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The Solar Magnetometer of Kodniknnal O h e r v ~ i o r y  

AII 11~uurnrlrl mpnblr nrmrs~u~rmml  orwrnL lnndrudl~inl cnmpmrnl nrmngncrlc i k l d ~  on Lhc 
nun ha3 b m  dm' id nnrl conm~clnl ror o mllnn wiih l l i ~  hr~riml~irtl srrlnr lclncope snd h l ~ h  dlnl~ralon 

nl. ? odRiknnsl Olrwrvnlnry. l ! & i l r d  rrniulrq r~rlhr. rrpilml nnd dce~mnlc draign have l m n  
%;,"a?l;fhr inrtrurnn~i llsrs h c  lr~inciplc oI'llro Rnl,mr.lr mna~ncto~ral,h and liar addi t fnd  ~scillllcs or 
simullnnrrrur mcar~unntl~lri o~lhlrlrlr:r vdtxiiim and linr corc inknaltlo~ A phntn-olcc~rlc giildlng ntcnch- 
moor for iha ~ l a r  i n q t  ha3 ulrn l ~ c n  deccrild. Tho pcrlirrmn~~cc oI'thc ln~wumrmr mud rehblliry or the 
rncaruremcnli hava lrrcn disc~lssed, 

1. H a h a t i d  80hr T d e a q  

Thc ncw horizontal solar Lclceco waa iuntnlled in 1W in Kodaikanal Obscr- r vatory to facilitate dclailcd ntudiur ol ic ~11n. l%c cornplctc optical and dcctronic 
drive eyetcm was supplied by Gnibb P m m  n~td cornisto or n tlircc mirmr coclostat 
arrangement lccdin a 9&m, r/90 two clrmcnt ob'ectivc lcna. A 35cm mlar imagc in 
pmducd by tho LC 7 ompc w111ch is lollowal in b c  optleal train by a lllgh diapcdon 
s cctmgraph, tlial provldcs liigll rcmlution epcclrn ror furllicr rcfincd moaauremcnte. 
b i e  horizontal vlcaco~c ia hovcd in n long u n d c p u n c l  tunncl to minimile ihc cBcctn 
of tcmpcraturc variatioi~. Thc iirnl two mirrom of thc cocloslat systcm arc mounted 
on a bwcr 10 rnctcrs abnvc p u n t 1  lcvcl lo twr~ill ~ccing flucluations t h ~ t  orkinatc ncw 
thc p u n d .  

2 Tha Cwlomtnt Symtem 

Thc first mirror or LLlc c~elosbl, an o tical flat of r~md quarlz of duminiacd 
surfncc 61cm in dinmctcr, is mou~ltcd in o c cf 1 with rqutttorial mountfn arra 
and is driven hy a synchronous motor gcanxl clown in 8ucli n way aa to 7 ollow ymcnt t c nun 
with hi h accuracy. Thc su ly rrequcncy of thc eyncl~mnoua motor i n  47.993 cycIcn 
nornin 3 y, which is Rcncratd& a Wcia hridgc arcillator will1 ile olcrncnts in a tl~crmo- 
statically controlled ovcn. A scparntc tuning unit provida small adjununcnb necded 
to copc with thc varia~iom in thc sun's np arcnt nlotlon. 'rhc oscillator output is phaae 

P very stablc requcncy. 
P split and am lified by thrcc powcr amph lrra to produce R 3 phaec 440V mpply with a 

Thc sccond coelcmtat mirror identical to iw firat ia also cquatorially mountcd 
and has independent remotc controjled slow ~ n d  hat rnovcmcnm around iwo perpcndi- 
cular axes, that enable thc obaervcr to rnovc and ccntrc any part or Lhe .solar i m a ~  on to 
thc apcctrograph elit. 

The third m h r  Located a t  ihc boitam of t t~c  tower in again a 6lcm o tical fund S uartz flat, but fixed at an an le of 45" to ihc vmtical eo as b render the earn &om LC towrr coclcmtat r n i m  !orimntRl along thc wis oF thc 60 rnotrc long under 
ground tunncl. 



~ 1 , ~  hori7,nnlal solnr 1)c;un mn on a 38 cm dimrtcr ,  two clcmcnt a c h m  
objective le,-,a with ? fyd ~ C L I  ih 96 n ~ c t v r ~ .  Anti-rcflcction cuating of a thin Elm 'i ofmagnesium fluor~dc IS pntvic cd on Ll~c lcns to rcduce light low by rcflcction at the 
,,rfacea. The Im is mounkd on 11 rclnok contmllcd tractiou cKnia c to cnable c~nyine 
out small cl~angcn in rocusing wllcn working a l  cxwcnlc cdga o f thc spectrum. T~ 
facilitate viaud inspcc!ion, lllc aolnr i m a p  is Tmmcd on a whitc meld screen, which 
fo- aid platc oT tlir 18 nlclrc d~Krnction spectrograph. 

The high dLlmaion npcc'tnqn 11 connista of a l aqc  plnuc rcflcction B a h t  
grating in a I~rlrow ~ r t m ~ c m c l l l .  %it% p n L i n ~  hw an area of 153 rnm x2OS nm, 
which 600 lhrs to h c  millimcln- I I I I ~  l~lw,cd in Lhc Efih ordcr nt 5 0 W ~ .  'l'hc Li tm 
leu is p 20 cm, q90 two rlcmc;nl arhromat with n focnl lcnfih or 1800 cni, and in mounted 

, on a lemou: c ~ ~ ~ t r o l l i ~ l  Lrnrtloll ~~arritruc. Tllc dispcraion and apccll.ul r ~ l u t i o n  s~ 
extremely hi 11; in Lhc finh odc r  Rrrrn, whcrc il iq I,lnzcd, n dispcmion of 9 mm/ k 
obtained wit 7 I n m l v i n g  lxrwcr or  600,000. 

5. Theory of kbas-eni 

The longitudinnl corn one111 of wlar magnctic field in measured fmm the Zeeman 
uplittin of certain lfraunho rr lincs. It1 tlm direction or thc ma ctic ficld, moat of the f P 
apcctrn lincs split up into Lwo components, both circularly po y arisecl, but in oppmitc 
m e .  The aluk in wavclcn 111 or cacl~ componcnl is rclatcd to thc magnclic fieM 
shwqth by .the rnllowing rc 1 ation ; 

/\I---4.67.,," pnn - .  (1) 

whereA1,~ arc in cms) H in in gnllss ancl # is in tlic Landc' splitting rator for the 
particular Une. Thc nhln, HR nlny 1)c accn, in cxtrcmcly small f i~r smnll maprtic fi& 
and cannot he dctcctcd p ~ l o k ~ p l ~ h i c ~ d l y  or cvcn by t l~c  usunl pl~otoclcclnc tlrrangc- 
mcn!a. Thc two comphncnts rrlnnin unresnlvcd evcn for modcrutcly strung ficlda, and 
in t h ~ t  c m ,  thc linc al~,pcsra a triflc 1)ntadcnccl. If, howcvcr, by introducing a quark- 
wave late and a polar~srr, one or thc circunrly polnriscd corn oncnta ia rcrnwcd, 4 the o er component will ~ J C  81:m n~lcl k c  linc will appcar shi K cd. 

Pig. I 



lf o l l ~  acts up an iirntngcSmrnl iu ahown in Fiig~llr 1, whictl aepal?ltm the 
hm lllc two winqs o f  i~ linr inlo coml~oncnla L, H I I ~  TI, ~11~' cliKercnce ALL, +L 
be zero if the linc 1~ l ) m  ILT~Y (.r11hcl, l)irt inlmclurlion or  n circular polariaation \ will result in a fitrctionn cllnnp,c, 

in a Zecnlm aITcciccl Line, l< h-ing the m i d u d  i~lir~leity nL L111, rcntre of the line and B 
h e  half width of lhc line, assuming n slmiglrl Lrinn@ar proHe. ~f he 
fight ia received o n  ~ w o  hotomultiplier tub1.s or idcllbcal aild linm 
&macteriati~, then a e n u B  chnng  in ~)l~oto~nulliplirr o u t p u t  cumt 
should reault with Lhc intn~duction of n circulur polariz~tlion m a I w e r  by . ~i 

where i is thc lilcnn currCllt clc~ivcrcd by Lhc ph0Lomulti~~lir~ rccc iv ing  light fro,,, the 
wings of thc speclrd liuc under invcrtigntion. 

Thc dilrcrcnt:c rurrclll A i  is c:xLrcmcly slnnll Cur low valucs of mapctic field 
aid ctulnot bc u n a m l ~ i ~ ~ ( ~ u n l y  dcirrnrinctl will1 Lhc nornlirl d.c. ampIification techniques. 
Connecting ttvtr  h o ~ o m ~ r l ~ i  licrs rccriving light h m  t h  two will- in a differmtial 
arran emcnL dou ica lhc di crcncc, bul cvcn Lllcll thc irigllul Current is very small and B R 
comp etely subrncr~od in Lhc noisy pho~oniulii~~licr outyul curlSents. 
signal out of tllc nolsc hirckgmuncl, a sclcctivc amplificat~on Lcchniquc 
acbicvc tlh, an c l c c ~ ~ p t i c  n~odult~lio~i m a n ~ n r u i i  is w d .  A 
of ammonium di-l~ydrogcn-phw hate (Nil') lias the plr~pcrty or b e c o m i n g  bidringent 
when an elccuical po)tmtinl &icnt in nppliccl u r n  11. Wllcn M a p p m p a t e  wl t ag~  
is used, thc cryla1 bcliavw ns a quurtcr wavv plate. Uaccl in conjunct ion \nth a plariaer, 
it scrva an a circular poltrrisation tuialyacr. By rcvcdl l l~ Lllc p o l a r i t y  of the w l t a ~ ,  
the combination chnngcs h r n  u ri@t to 1 1 3  circular pl~rr~aal ion d e t e c t o r  ar vice-versa. 
If an altcmuting voltagc of appropnnic rnagniludc is applicd acroau the ADP, the combi- 
nation bchavcs oy an oscillating c i r~~r l e r  pol-rtioll ailulyw. W h e n  euch a system ia 
introduced in the bcnm tllc right nnd lcn circulnrly polirrincd li~111 are cut off in alternate 
half cyclea. l 'hc diHcrcntin1 oul jut or Lhc two photolnulti )IICIV t h u a  contains a sin le d r 3 frequency ni  ul wlloec ampl i~u  c is proporliond to the ongi tudina l  magnetic fi d. 
Tlua when xanndlod LI~ruuglr nur1-11~ band ~ c l r ~ ~ i v c  a111 lilicm, r i s e s  above the nobe 
level and makes it  ponsil~lc Cur being rccordcd ancr suitul~lr urihcr amplification, fltuing 
and synchronous dctection. 
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'rhc Lllrce Rllolomulti~~lic~n l',! I), iu~t l  I'm arc kC:A 11'21 photo tubrn S4 
sllrrnces, l'hc hotomulliphci~ l', ull(l l', [i~rlll 11 lllnlcllrd pair selcrled rmm 

2 do7,n t u b a  m l s h o w  aInio.1 idwiliwl eIlsr1~~1crbLiu. T o  imprwc lllrir 
to mtio characlcrintic.s, ~ l l c  ILIT OIICP~LLCCI with tlo~lblr LIIC l l o r m d  voltallcli h c  cat,lmIc m d  thc fimt (Y yntrdr ;uiil sliglllly n:duccd voltngc betweeu ninth 
dynode a l ~ d  wodc. l'hc phok~mulliplicr 1'. i q  p n ~ v l d ~ l  \v ih  L ~ U R ~  voltages at 

stegm, he polen(.i~l divider chain hcin localctl nL Lllc: I)Uc Of Lllc L ~ ~ J c .  Bu t  tlIe suppfies 
tubes p, and l', iwc indrpmdcll 8 y givcn ti, intlividual clccllv~lca by means of multicore 
cablca, voltage divisioii being conlrollcd by d ; ~ l ~ ~ ~ r ; r t c  ilclworks 011 tllc lnain instruments 
lack. l l l c  out UIS oTtlm two "win " pliokonlu1liplicl.s l', und P, arc taken out by a pair 
of shielded c& Cur fccding illlo t ? lc d i f i r n n ~ ~ c  anll~lilicr. A s*tdl monitor M, 
conhlillg of a total rcflecti p r i ~ m  mud on cyc-piccr, is 111ounlcd on a dratv tubc 
can brought in or out ot ?f i IC bean1 bp I I U I ~ U ~  upration. ~ X C  monitor hdps identifi- 
cation " f h c  spcrtral region ruid i r p p m x ~ ~ ~ ~ a L r  conlcritly of lhc lillc on the slit combination. 

7. The Eloa tro -o~o  ModulaLor 

The hca r~  uf ~ l i r  rIrcln+opiic mcdulnttrr iu  n l jnii~l Atomic lllounted ADp 
lypc AM-2 viUl opticnlly tianapnrcnl NUS11 elaclnrclu. 'I'llc n w ~ ~ n t c ~ l  cryshl :xy 
on an adjustnblc slttlld anrl inh~xluciul in 1111: n~rlur hcunr . ~ I I B L  bcforc t h e  spm-ra h 
enmncc slil. A polnn~itl is idst) fiurcd on n rulillablt. h m ~  Ibl~owing the ADP. &e 
8-d hns Cditics Tor uccoin~~~oilaling n C ~ c d  drculnr ~mlau.incr for converting the CS,+ 
merit for vdocily recording tn~tl Tor clrlil)rnting lh(: ficirlcn or L]lc illslrument an e x p h e d  
latcr. Tbvo acparalc hci~vil imulaled coildurtom supply Lllc 2500 volt A.C needed 
for t h p  =iyial ro switch f: A rclnrrlnlion hc rwrc~~  Ihc Lwo pohniscrl components of the 
light bcarn. 

TIlc ernclqcnt li hr in corn lctcl polnrkd in the & w . h  of the olaroid axin; A Y Ri Tor thc S ~ C  Orop .~ l  c ciency it 8ou1dbc  I I ~ U I M  ti1 t l~a  watin ruliog, w chis vertim~ 
in our get up. TIlc or icnt~~uon or lhe po mritl is hmu.t! iixc!, and h e  ADP r tli =T orientation djuslcd with rcapcrt lo lhh sr th~r l  lJlc clircrlion o r  lllc optic axis o the 
crystal remains n t  anglc o r  4.5' to Ihc pcrltur~id lutis. As ihc direction of the optico 
nxis of thc ~yat i i l  is know11 Croili the manuhc:turcis spccilit*alinn MI beillg paraUel to one 
of the aid=, ~l lc  c r y s ~ d  in rn~u~i lc t l  with its &I~'B 111 onc CUI Lc of sk5O to the vertical. A 'f ~ c h m t i c .  arnmgemcnl o r  t l ~ r  tliflcrcnl c l o ~ n n ~ h  111' LIIC mot uln~or is shown in Fi~urc 9. 

ADP DIFPERCNTIAC SLCECTIVE SVUCMRO(OU9 R E C O R O ~ R  
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The rlcctricd arrauqe~nent for modulation, sr~lcctivr a~nl)lifi~21tio11 nnd detection 
i.q shown schematically in F~gure 4. Thc modulating uency cmployrd in Lhis inqlru- 
men1 ia 125 Hi, obtaincd h m  rr cryah1 wntrollcd ac i l  9 R L O ~  and n scnlcr chain. ~h~ 

~ . .  .. 

IOJHH. B U I F C R  SCALER 6CALER PDWCR IlBV 
OSC. UlPLlFlER lOOt l a l l  AUPUFICR *APUIIFn QbWa 

Fig. 5 

conslant fi ucncy gcnrralor unit conuinln ol"a 100 KHz quiu.lx cscill:rtor, rr burcr ;unpli- 
fiw, two sca '7 er u n i ~  pmvidiup a scnlc of 800 and 'ving a unrr wrrve ol' Gtqucnc 

S P 3 125 Hz, an activc 6ltcr corn rising, of a wlcctivc tun ~ l i  icr at  12.5 z krnntl fin:illy a push-p uz 1 
clam All powcr amplificr clivcnng 40 W R ~ U  HL 115 wlk.  The whole sct up in shovn 
achematically in Figurc 5. Thc  oulp~lt or thin coualnnt frcclucnc gc~icrnlor l"wcLs two 

chopper vibrator thmugh thc phnsc shiflcr unit. 
Y tranaformcra, the hat  onc supplying 2500 V LLI the op~icrrl modu utor u~ld ihc sccoud, 

The diflmmcc ainpliliw uscd is a DA-102 low level dilrercntial ilmplificr manu- 
factured by EPSCO Inc. U.S.A. Tllis acccpk two inputs and nll~plilics tl1r diKcrcncc 
by meam of a \Vhcabbne blid e iletwork nud a cmodc input ntn~c. 

flat r a p o m  h m  DC B 100 kHz,  it Bvidca Ihc DO nncl vcry low ~rcrlucncy e n  
h m  others and amplifia liry a scpante choppcr stabilisetl runplilicnlioil sy8tm. In 
the final output thc two channels nrc cnmbincd Lo clhcr. Commtru ~noclc rr  ccuon is high, a .i the rejcctim ratio at 125 Hz hcinq 50,000 to 1. Di crcntial gnin i9 adjuslnb c h m  100 to 
2C100 in five sstepa. The bandwidlh yl iliverucly p~.oportional to gain, t l~c  p i n  \)and width pr 
oduct bei equal to 20 MHz. Thc cquivnlu~~ ~lolec input bcing lea thwl9 u~ic~uvolla r.m. 
a,, thc m&er is ideally suitahlc for am Lificalion of low hoto~nultiplicr sipala. Simul- F taneous amplilication of thc DC wilh &c 125Hz signal requcncy pwnlits 1j.C. to be 
aeparaLecl at the output and in used Tor o crating a servo syslcm thnt kccp the line contin- 
uously ccntrcd on thc double slit of t !, c photomultiplicr dctechr h c ~ d .  

The seleclive amplificr consints of two a*. Thc individual unim arc uf a caacode 
input stage with a twin-T rcjcction nclwork in  iki fwd back loop. l z i r  6 dlowa thc 
circuit di ram of this stagc. Usc of a cathodc followcr in the ccd back path 
im mva% t chuactcrintie, LC l 1 d  powcr poinu bcing l a  than 
5 re away 125 Hz. Use of high rcriaion, high stability 

the amplilier intrinsical f y vcry shblc. 

The p h m  scnaitivc syllchronoua dclccbr employs an elcctro-mechanical 
aingle pole 2-way chopper driven at  the qmclimnoun fiequcncy of 125 Hz. The circuit 

cmcnts arc shown diagrammatically in Figurn 7. The four-pole, nix-way switch -"7 can se ect 6 different R.C, combinations to vary thc timc comtnnt of thc synchmnou 
detector. The valucs of the time conelant which can bc c h m n  thh wa arc: 0 . 9 , l .  1,2.8, 
6.8 and 11 seconds. Fccding into the dctcctor is donc throu h a c n ~  ~ o d c  folIower stage A 7 
with D.C. coupling and thc ou ut ia obtained horn a air o a lancd catllodc followem 
in differential arrangement. %e balance oint in &tablc by a precision ten-turn 
helical polentiomcter connected bctween f c  two cathodc poinu and h e  ground. 

For propcr adjuamcnt of the phwc scnnitivc detcctor a phase s h i w  arrangement 
for the driving voltage has been provided. ' l l c  nctwork is show11 in F16ure 8, The 
reaiatancee are chcscn in such a way that each stcp in thc cleven point swtch s h i b  the 
phase b 18". The output impodancc or the octwork is kept low so that the connection 
of fh. ~ O P P C C  that draws about 100 MA at 6.9 volb d o a  not a d s t  the operatiou o f l b ~  
network. 



Fig. 6 

ECC 8 1 

R I , ~ l o  = ZM c ~ , c s , c ~ ,  C I O  = o I I ~ F  

88 n n  C I C Z C S C ~  = 4pF 
240 K l l .  Cg  = 0.lpF 
670 K A  
1 M A  
I M n  
I k(n 
. s n n  
Ion burn hellpet 

R p ,  RtI = 02Oh 
R a ,  R12 = 160K 
R 4 )  Rls = I k 
Rs ,  R6 ,R~j ,R I4 )R 1 6  =10k+2h VQYIQbla 
R7,  R le  b ' ~ k + \ k  V Q T I Q ~ ~ ~  

C Z , C ~ , C ~ ,  C D  = 0 . 1 1 ~ 1 ~  

C 4 2 C 9  = o z e p ~  
C l 0  1 ~ 1 1  = l 0 0 t ~ F . 1 2 ~ .  



Fig. 8 

Thc recordcr uscd is a Honcywcll Bmwn potc~liiomclric ~Lrip c1im.l ~~crartler with a 
standard rcaiataucc box mnncctcd armaa ils input tcrn~innlr. 'Ill(* rccordcr hns a 1 1 1  
acalc acnaitivity or  IOmV wit11 a m  nmc timc for fill1 walc dcllccljoii or 1 scc. 'Ilic chart 
wed is of stnndnid 10 inch width % cing drawn R L  LIIC rntc or cilhcr 0.5 inchlmin. or 2 
inchee/min. dcpcndin on thc rcquircmcnt. l ' he  oulprl t stngc or Lhr sy~ichronoue detector T ia kept slighily off-bn ancc, so t l~a l  Lhc xcm can bc lmatcd nl thc ccnirc of thc chart 

The oulput of thc ccnlral photomulliplier iabe is amplified d k c t l y  by a D.C. 
electmmetcr amplifier* and rmrdcd on n sccond strip-churl rccorclcr. To  nrnwth 
out thc n&c fluctuaiions of thc pholoclcctric output currenl, an K.C. nclwork or timc 
constant 1 see, is i~~iroduccd at Lhc input of tllc ~mplificr. 

Fin. 9 



Tlir H.T. s~~pplics of IIIC thivc plloto~nulii lic~x arc tltnrivcrl Tmm a tral~siatorkcd 
E I i t  I I ,  'l'hc EKl' in La E CII t l  a tliutribulion pancl lvl~crc iwo 
eiablc rr-si.qlimcc 11clwork.q tlividr: ~ l i c  voltngc f i r  npl~licatio~~ to dilkrcnt dy~in~lcs of tllc 
phntomuliiplic*r pair PI',, l',, .4 variablc raistancc intlnd~~cctl in onc c l h  ~ l l ~ ~ s  a~rurll 
difl'crcniial atljusinic~it LO l)r madc bctwccn tlicni, w1lil:ll m;ry l~carmr  ncccwnry in 
co111.s~ ol'il~iiig oT~lic two pliolon~uliiplic~~, 11 tlilcc wily swilcl~ wilh ;I vnltnleicr rnnl~lm 
thc opcrator to chcck tlic volta#cs cru thc tlimc ho~omultiplim iiidcpcndc~itly. A circuit i'l di~grnnl  of ihc EHT distrib~tion pnncl is 3 own in E~gurc 9. 

1 1 1 ". 
w 't8 

Plg. 10 

All tlic csscntial contmh for operation of thc cquipmcnt havc I~ccn b r o u ~ l ~ t  
out ~IJ a fmni conlml pancl. Thc individi~al controls arc : ( I )  'rhc E.H.T. distribut~on 
cheek switch (2) Pliolom~dtipliw ~ R ~ R ~ C C  pnlcntiomctcr (9) Sytrchmnoun tlclcctor 7zro 
arlj~islmcnt polcnliometcr (4) Thc R.C. tinlc mnatnnt eclcctor s~vilcli (5 Phase conlml 
a w i t r h  of Ll~c synchronous d c ~ c t o r  and(6)'1'11c light mndahtor on-olTawjtc 1 and ir~dicalot. 

A cnthodc ra ~cilloscopc with a.wxia~ed an1 1ificl.s cnl)ahlc or D.C. mnplificn- r ~l r ,n+  has llccn inc udcd in Lhc r uipnlcnr to c11ccP scvcrnl iuljosl~ncnki in ihc tq i~ ip-  1 m c n i .  B a i t l ~ ~  Lhc regular U8C as in icalor in cJlronous dcicctor pl1:imng and photo- 
lnuliiplicr halnnciiig, Chc ascillowopc iq dm u c E o r  i n i M  s i  a1 tracing nntl in thc  cali- 
brnrioli of h c  am liIirr alngcs of Lhe cqui mcnt. During o%ervationn thc osci~~oscopc c 7  P. is 11.rcd aa a two imcnsional indiwtor a imagc guidhg ryalcm dncribcd in tllc noti  
acction. T l ~ c  owcr su ly unit for opcratill~ UIC ~ c l c c ~ v c  arnplzcr nnd cntIiodc follower 
stqle;cSn is FI slu~lhsrd r . .  d'!l '. Unit o€ convc~~tional cldgn. Figurn 10 ehows ~ h c  c i d t  
diagram of this unit, which dclivcm H.T. voltngcs oF cncellcnt nl*atio~r and stability. 
T o  achicvc f~irlhcr siability nccmary Tor h i s  equipment, a tranhtonscd voliagc atabiliscrl. 

snlurnblc corc action controlletl by a scnsitivc nmplificr i m p  in connccied 
bctwccn the m ~ i n s  supply md Lhc cquipmwt. 

EHT unit type HV 105 m a n u E ~ c t u d  by Elactnnlic aorparatlon oTh~dla. 
j D11rnnlllll50 1-A, D.C. Osclllnrcopc. 
$ Ether m~laialoriscd vnllsgc al~biliser Mndcl 1,T-T-I000 
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10. The PboOwlwtrlo Gddhg Att s fhmwt  

To hcilitate nccurntc itling of thc mlar imagc a .phoioclcctric priding unit is 
incorporated in Lhc a c t  up. K c  ppmpcrty oC limb dnrkclung @cnt hw bccn utilincd 
for this purpmc. Ipour hght dcpcnclcnt resistors Philip typc LDR are motuutcd I~chil~d 
a m c n  in auc11 positions an to rcceivc IighL from two pcrpcndimlar pnir OF dlnmctri- 
cally oppoxitc poinu ncar tlic sun's limb. Each pnir or LDR is connected in n Whcnl- 
atone bndgc arrangcmcnl ns sliown in Figurc 11. Ancr visunl initi~l ccntcring or the 
w1a.r im c, ihc two bridgw can bc balanced by usin thc respcctivc polcntiolnclm. 
The unba ? ancc volta ca arc clctcctcd ly thc vcrticnl an3 horizontal dcflrction nmplilicn 
of Lhc Dumount n.8. uscillt-pc which dcflccb thc cnthdc my spot on thc sci~cll 
according to thc unbalnncc vo l lnp  in correspondin dircctionu. Dccnuac 
or atrong radicnls of solar limb intmuibm, any small uhiR or c mlar imagc iwull in f 51 
apprcciab c rinbalancc vnltqcs, whicli can IIC corrcrtcd by mccntcring thr: i ~ n n ~ c  hy 
operating thc 'qridc butionn of Lhc mloatat a r r anpcn t .  

Thc mangcrnent is uscf~rl in cum whcrc observations arc rnadc not ton c l w  
to h c  mlar limb. Thc framc holding thc LD% do not pcrmit thc liglrt fmm thc 
limb to cnter the spccttugraph. Thc Cmmc in capnblc oC movcmcnt in two pc cndicular 
dircctionn contrnllcd by two fine prcdaion scrcwa. Two calibrated scnsitivc % a1 pugca 
are uacd to dctcrminc tlie pailions m d  movcments of the fiamc, whcrc such movcments 
becomc nccanra in c ~ s a  of long continuous obscrvatiom at R point, to cornpcnantc ror 
aolar rotation ruling ihc pcriod or observation. 

For mcaaunmcnt of longitrtdinal magnetic fields, k is ncccsaary that thc spcclral 
linc should rcrnain pro rly ccntrcd on the double slit during obacrvaLions cxtcndin 1K" ec. ovcr diffcrcnt pmtn of r aolar adacc  and time. There exists comidcrablc amounm o 
Dop ler ahih of all spectral lince originating Cmm ditTercnt par$ of thc mlnr disc at n P resu 1 of solar rotation and a varicry or largc and small scale motions. Thc q u d -  

eriodic variations in Doppler shifia of lincs originating from a. fixcd FLFX is nlso well 
L o w .  If not pmprly  mmperuatcd, the s ectcal linc L apt to get shillcd imrn U. 
central psition durln the observation, t h m  ! y introducing errom in thc detcrmincd 
values. An oatomntic%op ler eompcmating arrangernerd is hence abn01utcly czaential 
for operation r~nd is pmvi $ d in i l ~ s  cquipment, 



'l'lic l~udc ccl~l~po~ic~ll  ol' ~ l lc  110 plcr compcmator is a plauc y r d l c l  yilarlz 
lhic ddhi  nlo~lnlcd just bclirrc Ulc hcd y;mc oi'~lic s ~tn)gr,1pI1. 1 . 1 1 ~  p BLC is uptically 
workcd k) a11 accuracy of)$? and ~ H L I  ;r d' liclcl~cas or9. B"' 85 mm. It is inounkd on a mtn- 
kl.11~ tmh w l ~ i r l ~  cx~c11d.9 below Lhruugli illc mclnl frimc lnciult [or holrling various attach- 
mcllts tli ihc ipcctrogmpl~ rocnl plane and is conrlcctccl to a ~ w o  phase ae~vo-motor. 

Tlic servo-syslc~n driving thc line sllilicr Lo c olnpcnsatc ror any Do ~plcr shill 

7 & works in thc followii manner. Wl~encvcr tlic npcc~rtd linc gcb n h W  a ITcrcnlial 
n.C:. voltagc is dcvc opcd across thc PI, P, pliolon~ul~iplicr outpuk. Tlic EPSCO 
diffcrcntinl ampliIicr mplifics this diITcrcncc dong wid1 any 125 EL modulation pmcnt 
in tllc ai  al. At thc outpui of tllc dilTcrcntia1 amplificr thin ampl%cd D.C. agnal  bi 
scP-L$ald Lcd intn a EFND amplibr thro h n D.C. burcr  atagc. Tllc out$ut of tllo 
scrvo amplifier driven thc scmmotor  control g thc linc shiRc:. 'fie arrangcmml is 
diaffnmmatically shown in Figure 12. 

% 
The snvo arnpliIicr uscd is a comrncrritI unil cinployed in  Honc cll conlinuous E" balnncc units in Lhcir sbip chart recnrdcm. 'Shc buITcr stagc i a  a girnplc .C. diKcrcil~ial 

m p U e r  whoac balance can be adjusted has been found ncccsnary 
wlule ccntcrin~ certai~i  symmetric lincr 
m a l l  cl~nmclcristic variation bc~wccn the 
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A sjidl utkchmrnl lo t l~c '  :1111on1n~ic llop I C I  compc:nyator uuil ululku the 
aimultanmun recurdiog of L ~ I C  i)opplcr nuoLlou of t I! in ~vgion paqil)li-. Wllilc tllc main 

d e m i u c s  the Zcm;ul spliLthg of 111~ linc, the arltolnntic 1)o lpli-r u~mpc~laating I unit kcep  he line ploperly ccnud,  by nc~wing Lhc crror voltngc ( uc to Dop icr dia- 
placement and m ~ ~ c c i i q  ihc 8hiR d ~ n ) u g l ~  i~ scrvo lcap. A co~i t i~~u(~uu rcu)A of ibL 
error voltagc dircctly givcs die Dopplcr vclocity id(~rmatiolr. 

The atkchii~enr bdcally W~I&LR or u p u d  c uality 11ok11Liol1lcLrr rigiiu ried 
to thc shaR carrying the line sluOrr plutc, h lnuehc 1 y am~mllu l  CIIWCUL fluin Xmugh 
thc otcntiometa, so h a t  any 111inutc movcmcota or tllc slider I-csults ill sn1:lll cha 
of 2 e otcnlial of tllc nlidcr contuct. 'll~csc changcs, which ulr: pir)porliolltll lo % 
line &a movcmcnt arc rccolvlcd on n sccond potcntiomclric ircordcr. 'I'lic dcctrical 
arrangenlcnt is Uutratrd in 1Iiprr. 13. 

11 is ohvious from the ( ~ l ~ ~ . ~ l j c n I  : ~ r a n g ~ ~ l l r n ~  t l ~ a l  Lhc wulc o1'd(:ll(.ction is c l k t l y  
proportional Lo thc currelut flowiug thruugh tllc l>okn~iomclcr. 'Ulitl is oTulrat advtmtnge 
aa extra am lificatiou or the dcflcctione c t u ~  be (wily ;tchicvrcl whtn~ rccorcling vclocity F variatiom 0 mall nmplituda. A aimplc 1Z.C:. ritcr is uncrl nl ~11c rccordcr input to 
smooth out the flucluationn originating rnuinly Li.onl thc  scciug dcfccb. 

13. Ralm+g Aiioohment 

The mlar tower quip~neul  nl Kdaik:ml c o ~ & a h  or tl~c hhonrx)ultil tclcaco 
and the spcctmgra,ph is lacd ou ~ c v o n l  diITwcot r c a a r x  prvjccb on L11e nun. g 
such it would bc d~lRcult if thc complcx aucl llcavy niugncto 11 hcnd i~ dcaigncd to 
fit' permanently thc slandard focal planc or thc a ctnvnpPfn'hia diillculty has been 
overcome by lorating thc lnagncl raph dctcctor Ead at onc aide or thc spcclrogrf~ph T and reinlagmg Lhc spcctrurn on i c analyniy slil of UIC rnaplctograph. Changing 
over fium the magnetographic mode or opcrilhon in thc wnvcntinnal photographic 
mode of operation uirea removal or this reimaging attachmcnt, nnd can bc nccomp 
Mcd in a mattcry sccon&. A total reflecting prism placed just a h a d  of the foal  

lnne of Ihc speclrogmph bcnds Lhc lxam a t  right anglce ~ n d  is rcima~cd b a l~ 01 
60 cm fwd lcngtli, wiihoul magnilica~i011. Thc lcm pd t ion  ia ~ul/usml~lc ! or B C C U ~ L ~  

can be monibrcd at  U r n  d c t ~ ~ l o l .  hcad on which t l~c ~pcctm arc r e i w .  
mount for 5 cm x 5  cm is mvidcd in this unit to coablc working m the 

by interposing sui & lc Eltcr cambinations to cut out the unwank-d 



]"or proper c.vduation o[tllr rcirdil~jis obtajiicd by thr i i~sli~nncnl dmcribcd itbwc, 
a lllorouall controllrd cnlibralion and chcckiu~ orvarious kcy units tLq well iU tllc imtrunlcllt 

n wllolc in cttqcntid. I'hc method mtl rrsulls o[.uuch opcnrlions arc no\\# clrucribccl in t l ~ c  
liollowing l~;rrug~.apl~a. 

Thc ~iin-frcqucncy cha~~ncterislics oC the  selcctivc ainplificr is i r  iirctor wllicl~ 
dctcnllinra Ulc ~ninirn~~rn signal dclechblc h t l ~ e  instrurnenl. ]:or thc nakc or prolxr r lnRil~lcnancc of thc instrumcni, it is prcCcnb c to havc this chcckcd ~wiudiciLUy. Fwi- 
l i t i c ~  iuc pmvihd in the c q q n e n t  Ior doing 111i.q. 011lput or n Inburnlory akndwd 
clscillator is fcd throu li R cal~bratcd attcnualor to the in ut  o r  lire sclccGvive tuu lifiul., 18 B i h c  inpul rrum t l ~ c  d' crcntial amplifier bcing rcmoved nn tllc o u ~ p u l  incnsurcd 1 ? ircc~ly 
o n  LIIC cathodc ray d o s c o p e  scrccn. An alternate p~tll by-lxwiug tllc amplifier is 
marlc fi)r mcusuring tllc input on the same mpc. Thc output/inpu~ ri~tios arc mcanurcd 
at rrcrlucncies around chc opcraling Gcqucncy. Figurc 14 shown ~ h c  gain-hcquency 
characlcristics of lhc scJectivc arnphficr uscd in our eqnipmcnt. 

'rhc linearity chartrchistia of Lhc cilljrc amplifier-dclcctor chain is c x t ~ m e l y  
important, m varia~ions in tllia may intruducc ltlrpc crmn in our  rncmremcnl.  This 
is chcckcd hy Uic fouowing nrrangcmcnl. Thc mput to llle cli~ercnlial tunplifier is 
rcmovcd and A s~nall li.aclion of Lhc gcncrstor voltagc fcd instcad, throuyli thc cnlibratd 
attennotor. The output is directly mcasnrcd on thc rrcordcr, takillg cam LO kcp thc phasc 
or thc synchronous detcctor rcrcrcncc voltagc piopcrly adjusted. Memuremc~lts are 



dolie il~ viuious iuput lwch nnd thr in ui  w O U ~ I I U L  cl~rtrctcriutia dctcrnii~lcd. licvcn- r , .  ing Ulc input connt~ctiot~s p n n i k  o t a l n i ~ ~ g  Lllc 11oinh 0n t l~c  ncga~ivc side. A n y  
11on-lulci~lily, iT oblaincd 11;~s to be ~ I T C C ~ L ~  by adjutin ihc hii~qcs or ~ h c  diffcrcnl % . amplifier itnd cnlllodc followcr t u b .  This llns bccn done y a tnd aud error mcrliod 
in Lhc firs1 i~lrliu~cc, and usc or hi@ stability wnl mucnh hns (Ilc prob~bility 
oT8hitI.q lntcr. In ally cam ilic onginrrl linearity c h tunclcristica arc kc111 ns 11 rc~t*11:nw: 
und siibscq~~cnt p c r i d c  mcnsu~cmcn~ c o m p d  wivilli Llic sarnc. Vigurc 15 shows tlic 
liucnrity cl~t~raclerintica or  thc quipmctli. 

'I'hc ligl~t w i n g  illrnugl~ tllc ADP m h u i d  'osscmhly i n  co~nplc~~:ly pol:whccl and 
ihc fin111 out jut. ins lnrgr vnriutionr for d' crcnt orientatinnu t)T thc g~l;rling ruling and I P LX. 
p h o i m t l l o t  a. Silicc Lllc oricntnlion ol'lllc graling ruling is fixcd ~vitli rapcct to tllc 
l~hotornultiplicr rathorlm in our set up, il it ucccssnry Lo kllow ihc variulion or thc p h o b  
clcctric output Tor difiercnl oricnk~~ions or thc ADP- lwoid nsse~nbly, io cnaMc onc to 
Rdjunt the inalr1uincnt ior opdmurn mponsc. This P" las becn donc by noling Lhc third 
photomultiplier rwponac for diffmnt orien~ationa of thc assembly, l$urc 16 show Lhc 
trnnsmission chirruclc~iatic Tor different oricntntiona or Lhc mcrnbly; nngla nrc menaured 
from ihc vcrticnl, and ihc rcaponm ia symrnclrical about his axis. The variatio~~ is quite 
large and ia or thc o d c r  of.10 pcr ccni of mnxhnum response bctwecn two cxlrcmc orlenb 
ations a t  r ig l l~  nnglcs. I t  may bc noticcd that the ADP-polmid aascrnbly hlockn a 
major part of the incidcnl lighr. Thc losq b inhcrcnt in ihe arrnngcmcnl: the maximum 
i m m w a i o n  is only 44 per cent in ihc p m n t  sct up. 

For accuratc rncnsurcmcntu, i i  is cucntial tl1t~t the Linear drin or the o r ~ ~ p u t  
should bc a minimum. From syslcrnatic siudics it haa bccn accn thar the cquipmcnt 
nlmoai wmplctcly smbiliscs half-an-hour'a warm up time. During obrcrvations, 
can: itl tnkcn not to rccord data bcrorc auch stahilisation is achicvcd. 

S~nbiliaation of the photomultipliers, howevcr, ia much morc dificult to obtain. 
Thc~r :  is a lcndcucy for large cliffmtial drills to occur aRcr th7 E H T i a  nwiichcd on, 



wl~icli may rccluirr I I ~ I I I X  IO c*onic: clowu to :r rra,w,nnbl(. n l u r .  'rr1 i~vt~it l  st~cli  d r i h  
tllc p h ~ ~ l o n ~ u l l i ~ l i r r  V O I L I I ~  t1l.c kcpt on ~ I I I ~ I I ~  tllc ol~crviilp ~clicxl Ituling nvcr days. 
T h r  pl~)ton~ult~plicr pair is bdtmccd trt the bcdlming oI.[*ach o ~ c ~ l r a t i o n  l)y f m ~ w e i n ~  n 
porlion ol' LIIIS cnnlinun~rn on i l ~ c  slit pair, ant1 tllc I~alpncc cl~c~~*kcrl a t  tlrc ct~cl oC olwr- 
v n t i o ~ ~ .  

Adjuatmrnt or thr rccc~mcc vol pliaac can bc donr without ambiguity by 
looking at ilic G.K.O. wavcrorrns at "gi" t ic clertromcchanical cl~oppcr oul uia. l'llc 

I! pllnsc ollcc adjuslcd does not require Ccqucnt changca. Thc p h m  11eed c cl~ccked 
a t  Lllc beginning oC a day's observation or whcn opticnl ~clju~strncnts arc nltcrccl. 

to w c n  a lrncc ofthc s 

r l  fixcd ~ i rcu lnr  
alao moclulai~ul. 

dctcctor, with 

arrangement. 

The shiR of m y  spectral link rcsulta in n diRcrcnti~l oulput or  t l ~ c  two p h o b  
multiplim that rcccive light fiwm thc wi11gn. Th~s ~ ) I ' O ~ ~ ~ ~ ~ I J ~ I E I L C  clinngc in  the diffcr- 
cntial photomultiplier output is given by: 

whcrc v is ihc line of @lit compo~icnt of velocity or source and c ie tlrr vfslrn.ity oC ligl~l 
rxprcsicd in Lhc sarnc unita; the otl~er rrymbols irprc-arnling Lhc narnc ptrramctcm nr in 
Equrltio11 (3). 

16. Cdbradon 

T l ~ c  osaibility ofopcrating thc inatnimcnt in tllc Doppler motlc pmvidcs a convcil- P icnt  way o calibratmg thc rccords. The snn's cLisc: as imngcd by thc tclcscnpc can br 
used for lhis purpose. I t  in  known ilia1 thr u i a l  mtalion of the Bun on ite untor ~ U I L R  
in n lincnr vcloclty or2 Kmlscc. On thc cnsl Liml) thia mulls  in a blue-shi "h of the Iinw 
~Ccquivalcnt tlmounl and on thc wcst limb il rcsulls in a rcd-shift and of cqual magniluclc. 
I f  any spcclral linc is ccntrcd on thc doul)lc slit ilh~minatrd by ihc liglil h m  thc cmtrc: of 
disc, and ihc inatrumcn~ is oper~tcd in tllc vclocily mndc, h e  nl~lput  wolild bc xcm, 
nominally. IC, now thc i m a ~ e  is moved MI t h ~ t  a point on tlic mt hmb i l l u r n i n ~ t a  tllc 
a~]ccmqraph  slit, somc non-acro dclcctnr oulpul will hc  obtainrd. By lnoving thc 
image rum~larly in thc o h r  dirrction, an output of eclual ma ilude, hu i  of c r p p i l c  
sign sho111d result. On thc rccortlin c11n1-t Lhc pcn will tlcllcc~ m one side LO anothw 3 El 
[or s11c11 movcmcnu or thc ima r nn Lhc c1iKcrcncc bctwccn thc two dcflcctions will hc 

J rB cquivalcnt to a Dop ~ l c r  shift o 4 Kmlscc. 'Illis can bc uacd ns thc calibration siandafd 
cc r l a i~~  o icr dilIicultica arc proprrly L R ~ C I I  care 01: 



The fimt tliflicully onr  mmuntrm i n  t l~c  ri~ntlorn shiks or thc spcrtnl lines, rmull- 
ing ill nrl unstc~dy olllput. 'Jhc C ~ C C L  bl most pmnouncctl nt thr crntrr of thc solar 
disc, but very 111url1 lars nt ihc Limh, a t  lcast rclr .wmc linm. For sucl~ linn onc can gci 
rcasonnbly strnrly (I~fli~clion.~ ro~bihc two limb @lions. ]Tor oLhcm il is nccmnry 10 
t&c a lurgr n~~mbcr ( I T  ~rnclinlp nt t l ~ c  two pasldons to work out R nlcnll vnlur. 

a l e  fall in light inlcnsity ncar thc limbs also rc uirc roml ion .  Thc clcctrical 
,ignal ns pcr equation (4)  Is >ro ortionnl to Lhc pn~duct  o ihc Doppler shin nnd thc mean 2 rl 

9 
intcngity. To comprnsdlc or t in it  is a h  nixcssnry lo know ihc pmporlionntc reduction 
ofidtensity in ihc ricarby i.oulinuum at tllc cnlibrntion points on Enqt and Wmt limb posi- 
tions. In thc lirmnt quipmcnt, C~~cilities nlrcady cxisi Tor memuring the linc core 
idcnsity aimullnnmusly and this can h r  utilined for tl plying thia cnrrci:iio~~. Tlic ccnlrc 
to limb variation oT the line pmfilc cnn bc ncglccre! witllout much law in accuracy for 
"last of Lhc Fm~~nhofcr lines. 

Wit11 ihc nh~vc: two corrections, it  ie pmiblr  to dclcnninc- thv  scalr corflicicnm 
ofthc inqtrumu~t for individual Iinea. Thc  dcflcclion 'd' obtRi~lctl in our innt~ummt can 
be rcprrnentctl by n general cquntion : 

wherc v in thc linc or night velocity, say in inctcrs(scc., I is thc intcnaity of tllc ndjaccnl 
continuum and K is ihc inatrumcut c o ~ l ~ t i u t  work~ng undcr ccrtain condidom. Suppose 
D in tlic difforcntc olthc two drllcctions ni ~ h c  cnlibratinn poinh which an: iakcn close 
to thc limb on ihc mlilr cqlintor, and wl~oec tlwmrctic~1 Do plrr vrlocitica rliKcr by M 
rncters/scc. (which b closc to ~1000 mclcrs/scc.) and I' is &c intcrldty of Lhc ~djaccnt 
continuum at t h w  points, then 

D= K.M. I' - .  (6) 
Eliminating K, bclwwn rquatioua (5) and (6) one gets, 

Thc valuc of M can l>c calculntctl hrn  thc gcornctry or thc calihrntio~l 
and ihc previouly dotcrrnincd vnlucll oT solar rotation. 'fic r a t i t ~  1'11 nnd [I/ cnn he 
directly r n c m u ~ ~  iu~t l  t1111a h c  vnluc oTv h r  diffcrrnt clcflcctions cala~lntcd. 

, ! Y O n s  

The dircctinn or thc vcl~ci t  vcctor rmmponcnl can bc detcrrninccl by noting that 
the velocity oCa l~oinl on thc cast i+ imb is approaching t l ~ c  nbsclvcr on ca rh  nud may bc 
taken as ncgalivc and h a t  o r  thc ptlini ou wcst limb us pwitivc. 'Ihc clcflcctinns on thc 
cllarl can tllun unarnbigno~dy indicilk thc clircction o r  thc vclncity component. 

The samc valuc or cnlibralion conslant can bc uscd for lmngnclic field mcasurc 
men&. Only it is nccma to know Lhc equivalence or Lhc Dop lcr and Zccmm rh ib  
0 I a r  n ~ l a , rb rcausc  in thc Doppler ~ m d c  s n  a di~ional r i d  circulnr l l PJ is intmduvrd in tllc iram, ih tmmmimion pmpcrtics arc illno ti) bc tnkcn into 
account. 

Thc linc gCllcrnll nscd Tor ihc nlagnctic ficld inemurcmcnh iq thc FcI linc or1 = Y 5250.218A wilh r Lnndc factor of 3. Substituting tl1ac valuca in cquation ( I )  thc scp~m-  
tion of thc two lon~itudinal Zccrnan cornpollcnta becoma : 



. . 
A ; v 
=1.75.lO'v . . (9) 

 ha in and v in in meters/aec. So othu thin r c m a i n i ~  equal, the equivalence 
the Doppler and longitudinal Zeeman & is given y, 

1.75.1V1v=7.72 x 1O: H 
or, H =0.225 v . . (10) 

But a! We havc to introduce a fixed circular p o l a k r  in front of the electro- 
optic modulator, the light hannmitlcd in the Doppler mode is uauaUy a W o n  of that 
in the magnetic mode. If we dcaignatc this fraction as p the final relation bawten 
the two quantitica will be given by : 

H = 0.225 p.v. (Ill 
H being obtained in gaws when v in in meters set. 

It may be mentioned that the valuc of this fraction p ia highly depeqdent on the 
relative orientation of the two laroid axcn. To avoid any -r due to the value 
of the transmission &action is i"' ctermiucd aepmtely for ever)r n q ~ e t i c  record by no 
the third photomultipher readinp with and without b e  circular p o l a r i ~  ma a 
orientation of the two elements m the opdcal modulator. 

3 
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A,-, al-tivc method of calibratiou is by h e  use of the pmUrl  )latr linc sllittcr 
rnPloyed in h e  automatic Doppler caln mator r~llii. The lateral shi 8 of on image r . by a tippd plate glven by t c cqrcabion : 

B 
1-alnli + 

8=t&i[1- (- p- S~UPI .) ] . . (12) 

where t is he thkknes of  he parallel plate, p ia r c h ~ t i v c  index ;md 1 the angle between 
the normal the a r d d  plate and thc direction of light bcam. The lhicklloo untl the 
r M v e  index o ? thc parallel plate is known, and the tipping angle can be nccurakly 
memured on the scale provided. T ~ I M  i t  in 'blc to pmduce lulown s b i h  of any 
q d  line by manipdating ~ h c  liu s l l i h .  . K c  the hear  fiqpemion of the ipam 
graph is ]mown with high p d o n ,  thc lutcral s W s  ran be couvcrtcd into equivnlcnt 
wavelength of an particular h c .  A ploi 01 thc wavelen ih ahifla for tiilfercni 
tip+g v y l a  for the I Pel 5150.218A L dawn in Fgua: 17. 

The procedure for calibration i ae rollown: 

By wing an auxiliary lena the solar imaqe is dcfor.med ao that the light entering the 
pccmgraph d m  not exhibit the granulahon sdmuhtcd periodic component of Doppler 
motions. The equiplnent is run on the Dopplu mode wth automatic Doppler corn - 

P, 
5" sation unit disabled md the ~pcctral line in uestiou is ccnwcd on the double di t  ;ls ju gcd 

hrh the null output on tllc rcwrder. I b c  'nc shiRer in thcll tipped by a k n ~ ~ w n  anglc 
on the chart n o t d .  Thc thin1 photomultiplier reading ia 

l l l e  process is rcpeared for xvcral 
indicata thc: d c  of dctlection for diffcrcnt 

Icr vrlocitics. Fmm 
~:nal) l in~ one h nti- 

mate valuea of Doppler velocity direcily eom the rhnrt w~iLingn. 

17. 8souttlvlq 

Thc acnsitivity or thc minimum .qiu~rd detwtublc by tJlc iuatrulnc111 is basically 
noise Limited. But apart Lnln the ~ ~ o i ~ e ,  ~IICTC arc ccrtai~l.fktnra limiting the m.wimuni 
value of amplification, l 'hc photomultiplier stage vol tqp  rue clccidd muinly fimn 
the noise considerations. Thc gain of the differenlid amplifier is adjusted on thc l ~ i u i ~  
of signal available. At a gain sctting of Im, for examplc, non-lincariiy acts iu beyond 
an in t 50 micmvolls. The input r h t m c e  to die potentiomchic nxorder ia ad- 
jud% give fill scale u t i h c l o ~ ~  with ~~mihblc l p o l  strenfl. I t  ir, however, u d  
to have an idea of the senaitivity of the insrrument untler pica1 condition. Substi- 

foU&ng typical durn in equation (1) M = I ~  11/1=0.5, D=W, the 
mhimum detectable aignal for d= 1 worh out to bc 22 mctcra/acc. With am cquivdcnt 
noise input over the instrument pass band ils 0.5 microvolt r.m.r., the root rnc~l l  aquare 
fluctuation due to noiec in the output ia 9 m i c r o a m p ,  giving a dcflection of lerts than 
one division on the chart. Undw that conditions, n 2.8 montl tlm~conatnnt in  the 
Output c i d t  produces smooth records. 

The abwt fim are, howevm, for b u r a b l e  working conditions and in actual 
~ d c e  mmd other dismbiig f m  lhnitn the accuracy of measurement. T h a  
a" d i n c u d  in the nclrt =tion. 

Under favoukble conditiom it ia thmretically poseiblc to increase the senaitiw 2 an much 8 factor of 10. With the differentid amplifier gain setdng of 100, it 
e to get a full scale deflation for mmc strong spectral linea, betwccn the Ean- 

E b L b m t i m  poaihu. ARO tm fhe imirument can be inuuacd to tOW 



&tivit o i  2.2 metern/sec per cliviaion on thc chart call bc obtained. The ia 
Lghcr, but can bc immthed out by 6 . 8  srcw~dq nctwork mmbinahon an 

1.m.g. fluctuation of the order of' one division. 

For r~ronia ou low lnapctic fields, it bi the lartcr combination which is wunlly 
in thiv equipment. The typical value of p ill equation (1 1) is about 0.4  so that 

in the most favourable conditions, nn accuracy of 0.2 gums r divhiou can be obtained 
d t h  no& fluct~~alions of the o rdo  or 1 dividon. It may & n o t i d  that under thrgr 
w o r h g  conditioi~s the instrument is capable of rncas~uing uptn & 25 puss bdvrr ,,on- 
h e d t y  sets in and the measuremcntn become unreliable. 

la. A w n n 9  a d  ilmltatlop. 

The noisc intmduccd by our ampliiiod-delector c h i n  ia cxtrcmely s u .  ey proper choice of tuba and voltqes dividing network the two hotomultipliera & 
mntroducc very little dark mine, the individual dark cvmnin at 8 c  o ~ a t i n g  voltage 
of 900 V being about 2.10-0 A. But it is thc m d o m  nature of thr: photo-electron ~0s- 
cadm which lirnib thc dlimate accuracy of Lhe measuremcnta. The scale of thc solar 
ima e in the optical set up  is 5".6 per mm. m d  a standard epect roppl~  slit of 
wi& 250 mimna and 1 mm length is normally 4. Tile angular dimqsion of the 
solar disc covered by ihe slit is thun 1*.4 ~ 5 . ~ 6 ,  A i  the detector head slit pnir, the 
s p e c m  reimaged without magnificatinn ,incl lo quote a tv ica l  dimemion, thr 
wing photomultiplim view a portion of s ctrrlm lmm x350 imcmns each. In the 
fifth order, where it is m t l y  uscd, the K@ou is exlrcrnely high and the. lcvcl of 
illumination at the photom~dtipliu ca~hodes ia low i~~tlccd.  I n  the Dop ler mode 
wi th  the fixed cirmlar polariaer introduced in the b~arn, .I typical older of p n: otomulti- 
plier output current is 10-'A. At this level of illumiualion, the rnndam nature of the 
photo-eltctron pulsca clictatea the limita nf gain ;:nd rcsnl~~tion that can be achicvcd 
m the prencnt sct up. 

A good spatial resolution, which is a major ob'cctivc ul' the instru~nent is t11u 
limited by the availability of the light flux. In the fb system ued the m d a n l  rlit 
I& of 1'.4 x5' .6  has been chwen &r aevrral neries of experiments as the optimum 
dimenaiom a a wmpromiae htwecn spatial and Limc renolution and the miac 

tolerated. For measurement on ccrts~in weak npcctrnl lines, i t  is 
neceeary to widen and i n c m r  the alit size at thc cmt of resolution. 

Another limiting factor encountered at Lodaikanal is h e  neehg a t  the observa- 
tion site. Owing to iu locatiou on a hi h peak numu~~decl by unevul terrtiin, Lhe period 
of good seeing at Kodaiknnd is limitc ! to only an hnur or so after sunriuc. For long 
coniinuoun mortlq ohservntions have to bc c u r i d  out when the seeing was no better 
than 2-9 aecondr of nrr. Tmweri~~g thc slit dimendon untlrr wc11 conditions is ob- 
vioualy unelm. 

For experiments r uiring scanning ova  an cxtcndcd area the rate of ncan has 
m bc conaiatent thc rtne consant of U ~ C  detector.  ha timc amtan. 
have to bc employed with higher amplifier , which may be ntecssary for weak 
dgnala, thua requiring dower rates of scan. e T m l  nature of -in time +E 
features of weak intensity can thun be studied wh miled accuracy. 

For the design and construction of this c uipment valuablc help and co+pem- 
ion from several members of the Kcdaikanal 0 %B crvato etaff arc gratduUy h o w -  

ledgd. Firat and hemcat, graidul thanhs arc due tcl %. M.K.V. Bappu, k c t o r ,  



Lur not only his constant advlcc and guidancc during Lhc various phancn or I$c deign 
iultl construction but also for hit active participations in various upcrimcntt during 
thc cons~uction of the equipment. Extremely valuable help of Sarvashri A.P. Jaya- 
ru'an, K.C. Abdur Rnheem and K. S. Muthu m fabrication of thc o tical componcnta; i 
11ic.al conalructions ilnd of Siatln Gopal, Satya Pr 

1 o M. l q b ~ l  Ali, L. Peter, M. Paranjothi, V Germana pan and ALfre Charla in mecha- 
aka$ and M. Mohd. Abbas in dcaign 

nud moshvction of clectmnic acceasoriea is gratefully acknowledged. It ia a leasun: 
~AI rccord my l~eartfclt thanks to Dr. V.E. Stepanovof' Sayan Obeervatory, U.S. k! .R. and 
tu Dr. W.A. Baum of Lowell Observatory, U.S.A. for their valu~ble advices duriq 
thcir respcctive vinib to this observatory, which have helped me to a grcat extent in arn- 
ving at thc prceent design of thc equipment. 
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