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Investigation of instrumental depolarization at thecoude focus of the 1 m telescope of SAo RAS
V.D. Bychkov, V.Р. Romanenko, L.V. Bychkova
Special Astгoph.l,sical оЬsеrчаtогу of thе Russian AS, Nizhnij Агkhуz 3б9167, Russia

Abstract, N{easuremetits of stel]ar magnetic fieids Ьу Ineans clf spectrophotometric observationsat а coude foctrs аrе irrrpeded Ьу irrstrumenta] еrrоrs caused Ьу repeatecl oblique reflections oflight from flai mirrОГs, This РаРЬГ oJ"ý.yrl 
'Ь" 

i,ru"rпg;iior, оt instrumentai depolarization at
:ЖXXxiJHl'.::ЖjJiLi;Жff of SAo RAs. Accoll,,'r.i ,bi, 

"п"., 
мlil",р,",Ъ ,ь" accuracy

КеУ wОГds: astronomicai instrumentation: telescopes - astrononrical tecirrriques: polarimetrv

1. Introduction
опе of the пrаiп techniques of iTreasurenretrt of stеilаг
пragnetic fields is based orr obtainirrg Zeeпtari sресtгti,that is, obtaining of а sресtгul" iu i". ...iргсlсаl сir-
cr,rlar poiarizations witlr а high sрес:trаl геsоlutiоri (по
less than 25000). Sресtrа аrе nosti1. ttrkerr rr.itlr spc:c.-trопiеtеrs placed at t}re c:oude focus. Unfortrrnatelr-.
coude foci hаче опе essential s}rortcoming: ;;r;';
Ьеаm of light is rcflected frоm ciiagon"i ;;;;" ;;;;before entering the sрrэсtrоmеtеr, instruпrental 1lоlаr-ization arrd depolarizatiolr arise, which clegrades theассuIас}, оf sресtгороlагimеtriс stucly. This ргоЬlеmhas Ьееп exterrsivelyлdiscussed Ьу ЁаЬсюсk (1958),

.Р'{ & 99i:?.k 1iЭZz), В,r..-irSЙ.'Ъо,.u u,raValrghan (1977), Nаriаi (1982), Cup;turt'"t ul. (1989),Bychkov et at. (1999), antl bther'aut]iors. t\'e esti-mate lrеrеiп instrumental сirсu]аг depoIarization frопldirect measuremerrts. Accourrt оr tшs "й, *,iit irrr-prove the ассuгасу of magnetic fielcl nrcasureп]eilts
when processing Zeeman spectra.

2. Observations
The polarimeter MI}rtrIPOL (Dolan & Tapia, 1986)seems to Ье the most usefirl clevice to stuj"v сirсuiаrirrstrurnental depoiaгization, fоr lr r""K", Ъ-"rsiЬlе in-vestigatiorr of polariza,tion in а *id" ,pe.irul rапgе,
fгоm 3000 to 9000 АА (Joh,,,o" UBvnili;;;.). ;ъ;poiarirneter l4I}iIP O L is clesigned t",tr,ty ii;;;r ;;:larization, but there exists а Jапсlаrd р.оЁМuru tbatenab]es mеаsuriпg circular polarizatiorr Ыuо. i,Ъ. tbi,
рurроSе, а linear achromatic phase-shifting plate in-troducing а phase shift of эо. 1,17+; was'placed atthe роlаrimеtег епtrапсе. This piate i, o.i"rlt",t ,nthat azimrrth of its optical axis is p.rp.i,ii,,uru. 

'оthe azimuth of tlie fast axis l of 
'ьо 

porurirrroter. i.e,

irrcreasing t}rus the phase аlопg the axis r. with thisoгielrtation of the plate, the рЙsе shift produced Ьуit.lvil] Ье described, accordirrg to SchurclffitgOZ), Ь"_\llrеllог tnat гiх

л If the incoпiing Ьеа,пr of light is descгibed Ьу theStokesvpctnrQ-l.-_._. : l\-LL'I u - \1,8, L', И), the iight that traspassed t]re installed phase plate. wilt hачЪ the раrаm-eters:

(1)
,:(Ё;l,!)

.ý'=ЛлS=(1.Q.I._a-).
(2)

That is' rvirile nreasurirrg the раrаrпеtегs Q and Lrthe роlагirпеtеr N{INIPOi will rrreasuTe И instead ofU 
'i_]_h_:_.зse 

ttre plate is installed. The poiarirne-
tеr д.,IINIPOL thus fitted пreasrrres sequentitr,l]v all 4Stokes раrаmеtеrs, The best way to ";;;;;'r;", ;i"-
gгее clf instrurnentai сiгсulаr clepolaгizatiorr is to bringto the епtгапсе сirсulаrу polaiized light. ihen hav-ing measured the poiaгizatiorr at tb" or,tpui, опе calljudge irolv Strong ttre clepolarization is. r-J. ibis stuayto Ье саrriеd out with а maxitnurn col.rectness, а р()-1arizatioTi саliьгаtiоп ulrit was constructed that wouid
сопчеrt tlre incoming unpolarized light to coпrpletel1.
circuiariy polarized rvithout dеflесtiБп of tbe incictent
light,beam, The polarization calibration device пrееt-ing tirese requirements was mаdе as follows. First. zrlinear роlаrоid 

^/2 
is installed, which is ;;r;Й;l";;

\,tIuеliег пrаtriх

(3)":(''r'у?' ý ý)
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Table 1: Th,e раrаmеtеrs of the phase-slli,ftilng plates
employed iп the роlаri,rrtеtеr МIIIIIРОL ап,d i,п the cal-
l,iьrаtiоп uпit

Phase shift in degr.

^ 
(А) NIi]чIPoL Calibгation

3800 81.4 80.3
4000 87.1 86.3
4500 90.0 90,6

ТаЬ]е 2: Тhе mеап раrаrпеtеrs of the liп,еаr polaro,id
i,п the Jclhnscln UBVRI filters

.\(А) angle modulation %

U
в
V
R
I

3550 1"77.8

4650 178.3
5500 180.0
6900 180.1
8000 180.1

73.5
84.1
89.7
95.8
53.8

э

Е

5000
5500
6000
6500
7000
7500
8000

90.7
91.0
91.3
91.5
91.4
90.6
88.7

91.4
91.5
91.3
91.5
91.4
90.6
88.9

Ttren а linear phase-strifting plate clf 90' (^/4),
ъ,lrose fast axis шаkеs with tlie lirrеаг роlагоid fast
axis an angle of 45О, was mounted. Tiris phase plate
is described Ьу N,Iuеliеr matrix

F2:

If the irrput unpolarized liglrt Ьеапl is dсsсгiЬеii bl,
the Stokes чссtоr S : (1, Q, U, l'')=(1,0,0,0) , therr the
light Ьеаm that has passecl throrrg}r this polarization
device will have the раrаmеtегs

S':F2 хл1 х S:(Il2,0,0,1/2). (5)

That is, this device tгаrrsfоrms unpolarized light
into 100 % сirсulаriу polarized. Nаtuгаllу, this is how
tlre ideal device should ореrаtе in the ideai case. Тhе
раrаmеtеrs of the rеа1 device аrе computed рrосееd-
ing frоm the раrапrеtеrs of rеа1 elenrents irrcorpo-
rated iп it. In ТаЫе 1 аrе collected the раrаmеtсrs of
t}ie phase-shiftirrg plates епrрIоуеd irr the polaгirrreter
N4INIPOL arrd in tlre calilэration unit. Irr the first
соjumп is irrdicated tlre wavelength, the next tlvo
colrrrnns give tire phase shift in degrees, respectir.ely.

T]re mеап раrаmеtеrs of the lirrear polaroid iri
the Jotrrison UBVRI filtегs чiеrе dегiчеd rvith the ро-
lаriтпеtеr N4INIPOL. То do this, the роlагоid п,аs
placed irl front of the polarimeter епtгапсе, The zеrсt

роlагizаtiоп stапdаrds HD2|447 and HD 21231 frоm
the list of Тurпshеk c:t al. (1990) wеrе used as sоurсеs
of unpolarized ligtrt. Тhе tгansrTrission чаluеs of t}re

light filtеrs vrs wavelengths аге presented in Fig. 1.

ТаЬlе 2 gives t}ie effective filtеr rvavelerrgtlrs, the
valuc of the positional ang}e at the соrrеsропdiпg
war.elerigth of the pol;iroid in сlеgrееs, and the deptlr
of rnodrrlation iп реr sепt. The depth of modulation

ТаЫе 3: The e.stirпates of the erpected polar'ization (V
Stolces раrаmеtеr) t'оr each filter

Filtlr Y
о/r,

U 63l

р 82.4
!,, 87.9
R 83.7
I 52.6

сhагасtегizеs the irrtegral valr.re of сопчеrsiоп of the
eпtission phase state and is ехргеssеd Ьу

rri,: 100% .(Inr,or, - I,nu.)l(Inro' * In";,r,\), (6)

rчhеrе |,.о" апd 1r,.;,, аге the irrtensities after passing
through tlre plrase element.

Fig,2 shows the optical layout witlr the location of
tile роlаriпrеtег, whеrе 1 is tlre mаiп rпirrог, 2 is tlre
seconclary miггоr, 03 is the fiгst diagorial rпiгrоr, 04 is
tlre secotr<i diagonal mirrог, 05 is the third diagonal
mirгоr. Ро1 is the роlаriшеtеr NIiNIPOL, Calibr is the
place lчhеге the calibratioti unit is mounted.

The пrаiп and sесопdа,rу пrirrоrs of the telescope
do not give essential phase shifts into the object emis-
sion. ]эесlаusе the1, аге реrреridiсulаг to the 1ight bearn
axis. Instrurnental effccts (depoiaгization, polariza-
tiorr) are produced Ьу the inclined (Ьу а5") flat niir-
rоrs 03 and 04 whiclr геflесt and divert the Ьеапr
thгоugh 90О. Wherr studying instrunentai dероlаr-
ization а coordinate systern was chosen tlrat bounds
the olэject оп tire celestial sp}rere with orientation of
the inciined mirгогs -,- tlrc salne as irr the рарег Ь1,

Bychkov et al. (1999). То obtairi estimates of the ех-
pected polarizatiorr, the following рrосеdurе was ар-
plied. \hiations of t}re phase shift чrs wavelengtlrs
fог each phase-shiftilrg plate wеrе approximated with
srrrooth curves. These сuгчеs wеrе used to find ttre
valrre of the phase shift for effec:tive wavelengths of
the light filters. Tileri а standard рrосеdurе of math-
eпratica] colivolution of thesc сuгчсs with the curves
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Figure !.. Сurчеs of trапsmissi,оп о! the tJBVRI filtеrs
iпсоrроrаtеd iп the polarimeter MINIPOL.

Т ЩlJзуg!Ь", цli о п s t аr s u,.s ed iп m еа s urеm епt sN1-" m,
iг-

aPeg 2.49 23 04 46 +15 12 19 BgV
1Cas 2.47 00 56 43 +60 43 00 BOIV'

of transmission of the filtегs was appliecl. T}re esti-
mates of tlre expected poiarization (v stokeb рагаm-
еtеr) thus obtained аrе listed in ТаЬlе 3.

In оrdеr to rnake the mеаsurеmепts аррrоасh геа1
observations with their rа5, diagram as closely as pos-
siые, it was decided to use t}re light of bright stars iп
the mеаsurеmепts.

T}re саliЬгаtiоп unit had а throughprrt of 20а/а
arrd а liglrt diameter of 30 mm. Fоr tlris геаsоп, it
was placed inside the telescope tube just in frопt of
the inclined diagorrai rrriгrоr 03, which is equivalerrt to
the епtrапсе pupit of about 240 mm in diarneteг. This
approac}r is wаrrапtеd since t}re rnain arrcl secondar1,
mirrоrs do not introdrrce sigrrificarrt irrstrumental ef-
fects. Тhе facility was used in t}re obscгl,atiorrs оп the
night оf August |3l14, 1998. Тhrее stars with uпро-
larized light wеrе se]ected fоr the observation. The
stars wеrе chosen so that they аrе iocatcd at dilтеrепt
inclinations (see Table 4).

А ttieoretical ctrrve of t}ie expected value of ро-
laгization with variation of ап lrоur angle f rvas соm-
puted for each stаг. As the initial values of the stokes
раrаmеtеr) the data of Table 3 wеге used in the ca]crp
lation. variation of сirсuiаr polarization with an hоuг
angle for the stаr 7 Cas is displayecl in Fig.3 fоr the
u filter. similar relationships in the В arrcl v filters
obtained fог 7 Cas аге giverr in Figs.4 and 5, fоr а Peg
iп the R, fiitсr in Fig.6, апd fоr tlre Stаr o Lчr iп the
I filtег in Fig.7.

Figurе 2: The location of calibration d,euice апd, ро-
lаr,imеtеr iп optical layout о! the telescope.

ьФ
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Е

Figurе 3: Меаsurеd (estimates ulith Ьаrs) апrl саlсu-
lated (сurче) polari,zation fоr rli,lJеrепt ualues of the
hоur апglе iп the LI fiJter.
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Figure 5: Tlte sаIпе as iп Fig. 3, bu,t iп V fi,lter.
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Figure 7: The sаIпе as i,п Fi,g. 3 tоr а Lyr iп I filter.
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Figure 6: The sаlпе as i,п Fi,g. 3 fоr а Peg iп R filtе,r.

3. Discussion of results
Using all estimates made from these three stars, the
mеап rаtiо of the measured circular polarization,
%ь", to the calculated, Vga16, was found. This ratio
rерrеsепts the part of circular polarization that rе-
mained after reflection of the light Ьеаm frоm the
inclined diagonal mirrors:

k:100% *Vо6r.fV"о1". (7)

This is the best expression which hе}рs to dегiче
depoiarizatiorr irr relative units, because the light de-
tector (usua,Ily а CCD) keeps rесоrd оf the intensity of
radiatiorr, but not the phase shift between the Fresne]
amplitude coefficierrts r" and rо of the electric чесtоr.
The depolarizatiorr value is calculated Ьу the formula:

Dep = 100% ,к (l'"ol". - Vоь",) lV,ot,. (S)

The data obtained аrе given in Table 5 and Fig.8.

The data show that the depolarization does
поt exceed 5% within the wavelength гапgе 4500-
S500 АА and iпсrеаsеs to 10% and mоге iп tlre U

50оо б(xю 700о

wФlф!Ь lп aлgatФm

Figurе 8: Сirсulаr polarization as а tuпсtiоп of wаче-
length.
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Figure 9: Iпstrumепtаl polarizati,on as а fuпсti,оп of
t, calcu,lated fоr diffеrепt dесl,iпаtiопs 6: 1- 45";2
,--- 30О, 60'; 9 15О, 75О; /, - 0О,90",, 5 - -15О:6 _30".
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Figurе \0: Iпstrumепtаl polarization as а Juпсtiоrl of
6 calculated fоr di,fferent holl,r апglеs t: 1 30' ; 2
60О,, 9 0"; .4 -30',. 5 - -60О.

Table 5: Coefficients k апd depolari,zat,ion чаluеs tоr
each frltrr _

Filter Сепtеr k Deyl

^(А) 
% %

U
в
V
R
I

аrе ргеsепtеd in Figs. 9 and 10. The calculations wеrе
made for the case whеrе the incoming Ьеаm of light
is not polarized, that is, represented Ьу the Stokes
vector,S(1,0,0,0).

4. Conclusions
As а result of the wоrk done, we have managed the
fo1lowings.

1. То ascertain that the vaiue of instrumental сir-
сuiаг depolaгizatiori does not оп the average exceeсl
а fеш,реr cent arrd геасhеs 10% in the violet sресtгаl
region. Ап analytical expression describirrg t}ie Ье-
hачiоuг of depolaгizatiorr with wavelength has Ьееп
found.

2, То estimate the value of instrumentai сirсu]аr
polarization and its Ьеhачiоur rvith hоur angle t апd
declination d.

The data obtained make it possible to take соrгесt ас-
cortnt of instrunental effects arisirrg in magrretic field
measurelnents rnade at the coude focus of the 1 пr
telescope of SAO RAS, which will eventualiy inrpror,,,
the ассurасу c;f observational data.
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- l i]a'a-

3550 89.6
,1650 95,9
5500 97,5
6900 98.5
8000 96.7

10,4
4.1
2.J
1.б
,1

fiitег. Тhеrе аrе all the grounds to beiieve tlie оЬ-
served instrumental effects change smoothly ri,ith
wavelength. Fоr the sake of convenierrce of takirrg
them into account, an analyticai expressiorr dеsсгiЬ-
irrg the behaviour of k witlr wavelengt}r ) has Ьееп
found:

k : 55.1983+0.134146 х ) *_ 1.03047х 10 б х.l2.(э;

Depolarization values аrе оп ачеrа8е а fеъ, рег
cent and do not 8о очеr 10% (Table 5). Рrосееdiпg
frоm this, it is relatively easy to calculate the ralue
of the instrumental сirсulаr poiarization caused Ьу rе-
flections of the light Ьеаm frоm the diagonal mirrогs
and then simulate its Ьеhачiоur depending оп decli-
rration and hоur апglе. The results of tlre calculations
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