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ABSTRACT Th e instrumentation , designe d and buil t at Specia |
Astrophysica | Observator y fo r measurement s of stella r magneti c
field sonth e 6- mtelescop e i s described . Th e instrumentatio n
include s Zeeman achromati c analyzer , photoelectri c stella r magne -
tomete r wit h th e Fabry-Pero t interferomete r (th e metallic-lin e
magnetometer ) an d photoelectri c magnetomete r of th eprim efocu s

(th e hydrogen-lin e magnetometer)

1. INTRODUCTION

Investigation sof stella r magnetism , base d mainl y onth e Zee -
man effec t measurements , ar eth e most comple x one s i n astrophy -
sics . Suchwor k canbeperforme donl yat a fe w observatorie s in
the wol d as it require sth euseof th elarges t telescope s and
comple x polarimetri c equipment . Tostud yth estella r magnetis m a
specia | syste m fo r measurement s of stella r magneti c field s has
been designe dand buil t fo r th e 6- etelescop eof th e USSR Academy
of Science s Specia | Astrophysical , Observatory

The syste m includes : circula r polarizatio n analyzer s to
obtai n Zeeman spectr a on photographi ¢ plates , a photoelectri c
stella  r magnetomete r wit h a Fabry-Pero t interferomete r on the
basi s of th eBai nstella r spectrograp h(MSS) , and a photoelectri c
magnetometer-spectropolarimete r forth emainfocu s(MF) of th e6- m
telescope . Suc h variet y o f equipmen t bein g availabl eallow st oget
observationa | dat afo r th ewid eclas sof object sand i n case of
necessit y t o chang e flexibl y th e observationa | progra mdurin g a
night

The mai npurpos eof thi spaper i st ogiv ea brie f descriptio n

of thi s instrumentatio n andt osho wth e possibilit y of magneti c
fiel d measurement s onth e 6- e telescope
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2. THE CIRCULAR POLARIZATIO N ANALYZER

It i sbuil t aroun d MSSfo r measurement s of th e magneti c fiel d
longitudina | component fro m Zeeman splittin gof spectra | line s
usin g th e photographi ¢ method . Th e telescop e and th e spectrograp h
optic s can operat e withi n 3100-1200 0 A wavelengt hrange , soth e
classica | Zeeman analyze r wit h th e mic a phas e retarde r (Babcock |,
1963) operatin g i nth enarro wspectra | rang edi dnot satisf yus.
Fresnel' srhom bi sth e simplies t phas eelemen t and at th e same
time th ebest onefo r th ewid e wavelengt h range . Th e calculation S
showed tha t th e rhom b made,fo r example , of LK-4 glas s provid e
th e phas e retardatio nby90 °£2°withi n 3200-700 O A.

The achromati c¢ analyze r wit h Fresnel' srhom bhas been buil t
in197 7 (Naideno v and Chuntonov , 1976 ; an d Chuntonov , 1982) . To
diminis h th e gratin g polarizatio ninfuenc e one more rhomb i s
aaunte d at the ' analyze r outpu t whic h convert s bot h orthogona |
polarize d beams int o beams polarize d circularly . I'nsuc hcas e th e
polarizatio n effect s i n th e spectrograp hinfluenc eequal yth e
bot h beams an d Zeeman spectr aof equa | intensity . Besides , i nthi s
case th ebeamreturn st oth eoptica | axi sof th espectrograph . To
diminis hth eligh t losse sal | th eoptica | element si nth e analyze r
are made at th e optca | contact , the yglue dtogethe r wit han
acryli c glue . We made tw o mor e achromati ¢ analyzers , one of the m
bein g installe dat th e6- mtelescop eandth eothe roneat th e2- m
Bulgaria n telescope . Thes e analyzer s spli t beamsby 4 5 mm tha t
correspond s t o5 second sof ar c at th e 6- mtelescop e spectrograp h
slit . Suc h splittin gallow stoget wel | widene d (Uup to 03 5mm
spectr a at th e Il-n d caaer a of HSS wit ha reciproca | linea r
dispersio nof D=6.7 , 9 and 13. 4 A/mm, andat Is t camer awit h a
dispersio n of 1.7 , 2. 6 and5 2A/mm, eac hof Zeeman spectr acanbe
widene dupt o1l mm

The ligh t beam, when observe d i n th e Nasmyt h focus , and
befor e it get sint oth eanalyzer , suffer s on e reflectio nfro mth e
fla t diagona | mirro r wit h constan t 45 ° inclination , therefor e th e
instrumenta | polarizatio n compensato r i sof nouseandth efiel d

valu e decreas eby 5%i scorrecte di nth e cours e of measuremen t
reduction

Totes t th e efficienc yof thi s analyze r and calibrat e th e
result s we measure d many time s d.tVn, SCrBandb53Cammagneti ¢
fields , whic h hav erathe r precis ecurve sof magneti c fiel d varia -
tions . Thes e measurement s hav e shown tha t withi nth e accurac y
ther e i s n o considerabl e systemati ¢ difference s betwee n th e dat a
obtaine d onth e6- mtelescop eandth edat aof Lick , Mt Wilso nand
M Paloma r observatories. Th e procedur e of observation s slightl y
differ s fro m th eoneuse dfo r receivin g ordinar y spectra . But i n
thi s cas ether ear estric t requirement sfo r th eguidin gaqualt yin
order t o preven t overlappin g of Zeeman spectra

Durin g th e whol etim eof th e 6- m telescop e operato n more
than 100 0 Zeeman spectr a hav e bee n obtained . They ar e measure d
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with the "Astrospidometer" (Antropov, 1972). It 1s a specially
reconstructed microphotometer with the precise rule which allows
to measure when moving along the spectrum with an accuracy of
0.5 eke. The instrument is equipped with an oscilloscopic device
on whose screen the right and the reverse pictures of any part of
the 1line profile (Gollnow principle) coincide and, thus, it is
possible to measure the line splitting from both the whole profile
(according to its gravity center) and from its separate segments.

3. THE MAGNETOMETER WITH A FABRY-PEROT INTERFEROMETER

The magnetometer with a Fabry-Perot interferometer was
designed and Dbuilt on MSS spectrograph for measurements of the
weak magnetic fields of metal lines. The procedure of photoelec-
tric Measurements of magnetic fields 1is as follows: the light
entering the spectrograph goes through the electrooptical modula-
tor which admits the light with a frequency of modulation equal to
250 Hz of right or left circular polarization in turn.

The working order of interference with a spectral range of
0.1 A obtained with the Fabry-Perot interferometer in the focus of
the I-st camera is cut out by the exit slit and comes to the
photocathode of the photomultiplier EMI 9789B. Synchronously with
switching of the electrooptical modulator the electronic key
switches over the output of the pulse amplifier to the first
counter and then to the other one. When the measurements at one
wavelength are finished the interferometer and the exit slit are
switched over for measuring another spectrum segment. The measured
profiles and distribution of V-Stokes parameter inside them are
used for magnetic field calculation by the well-known differential
or integral methods (Borra and Vaughan, 1977).

To use maximally the stellar light and to preserve a high
spectral resolution the Fabry-Perot interferometer is mounted in
the magnetometer. It makes possible to open the spectrograph
slit up to 5". This interferometer and the modulator are
installed in the common mechanical unit in the parallel light beam
generated by the collimator. The same unit contains a source of
circular polarized light to control the equipment efficiency. The
use of this interferometer increases 7-8 times the sensitivity.

He have chosen the pneumatic method of transferring the
interferometer along to the wavelength. The time of the pulse
counting equals usually to some minutes and the time of the inter-
ferometer and exit slit transformation is several seconds. Thus,
the time losses are unimportant. To ensure the chosen spectral
resolution of ~ 0.1 A the retarder thickness must be equal to
-0.3 mm, therefore it is not necessary to use the temperature sta-
bilization during the observational cycle. The stable and reliable
pneumatic method of the interferometer transformation has com-
pletely proved its value. When using the compressed carbonic acid
the pressure change in the interferometer camera by 1 atm causes
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Fig. 1. Dptical diagram of M55 magnetometer.
1 - camera with a Fabry-Perot interferomster, 2 - elec-

trooptical sodulator KDP and a polarizer, 3 - spectrograph
slit, 4 - exit slit of the main channel, 5 - negatiVe
lens, & =~ guarterwave sica plate, 7 -~ polaroid (eleaents
of tircular polarization source), 8 - windows of inter-
ferometer camera, 9 - Fabry-Perot interferometer, 10 - ab-
jective lens, i1 - diagonal 40° flat mirror, {2 ~ collima-
tor, 13 - grating, t4 - diagonal 45° mirror, 15 - square
diaphrags of the supporting channel, 16 - Fabry lens, 17 -
18 - photomuitipliers of the main and supporting channels,
19 - step driver for siit wmoving, 20 - laser - 1light
spurce of dosimeter, 21 - camera of dosimeter interferose-
ter, 22 - photodiode, 23 - manometer, 24 - electromagnetic
valve of dosimeter, 25 - coapressed carbon acid.
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Fig. 2. Block-schese of aagnetoseter.

1 - camera with a Fabry-Perot interferoseter, 2 - seslec-
trooptical modulator_ KIP, 3 - standard circular polariza-
tion source, & - high voltage square-pulse generator, 5 -
spectragraph slit, & - exit slits of the main and support-
ing channels, 7 ~ 8 - photosultipliers of the aain and
supporting channels, 9 - 10 - amplifiers of the main and
supporting channels, 1l - slectronic switch, 12 - elec-
tronic counter of the supporting channel, 13 - electronic
pulse counter of the left circular polarized light, (4 -~
electronic pulse counter of the right polarized light,
15- step driver far the exit slit soving, 16 - electrosag-
netic valve, 17 - container with pressed carbon acid, 18 -
create contraller, 19 ~ laser, "2 - casera with a Fabry-
Perot interferometer of dosiseter, 2§ - photodiode, 22 -
dosimseter control unit, 23 - step driver contral unit,
24 -~ display, 25 - CM-4 cosputer, 26 - typer.



it s transformatio n approximatel y by 1 5A. Th e stabilit yat th e
give n wavelengt hi sabout 0. 1 0of th e passhan d andth eaccurac y of
the pressur e supportin  gi snot lowe r tha n00 1 ate . Thes e value s
can beensure dbyusin gth emeasurin g devic eonth ebasi s of th e
auxiliar y Fabry-Pero t interferomete r whic h i s transferre dbyone
oder i f th e measurin g interferomete r i s transferre d by 0 1A.
Transformato n of th e auxiliar y interferomete r i s registere dby

th e photodiode , andas a sourc eof monochromati cligh t a helium -
neon lase r i s used . Th e electromagneti cvalv ei s switche dof f when
th e certai n transmitte dligh t leve | i s achieved

W refuse d fro mth e lam p square-puls e generato r fo r modula -
tor supplyin g due to it s larg e siz e and considerabl e heat
scattering . Nowwe us e a compac t transistor-transformato r genera -
tor wit hth eoutpu t voltag e regulate d withi n 2- 4 kV.

The supportin - g channe | i suse di nth e magnetomete r t o minim -
izeth eerror scause dbyth estella r oscillation s an d shortcoming s
inguidng . Theligh tforthi sa miscutof f by th e correspond -
in g diaphrag mat a distanc eof ~ 100 A fro mth e principl e channel
The spectra | rang ei nth esupportin  gchanne | i sequal t 020A. The
profl eof th e measure d lin ei s bein g determine dfro mth erati oof
th e ligh t intensit y i nth e principl e an d supportin g channels

The photopulse s fro mth e photomultiplier , operatn g i n th
regim e of photo n counting , pas st oth e pulse-amplifier , the nt
the puls eshaper , andvi aa cabl eabout 250mi nlengt h the y ar
transmitte  d t o th eelectro n switc h and counter s - CAMAC registe
units . Theaccumulate dpulse sar erea d out at definitel y fiel
tim e intervals . Thre eregister sar eused , tw oof the mar e use dfo
counth gth epulse sof th epolarize dlight , andth ethir d onefo
countn g th epulse si nth econtro | channel . Afte r th e dat areduc -
tio nwit hth e CH-4 compute r th e followin g parameter s ar e deter -
mined :

- th enumber o f registere d pulses ,

- magneti c fiel d value ,

= T QT oo o

- circula  r polarizatio n degree ,

- statistica | accurac y of th e resultin g magneti c fiel dB.,,
calculate d fro man assumptio n of Poisso n puls e distribu -
tion

- rea | root-mean-squar eerro rof B,

-count rati oof th e principl e and th e supportin g channels
The operatio n syste m RAFOS and macroassemble r and Fortran- 4
language s ar e used .

4. THEMAI NFOCUS MAGNETOMETR

The mai n focu s (MF) magnetomete r i susedfo r fiel d measure -

ments i nhydroge nline sof rapidl yrotatin gstars . | ncontras tt o
th e abov e mentione d device s whic hcanbeuse donl yfo r investiga -
ton s of slowl y rotatn g star s wit h relativel y shar p spectra |
line sof les s tha n 0. 4 A i n width , thi s magnetomete r usin g
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hydrogen 1lines can measure fields of wider class of objects. The
accuracy of this method is lower because the profiles are flatter

than those of metallic 1lines: in the mean 1% of the measured
polarization corresponds to 12-15 kGs as compared to 0.4-0.5 kGs
for polarimetry of sharp metal lines. However, a rather broad

passband can be used in measurements on hydrogen lines up to 10 A
as against 0.1 A for lines of metals. This makes it possible to
measure the magnetic field of faint rapidly rotating stars.

The spectropolarimeter-magnetometer for measurements in
hydrogen 1lines is built around the polichromator with a diffrac-
tion grating for operation both on the 6-m telescope and on other
telescopes.

The scheme of this magnetometer 1s analogous to that of MSS
magnetometer only without the Fabry-Perot interferometer. In the
analyzer Iceland spar crystal is used instead of polaroid, there-
fore, there appear two images on the slit, and in the focal plane
of the polichromator there are consequently two spectra. For cut-
ting the measured spectral regions the block of exit slits is
installed on the support with micrometric movement in dispersion.
When a control voltage of both polarities is applied to the cry-
stal, the spectra will contain the opposite-polarization Zeeman
components of the 1line, i. e., they will be shifted in opposite
directions. The exit slits cut the left wing of the 1line out of
one spectrum and the right wing out of the other. So when a con-
trol voltage of one polarity is applied to the crystal, light from
the wings of the components, which are shifted in opposite direc-
tions from the wavelength of the unshifted line, will arrive at
the slits. In Fig. 3, one of these cases is represented by the
solid line and the other by the dashed line. Thus, the use of this
method increases twice the efficiency. More often magnetometer is
used for measurement in ng and H ¥ lines, therefore the effi-
ciency increases by a factor of 4.

The process of measurements has two stages. First, measure-
ments are perfomed with slits which cut the left wings out of the
first spectrum and the right wings out of the other. When accumu-
lation of the signal of definite value is completed another system
of slits is replaced into the focal plane which cut the opposite
segments of wings and measurements continue the cycle. The accumu-
lated photoreadings produce the curve of V Stake's parameter vari-
ation, and weak polarization is excluded. In the MF magnetometer
as in the MSS magnetometer a pulse amplifier is used which pro-
vides a gain of 900 at pulse duration of 50-100 ns. The pulse
shaper at the output of the amplifier shape pulses of 100 ns dura-
tion. There 1is a discriminator with regulating threshold. All
these devices are placed in a common housing on the barrel of the
PH. The signal is delivered via a cable about 250 meters in length
to the apparatus room where the electronic switch controlled by
generator with quartz stabilization reverses the pulses of right
and left polarized 1light to the respective counters. One of the
counters 1is switched on up to the definite number of pulses with
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Fig. 3. Optical diagram of the prime focus aagnetaameter,
1 - negative objective, 2 -~ 3 - quarterwave mica plate and
polaroid {circular polarization standard source),4 - alec-
trooptical crystal KPP, 5 - Island spar crystal, & - ob-
jective lens, 7 - polichrosator slit, & - collimator, 9 -
diagonal mirror, 10 - grating, 11 - camera, 12 - exit
glits, 13 - light coliector, 14 - photomultiplier, 15 -
diagram of exit slit operation.



Fig. 4 Block-schese of the prime focus magnetometer,

1 - stabilizator for photosultiplier, 2 - puise amplifier,
3 - aeplitude discriminator, 4 - pulse shaper, 5 - output
pulse amplifier, & - input pulse amplifier, 7 - electranic
snitch, & - waeasuring counter, 9 - exponometric pulse
counter, 10 - impulse pumber contrgller, 11 - create con-
troller, 12 - CM-4 comaputer, 13 - typer, 14 - terminal,
15 - generator.



thehel pof a specia | contro | device . The secon d counter , th e

measurin g one , i s connecte dvi aa creyt-controlle r wit h CH- 4 com-
pute r wher e al | th e enterin g informatio n i s processe d and the n
printed . As a resul t of dat aprocessin gth e followin g parameter s

ar e determined
- photoreadin g values ;
- circula  r polarizatio nvalue s ( VStoke' s parameter) ;
- magneti c fiel d values ;
- magneti c fiel derro r (accordin gt o Poisso n puls e
distribution) ;
mean-root-squar e error

The observationa | experienc e shows that i f th e apparatu s
operate s well , the n th e statistica | accurac yandth erea | mean-
root-squar e erro r discrepanc  yi snot moretha n5-10X . Th e repeate d
test s confr mth e Poisso n characte r of puls e number distribution
So, th ecoincidenc eof thes ebot herror si sanadditiona | test of
apparatu s stability

Inconclusio nwe presen t th e dat a o n efficienc y of al the
thre e metho d of magneti c fiel d measurement s unde r typica | seein g
conditions
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Device Rag bs Spectral Accumul a- Detectors
(max) 12g resolution tion time

Circular
polarization k4 200 0.2 A 1 hour at Photoesulsion
analyzer P=s1.5 Kodak II ab
N55 magne- 4.4 10 0.1 A & hours Phatomulti-
tometer LR plier
HF magne- 6.5 200 10 A 1 hour Photomul ti-
tometer 8.4 & hours plier

ss"
J® isth esiz eof th esta r evauate dby an eye . Accumulatio n

tmeof 6 hour si sth e maximu mreasonabl e exposur e time
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