV AGTPOVOIKN
KowotTO.

*
Eivat yvoot 1 wotopio tov I.Kéndep, o omoiog énpene va taidéwet péxpt tov T.Mrpdye yio va

GLYKpIvEL TO TEWPAUATIKA dedoéva Pe T Bempia Tov.
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H avayxn na éva koo data format

i) Noti yperalopaote £va kowvo format yia TNV avaiven TOV 0€00UEVOV NOG;

Ta d1popa acTPOVOUIKE TOPATNPNTHPLO OVE TOV KOGLO ¥PNCLULOTO00V, OTmG vt
QLGOIKO, TO KO TOVG HOVAIIKO GE OpIopEVEG TepmTdoelg hardware kot avtictoryo
software yia v kotaypoen Kot aviivon tov dedouévev mov Aappfdavovy and tov
ovpdvio B6ro. Emdpevo eivai, votepa and avtd to yEYOvOG, M apyelobétnon tov
dedopévaov va yivetar pe Paon to cvpPatd pe to hardware, data format. Xvvéneio O mv
avTOV elvar n VmapEn oVTAV TN CTIYUN OpKETOV dedopévav, mpdypo to omoio
duoyepaivel v emkowvmvia og gupela KAlpaka, Tov emomuovev. 'Evag epguvnig, yio
napaderypa, o omoiog Ba NOeke va mAnpoopn el yio TG TOPATNPNGELS EVOS AGTEPA TOV
deENynocav and GALo TapatnPNTNPLo, Bo TPEMEL VO KATAGKEVAGEL EWOTKA TPOYPAULOTO-
LETATPOTEIS, Y10 VO UTOPEGEL VO 1aACEL TIG TANPOPOPIES TOV EUTEPLEYOLY TaL apyElDL
avtd. Amo gkel Kot TEPA VAPYEL 1] SVVATOTNTA VO OVOADGEL TO OEGOUEVA LLE TO SIKO TOV
software 1 va avalnmoet ta avtictoya copPatd gpyoareio avdivong mov Ba Tov
emTpéYyouv va dtofdcel Ta 0edoUEVO LE TNV aPYIKN TOvg popen. BéPaia avtd to
deVTeEPO onuaivel 0Tt Bo TPEmMEL Vo 0PKEGTEL OTIG TANPOPOPIEG TOV UTOPOVV VO TOV
TAPAGYOLV TO TPOYPAUUATO TOV GAL®V EPELVNTAOV, UE OTOTEAEGHA VO UNV £XEL TN
duvaTdTNTo Vo EMEKTEIVEL TNV £pELVA TOV TTEPALTEP® (VOTIBETOL OTL N AVAALON LE TO
ovpupoatd software €xet yiver). BAémovpe onladn 011 Kot 6TIC OVO TEPMTMOOELS Ba Tpémet
va avodloBel moddTipog xpovog, mpdypo to omoio Bo umopovoe va amopevydel pe
xpNon evoc Kool format. o EMKEVIPOVOVTAY TOTE 1 EMGTNUOVIKY TPOCTAOELD GTNV
TAPOY®YN KOvoupylmv alyopibuwv avdivong, ot omoiot B mpocépepav véeg nebddovg
eneEepyaciog v dedopévav, Le GUVETELN TNV e£0Y®YN TEPIGGOTEPMV TANPOPOPLOV Y10,
ToL TALPATNPOVUEVO aoTPIKE avTtikeipeva. Ta véa avtd gpyoalieio Ba ftov edkoro va
vioBetnBovv Kot amd dALOLG EMOCTHOVES oG Kot To software Oa ftav cupPato.

EmunpocOétmc, n stoaywyn evog kovov format otnyv ToykOGLLO AGTPOVOLLKY] KOWVOTNTO
Ba kabiotovoe TV duecn GOYKPLIOT OMOTEAEGUATOV HETAED TOV EPELVNTIKOV OUAO®V
pa €0koAn otadikacia, agov o Ba yperaldtay vo yivel Kot TAAL LETATPOTY| O TO £val
format 6to dAL0. Xe TOAAEC MEPIMTOGELS LAMOTO TO KOWWVO GUVOAO TMV TOPUUETPMV
peta&y Tov dteopmy format givar pkpd, pe amOTEAEGHO OKOUN KOL 1) LETOTPOTY| VO
TPOKOAEGEL amMAElL TANPOPOpiog Kal, ®C €K TOVTOL, Vo KaBloTd TN CVLYKPLoN
nEPLGGOTEPO duoyepr. XapakTnploTikd mapddetypo eivar ot mAnpogopieg mov
anoBnkevovtal ota headers’ tov 800 amd Ta O dtodedopéva formats mov

YPNOLOTOLOVVTOL Y10 TNV avdALGoN TV TOAU®V TV pulsars: tov EPN kot tov EPOS. To
nev EPN mepiéyetl mepiocdtepeg mANPOPOpPieg Y10 TIG PUOIKES 1010TNTES TOV pulsar v To
EPOS éyer apketég teyvikéc mapapétpovg oto header tov (6mw¢ m.y kotdotoon
TAecKoTion, cuyvoTNTa detypatorenyiog kKAm.). H petatponr amd 1o £va 6to dAlo Ba
AaPet v’ OYn HOVO TIG EUTAEKOUEVEG KOWVEG TOPAUETPOVG,.

"Eva dAdo eyyeipnpa to omoio Ba guvvoovse 1 eykabidpvor evdg kowoo format, etvor n
onuovpyio pog maykoopag Paong actpovopkodv oedopévev (database). Ta

*
Onwg 0o dovpe ta headers mepiéyovv TANPOEOPIEG Yo TNV TNYN KOL Y10 OPIGUEVES TOPAUETPOVG
TOPATPNONG, OTTMG 7., GLYVOTNTO Kot SIEPKELD TOPOTIPNONG.
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OTOTEAEGLLOTOL TOV TOPATPNCEDV OO OAES TIC AGTPOVOLKEG EYKATAGTAGELS TOV KOGLLOV
Ba popdalovtav ce avtnv TN PAon Kol 1 EVPECT GLYKEKPUEVOV EPYACIAOV EMAV® GE
KAmolo padtomnyn], Yoo mopddetypa, Ba nTav vedbeon povtivag. H dnpovpyio piog
tétolag vméprotns PPAodnkng dedopévav ivar pavepd O6tL dev glval to 1010 EVKOAN.
Yrapyovv Opmg avtiv ™ ottypn Non moAAég pukpotepov peyébovg databases pe
TAPOTNPNCLOKE dedoUEVa, 01 0moieg eival PLGIKA TPOGUPLOGUEVES GTO LETPO TOL KAOE
epeuvnTIKoV KévTpov. Edv ki €¢' dcov anmogacicbel 1 ypnopwonoinon evog Kool
format,  palikn peTaTpomy OA®V VTOV TOV dEd0UEVDV 6To avtd format Ba stvar epikt)
-nTépg onpepa 6mov 1 eEEMEN twv H/Y 10 emirpémet. BéPara n mAnpng petdpoon
amd TV mePiodo TV dedpwv formats g aLTAV TOL KOOV Yo OAOVS, TPOVTOHETEL Kol
opiopévec aArayég oto hardware T@vV 06TEPOCKOMEIMV, Ol OMOIEC GE OPKETEG TMV
neEPMTOCEOV elvarl moAvddmaves. To amotéleopa Opmg Bo avtopeiyel TAOVGLOTAPOYQ
Kol og un Egyvaue otL mapodpoleg mpoondbelec Tov mapeABovtog Exovv otelel e
emttuyio OTMG Yo TOPASELYLOL ) XPTOT TOL TPMTOKOAAOL .X25 Yo TNV EMKOVOVIO TOV
modems.

H onuovpyia kot amodoyn €vog kowov format 0étel e Asttovpyio éva maykdGHIO0
diktvo mAnpogopiag, mov OAot Ba umopovv va ypnoilomoitjcovv. Mmopel va
TOPOUOLOGTEL LE TN GVVIEST] VOGS LEYAAOV aplBoD padloTNAEGKOTI®MV Yo TN dnpovpyia
evog moAv mo woyvpov (Very Large Base Interferometer), péovo mov ot 0éon tov
mAeokomiov Oa eivar or emotiuoves. 'Etotl, Oleg ot emotnuovikéc kowvdtnteg Ha
UTOPOVV VoL OpOLV GOV GUVOAD, TAPAYOVTOG MO EVKOAM £PYO UE TN XPNON UG KOWNG
YADGGOG.

ii) [lowég mpovmoBeoers Oa mpémer va minpoi éva tétorwo format;

Ta vroyfeua formats yio vo amoteAécovv TpdTLIO GTNV £peLVa Tov OlEEAYEL M
aoctpovopia, Bo mpémel va TAnpovv oplopuéveg mpoimobécelg. Me Pdon avtég Tig
npobmobécelg Ba mpénet va dounBovv €161, doTE va elvat:

o Ave&apmrta matedpuag (Platform independent)

H d1a@opomoinom ¢ apylteKToviKig TMV VTOAOYIGTMV OO TAATOPOPLN GE TAATOOPLLOL
(IBM Compatibles, Mac, UNIX «.a), kaBmg kat 1 acopfotdtnro petald tov S1apopmv
Aertovpyik®v cvomuatov (Windows, MacOS, X-Windows) mov xpnoilonotovy avtég,
Kabiotd avaykoaio Ty Katackevn evog format mov va etvar aveEdptnto 1660 oe Gyéon pe
10 hardware (m.y FIFO, LIFO aocvpupatdétmreg), 6co kot pe to software (m.y
acLUPATOTNTEG GTOVG TOTTOVS dedopuévmv). Edikd pe v dvOnon tov AETovpyikov
CLGTNUATOV TTOV TapoLGlaleTatl onpepa, Ba mpémet To format avtd Vo KAAVTTETOL KO
amd To LEAAOVTIKG GYE010 TOV TPOYPUUUATICTOV. Mg avTtdv ToV TpOTOo ol £YOVLLE Vv
Kévovpe pe éva evélkto format dedopuévov, 1KAVO Vo, EKTPOCOMTNGEL VO CTULAVTIKO
£pYo0, OTMG Uio TAYKOGULO fAGT) OGTPOVOUIKADV OEOOUEVMV, TOV avaPEpOnKe vopitepa.
‘Eva and ta vmoynelo formats yio T peAétn tov pulsars, givatl avtd TG VPOTOIKNG
emotnuovikng kowodmntag (European Pulsar Network). H avaykn ywo wAnpn
ocvoppatdtnTo dONcGE TOLG ONULOVPYOVS TOL Va xpnolporomacovy yopaktipes ASCII cg
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6o TO UNKOG TV apyEinV’.

e [IApn kou meplektikd o mAnpoeopio (Completeness)

"Eva kowvdg amodektd format Oa mpénet va meptlapfdvel 6T TapapéTpovg Tov OGO TO
dVVaTOV TEPIGCOTEPEG TANPOPOPIES VIOl TNV TNYN TOL TOPOATNPOVUE, AAAL KoL Yo TIG
ouvOnkeg mapatnpnons. Ot minpogopieg mov Ba mepiéyet o format Ba mpémet va divouv
™ SVVaTOTNTO GE LEALOVTIKOVS EPEVVNTES VAL O1EVPHVOLV TV AVAALGY TOVS KOl 6€ GAAN
nedia épevvag. Avtd onuaivel 0Tt givat avoykaio vo VTAPYoLVY OAES Ol TAPAUETPOL, Ot
omoieg £XOVV dLYPOVIKN oYL N AV OEV EYOLV, VO UTTOPEL O YPNOTNG VO OVOTAPAYEL TIG
TOPWVEG TOVG TIHEG anmd Tig amobnkevuévec. 'Etol, ta apyeio tov format avtov Ha
LITOPOLV VO XPNGUOTONB00V O 0vapOpa Y10, LEAALOVTIKES EPYOGIEC.

Onog eimape, éva and ta Oetikd ™ TpoTvmonoinong evog kowvov data format, givor n
EMKEVIPOON TOV MPOCSTOOEI®V GTNV Topay®y ] Kowovplov oAiyopiBuwv (mov Oa
vrootnpifovv to format), ypnowomomoipmy ond OA0VG. ZVVETMOS ival avaykn &va
tétoto format va givar avoyytd e tétolov gidovg e&erifelg Tov software.

e  Xvumayn oto péyebog (Compactness)

To koppdtt 6mov Ba mepLéyovtar ot TeprypaPikég TAnpopopies de Ba mpémel va givar
«PAVAPO», TOL GNUAIVEL OTL 1] ETAOYT TOV TOPAUETPMV TOL YAPUKTNPILOVY TNV TNYN TNG
nopatipnong, 0o mpoceytel ®GTE va €lvol AVIPOCOMELTIKY Kol Y®pig vo
emovolappdvovror TAnpopopies. Avtd Ba cupuPdiiel oty eLdTTOON TOL pEYEBOLS TV
apyel®v Kot oG amoTéAeSA aVTOD, 1| TPOCTEANCT TOV dedOUEVDV Ba elvar TayhTep.

Emiong kot o Koppdtt tov aptduntik®v dedopévev o tpénet va gival 060 To duvatdv
o «EEVTVOY GYESIACUEVO, YloL TNV EVKOADTEPN avAyvmor Tov peydlmv oe péyebog
apyelov and malodtepovg vroroylotés. 'Eva tétolo mapddetrypo eivor kot to EPN
format, 6mov n ypnon dekoeEadkng Paong (hexadecimal), kotéonoe Tov OyKO TV
JedOUEV@OV TTO GLUTTAYY] KO 1) TUKVOTNTO TANPOPOPIag OV EMTEVYONKE e ALTOV TOV
Tpomo dev €xel va {nAéyel og timota ta EVPEMG YpNopomotovpueva dvadikd (binary)
formats, 6nwg t0 EPOS.

e Evéhikra (Versatility)

To €0pog Tov PAGUATOC GTO OTO10 EKTEIVETAL 1| TOPATNPTGLOKT) AGTPOVOLLKT] EPELVAL,
VTOOEIKVVEL T YpNoLUoOTTA TOV €YEl éva format, To omoio pmopel va KaAvWEeL OAES TIG
mBovEég cuyvotnteg mapatnpnons. H scaymyn TANpmg mopapeTponomsiumy Heyedov,
OT®G 1 GLYVOTNTA TOPOTPNONS KOl Ol GUVIETAYUEVEG TOV TNAEGKOTIOV, H1EVKOAVHVOLY
10 emoTnUovikd épyo. Edikdtepa pe v mpdodo mov onueiddnke ta televtaio ypdvia
010 TAaiclo TV dopvpopikmdv mapatnpnpiov (GRO, Einstein, Hubble k.a), 6mov 0
0éom toug petafdireTar pe to xpdvo, N emPoin tétolov gidovg eveh&iag sivar avaykaio.

Téhog, elvar Betikd éva tétoro format va eivol oyedOGUEVO LE TNV TPOOMTIKY TNG
TPocONKNG eMTALOV TOPAUETPOV amtd TO YPNOTH. Aniadr va VIapPYovV OplGHEVES
Béoe1lg OToL va umopoHv va eleaBobv kot va amodnkevbovv kavovpieg petofantéc. To
TEAEVTOLO YOPAKTNPLOTIKO TPOGOHIdEL EMEKTAGIUATNTA, ) OTtOlo Efvol avaykaio o€ TOUELS
épeuvag, OTMG 1 AGTPOVOULQL.

*
Me tov 6po ASCII mepthappdvovpe kot toug hexadecimal apiBpovg.
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e Amhd kot gvkola otV Tpooméraot (Simplicity and ease of access)

OLokAnpmvovtag, Oa mpémetl va Tovicovpe 0Tt Ady® Tng evpeiog Yp1oNS TOL AVAIEVETOL
va €yetl to mpdTumo format mwov meprypdeovpe, eivar avaykn va €xel amAn doun xwpic
EKTETOUEVEG OLOKAAOMGELG KOl 1oyLpn HeTafAnToTTa and apyeio o apyeio. Mdlota
Ba NTav Woavikod, edv optopéva peyeédn dtatnpovviav otabepd oe OAN TV €KTOon €vOG
apyeiov (m.x To unkog tov data block). 'Etot, Oa vanpye ovclactikn) dievkdAvven yio
TOVG TPOYPOAUUATIOTEG TOV software mwov Ba dtaPdlet Ta apyeio avtd. Zov mapdderypo
avaepépovpe to EPN format oto omoio 1o unkog tov data block mapapével otabepd ce
éva apyeilo, aAld pmopel va petafaiietor and apyeio oe apyeio. Adyw avtod Aomdv,
dvvatal To pnikog tov data block va amoOnkevbel oto header tov xdbe record, pe
amotéAecpa va un ypetdletarl va yivel GEPLOKY ovayvmon Tov apyeiov yia Ty gupeon
oV peyéBovg tov. To yeyovoc avtd emtaydvel T dadikacio avayvoong yio. peydio
apyela ko amhonolel Tov akydpifpo dwapdopatog tov format.

‘Eva axoun ototyeio mov amodetkvoetol KaBoploTikd oTig HEPES pag, 6mov o OYKOG
TANPOQOPiag mOV KATAYPAPETAL KOONUEPIVDG amd T padloTnAeckomia gival otnv
Kuprore&io aoTPOVOULKOS, elval 11 dSuVATOTNTO EVPECNC GLYKEKPIUEVOV apyeimv e ™
YPNOM UNYOVOV avevpeons. Oa mpémer onAadn 1o format va mepiéyel opiopéveg
nAnpoopieg mov va gival ebkola TposPhoipeg and Eva TETolo €100¢ Unyovhg KL emiong
va yopoktnpifouv opadeg N akopo Kot pHovadeg apyeiov, povoonuovta. Opiopéva
formats, 6nwg to FITS (Flexible Image Transfer System) yia mopddetypio, xpnoiLomrolovv
ta emovopalopeva keywords (Aééeig-kAeidia), pe m Pondeta Tov omoiwv N avevpeon
apyelowv yivetar eokoln. Idntépwg 6T0 YM®PO NG PASONGTPOVOUING TOL EPEVLVA
padlonnyég Ommg ta pulsars, givor onuovtikd va vtapyovv ctotyeio oto format yio kéOe
record evoc multi-record file kabdg kot yia k6O Kavdit mOAwong tov record. Avtd
EMTLYYAVETAL UE CLVOLAGUO optopévov apBuov amd headers kot sub-headers péca oe

«60g file”.

iii) Yrapyovv avtiv T otrypn] formats ta omoia givor KataAAAQ Y10 KON
xpNon amo TNy actpovopiki] kowotnta; [owd €iv' avtd;

Y10 medio avAAvong ACTPOVOUIKAOV d€O0UEVOV YPNOLLOTO0UVTOL GUEPO TOAAL
drpopetikd format yio Tovg Adyovg mov €xovpe eEnynoetl vopitepa. Avdupeco ¢’ avtd
oLYKOTOAEYOVTAL Kot ToL OTtTiKG formats, moAy ypnoipa 6Ty otk actpovopia. Eival
ndAioTo opiopéva o omoio ovapEpovtal Kot cav image formats yevikotepa, dOnAadn oyt
amopaitnto acTpovokng katevbuvong. Qg mapdadsrypa Bo avaeépovpe 0d 1o FITS
format, 1o omoio &v &idel apepikdvikng mpoéievong (NASA), toyyavelr gvpeiog
avayvoplong €0m kot apketd ypovio. To FITS eivar apketd edypnoto kot cvpufato,
Wwitepa 6tav mpdxetton yioo UNIX mepifdAiovta kot yevikdtepa TANpoi apkeTés omd Tig
npovmobécelg evog vroynerov kowvov format. Ilepiocdtepa dpwg yia to FITS Oa
avapepBovv og emOUEV TOPAYPOPO.

‘Eva dAdo format mov ypnoipomoteitat yio v omofnKevon KOVOV, PUCUATOV K.0,
etvaw to Extensive N-Dimensional Data Format (NDF). To NDF ypnowonotei (nxm)-

*
H dopn Tov format ov vovvoeitat £d®, givat avtr tov EPN format mov Oa meptypdwovpe oto Kuping
HEPOG TNG £PYACING..
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JICGTATOVS TIVOKEG Yo TNV amelkdvion Tov oedopévev [DATA(n,m)], ot omoiot mvakeg
nep€xovv otoryeio ylo ke pixel g ewkdvac. Toéco yua to FITS, 660 kot yio to NDF,
VILAPYOVY OPKETA TPOYPAULATA TOL VO To. Voot pifovv, o0mtmg to FITSIO (FITS) kot to
Figaro (NDF).

Amo Vv GAAN, M padOACTPOVOULA, 1| ACTPOVOUIN TOV OKTIiVOV-X Kol YeViKOTEPO eKel
OOV TO OMTIKG PEGO TEPLTTEVOLV, XPNOIUOTOlEl oYeOOV ATOKAEIOTIKA, aptOunTikd
formats dedopévov. ‘Eva and avtd eivar to EPOS (Effelsberg Pulsar Observing System),
10 omoio &yel v Pdomn tov oto 100 pétpav padiotnreokdnio g Bovvng. Xe éva EPOS
apyelo KatTaypaeoviol TANPOPOpIes yio TNV TAPATPOVUEVN TTNYN KOl TIG GLVONKEG
TAPATAPNONG, OTMG Kal aplOunTIKd dEO0UEVO TOV OVTICTOLOVY GE TIHES EVTOOTNS TOV
AoV PEGO GTO ¥povikd mapdbvpo mapatipnons. To EPOS format mepi€yel moild
TeYVIKd ototyeia 610 header Tov, Ta omoia agopolv T1g pvBuicelc mov Eywvav oto RT-100
(to padrotnAeckonio g Bovvng) mpokeévou va yiver 1 kbdBe mapatinpnon. [evikd
avTd NTOV TO TPOTLTO TOL YPNGLULOTOLOVGOV TO EVPMOTAIKA AGTEPOCKOTEIN UEYPL
TPOTIVOG,.

Mo Bertiopévn €kdoon tov EPOS format, givor 1o EPN (European Pulsar Network)
format. Baocileton otnv 1010 Aoywkn, aArd €xetl oxedlaotel yio meptocotepn cvpPatdtnta
Kal gvypnotia. Ot TAnpogopieg mov pmopel va e&dyet Kaveig and to header tov EPN
elvar Mydtepo teyvikég and avtég tov EPOS kat avagépovial Kupimg 6Tic QUOIKES
1010TNTEG TG TNYNG, X®PIG avTd Vo onpoivel OTL 0EV LTAPYOLY KOl Ol OVOyKoiEg
TOPAUETPOL TOV TEPLYPAPOVV TG puOuicelg Tov tmieokoniov. Xt10 KOPLO HEPOS TNG
epyaciog Oa emkevipmbodpe oto EPN format, kaBd¢ kot 61’ amoteAéoparto pog kpng
OTOTIOTIKNG avaAvong dedopévaov EPN.

Mo oyetikd o cuyypovn popen apyeimv mov Ba propovoay va xpncioronfodv yio
Vv emkovavia petald aotpovopwmy, sivar oo XML apyeia. Eivor dniadn apyeia to
omoia glvatl cvykpotnuéva pe 1 Ponbewa g eXtensible Markup Language. H yAdooa
avTn €xel apKeTEG opoldtnTeG e TNV mocsiyvoot HTML, n omoia ypnoipomoteiton
EKTETAUEVO GTOV TTAYKOOUL0 16T0. Ot facikég apyég pe TIg omoieg evbuypappictnray ot
oyedlaotég Tov XML format, ivat:

o H dueon ypnon twv opyeioov XML ond to Internet. Onmg kot too HTML apyeia
dnAaodn, Ba mpénel va eivar avayvooipo oand arlovg web browsers (m.y Netscape,
Internet Explorer kAm.)

o FEovpeio vrootipiln e XML yidooog. Oa mpémel dnAadn vo LIapyel apKeTd
software, yio v avayvaoon, gyypaen kot 6,1t dAAo eivar avaykaio, tov format.

e FEvkolio mpoypouuatiouod ovufoatov software. Tovto €xel cav cuvémEln TO
TPONYOVLEVO, ApOV, 0G0 Mo €VKOAM VAOToteiTan éva TéTo10 software 1060 o moAlol
0o aoy0ANnBoVV L TO OVTIKEIIEVO TAPAYOVTAG KOVOLPL TPOYPELLLOTAL.

e H emexrooyuotnra vo. ivol eviog Loyikav opiwv. Ot oyxedlactég Tov format BEAovv
Vo Topapeivel avtd, 660 10 dSuvaTdv o AmAd, YOpig va kotaotel avtd Eppato EEvav
TPOCONKOV.

o Evkolwg kotavonto omo oAovg. H mponyoduevn mpdtacn £yl Gov OMOTEAEGHA TN
dwatnpnon tov format ce enineda kowng Aoyikng. 'Etot yio mapdoetypo too XML
apyela eivol TPOTOTOM GO AKOUN KL A0 EVaV OAO ENTEEEPYAOTN KEWEVO.

o  Tomxotnra ko Aaxwvikotyra. 'Eva XML apyeio 0o mpémer vo mepiéyet pe
akpifelo OAeg TIc amapaitnTeg TANPoPopieg, TaLTOYPOVa OUMS Ba Tpémel va eivaon
GUUTAYEC.
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iv) Mo oOvroun meprypa@n g dop)g Tov kaOe format.

FITS (Flexible Image Transport System)

To FITS eivar format dedopévav, 10 omoio oyeddoTNKE, Yo Vo Tapdoyel £va TPOTO Yo
TNV €DKOAT OVTOALOYT) AGTPOVOUIK®V OESOUEVAOV HETOED EYKATACTACE®MV LUE SLOPOPETIKO
tomikd software kot hardware. Towg avapwtnfel kaveic yio to vonua tg Aééng ‘Image’
Tov gumeptEyeTat oto dvopa tov format. Tovto mpoépyetar amd TV apyIK) XPNON TOV
FITS, cOpewva pe ™ onoia tpofAemdtayv Hdvo 1 HETOPOPE YNOLOKADV EIKOVOV.

"Eva apyelo FITS anoteAeitan amd pia akoiovbio Aoyikdv dopdv mov kaiovvtar HDUSs
(Header Data Units). To header evoc tétolov apyeiov cvykpoteitar omnd SNADGELS TOV
TOmov keyword = value statements, o1 0noieg mePLYPAPOLV TN SOUN KOl TOV TUTO TWV
dedopévev Tov akoAovBovv. Mmopel va vrdpyovv ki emmAéov mAnpogopiec oto header,
Ommg M KoTdoTOon TOV TNAEcKOTion, BiAoypapuKéc TAnpopopieg k.o "Yotepa amd 10
header avtd mov akoAovbel pmopel va eivar ymorokég ewdves. Extodg dpmg and to
TPAOTO, OeV elval avaykn va meptEyoviotl T€Toov €idovg dedopéva oe emdpeva HDUs.
Extog and ymoelaxéc eikdveg, vdpyet n duvatotnta amobnkevong péso oto format kot
TVaK®V, OT®G Kot ToAvdtdoTatov untpav (multidimensional matrices).

"Eto1 0nog elvan oyediacpévo 1o FITS format, vmodeikviet 6t péoa oe évo HDU dev
elvar avaykaio n arodnkevon apduntikodv dedopuévov. Ilap' OA' avtd, €qv avtd
ovppaivet yio to tpdto HDU (primary HDU), 161e avtd 6o mpémet va ivor opyovouéva
o€ ovotolyia pog M meplocotépwv dnotdoewv. [Ma ta nepatépo HDUs, ta omoia
KaAoOVTOL emertaoels, €ivol SuvATEG AALEG LOPPEG OPYAVMOONS TV dESOUEVMV, Ol OTTOTES
(PLGIKE VTAKOVV GE OPIOUEVOVS KOVOVEG.

To FITS format map' 6t glvar ypnopo yio ) HETAPOPA EIKOVOV OGTPOVOULKOD
TEPEXOUEVOV, O GLYKATAAEYETOL avdpesa ota Yvmotd formats ewovov (Ltiff, .bmp x.a).
A1 onpaivel 6Tt dev VILAPYOLVY YEVIKELUEVA TTPOYPApLLOTE (VIEWETS) Y10l TNV OTEIKOVION
tov FITS apyeiov, addd o1 yprioteg mpénel va avantuovy software katdAAnio yio v
avayvoon Kol omekovion TV dedopévav mov sivar amodnkevuéva og éva FITS apyeio.
H dapopomroinon avtod tov software and idpvpa oe idpvpa opeileTon o SLPOPES GTO
hardware kot Tig avdrykeg g kdBe Epevvag.
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header record 1

header record 2

header record 3

> primary HDU 1
data record 1

data record 2

data record 3 Y,

special record 1

special record 2 extension

special record 3

Xymna 2.1 H doun tov FITS format.

EPOS (Effelsberg Pulsar Observing System)

H dopn evog apyeiov EPOS givar otevd cuvoedepévn pe ) povado mopakorovdnong
TOV podonNy®V, Tov elval eykatestnuévn oto tieokomo tov Effelsberg (RT-100),
TPAYLO TO 01010 LITOdNAGVEL Kot To dvopa Tov format. To dedopéva Kataypdeoviot omd
10 ocvotnua Katevbeiav oe yhdoosa punyoavig (binary) kot de yivovial Katovontd, ov
dwpactodv and kepevoypagpovg (text editors). H ypnoipomoinon binary dedopévmv
opwg €xer ovtiktvmo ot ovpPatdotnta tov format pe To S1APOPA VTOAOYIGTIKA
cvoTNHata. XOPOoKTNPLoTIKO gival to yeyovog Ott puépog tov EPOS apyelov eivor
eopuaptopévo yio. CISC enelepyaotéc (x86, VAX), evd to vtorowmo yia RISC (680x0,
UNIX). To yeyovog avtd mhvtmg, kabiotd oavaykaio tn ypnon e&edikevpévov
VIOPOVTIVOV Y10, TO SEPACHA/YPAYILO TOV OPYEIDV OVTOV.

Kabe EPOS record amoteieitan and 8500 akepaiovg (integer*2), ot omoiot KaAovvToL
Kol Aéerg.  Amo 1o oOvoAlo TV Aéfewv, ot mpatec 140 katoAiapufdavoviar amd
napapétpovg tov header. Onwg kot ota mepiocdTepa formats, oto header tov EPOS
amoOnKevOVTAL TANPOPOPIEG AVOPOPIKA LE TNV TOPATNPOVUEVT] TNYN, TS GLVONKEG
napotnpnons kKatr opiouéva Pipiroypagikd otowyeio. Emedn to format eivar
Beitiotomompévo yio ovykekpipuévo hardware, 1o header dwatnpel kot apketég
TANPOPOPIES YO TIC TIHEG TOV TAPAUETPOV Agttovpylag Tov Tnieckomiov. Otov
TPOKELTOL .Y Yl0L TaLpoTpMon pulsar, vapyovv ctotyeia, dmwg N PapvKevipikn mePiodog
tov pulsar, n petatomon Doppler Adyom 18iag kivnong, ot ovpavoypapikég
OUVTETAYUEVEG, OAAGL KOl TTO TEYVIKA GTOLXElD, OTMG 1 KATAGTACT GLYYPOVIGUOD TOV
EGMTEPIKOL POAOYLOV, 1| GLYVOTNTA SELYHOTOANYING TOL GNLATOG, O aplBUOg TV records
TOV TEPIAAUPAVOVTOL GE 10 TOPATHPN O (Scan) K.a.

To xoppdrti, 6mov meptrapPdvovrtar To apOuntikd dedopéva (data section) g évraong
TOV TOAU®OV TOL pulsar émetat, Tov header kot €xel pnkog 8192 Aégewv. Méoa 6° avtd
VILAPYOVV OAEG Ol TANPOPOPIES Yoo TNV £VTOOT TOV TOAUMDV OTO TEGOEPO KOVAALQ
noloong. Térog, vmapyovv opilopéveg BEGEIS TOV YPNGIULOTOLOVVTOL ATd TAKETA
avdivong dedopévev yuo off-line enefepyacio kot 6Aeg ot vwoOromeg £xovv mpofrepOel
YL TNV TVYOVCN £nékTOoN ToL format.
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O\eg o1 mAnpopopieg mov mepi€yovtar péca o€ €va apyeio EPOS meprypdoovrtal, 6mmg
emabnke, and akepaiovg aplBpovg 1 cvvdvacud akepaiov. H eayoyn avtdv tov
TANPOPOPLOV amd mpoypdppato mov givar coppatd pe to format, facilovion otn yvoon
g B€ong mov Katéyel kdbe mapduetpog péoa otig 8500 Béceilg. Tig meprocodTEPES POPEG
dev apkel évag Integer*2 yio v meprypagn evog dedopévov tov EPOS kot avaykaotikd
extetveTan 1 TAnpoopia kot og 600 N Ko mapomdve Bécec. O tpdmog mov druPdletTat To
EPOS &&nyeiton mapakdtm, otnv mteptypaen £vog and T mo 1oxLpd TakéTo avaivong
dedopévmv and pulsars.

Header
140 words

(referring to both big and little endian systems)

Data
4x2048 words

(referring to big-endian systems)

checksum & off-line reduction
23 words

(big-endian systems)

Empty space for future expansion
143 words

* word = 2-byte integer

ympa 2.2 H doun tov EPOS format.

XML (eXtensible Markup Language)

To XML (eXtensible Markup Language) format dev eivar ovclactikd €vag
OLYKEPEVOG TOTOG O1ATOENG TV dedopévav, aALd 0 ¥pOTNG EMALYEL TN LopPn TTov Ba
&xovv avtd pe ) Pondeia v Aeyduevav tags. Ta tags elvar Katd Baon «Tapméresy, ot
omoieg Tomobetovvion péca oe éva apyeio mov ivar ypapupévo oe XML Kkddwka, yio vol
opicovv ka1 va oplofetrcovv media, dmwg Ta dedopéva to header ko 411 dALo ypelaoTEL.
‘Etol Aowdv vmdpyovv d1apdpmv €10®V tags, to. omoio YPNCILOTOLOVVTAL, Yol VO
oprofeToovy Aoyikég ovTOTNTEG HEGA GTO OpYEl0. AvTé OV pmaivouy oTNV apyn HoG
tétolag oviotntog ovopdlovron start-tags. Tlapaderypo evog start-tag eivon 1o orotyeio
‘<PSR2113+2754>’ o10 mapoxkdt® mopddctypo. Xvvibwg ta start-tags «kovfaidver
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TAnpoopiec YU avtd mov aKoAovBel, OTMC 1. KATOES TIEG OV AmodidovE G aVTA.
Avrtictolya vrdpyetl kol 10 end-tag mov onNpoTodotel T0 TEAOG TNG AOYIKNG OVIOTNTOC.
Y10 mopdoetypa ivar 1o ‘</PSR2113+2754>". Télog, vdpyovv Kot To. empty-tags To
omoia opilovrtatl amd éva start-tag arxolovBovpevo amd éva end-tag, dmwg 10 ‘<empty/>’
OTO TOPAOELYLLOL.

H Loy evog XML apyeiov Ayo dtapépet and avtyv tov yvootdv hypertext (HTML)
apyeiwv mTov cvuvavtdpe cuyvd oto Internet, omdTE MO AVTAV TNV ATOYN VILAPYEL TANPG
ouUPaTOHTNTA HE TO VITAPYOVIO GLCTHLATE TOL YPNoiLonoovvTol. 'Eva mbavd oynuoa
evog tétotov apyeiov Ba pmopovoe va givat:

<!DOCTYPE PSR2113+2754>
<PSR2113+2754>

<!--
The default attributes are used to make sure every record has
the same number of attributes, even though they may be empty.
-—>

<?xml default HEADER

name=""
julian date=
period=
dispersion measure=

?>

<empty/>

<!l--
This is the start of the table. Each HEADER tag is a record in
the table. Whitespace inside tags is ignored, so this can be
prettyprinted at will. Between the tags, however, only
newlines are ignored, and only those that immediately follow a
*>' or that immediate precede a “<'

-——>

<HEADER
name = "1937+214"
julian date = 48668.246
period = 1.202851772308
dispersion measure = 24.7

/>

<CHANNEL I

<DATA

0000000100000000011111111002111101212111...

/>

/>

</PSR2113+2754>

H oyetikn ghevbepia mov vapyet ot cHvtaén tov XML k®dika, icmg SuoKOAEYEL TOV
TPOYPAUNATIGHO cuppatov software, To omoio Ba pmopel va avayvdoet OAa To ThAvA
oynuata evog tétoov apyeiov. Edv opmg xatactel mpodTumo, ¢ aotpovoutkd format,
etvar oiyovpo 611 Bo vVITdPEEL GLUEMVIN MG TPOG TNV TLO CLUPEPOVTA, LLOPPT).
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The EPN format

The European Pulsar Network has made an effort in the last 5 years to produce a tool of
communication between the researchers of pulsar radioastronomy. This effort has
resulted in a data format which is quite complete and versatile. The EPN format is
currently used not only in Europe, but also internationally. It helps the scientists collect
pulsar data, especially at low frequencies, and compare them with the older EPOS data at
higher frequencies.

The following pages describe the structure of the format and demonstrate a simple
pulsar analysis done with software that implements reading/writing of EPN files. The
goal is to show that the EPN format is appropriate for common use among the
international pulsar research community.
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The Structure of EPN files

An EPN file may contain multiple records, which consist of a main header followed by
one or more data streams. Each data stream starts with a sub-header that contains
information about the following data. There are usually four data streams in a pulsar
record, which correspond to the four polarization channels (I, Q, U, V); other data, such
as individual bands or a combination of the above, may be included too.

Header, sub-header and data are all formatted as a sequences of 80-character lines. The
length of each data stream (i.e. the number of 80-character lines) may vary from record to
record, but it must be the same for all data streams in the same record and its value is
declared in the header of each record. However all EPN records have the same header
and sub-header length. More specifically, each header consists of 480 bytes, including
spaces, which is enough to describe the record's properties. The sub-headers have a
standard length of 160 bytes. Those standard lengths for header and sub-headers, help
the programmers to design simple routines for reading each file’s properties.

Due to future portability issues, the designers of the EPN format opted to use only
ASCII characters throughout the files. Unlike the previous EPOS format used with
Effelsberg's hardware, platform independent tools can be easily utilized for reading or
writing EPN files. This is because ASCII code is always translated to binary,
independently of the processor’s type (little-endian for CISCs, big-endian for RISCs). Of
course there is a minor speed disadvantage because of the translation time, especially for
larger files; but the recent technological advance made that an insignificant factor
comparing to platform independence.

Whereas in earlier versions of EPN format, decimal integers were used for data
representation, these were replaced by hexadecimal data streams in versions 5.0 and 6.0.
This resulted in EPN files becoming more compact. The end of each data stream is
indicated by a sequence of zeroes placed after the last data hex character.

In the next few paragraphs the elements of the EPN header and sub-header are
described, as well as the space they occupy.

EPN header

The first 80-character line of the header, consists of the following parameters:

1. version (8 ASCII characters). Stores the version of the EPN format used

in the file.
e.g. ‘EPN 6.00°

2. counter (4-digit integer). The number of 80-character lines that constitute
the record.

3. history (68 ASCII characters). History of the data and various comments
are stored in this parameter. They can be used by a search engine to locate EPN
files easier.

e.g. ‘Pulse profile from Qiao et al. (1995)°
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Second line:

4. jname (12 ASCII characters). This parameter stores the pulsar’s name,
taken from the J2000 astronomical catalog of the Smithsonian Institute. The
name is stored solely by means of right ascension and declination.

e.g. ‘0809-4753’
5. name (12 ASCII characters). Represents the common name of the pulsar.
e.g. ‘B0808-47’

6.  Pbar (16-digit float number). The current barycentric period of the pulsar,
measured in seconds.

7. DM (8-digit float number). DM stands for dispersion measure. It is
measured in parsecs per cubic meter.

8. RM (10-digit float number). RM stands for rotation measure. It is
measured in radians per square meter.

9. CATREF (6 ASCII characters). Indicates the pulsar parameter catalogue
in use.

ie ‘qmlg95’

10. BIBREF (8 ASCII characters). Bibliographical reference key or
observer’s name. Very useful when searching for particular files in a database.

11. --empty space--. 8 characters of empty space are left between the second
and third line of the header, for expansion.

Third line:

12.  RA,,, (2-digit integer, 2-digit integer, 6-digit float). This parameter is the
right ascension of the source according to the J2000 astronomical catalog. Its
format is hhmmss, where hh and mm is the 2-digit hour and minute
representation, respectively. The seconds (ss) require greater resolution, and so
float number format is used.

e.g. for the source PSR0809-4753: “080900.000°

13. DEC,,, (3-digit integer, 2-digit integer, 6-digit float). The declination of
the source according to the J2000 catalog. Its format is ddmmss (degrees-minutes-
seconds).

e.g. for the source PSR0809-4753: *-4753 .000’

14. telname (8 ASCII characters). Name of the telescope or location of the

observatory (site).
e.g. ‘parkes’

15. EPOCH (10-digit float). The modified Julian date of observation (days).

16. OPOS (8-digit float). The relative or absolute polarization position angle
of telescope in degrees; depending on PAFLAG’s value, the information stored in
the header could refer to either.

17. PAFLAG (1 ASCII character). A flag that defines whether the absolute
polarization PA is available or not. If it isn’t there is a possibility for the relative
polarization PA to exist or neither of the above is displayed.

e.g. if PAFLAG = ‘A’ and Npol = 4 then absolute polarization PA is available.
18. TIMFLAG (1 ASCII character). A flag that defines whether time stamp
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represents barycentric or topocentric universal time.
1.e. if TIMFLAG = ‘U’ then time stamp is topocentric UT
if TIMFLAG = ‘B’ then time stamp is barycentric UT
else there’s no useful timing information.
19. --empty space--. 31 characters of empty space are left between the third
and fourth line of the header, for future expansion.

Fourth line

20. Xtel,Ytel Ztel (17-digit floats). Telescope coordinates.
21. --empty space--. 29 characters of empty space are left between the fourth
and fifth line of the header, for future expansion.

Fifth line:

22. CDATE (2-digit integer, 2-digit integer, 4-digit integer). Stores the
creation or modification date of the dataset. Each time the file undergoes any
changes, this parameter is updated. Because of its dynamic nature, this parameter
is not to be taken into account when calculating pulsar’s properties (i.e. period,
rotation measure), as many of these ought to change with time.

e.g. ‘12031997’

23. SCANNO (4-digit integer). The EPN header uses this parameter to
characterize the observation. SCANNO (scan number) is the serial number of the
observation. There might be just one record in an observation, but usually many
records with the same SCANNO constitute a single SCAN.

e.g. a 5 minute observation of the pulsar PSR 193241059 produced 10 records,
each one with resolution of 66 pulses. To achieve a constant resolution within the
file, the observation is divided in time segments of 15 seconds each. All of these
records belong to a single observation with SCANNO = 2121.

SCAN 2121. PSR 1932+1059.19/ 7/98 4: 2:43.22785. rec scan 0. record 1.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 2:58.47848. rec scan 0. record 2.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 3:13.42867. rec scan 0. record 3.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 3:28.37886. rec_ scan 0. record 4.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 3:43.32905. rec scan 0. record 5.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 3:58.27924. rec scan 0. record 6.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 4:13.22947. rec scan 0. record 7.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 4:28.17966. rec scan 0. record 8.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 4:43.12985. rec scan 0. record 9.
SCAN 2121. PSR 1932+1059.19/ 7/98 4: 4:58.08004. rec scan 0. record 10.

24. SUBSCAN (4-digit integer). Defines the sub-sequence number of the
observation. Similarly to scan numbers, sub-scan numbers characterize smaller
parts of an observation.

e.g. ‘00010001 means that the following data stream is referring to the first sub-
scan of the first scan.

*k
For versions newer than v6.0.
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25. Npol (2-digit integer). The number of polarization channels observed.
Most records have Npol = 4, which means that the four Stokes polarization
parameters I, Q, U, V are recorded. However, in some cases, a record contains
observations from two (or more) observatories and consequently the Npol is equal
to the total number of channels from both observations and thus take the value of
8 or more.

e.g. the synchronous observation of the source PSR B0329+54 by both Effelsberg
and Lovell observatories produced records with 8 channels. Each site recorded four
channels.

26. Nfreq (4-digit integer). Number of frequency bands per polarization. It is
possible for an observation to be performed by different telescopes, operating at
different frequencies. This will produce records with more than one frequency
band for every polarization channel (e.g. Q-channel).

27.  Nbin (4-digit integer). This parameter indicates the number of bins which
constitute every data channel in a record. A bin is defined as 2 bytes of data and
so, as we have already explained, it is equivalent with a 4-digit hexadecimal
number or a 16-digit binary number (1/0). Nbin can take values from 1 to 9999,
but typical values range from 256 to 1024 bins/data stream.

28. tbin (12-digit float). Duration of a phase bin in usec. That is, the
sampling interval which is spent to write the information included in a bin, to a
data stream.

29. Nint (6 integers). The number of integrated pulses per record. Each
record holds information for a specific number of pulses, called resolution of the
record. This number remains constant throughout a SCAN and it might as well be
called, resolution of the SCAN.

30. ncal (4-digit integer). The time elapsed from the start to the first
calibration bin. It is a multiple of tbin and it is measured in usec.

31. lcal (4-digit integer). The duration of calibration signal. That is, the time
elapsed from the recording of the first calibration bin to the last one. It is also
measured in integer multiples of tbin.

32. Fecal (8-digit float). Fcal is the calibration constant measured in mJy
(milliJanskies). Along with the pulses that are recorded during an observation, we
ought to store in the record an amount of bins for calibration purposes. This will
help us calculate the energy flux of the pulses contained in a record. Based on the
well-known energy value of the calibration signal, we deduce a factor (Fcal)
which normalizes the flux density of the pulses.

33. FLUXFLAG (1 ASCII character)”. This parameter is a recent addition and
it defines whether data is calibrated in terms of flux or not. Like TIMFLAG and
PAFLAG, FLUXFLAG does not necessarily appear amongst the header’s
elements.

e.g. if FLUXFLAG = ‘F’ then data is flux calibrated. Any other value is translated
as non-calibrated data.

34. --empty space--. 20 characters of empty space are left between the fifth

*k
As from Version 6.0, actual resolution of the data is recorded; the factor fcal is no longer recorded,
instead the flag fluxflag is written into line 5 to specify whether the data is flux calibrated or not.
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and sixth line of the header, for future expansion.
Sixth line:

35. line40,line40 (80 ASCII dashes). The sixth line contains no information
and is used to separate the header from the sub-header.

EPN sub-header

The sub-header lines are attached to every data stream and contain parameters
concerning the respective stream. Those parameters are:

First line:

1. IDfield (8 ASCII characters). Indicates the type of the data stream and

characterizes the filter bank or the polarization channel.
re. the I, Q, U, V Stokes parameters

2. nband (4-digit integer). Ordinal number of the current data stream.

3. navg (4-digit integer). Number of streams averaged into the current one.

4. f, (12-digit float). Effective center sky frequency of this stream. It is
basically the observation frequency in GHz. The value depends on the
telescope’s capabilities and the requirements of the observation, but typically
varies from 0.3 to 1.4 GHz.

Certain observatories in Russia, are able to conduct milli-metric
observations at frequencies from 42 to 49 GHz. At such frequencies, cryogenic
coolers are needed for the primary receiver.

5. Af, (12-digit float). Effective band width. The observation is carried out
within a range of frequencies around f,. This range is measured in MHz.

6. tstart (17-digit float). 1t’s the time elapsed since the beginning of the
current Julian day, measured in usec.

7. --empty space--. 28 characters of empty space are left between the fifth
and sixth line of the header, for future expansion.

Second line:

8. OFFSET (12-digit float). Offset to be added to the data.

9. SCALE (12-digit float). Scale factor for the data.

10.  RMS (12-digit float). 1t is the RMS value calculated for the corresponding
data stream.

11. Papp (16-digit float). Pulsar's apparent period at the time the first bin is
recorded, measured in sec.

12.  --empty space--. 28 characters of empty space are left between the fifth
and sixth line of the header, for future expansion.
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EPN data

The data part of an EPN record is written, as we have already mentioned, in
hexadecimal format for the latest versions, while previous versions make use of base-10
numbers. An EPN record does not necessarily have all the filter banks or the polarization
channels. There are cases for example where only the I channel is present. However,
every channel must be a sequence of 4xNbin hex characters, not including the zeroes at
the end. Since every hex character represents half a byte and every bin is equivalent to 2
bytes, there are 2xNbin bytes in every channel and obviously Nbin bins. We can deduce
a general formula that gives the maximum number of characters in an EPN record, and
thus the maximum record length. Let maxblk be the maximum number of data streams
included in a record (i.e. Ia,Ib,Qa,Qb...). Also, assume that each data stream consists of
maxbin bins. Every one of those streams, occupy maxbin/20 80-character lines plus 2
lines of the sub-header. So, the number of characters per record is
(6+maxblk*(maxbin/20+2))*80. Where 6 is accounted for the 6 lines of the header. An
example of all these, could be for maxblk=8 and maxbin=4160. This results to (record
length)=66080 hex characters.

To make the data structure more comprehensible, a part of an EPN record is shown
below. This example is a part of a four-channel EPN record which contained all four
Stokes channels 1, Q, U, V and is extracted from an observation made at the Parkes array
(Australia), by Qiao et. al.Written in bold is the Nbin parameter of the header.

EPN 6.00 66 Pulse profile from Qiao et al. (1995)

0809-4753 B0808-47 .547189669000 228.300 90.000 amlg95
080900.000-4753 .000parkes 48151.142 .000

.00000 .00000 .00000

0818199700010001 4 1 256 2137.000000 3186.000000 1 1 1

1AD92ADB29A028172BC7199E25124A7B63FD7FFBBCOSCBODFFFEEB19EC3ECO9AFAAQ077CA85B8D52F9386
1302A3181328A2EA81A7C25F722AB254C305C174C13791C4D21E31B4433AF1A43145D2333230F38C51EC22E9
9249226B81AC33B2C14AC3AB917C62ATE372D1F18215B1EC214732F6222CF15D83718189528D8317A31881A
AE261B0B7B3F321F5814481847043F242E1098218D2C0730CE22F32EF629AE19901BOA1EC928332C39113C208
51AD223FB1EB418401D96138E1F3C2E35286536FB27D617A91B5911F621C61AE01B932403389A3563163D267F
25CC245819FB1DCF30AB2411282C26301BBE10D1258512F823742C881BF02FB012942BF9114BOE7F2D022C48
1F661676151712BF201931561F4A164B1F6E1B6F18A413A313DD1DA41F913CAE147A21DC2F3E2CF32B78235
E287420AF26F90D0OCIDIC1A0917BF0F732D9129C40BFC148F1A0220E216AF369004221D3913461CFF1E41280
923D112F826C013060ADE000032AD2C6B12B720A819BB28FCIED720441CFF1E73080B23C919F418DD1FA01
DD61E8222C81A2617BF1A9F15F516E80E061A513F5D1C1310491DB915CA1A1805151D871509170C373B1EFB
08E21EA521C6134E11F628CA31641A4A070A1C4D29671B3617CD1C5B197316D329D9128510C31C8629991872
1481132A0B7B185C1B3D25A90963236528CA1DAB21302B311745106618DD24EF0000000000000000
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Working with pulsar data

The JHSPULS application

In most mathematical and generally scientific applications, Fortran language has proven
to be more than a functional tool. Using that programming tool, we were able to
construct an application, called JHSPULS, not only for reading but also for analyzing and
even for writing back to pulsar data files. JHSPULS can handle plotting, printing,
Fourier transforming as well as many other functions. It has quite a complex structure
with many subroutines and its source exceeds 3000 lines of code. It is currently aiming at
the analysis of EPOS files, but it has the capability of reading .ASC (ASCII) and .ADD
files as well. In this section, the way JHSPULS reads EPOS formatted files is described
in brief. However it is recommended to begin with a short description of the source’s
structure.

JHSPULS embeds a great number of Fortran subroutines which are called from within
the main source. This connection is made possible by using an index array (indl) which
points at specific parts of the main source. These parts, in turn, call the subroutines
which reside outside the main source. Of course there can be further interaction between
subroutines and parts in a single subroutine.
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Index array (indl) )

> Main Source

-
-K \-/
N

suproutine Subroutines

Figure 4.1 A schematic that shows how does the main source interacts with the
subroutines in JHSPULS. The black squares represent certain parts of the main
source and they are preparation code for calling the subroutines.

Most subroutines or even the main program, make use of certain include files which
contain declarations of variables and/or more subroutines. JHSPULS uses widely the
include file data.f which contains all the header and data information for the EPOS. This
file declares an array of 8500 2-byte integers (iblock) which holds information in
specific positions of the array. Information is accessed by using equivalence statements
to associate the header’s parameters with the iblock’s locations. For instance, the right
ascension of the source is characterized by the integer-4 ialph parameter of the EPOS
header. The value of ialph is stored in the position 12-13 of iblock array, as 2 integer-2
binaries. In that case there is an equivalence statement that equates iblock(12) and
iblock(13) to ialph®. The data is also associated with four arrays which correspond to the
four polarization channels, using equivalence statements. Although this model of
accessing the data is much faster than reading the parameters sequentially in the record,
the equivalence statements are incompatible with many compilers which makes it hard to
port JHSPULS to other platforms.

User interaction in JHSPULS is menu-based. The listing of options a graphical
illustration of the indl array discussed above. Usually the first choice is to open an EPOS
file for direct access. After that, the most common choice is to read and add a number of
EPOS records in a SCAN; this will produce an integrated pulse profile which can be
plotted afterwards. Another possibility is to examine the contents of an EPOS file with
the show command. This will present some information regarding the SCAN number
(scanno), the duration of each record, the number of records etc. A list of the most
important option fields of JHSPULS is shown in figure 13, page 38.

The read command plays an important role in understanding the way JHSPULS
functions and will thus be presented extensively in the following paragraph.

*k
The statement is equivalence (ialph, iblock (12)),butas ialphis integer*4,
iblock (13) is taken into account automatically.
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I PULSAR AMALYSIS: MAIN MENUE 1.0 |

list of options. (exit) program end
(oddato) odd dota

PULSAR AMALYSIS: MENUE 2.1 (Plot profile)

(wind) start - end somple [ 1/1824]

(base) choose baseline range [ 156G- 250- 906-100@]
(foctor) plotfactor C . ppea]

(mult) period multiplicotion foctor [ 1.00]

(channel) channel number [ 1]

(four) plot all 4 chonnels L&l

(nerg) energy computotion L&l

(errorbox) plot o Resolution [ .@@msec] x 1 RMS box

Chpfl) creotes o hpg-file output
(help) show options
(back) go back to main progrom
(start) start plotting

Option: 77

A

(aodl2) odd channel 1 ond 2. Cod34) odd chonnel 3 and 4

(base)  subtraoct boseline (doto overwritten) [ 150- 256- S06-1066]
(fost) fost plot of successive blocks

(filt) smooth doto with FFT (dato overwritten) [1.0000]

(Chead)  print heoder @

(look) guick look (lineprinter mode) of successive pulses

(mean)  compute mean and rms over boseline range

(nerg) compute pulse energy

(plot) plot the profile @

(print) print current dotao

(quolity) clossify doto occording to their quolity

(read) reod ond integrote blocks

(radd) reod dato from .ADD or .ASC file
(scan) read and integrote o whole scan
(sequ) plot sequence of successive blocks

(showfile) show contents of file
(smooth) smooth dota with running meon (data overwritten) [ @]

v

(succ)  succession of fluxes
(wodd) write doto to .ADD and/or .ASC file =5 <==
(filed choose input file SCAN: 2121 Scan record: 1 Block record: 1
Option:?? Date: 19/ 7/ 98 Time: 5: 2:43.075302 MEZ Jul. Daote: 2451013.710
RA: 19 29 51.94 Dec: 18 53 3.65 Cal.: 11859 microsec

Option:??

Observed Velocity:
Resolution

Barycentric Period:
Topocentric Period:

Period error:
corrections after

Pulses per block : 66
Record transferred ot:

Time since sync ot dumplng:

Record written

041655 km/sec
1185 mmicroseconds

. 226518095 sec
. 226518095 sec

Requested Period:
Observed Period :

. 226518083498 sec
. 226518114973 sec

.143D-14 sec, ©.5e-6 sec drift ofter 79008410 periods

34 ond 1866 periods
Delay . BOEEERRE sec
5: 2:58 MEZ Synchronised ot: 4:56:30.0000 MEZ

383704884 [musec]

5: 2:58.7949 MEZ

Figure 4.2 A list of commands of the main menu and the plot menu. Also, an example of the head command output

for PSR B1929+ 10.

36




Reading and adding data

When selecting the read command from the main menu of JHSPULS, the main program
requests the following information:

—  Initial record (variable first): The initial record number from which the
summing procedure will begin.

— Last record (variable last): The final record number to which the
summing procedure will end.

—  Data shift amount (variable rshift): Any value other than O (default), shifts
the data by the requested bins per minute.

Then, the program calls the subroutine add_puls which makes zero all four channel
data arrays rdatal, rdata2, rdata3, rdata4 and sets the record counter ptr to the
first record number (first). Subroutine getbl uses ptr to read the 4x1024 data
numbers of the first record and the corresponding header info. This is done by calling the
subroutine myRead from within getbl. The variable ptr is passed through getbl to
myRead, which reads and fills the iblock array with the data contained in the current
record (i.e. the ptr record). The above procedure is then repeated by increasing ptr by
one for each loop. Each time a quartet of channels is read, the data is loaded into 4
intermediate integer arrays, named idatl, idat2,idat3, idat4, through
equivalence statements that bind certain areas of the iblock array to idat arrays.
Those intermediate arrays act as a buffer and are refilled in every record processing. The
idat arrays transfer their information to rsum arrays through a regression algorithm of
the type rsuml (i) = rsuml(i) + float(idatl(j)). Integrated data is then
stored into rsum arrays which represent the sum of every data in the records from
ptr=firsttoptr=1last. If there is a requested shift of data, this is taken into
account during the regression algorithm, before any addition”.

After all the data is successfully written into the rsum arrays, the last step is to call the
subroutine add_puls once more to transfer the summed data back to the rdata arrays.
This will bring the EPOS information into the main program and make it available to all
the other subroutines for plotting, Fourier transforming etc. At this stage, the program
multiplies the rsum arrays with a normalization factor (£ac) which depends on the
number of records added (iadct).

Evolution of JHSPULS. The JHSEPN.

As discussed in the introduction, the EPN format has many advantages over the older
EPOS format and it is widely accepted that the former is appropriate for exchanging
pulsar data. Therefore it was necessary to modify the main source of JHSPULS and
implement a few new subroutines in order to make it capable of processing EPN data.
These generalized EPN routines for reading or writing existed even before they are
included in JHSPULS. However, the additional analysis that JHSPULS is now able to
carry out, such as the simultaneous observation of single pulses in two different

*
Shift is achieved by declaring j=i+ishft, where ishft is the truncated number of shifted bins.
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frequencies, wasn’t possible in any other similar application. The improved version of
JHSPULS has been renamed to JHSEPN to separate the old from the new code.

In the following sections there is a detailed description of the basic changes that were
made throughout the code and a simple explanation of the newly embedded EPN
subroutines.

Files required for compilation and execution

Many of the subroutines and variable declarations needed for the implementation of
EPN processing, are included in separate files. The main program incorporates these files
by using the include command, as it happens for example with the data.f file in the case

of EPOS. These extra files needed, are :

epnhdr.inc
It contains the declarations of all of the EPN header’s and sub-header’s parameters.

epnroutines.f
This file defines all the necessary subroutines needed for the JHSEPN to read and write

to records.

repn.f
This file is the «engine» of EPN reading. It contains the read statements which extract

the data from an EPN file and also the subroutines which convert the hexadecimal values
to binary or vice versa, depending on the case.

nepnrec.f
Contains a short algorithm for calculating the number of records in an EPN file.

Explanation of the basic subroutines

The following subroutines were mildly modified in order to make them work with
JHSEPN.

openepn (filename, lun, recno)

Summary: Part of the epnroutines.f file. When selecting the open command in
JHSEPN, this is the first subroutine that is used for associating the requested file with a
logical unit number and make the file available for direct access reading.

Description: The parameter list contains the name of the file (filename) which is
provided by the user, the logical unit number (1un) and the record number (recno).
The lun parameter is always set to 99, as there is no reason for an alternative
assignment. On the other hand, we are forced to use the record number parameter, since

*
File organization may change in versions to follow.
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the header of the first record must be read. Thus, 1un and recno are initialized as 99
and 1 respectively.

At the beginning, openepn checks if the file exists with an inquire statement. If it
does, it closes all open logical unit numbers -that may be open from a previous reading-
and opens the file as DAUF (Direct Access Unformatted FILE) with record length equal
to 400 characters. These first 400 characters of the header, contain information about the
record’s length and the number of polarization channels. So, it reads the header
parameters counter and npol (see EPN header). Using this record length, it reopens
the file as a direct access unformatted file and reports the number of records that contains.
The file is then ready for access.

permission(grant, lun, recno)
Usage: Part of the epnroutines.f file. permission is a simple subroutine, which is
used for checking if there is a change of source during the reading procedure.

Properties: It takes as an input, the logical unit number and the record number, and
gives the logical variable grant as an output.

Function: The basic function of the subroutine permission is to compare the
record length calculated during the opening of the file, which is equal to the first record’s
length, with the length of the current record (Length). If those are different, there is a
chance that we have jumped onto another SCAN.

The subroutine starts by equating recln and length variables. Next, it calculates the
current record’s length by its counter and if it differs from recln, it assigns false to
variable grant.

epnhead (filename, lun, recno)
Summary: This is the basic subroutine for extracting information from the EPN file’s
header. It is initiated by the user, after selecting the command head from the main menu.

Description: The parameter list of epnhead is the same as openepn’s. This
subroutine declares among others the character array recrd. The dimension of this
array is defined by the parameter maxrec, which is the maximum record length of an
EPN record (see EPN data). Only a part of the array is filled with data in most of the
cases, while the rest remains empty.

As soon as the subroutine is called, a read statement is used for reading sequentially the
file’s record. Every character of the record is then loaded into the recrd array. The
next step is to use read statements for every line of the header, in a way that the
values/characters read from recrd, are assigned to the corresponding variables of the
header. This requires of course an adequate knowledge of the position and type of each
variable (see EPN header).

After reading all the header’s variables, the sub-header’s variables are also processed.
This procedure is a little more complex, because every data stream has its own sub-
header and each sub-header has its own parameter values. Consequently, a do-loop is
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used to scan every polarization channel. That’s the reason why sub-header’s variables
come in the form of functions of ipol, which is the counter that shows the current channel
number.

Now, the memory (RAM) holds enough information to print the header sheet, and so
the next lines of the subroutine are just a sequence of properly formatted write statements
that will display the values on-screen or print them on paper. It must be pointed out that
in the same way the sub-header was scanned with a do-loop, the sub-header data is also
printed.

Finally, the subroutines calls from within its code, another subroutine which will be
described next.

epncorrel
Summary: The correlation of EPN variables to the EPOS ones.

Description: This subroutine has no parameter list. The variables’ values are passed
through the rest of the program, using the include file data.f which contains the
appropriate common statements.

epncorrel contains only equations that link the older EPOS header variables to the
newer EPN. Not all of the EPN parameters have their counterpart in the EPOS format,
but this subroutine handles only these which are common in both formats.

getEPN (inpo, recno)

Summary: This subroutine plays the same role as getbl in reading the EPOS files. It
calls other subroutines which do the reading and it also performs a normalization and
amplification of the data, in case of a really weak source.

Description: As an input, get EPN takes the record number recno and the error flag
inpo, which is used for error-handling purposes.

As soon as the local variables are declared, the subroutine initializes the error flag to
zero (i.e. no error) and sets values for the pointers is and ie (e.g. is=0 and ie=1024).
Once this is done, it calls the subroutine readepn which reads a record of the file and
fills the data into the four data arrays (see above). Then the minimum and maximum
values of the data arrays, are calculated by the subroutine rmami. This helps to amplify
very weak data by a factor of 10°/rmax, where rmax is the maximum value of the array.
This is done because data below the value 1, will be truncated when converted to integer
and the decimal part will be lost. So, we make sure at least, that the maximum value is
10°.

Finally, the real arrays datal, data?2, data3 and data4 -which hold the data read
by readepn- are converted to integer arrays and return their truncated values to idat1,
idat2, idat3 and idat4. These are the buffer arrays that we have discussed earlier.
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readepn (filename, recno,datal,data?2,data3,data4)
Summary: This is a very important subroutine. It scans all the bins in every
polarization channel and fills the four data arrays with the selected subset of channels.

Description: The input of the routine is the filename and the record number. The
output is the four real arrays which contain the four selected data channels.

Before everything else, readepn clears all the data that may be contained in the four
data arrays. This is done with a do-loop for all the bins in every array. After that, the
subroutine repn is called, and as explained later, this is the part where every bin of the
record is being read and loaded into as many arrays as the number of channels in the
record. These arrays can be plenty, but the readepn routine selects only a set of four
arrays, that represent the polarizations chosen by the user for analysis. This is achieved
by using a double do-loop. The external loop scans all the polarization channels, while
the internal, scans every bin from 1 to 1024, for every channel. Inside the internal loop
there are four i f statements. Those statements are used for selecting which subset of the
whole number of channels is going to be processed. It must be said that the loop is

designed in such way, that all of the selected channels are successive .

repn (filename, recno)

Summary: This subroutine is the core of the program’s EPN capabilities. There are
many similarities with the epnhead subroutine, but repn has also an algorithm for
reading the numerical data of each stream. Throughout the subroutine, there are some
version checks which are necessary because of the changes that have taken place during
the last versions of the EPN format.

Description: The input parameters are the filename and the record number, whereas
the output is the common array rawdata which is used by readepn to pass the data to
the four data arrays datal, data2, data3 and datad.

Initially, repn subroutine reads all the data in a record and puts them in the recrd
array. Then, in the same way as EPN does, it reads all the values of the header and sub-
header. Next, repn proceeds in reading the data streams by using a nested loop structure;
the external loop scans all polarization channels and the internal scans all lines in a

channel””. Knowing this, it’s easy to implement a second do-loop inside the first one -
which is used to scan all the polarization channels- and scan all the lines within a
polarization channel. The data which is read from the recrd array is copied to a buffer
array named chrdata, that holds every character, integer (< v5.0) or ASCII (= v5.0).
At the same time the data is formatted as 20 4-character ASCIIs per line. The buffer
array is useful for the conversions to follow. That is if the EPN file is version 5.0 or
newer, the contents of chrdata is converted to integers and transferred into a second
buffer array, the intdata. For earlier versions there’s no need for such conversion and

*k
Until now, there are no known EPN files that contain an orderless subset of channels.

Kok
For version earlier than v6.0, the number of lines in each stream is calculated by nlin= (counter-

4) /npol-2, whereas recent versions use nlin= (counter-6) /npol-2. nlin is the number of 80-
character lines in a data stream.
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the integer sequence of chrdata is directly copied to intdata. Finally, the contents
of intdata is de-scaled and transferred into the real array, rawdata. Hex-to-integer
conversion and de-scaling is carried out by separate subroutines.

The epnhdr. inc file

This file is the equivalent to the data.f file included in EPOS related programs. There
are no subroutines or any structured code in epnhdr.inc, but instead it contains definitions
and declarations of variables and parameters which are widely used in JHSEPN. The
main idea is to include epnhdr.inc in all subroutines that make use of EPN variables
directly (i.e. epncorrel) or even indirectly (i.e. epnhead). That way all relevant
declerations are gathered in one place which makes programming simpler, more compact
and less error-prone.

The declerations of variables and common blocks are organized according to the header
line they represent. Every one of these blocks contains all of the lines’ variables,
although there is a common block that was introduced for some extra variables, which
are related to the modifications made to the main program (see next page). As far as the
sub-header and data is concerned, this file provides definitions for certain parameters like
the maximum number of channels (maxb1lk), the maximum number of bins in a data
stream (maxbin) and the array rawdata.

The subroutines described above, are processing one record at a time. Thanks to the
parameter recno, which is included in every such routine, the main program repeats the
reading procedure by calling the subroutines for every record requested, making it
possible to read all the records and add them with each other. This procedure is
controlled by the read command of JHSEPN’s main menu, and it is similar to the
reading and adding of JHSPULS that was done for EPOS files. However, there have
been certain additions to the main code of JHSPULS to obtain JHSEPN. These
modifications are described below.

Modifications to the main program

The following areas of the main program contain the most substantial modifications to
JHSPULS:

Declaration area

Apart from the necessary inclusion of epnhdr.inc, four more variables are declared.
Those are the two integers 1un (logical unit number) and nepnrec (number of EPN
records per file), as well as the two logical variables £ilex (indicates EPN file
existence) and grant (prevents jumps into different SCANS). The barycentric period
Pbar is omitted from the main variables but included in epnhdr.inc for common use.

An extra command (sepn) is included in the index array ind1l for altering the EPN
header values. Because of its nature, this command is better off hidden.
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Menu list area

Except from a write statement which indicates the current JHSEPN version, no
changes were necessary.

The command fields

Because the JHSEPN must read both EPN and EPOS formats, we have opted to use the
flag iquest for the program to call the related subroutines. It is of course user-defined
and by using a simple i f statement when appropriate, the program virtually deviates the
older EPOS routines and activates the EPN code flow. The user assigns a value to
igquest, as soon as the £ile command is chosen. Unless there is a second file
selection, the iquest flag retains its previous value for the following steps. This flag is
widely used throughout the main program, while particular subroutines, which are needed
for both formats, implement it as well.

Many of the changes that were made, so that JHSPULS can read EPN files, are based
on a statement of the form:

if (iquest.eqg.l) then
(procedure 1)
else
(procedure 2)
endif

We might as well refer to this form as the “EPN selection scheme”. Generally, the
procedure 1 is related to EPN algorithms and subroutines, while the procedure 2 contains
the old EPOS routines. This is of course a convention that we use for the distinction
between the old and the new code. The reasoning behind the additions to the EPN main
menu commands and their exact position in the code is described in detail by the
following paragraphs.

gl Print header (print)

Before the EPN additions, this command was used to call only the subroutine prhead,
which displays the header of EPOS records. By using an EPN selection scheme, it is now
easy to select whether EPN or EPOS header is displayed. Consequently, setting
iguest=1 calls the subroutine epnhead, while for any other value of iquest the
subroutine prhead is called.

if (iquest.eqg.l) then

call epnhead(filename, lun, recno)
else

call prhead (ptr)
end if
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g Show contents (records) of file (show)

This command displays information about the records in an EPOS or EPN file. For
EPOS, the getbl subroutine is needed to extract this information, while for EPN records
getEPN is used. Once more, the choice between the EPOS and EPN is carried out by
the selection scheme.

if (iquest.eqg.l) then
kptrl=int (float (ptr))
call getEPN(inpo, kptrl)
else

call getbl (inpo, ptr)
endif

gl Read (and add) records (read)

The particular command produces integrated records. Obviously there is a different
procedure for EPOS and EPN records. Hence in comparison to the other commands, this
one is a bit more changed.

At first, there is a check added which prevents the user to read more records than the
file has. This check is valid only for EPN files and the subroutine which calculates the
number of records in a file is nepnrec.

if (last.gt.nepnrec(filename)) goto 8888
8888 write(*,*) 'The file contains fewer records!'

The next change refers to both formats and it concerns the number of sets of channels a
record can have. Previous versions of the application could not read anything else but the
first quartet of channels. This is corrected in readepn and now the user may select any
quartet among the available ones.

write(*,*) 'There are ',mynpol/4,' sets'
write(*,*) 'Which set would you like to read?'
read(*,*) mynpol

write(*,*)' You have entered: ',6 mynpol

In the following lines, there is twice the need for reading data and so every previous
calling of getbl has been substituted with the familiar EPN selection scheme. However,
in the first case the procedure 1 does not only call the get EPN routine, but also the
permission subroutine which checks for source changes.

if (iquest.eqg.l) then

kptrl=int (float (ptr))

call permission(grant, lun, kptrl)

if (grant) then

call getEPN(inpo, kptrl)

else

write(*,*) 'You have changed source!'’
close(unit=1un)
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goto 110

endif
else
call getbl (inpo, ptr)
endif
g Read a whole scan (scan)

As the name of this command implies, it is used for reading and adding the records of a
single SCAN. The modifications to the command code were minor, as the only part
which needed modification is the calling of the subroutine getbl. Therefore, where
found necessary, a substitution of getbl with the selection scheme for EPN or EPOS
reading has been made.

g Save EPN variables (sepn)

This hidden option offers the possibility of practically altering nearly every value of the
header parameters. The associated code was written from scratch and it is obviously
working only for EPN files. Should the user select such a command, he must be very
careful, as the EPN file could be destroyed.

Under this command, the main program provides a list of sets of all the header and
some of the sub-header parameters by using write statements. Then it expects a
numerical input, which corresponds to the selected set of parameters. This is done simply
by reading the integer iset, which is passed down to the wepn subroutine. The wepn
subroutine contains all the necessary read/write statements. There are no undos as
for now, so be careful!

g Select a new file (file)

Selection and opening of files is done using this command. Initially, when only EPOS
files could be read, the command would just call the subroutine o1dfile and the EPOS
file would be opened. Nevertheless, the EPN additions require that the user must select
the file format to be processed. This selection is accomplished by requesting from the
user to assign a value to the flag iquest. After this is done, the value of iquest is
stored in the epnhdr.inc and whenever the latter is included into a subroutine or into the
main program, the code takes it into account and follows the necessary steps.

If iquest is equal to 1, the program requests the filename and calls the subroutine
openepn to open the file. In any other case, the program will call the older oldfile
subroutine.

Modifications to the old subroutines

Beside the main program, the standard subroutines have been modified too. A common
addition to most of them is the inclusion of epnhdr.inc and therefore the declaration of the
EPN header variables. Generally, this is done in order to pass down the iquest flag to
all the involving subroutines.

Another major change is the substitution of the statement call getbl with the
scheme
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if (iquest.eqg.l) then
kptrl=int (float (ptr))
call getEPN(inpo, kptrl)
else

call getbl (inpo, ptr)
endif

which, as we have explained, allows the EPN or EPOS selection. This is done for the
subroutines multiple_pulse (file multiple.f) and prepgual (file jhsapn.f).

There is also a modification of the subroutine infoline, which prints a short
information line for every record. Using iquest, this subroutine avoids calling the
subroutine PSRname, which is valid only for EPOS files and formats the information
according to the EPN standard.
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The statistical analysis

One of the most powerful features of JHSPULS, is the ability to perform a complete
data analysis. The original version of the program could process and perform statistical
analysis only for the EPOS format, by means of an additional subroutine called pulstat.f*.
Furthermore, the modified version, JHSEPN, can also process and analyze EPN data
files. This capability allows for more sophisticated analysis, as for example the
simultaneous study of observations of a single pulsar at two or more different
frequencies.

In the following sections, JHSEPN capabilities for statistical analysis are presented. A
detailed description of the statistical parameters can be found in [3], although there are
references farther below in this document, too. The analysis will be applied in an EPN
data set in order to demonstrate the capabilities of the EPN format.

*
In fact, the program which can perform the statistical analysis is called JHSTAT and it is an extension of
the original code of JHSPULS.
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The statistics package

It is the periodicity of the pulsar emission that leads to statistical methods of research.
The time-varying properties and their distributions, are the most suitable tools for
interpreting a pulsar profile.

JHSEPN provides the necessary commands to perform statistical analysis. More
specifically, in order to access the relevant features, the (stat) command has to be entered
in the main menu. Once this is done, a new menu is shown called ‘statistics’, where
various commands are available, such as moment setting, baseline limits, channel
selection, etc. The most significant are the number of records to be read and the limits for
both the sub-pulses (components) and for the whole pulse window (ON pulse window).
It’s not always easy to estimate those limits, but the integrity of the result depends on
how well all the pulses are aligned with each other. This can be demonstrated with the
(sequ) command in the main menu, which plots a sequence of successive pulses in the
same diagram. It should be made clear that all the pulses must be integrated before the
statistical calculations, in order to obtain a smooth profile that will help us to determine
the rough limits of the sub-pulses and these of the whole pulse window.

After setting all the parameters, the calculations are initialized by the command (star?).
The algorithm then runs through all the records and calculates the four statistical
moments, i.e. mean, sigma, skewness, kurtosis, for each component and for the ON pulse.
In order to know the magnitude of the noise that comes with the ON signal, the
calculations are performed for a selected noise area as well (OFF pulse window). Those
four statistical moments, are proved to be adequate for investigating the pulsar’s
properties.

Single pulse intensity distribution

The intensity of a pulse changes with time within the selected region (ON window).
Every value of intensity corresponds to a short period of time, called bin, and these
intensity values can be subjected to a statistical analysis. A bin holds a measurement of
the intensity that lasts a fraction of a millisecond. All statistical moments are calculated
over the distribution of the intensity values. These values can be used to construct a
histogram, i.e. a plot of the number of times an intensity value appears versus the
corresponding intensity value (see Fig.5.1). The maximum value of this histogram is the
most frequent intensity value appearing within the pulse window and it is called mode of
the distribution. Another useful term for a distribution is the median, which represents
the geometric mean of all the intensity values.

In the study of the pulsar emission, certain statistical parameters play central role. A
brief description of the four most important statistical moments is given below.
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Figure 5.1 An example of a continuous distribution of the number of samples which correspond
to certain values of intensity. The mean, mode and median of the distribution are also seen on
the diagram.

Mean

Description: 1t represents the average value in a distribution of numbers:
The mean value in a distribution is not necessarily the most frequent, especially if
the distribution curve is skewed.

Physics: The mean intensity of a sequence of pulses may change with time. The
most striking characteristic in a mean-time diagram of many successive pulses, is
mode changing. Sudden reductions of the mean energy along this diagram indicate
that the pulsar is emitting in two different ways. The less energetic mode is called Q-
mode (quiet mode) while the other one is called burst mode. However, mean energy
variations can occur in general, when the signal becomes weak for various reasons.
So, a safe conclusion can only be obtained after careful study of the higher order
moments.

n2 =X

Si
igma h

Description: 1t shows the degree of dispersion of the values, around the mean. A
large sigma indicates a wide spreading of the values, while ¢ = 0 means that all the
values are equal. For example, in Figure 5.2, notice that it is not the sharpness of the
curve that matters (we could easily draw a more flat curve B), rather than the
significant number of intensity values far from the mean.
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B A: wide spread (6>>0)

B B: minor spread (c=0)

Figure 5.2 Two distributions with different sigma. The spread is much larger in
the distribution curve A, whereas the curve B exhibits near-zero sigma.

Physics: Pulsars display strong intensity fluctuations during their emission, even
within the ON pulse window alone. Therefore, it is normal for a pulse profile to
correspond to an intensity distribution with considerable sigma. However, relatively
large sigma values could mean that the emission is erratic, whereas ¢ = 0 corresponds
to no signal at all or to orthogonal pulses. An orthogonal pulse is a totally theoretical
case. However it can be very helpful in understanding the meaning of the statistical
components. Figure 5.3 shows a realistic pulse against an orthogonal one. The
orthogonal has the same mean energy as the realistic pulse and represents an
imaginary pulsar with constant energy flux. It is obvious that only a very small
percentage of intensities of the real pulse, are equal to the mean value and thus sigma
1s non-zero.

&— ONpulse —>

SN
/AN

o~

Figure 5.3 The theoretical orthogonal pulse helps us understand the meaning
of sigma of a distribution. This schematic shows a realistic pulse overlapped
with an orthogonal one of the same mean energy.

Intensity

Skewness

cm—ncn—znz( r ]

Description: Indicates the amount of asymmetry in a distribution with respect to the
mean value. A normal distribution bell-curve is perfectly symmetric around its mean

50



and so its skewness is zero . If this is not the case, there is a possibility that the right
side of the curve is steeper than the left; then skewness is negative. In the opposite
case, skewness is positive. A common property of all skewed distributions, is that the
mean value is not equal to the median. If the median is less than the mean, then the
curve is negatively skewed. Otherwise the distribution has positive skewness.

Those three cases are shown in Figure 5.4. Notice that all three distributions have
the same median.

[l skewness = 0 (normal distribution)
B skewness <0

skewness > 0

mean B

I I I I | I I I I

median = mean A

Figure 5.4 Three distributions with the same median but different skewness. The central
distribution has no skewness (bell-curve).

Physics: Generally, skewed distributions are the result of intensity values, which
appear occasionally within a pulse and away from the mode value. For example, if
the selected window, for the ON pulse or the component, is very large compared to
the signal, unnecessary noise will be included. These noise values appear in the
distribution more frequently than the values coming from the signal and result in
positive skewness for the curve (see Figure 5.5a).

Although somewhat rare, negative skewness can also be observed when relatively
smooth pulses undergo abrupt reductions of their intensity for a few bins. This might
be for instance, an indication of quiet regions within the emission cone.

It should be noted that since skewness is a measure of asymmetry, what really
matters is how many occurrences appear most frequently within the pulse window.
Therefore, a «restless» profile with many peaks above and below the mean intensity,
does not necessarily to have a skewed intensity distribution, as they both could appear
with the same frequency.

*
The same applies for the mode, because they are identical in this case.
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&<— ONwindow —>,

Intensity

(a) pulse window with positively
skewed intensity distribution

Intensity

(b) pulse window with negatively
skewed intensity distribution

Figure 5.5 Two examples of pulses which correspond to positively (a)
and negatively (b) skewed distributions.
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Description: A measure of the relative steepness of a distribution compared to the
normal distribution. Sharp peaked distributions fall quickly around their mode and
have kurtosis greater than 0, while smoother peaks have less. The normal distribution
is defined as the one with kurtosis = 0.

Physics: The meaning of large kurtosis in an intensity distribution, is that
measurements of less frequent values disappear very quickly as we move far from the
mode. As a result, the pulse profile is dominated by samples nearly of the same
intensity, although spikes could also exist as long as their intensities are randomly
distributed (see Figure 5.6b). Extended noise in the ON pulse window (e.g. when
many components have faded out) can also account for large values of kurtosis as
well as for large skewness.

Small or even negative kurtosis implies that the profile is composed of flat and long
sub-pulses with various intensities. For instance, if half of the ON pulse window is
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noise and the other half is composed of pulses with similar intensity, the intensity
distribution will peak at both values (zero due to the noise and a higher value due to
the pulses) and so it will be flat. Of course, both cases are relative to the normal
distribution, which is the model that fits best a random distribution of intensities.

(a)
kurtosis = +eo (line)
kurtosis < 0 kurtosis = 0 (normal distribution)
| |
(b)
| <—— ONwindow —>!
|
Intensity ' i
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
mode --
Kurtosis > 0
(c)
I<—— ONwindow —>!
|
Intensity ' i
| |
| |
local mode 3 -- i '
| |
: |
local mode 2 - - ! i
local mode 1 --- I I
Kurtosis < 0
Figure 5.6 Examples of distributions with different kurtosis (a) and two possible
pulse profiles which correspond to distributions with positive (b) and negative (c)
kurtosis.
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As soon as all the statistical calculations are finished, the program asks whether to plot
statistics or not. If the answer is positive, a new menu, labeled ‘Plot Statistics’, is shown.
The purpose of this menu is to finalize the analysis procedure by plotting two kinds of
statistical graphs. The first kind corresponds to the time varying analysis, and the other
one to the stationary analysis. In both cases, two parameters need to be set; those are the
component and the statistical moment we’d like to plot. A complete analysis should take
into account all four moments for every component, including the ON pulse.

Time-series plots

This type of graphs presents the change of a statistical moment with time. This is done
by calculating this moment for every pulse in the specified by the requested number of
records. Then, the program places the calculated values on a moment-pulse number
diagram and constructs a continuous plot by connecting the points with lines. Since
every pulse lasts a specific period of time, this diagram is considered as a moment-time
plot.

The plotting window in a time-series plot, contains two graphs. On the upper graph the
ON pulse’s or component’s statistical values are drawn, whereas the lower graph shows
the change of the corresponding moment for the noise. In addition, there are various
information regarding the plot. Two of the most useful parameters shown, are the
minimum and maximum value of the statistic moment in the diagram. These numbers
help to determine a rough boundary for the following histograms.

Time plots are the most useful for a pulsar statistical analysis, because they refer to
certain properties of the pulsars, like the energy flux, which change with time. This helps
the astronomers to detect natural phenomena on a pulsar, like pulse drifting or nulling.

Histograms

The stationary analysis consists of histograms of statistical moment distributions. More
specifically, the pulses’ moment values are drawn on the horizontal axis and the number
of occurences on the vertical axis. For each value of the statistical moment, the program
plots a transverse bar with height equal to the number of pulses having roughly the same
value and width equal to the range of this approximation (i.e. the step). This is done for
all the components, for both the ON and all the OFF windows.

When plotting a histogram, it is crucial to set the axis’ limits beforehand. The moment
axis (horizontal), usually ranges from the minimum value taken from the time-series
graphs, to the maximum one. This is a first approach of those limits and it is modified
later according to the broader distribution. One can set those limits using the limit
command in the statistics plot menu. It allows the user to provide individual boundaries
for each moment graph separately as well as the step between successive bars. On the
other hand, the pulses axis’ range (vertical) can be set by the factor command. To make a
reliable comparison between histograms which represent the same moment but different
component, a suitable common factor is used. This factor comes from the highest
distribution, so that every other will fit into the plotting window. Together with the
moment’s limits, the plot factor constructs a set of parameters that will fit all the
histograms referring to each statistical moment. After deciding for the above, the plotting
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begins with the histfog command.

Histograms provide a method for reviewing the most probable values of the pulsar’s
statistics. Furthermore, they confirm the conclusions drawn by the study of time plots.
For example, an erratic emission from a pulsar will show fluctuations in an energy-time
plot and this will be verified by the mean energy histogram which is expected to peak

near Zero.

Inversely, a peak near zero value could mean that there is a significant

percentage of null pulses apart from the typical ones, but this can also be verified by
looking at the respective time plot which will show sudden drops of the energy.

A multi-frequency simultaneous analysis: PSR B0329+54

Previous work

INTENSITY (arbitrary units)

T T I ! '
PSR 0329*54—N0RMM MODE

-~ ABNORMAL MODE A
+--ABNORMAL MODE B
---ABNORMAL MODE C

The pulsar PSR B0329+54 is one of the
brightest pulsars available for observation.
Previous study of its pulse properties has shown
that this pulsar exhibits obvious mode changing
phenomena but no significant sub-pulse drifting
or nulling. Especially at 1.4 and 2.7 GHz, to
which the available data refers, this pulsar emits
in three different abnormal modes. It is
classified as a “wide-triple” which means that
its integrated profile displays three well
resolved peaks. These peaks correspond to the
conal (side peaks) and the core emission
(central peak) in agreement with the hollow
cone model. The core component is nearly four
times as intense as the conal components. The
profile type is quite recognizable at 1.4 and 2.7
GHz, but the conal components seem to fade
out when moving to higher or lower
frequencies.

The outer components are rather symmetric
around the central one, but this is the case only
for the normal mode. The abnormal mode
shows an asymmetry at frequencies of 5 GHz
and above. Moreover, Arecibo polarimetric
observations indicate a slight change in the PA

(polarization angle) configuration between normal and abnormal modes, which supports
the idea that the orientation of the magnetic axis, relatively to the line of sight, is altered
during the mode-changing.

Although the PSR B0329+54 is believed to have a well resolved triple profile, at
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frequencies below 2 GHz, two more components emerge between the central and the
outer components. According to J.Rankin (1983), these two ‘bridge’ components are the
result of absorption and propagation effects because of the magnetosphere of the star.
The following analysis takes into account these ‘bridge’ components only for the Lovell
data (1.41 GHz), since they don’t appear in the 2.69 GHz observation with the RT-100.

The data

The data for the analysis was available at Effelsberg observatory’s database in Bonn,
Germany. However, only half of the data recorded came from Effelsberg’s RT-100, as
the rest was recorded in Jodrell Bank observatory in Manchester, England. Both
observations were written in a single EPN file which contains a total of 1892 pulses of
the pulsar PSR B0329+54, shared into 1892 records (i.e. nint=1). Every record
contains eight channels (i.e. npol=8); four for each observation. The Effelsberg
observation was conducted at 2.69 GHz, whereas the Lovell observation at 1.41 GHz. A
fairly adequate resolution (700 usec) and the very good alignment of the data, allowed a
good definition of the components.

No calibration signal was included in either of the observations and there hasn’t been
any addition of channels before any calculation, because the first channel of every record
already contains the information for the total intensity. The entire analysis is solely based
on that channel, and so, the rest of the channels are not studied.

The data sets

By integrating all pulses the ‘wide-triple’ profile of this pulsar is verified. However, the
Lovell observation at 1.41 GHz, reveals the so called bridge components II and 1V,
located between the three major ones. On the other hand, the Effelsberg data do not show
a five-component profile, but confirms the triple one (see page 67). It is strongly
believed that the first bridge component merges with the central component. It might
also be possible that the second bridge component merges with the last conal component.

The statistical calculations which are performed for the ON pulse and components
windows at both frequencies, are presented in detail in the following pages:

Lovell data set (1.41 GH7)

In the stationary analysis, the histogram of the mean intensity distribution of the ON
pulse window for the Lovell data channel, peaks around 0.8 which is very close to the
mean intensity (see page 85)*. This means that the null pulses, if any, are rare.
Furthermore, the dispersion of the intensities around the mean is rather small, which can
be explained by a somewhat uniform emission. This distribution is skewed positively,
which could account for some energetic pulses and thus, an indication that all three
components might be flaring simultaneously. In the same histogram, the noise is very
balanced with respect to zero, which makes our data even more reliable regarding the
intensities.

* All the distributions referring to the mean intensity of the pulses, whether it’s for a component or for the
ON window, are normalized with mean values equal to 1.00.
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The sigma values corresponding to individual pulses of the ON pulse window are
exceptionally high and uniformly distributed ranging from 1500 to 3250 with no more
than 8 pulses having the same sigma. Such high sigma values indicate that each pulse
could have a large deviation from its mean intensity. This could be explained by restless
pulse profiles and therefore great fluctuations within the ON windows. A possible
explanation of this phenomenon, which is verified by the values of skewness, is the
frequent nulling of sub-pulses; when many of the components are present there is a
relatively small difference between the mean intensity and each bin’s intensity, whereas a
missing component results in a larger dispersion of the bin intensities.

The skewness has a positive value (1.7), which is consistent to frequent sub-pulse
nulling. Since the intensity of the core component is greater than that of the conal
components, the positive values of skewness are assumed to be a result of conal sub-pulse
nulling rather than core nulling. However, the skewness histogram is flat in the region
from 1 to 2.5 with value of 100 approximately and therefore not only sub-pulse nulling
but also sub-pulse intensity reduction can account for such values of skewness. These
intensity variations cannot be easily observed in time-series diagrams of the components,
due to the large number of pulses and the non-periodicity of the phenomenon.

The ON pulse window’s kurtosis distribution values vary remarkably from -1.5 to 15
(1. So, it is clear that the mean value of the kurtosis does not have much integrity in this
case, since the values are scattered uniformly all over the above range. Although the
most frequent value is close to zero, the majority of pulses have positive kurtosis which
partly supports the assumption of sub-pulse nulling or fading.

The next step is to study the diagrams which correspond to the individual components.
Many of the conclusions are based on the conal-core model, recently introduced by Lyne
& Manchester (1988). The bridge components II and IV in the Lovell data, will be
treated as side effects due to absorption, in agreement with Rankin’s assumption (1983).

The conal component I exhibits many low intensity pulses with large sigma and positive
skewness, as it follows from the mean intensity distribution (page 86). There is also a
significant percentage of nulling (~10%), evident from the many quiet periods and
sudden spikes displayed in the mean-time diagram. This confirms the hypothesis of
frequent sub-pulse nulling. Above the mean intensity there are a lot of pulses spread over
various intensities, meaning that this component is flaring erratically half the time.

Compared to the total pulse, the component I shows a smooth profile, since the standard
deviation of intensities within the sub-window is relatively low (around 500 for most
pulses). This is also supported by the fact that skewness and kurtosis have zero and
negative values respectively. The small negative kurtosis characterizes a profile
smoother than that of the normal distribution.

The picture is more or less the same for the other major cone component (V). The only
difference is that this component disappears less frequently and the emission is more
stable for higher energies (i.e. when it’s flaring).

The central core component III is the most prominent and consequently its fluctuations
with time are certainly affecting the total pulse intensity more than the other components
do. Although there is a similarity between the sigma histogram of the ON-window and
that of the core component (page 88), which indicates a connection between their
fluctuation, the time graphs do not show any further resemblance, since the component’s
time plot of the mean intensity contains inversed peaks whereas the corresponding ON
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diagram doesn’t. This means that the core component undergoes sudden reductions of its
mean intensity which are not reflected on the total pulse energy. An explanation for this
result could be that, in many pulses, the signal exceeds the sub-window’s width and so,
some of the component’s energy is neglected. This is particularly true for the core
component III, which is overlapping with the bridge component II, making it impossible
to use an appropriate sub-window that contains only a single component.

The histogram of the mean intensity of the core component is peaked with a short tail
towards the low intensities. Most sub-pulses have nearly the same energy, but a
substantial number of them corresponds to quiet core emission. Furthermore, large
values of sigma and many negative values of kurtosis indicate a multi-plateau profile, i.e.
sections of flat emission.

As mentioned before, the bridge components II and IV are located very close to the
other components, which makes the statistical analysis of those components less accurate.
The calculated moments for these components do not necessarily reflect their
morphology or even the intensity, because the sub-window contains part of the
neighboring component. The histograms of the mean energy show erratic emission for
both components and many low energy pulses. The sigma histogram of the sub-pulses
reveals smooth pulse profiles and the skewness histogram doesn’t show any modulation
such as drifting. Kurtosis histograms, shown in pages 87 and 89, support these
conclusions (mean kurtosis is about -1.5 for both components).

Finally, it is interesting to check if there is a correlation between the energy of the core
component and that of the bridge component. Such a correlation is not evident in the
time diagrams, probably because of scintillation effects. However, a quiet period for the
bridge component around the 1500 pulse, takes place simultaneously with a reduction of
the core’s emission, an effect which along with a few other occurrences, might be a
confirmation of Rankin’s thought for the mechanism that produces those bridge
components.

Effelsberg data set (2.69 GHz)

At 2.69 GHz the signal-to-noise ratio was far larger than at 1.41 GHz, probably due to
better directivity of the RT-100. The histogram of the mean intensity, of the ON window,
has a narrow peak (page 91). The short tail of the histogram, extending to the high
values, is because of either a few energetic components or a simultaneous flaring of all
the components. The small, but clearly positively skewed distribution, reveals a uniform
emission with a small number of intense pulses within the ON window. However, the
pulses themselves are fluctuating intensively as shown in the sigma histogram.
Furthermore, the majority of pulses are positively skewed (only a 12% of is below
skewness = 1) which means that not all the components are flaring simultaneously. The
kurtosis distribution is flat, ranging from -1 to 8, with many pulses having positive
values, in agreement with the previous conclusion that the components do not flare
simultaneously. The negative values of kurtosis, correspond to single pulses which
extend to the full width of the ON window, meaning that all their components are active.

The time analysis of the ON pulse window did not show any obvious periodicities
concerning the mean intensity (page 69). It is well known, that the 2.69 GHz pulse
profile exhibits three quite different shapes, known as its three modes (One normal and
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two abnormal modes). Contrary to the 1.41 GHz profile, those three modes correspond to
significantly different total energy which should appear in the time plots. An explanation
of this could be that the mode-changing takes place randomly and it is short-lived.
Nevertheless, judging by the shape of the different modes, this phenomenon may be
detected by looking at the components behavior as a function of time.

Among the three components, the first one has the most erratic emission. This can be
seen in the time diagram which contains not only many energy bursts, but also many low
energy values (page 73). In addition to that, the mean intensity histogram demonstrates a
wide range of values (from O to 6) and positive skewness, in agreement with the previous
conclusion. As shown in the same histogram, nulling of this component is rare (~2%).
One remarkable fact is the resemblance between the mean and the sigma time patterns.
When the component bursts, the sub-pulses seem to become restless. On the other hand,
the quiet sections of the mean diagram are accompanied by low sigma values meaning
that the sub-pulses are smooth. This is reasonable, since low-energy emission is a
somewhat «calm» emission. The mean value of sigma however is the lowest amongst the
components and together with the negative values of kurtosis, indicate that many of the
sub-pulses are unruffled.

The other cone component (III) shows more or less the same behavior with the first one,
with the difference that the emission is slightly more uniform, almost continuous and
without nulls.

Finally, the most intense component is again the core component. Its intensity does not
vary much with time, but the sub-pulses within the central sub-window exhibit intense
fluctuations, as shown in the mean and sigma histograms (page 93). The emission is
steady and uniform and nulling does not occur. Contrary to the other components, the
correlation between the sigma and mean time-series plots is not so strong, although some
low-intensity pulses are accompanied by low-sigma values. It is obvious from the sigma
time diagram, that there are many occasional inversed peaks (page 77). This shows no
periodicity, but it might be an indication of mode-changing which is known to be present
for this particular pulsar.

The skewness distribution contains many positive values above the mean, which is itself
positive (~0.5). This is due to some extended sub-pulses which have forced us to select a
sub-window larger than usual, and therefore unnecessary noise has been included in
many calculations. The origin of these extended sub-pulses is not clear, but they could be
associated with the bridge components, which do not entirely merge with the core
component at this frequency. This doesn’t mean they do not exist, since there is a
possibility that they are merged with the core component and cannot be distinguished in
the integrated profile. However, a single pulse may occasionally contain five distinct
sub-pulses. These single pulses, added together, can make the integrated central region
wider.

The form of the kurtosis distribution is not much different than that the other
components. A peaked kurtosis distribution with a negative mode reveals that the sub-
window contains flat sub-pulses, which in this case, they are the core and the bridge
component.
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The comparison

The interesting part of this analysis is that we can compare directly the time diagrams
for the two frequencies. This wouldn’t be possible without a de-disperser which
eliminates the time gap between the arrival of the signals. As far as the mean intensity
diagrams for the ON window are concerned (see page 69), there is a slight difference
between the plot scales of the graphs, but generally we can recognize the same pattern for
both frequencies. When there is an abrupt increase of energy in the Lovell observation,
there is also one in the Effelsberg observation. All the other moments do not fluctuate in
the same way for the two observations, except for the skewness, but the resemblance of
corresponding histograms, for most of the moments, makes it difficult to believe that
there is an entirely different emission mechanism associated with each frequency.

Referring to the components, the first one exhibits simultaneous variations of the mean
intensity at both frequencies, but the other moments do not take the same values
simultaneously, as expected. However, there are certain similarities between the time-
series. The most obvious one, has to do with the sigma time diagram, which looks
roughly the same for both frequencies (page 74). On the other hand, less substantial
features like peaks along the kurtosis time-series, are also quite a common characteristic
(page 75).

As mentioned at the beginning of this analysis, the bridge components II and IV of the
Effelsberg observation probably merge with components II and III of the Lovell
observation, respectively. More specifically, the time-series for the mean intensity of the
component II at 2.69 GHz seems to have the characteristics of the corresponding graphs
for component II and IIT at 1.41 GHz, merged together (see page 76). So, there is an
inversely peaked pattern for component III at 1.41 GHz and a peaked pattern for
component II at the same frequency. Furthermore, the time pattern for the component 11
at 2.69 GHz nearly resembles its counterpart at 1.41 GHz (component III). Its time
pattern though is slightly richer in positive spikes (i.e. those above the mean) and there
are certain pulse sequences whose energy fluctuates around the energy of the
corresponding core component (i.e. component III at 1.41 GHz). Nevertheless, what was
expected to fluctuate similarly in both frequencies -that is the energy of the core
component- is actually not. This could be an indication of the influence of the first bridge
component, included in the core component’s sub-window at 2.69 GHz. In fact, it was
difficult to avoid including this extra data into our calculations, because the integrated
profile did not show any discrete bridge component.

Moreover, the histograms of the mean energy, show that even though there is a negative
skewness in the distribution of the component III at 1.41 GHz, due to several inversed
peaks, the corresponding histogram for the component II at 2.69 GHz is practically
unskewed (pages 88 and 93). Taking into account the mean intensity distribution for the
bridge component II at 1.41 GHz, shown in page 87, it is convenient to attribute this
dissimilarity to a hidden bridge component with exactly the same properties as these of
the component II of the Lovell observation. According to the histogram of this
component, the positively skewed distribution contributed a number of energetic pulses
to the distribution of the core component. As a result, the complex core component has a
balanced energy distribution around the mean.

The sigma histograms did not show any strong evidence regarding the bridge
component’s existence within the integrated core component. The corresponding core
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components at both frequencies (component III at 1.41GHz and component II at 2.69
GHz) display nearly identical sigma time-series and no sign of any interference from the
bridge component is found (page 77). However, the relatively low sigma values for the
bridge component at 1.41 GHz, give credit to this fact. This merged bridge component is
therefore not capable of distorting the energy distribution very much.

Things get complicated for higher order moments, and it is not easy to reach to safe
conclusions by examining the respective histograms. However, the uniformity of the
kurtosis histograms at both frequencies throughout the core and conal components, is
obvious. They all exhibit negative mean kurtosis and share binomial ‘Type I’

distributions”.  On the contrary, the bridge components II and IV at 1.41 GHz, have

totally different distribution shapes. The distributions of the components II and IV are
‘Type II’ and ‘Type III’ respectively.

Finally, the last conal component (III) at 2.69 GHz shows no correlation with the
corresponding component at 1.41 GHz (V), as far as the time plot is concerned, apart
from one or two occurrences where the flux seems to have identical behavior with time
(page 81). This dissimilarity could be explained by the fact that the third sub-window at
2.69 GHz includes information not only for the conal component, but for a part of the
second bridge component, too. If this is the case, it is expected from the time plot of the
component IIT at 2.69 GHz to fluctuate differently from its counterpart at 1.41 GHz, due
to interference from the bridge component. Nevertheless, the time analysis for the mean
intensity did not show any characteristics of the bridge component’s fluctuation in that
diagram, as it happened for the central core component. The emission of the bridge
component is more erratic than that of the conal component, with many random peaks
throughout (page 84). That is why the mean histogram for that component is so spread
out to a wide energy spectrum (from O to 5).

It should be mentioned that the corresponding conal components III and V at 2.69 and
1.41 GHz respectively, have similar binomial mean distributions (pages 90 and 94). The
picture is the same for the rest of the histograms, and so, it is unlikely that the bridge
component IV and the conal component V at 1.41 GHz are merged into a single one, at
2.69 GHz. Therefore, the difference in the time plots must be a result of scintillation or
some other side-effect which produces a different time pattern for the energy of the
pulses at each frequency.

*
Further information about the distribution types can be found in Diploma Thesis: Statistical Moments of

Pulsar Emission [3].

61



Conclusions

The study of PSR B0329+54 confirmed some of the previous work, but also revealed
new information regarding the physics of the star. The fact that the data was available in
EPN format made it possible to compare the successive pulses of the pulsar in two
different frequencies with measurements being taken from simultaneous observations by
separate telescopes.

The Effesberg data confirmed the well-known “wide triple” profile of the pulsar,
whereas the Lovell data set revealed two extra components which are believed to form
due to propagation effects through the magnetosphere. Strong evidence support their
existence even at higher frequencies, but they seem to be located very close to the cone
and conal components and are consequently undetectable in the integrated profile. More
specifically, the second and third component appearing at 1.41 GHz might merge into one
wide core component at 2.69 GHz, after the integration. One remark that should be noted
though, concerns the bridge component which lies between the core and the last cone
lobe, right on the saddle area. This bridge component is more isolated than the other one
and cannot be considered as merged with neither of the surrounding components.

By examining the single pulses as a whole, the time series did not reveal the
periodicities expected from a mode-changer such as PSR B0329+54. On the contrary, the
histograms of the mean intensity showed a quite stable energy emission with time. As
mentioned before, this is compatible with the mode-changing phenomenon, because the
kind of modes this pulsar exhibits are more or less of the same energy. What is
remarkable however, is the large sigma for both observations. The ON windows have
sigma well above 2000 which is quite untypical even for a pulsar. Frequent sub-pulse
nulling cannot account for such sigma values nor can the sub-pulse drifting phenomenon,
which was not found to be a dominant characteristic of the pulsar’s emission.

The analysis have managed to correlate most of the components’ properties at each
frequency, even for the first bridge component which was found to be merged with the
core component at 2.69 GHz. Nonetheless, the mean time-series showed that the last
cone component fluctuates differently at each frequency, but this is neither due to a
multiple behavior, as in core emission, nor due to a different emission mechanism.
Finally, apart from the mean intensity time-series, there are similarities between many of
the rest of the diagrams and nearly all the corresponding histograms have the same
properties at both frequencies.

In conclusion, PSR B0329+54 is a difficult pulsar to study with a simple statistical
analysis. The time-series plots did not demonstrate clearly the expected phenomena,
since they didn’t reveal a pattern that can be easily interpreted. On the other hand, the
stationary analysis, expressed with histograms, was much more useful and compatible
with the information extracted from the time-series plots. Both time and stationary
analysis did not display any substantial differences between the two observations and so,
the mechanism which produces the emission at each frequency must be the same.
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Epilogue

This is the first time that a simultaneous analysis has been conducted using the data
taken from two different radio-telescopes. The key factor was the common data format
used. It is possible to perform many similar analyses incorporating measurements from
more telescopes. The data sets which will be constructed, can be easily written into a
single EPN file ready for analysis. That way, the opportunity for a direct comparison
between the various frequency bands, is given.

However, only the use of EPN format is not enough. For the processing of the
astronomical data, software that can handle many possible aspects of an analysis, should
be developed. JHSPULS’ flexibility together with EPN’s versatility, made that
sophisticated analysis feasible. Hence, it’s clear that the implementation of EPN reading
has made it possible for the scientists to bring out new data regarding pulsar radio-
astronomy, which were otherwise withheld by the fact that no other data reduction tool
was able to perform such an analysis.

Nevertheless, a statistical analysis cannot totally interpret the underlying physics of the
pulsar. It is well known for example, that the full description of a distribution would
require the knowledge of infinite statistical moments, while the available ones were only
four. Therefore, every result extracted from the EPN data was, at best, an approximation.
Still, the combination of new techniques applied on the vast database of pulsar
information is promising, and maybe the day that the pulsar structure is well understood
is not far.

63



Acknowledgements

I would like to thank:

My supervisor Prof. J.H. Seiradakis who guided me through this effort by giving me his
valuable advices.

Marios Chatzikos, who has eagerly co-operated with me while working on his own
thesis.

Aris Karastergiou of the Max Planck Institute in Bonn, who has provided us with
valuable material regarding pulsar observations.

Tolis Karakoussis of the Informatics department and Dimitris Galanakis of the Physics
Department, for their consultative help upon matters of programming and syntax,
respectively.

Dipanjan Mitra whose previous work on the JHSPULS source code was more than a
starting point to me.

I would also like to thank:

My parents for their support along this challenging task and my dear friend Nikos
Kouidis for his ever-present help and support.

64



Bibliography

1.  Zmbpov, N. (1995) Apyés Aorpixng E&édiéng
Tuqua dvowmge, Mavemompo Oescarovikng.
2. Zepadakng, [.X. (1996) Lyusiwoeig Podioaotpovouiog
Tuqua dvowmge, Mavemompuo Oescarovikng.
3.  Toaxpdxn, II. (1994) Diploma Thesis: Statistical Moments of Pulsar
Emission
Tuqua dvowmge, Mavemompo Oescarovikng.
4.  Shu, F.H. (1982) The Physical Universe: An Introduction to Astronomy,
University Science Books, Mill Valley, California.
5. Rankin J.M. (1984), Paper IlI, Toward an Empirical Theory of Pulsar
Emission: Mode Changing, Drifting Subpulses and Pulse nulling
Department of Physics, University of Vermont.
6. Rankin J.M. (1992), Paper VI, Toward an Empirical Theory of Pulsar
Emission: The Geometry of the Conal Emission Region, Appendix and Tables
Department of Physics, University of Vermont.

65



66



A\ppendix: Histograms & Time-series

INTEGRATED PROFILES AT 1.41 AND 2.69 GHz
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TIME-SERIES FOR SIGMA AT 1.41 AND 2.69 GHz
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TIME-SERIES FOR SKEWNESS AT 1.41 AND 2.69 GHz
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TIME-SERIES FOR SKEWNESS AT 1.41 AND 2.69 GHz
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TIME-SERIES FOR MEAN AT 1.41 AND 2.69 GHz
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TIME-SERIES FOR SIGMA AT 1.41 AND 2.69 GHz

(COM1)
gzaélLle " se1 " 1oo1 UM
FSR #B329+34
1377 7897
9223 .24 1411 GHZ
6385 . 32
3547 4@
ros il l
J-.Llu“.ll.hul Il-lullll |
-2128 44
| | |
| 1 | SP1 | 1601 UM
[ [ [
11215 23 501 1081 NUM
FSR #B329+34
1377 ~897¢
as7g 35 2. 694  GHZ
5937 . 48
3298 .60
§59_|i
| | |
-1979 14
| | |
1 SP1 1601 UM

74



TIME-SERIES FOR KURTOSIS AT 1.41 AND 2.69 GHz
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(COM 2,COM 3 AT 1.41 GHz & COM 2 AT 2.69 GHz)
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(COM 2,COM 3 AT 1.41 GHz & COM 2 AT 2.69 GHz)
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(COM 2,COM 3 AT 1.41 GHz & COM 2 AT 2.69 GHz)
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(COM 2,COM 3 AT 1.41 GHz & COM 2 AT 2.69 GHz)
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TIME-SERIES FOR SIGMA AT 1.41 AND 2.69 GHz
(COM S AT 1.41 GHz & COM 3 AT 2.69 GHz)
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TIME-SERIES FOR MEAN AT 1.41 AND 2.69 GHz
(COM S AT 1.41 GHz & COM 3 AT 2.69 GHz)
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TIME-SERIES FOR SKEWNESS AT 1.41 AND 2.69 GHz
(COM S AT 1.41 GHz & COM 3 AT 2.69 GHz)
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TIME-SERIES FOR KURTOSIS AT 1.41 AND 2.69 GHz
(COM S AT 1.41 GHz & COM 3 AT 2.69 GHz)
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