OBAITCZ . .~10C I49V0

rt

BIOJIIETEHDB ACTPOHOMUYECHKUX MHCTUTYTOB HEXOCJOBARNIU

1 cenrssbpsa 1959 r.

Towm 10 Ne 5

BULLETIN OF THE ASTRONOMICAL INSTITUTES OF CZECHOSLOVAKIA

1959, September 1.

Volume 10 No 5

THE FLARE SPECTROGRAPH AT ONDREJOV

B. Valniéek, V. Letfus, M. Blaha, Z. Svestka and Z. Seidl, Astronomical Institute
of the Czechoslovak Academy, Ondiejov

Recerved February 18, 1959.
&
This Paper presents a description of the new solar spectrograph built at the Ondfejov Observatory in the year
1958. The spectrograph enables to take a series of simultaneous photographs of several spectral regions in

short time intervals with a dispersion of at least 1 A/mm, so that it is highly suitable for the study of chro-
mospheric flares and active prominences.

Boavwoli cnekmpozpag 0as nabaodenus ecnvuuer ¢ Ondpoceliose. B craThe IPUBORATICS ONUCAHUE
KOHCTPYKIMY HOBOTO COJHEYHOro cIeKTporpada, mocTpoeEHoro B 1958 rogy B OHApMHEHOBCKOH 00-
cepBaTopuu. C momompio mprGopa MOMKHO TOAYIUTh CIIEKTPLI XPOMOCPEPHHIX BCIBILIEK B HECKONBKHAX
CTeKTPaTBHLIX 0671acTAX ¢ Amcmepcmein 1 A/yM mam Gosislile, IpmdeM HeCKOIBKO 0671acTel SKCHOHE-
PYIOTCA OMHOBPEMEHHO. JKCIO3UIAA MOTYT OCYIIECTBIATHCA B KOPOTKAX MOCJENOBATEILHBIX HHTED-

BaJaX BpeMeHH, TaK 4YTO HpHBE‘JIeHHHﬁ CHBHTpOI‘pa(ﬁ NPUTOACH AJIA NPOCJICHNBAHUA GHCTPO nsme-
HAIOMAXCA ABJIEHAH B COJHEYHOH aTMOC(I)epe. '

1. Introduction

One hundred years ago, in the year 1859, the first
solar flare was observed by Carrington and Hodgson
in England. Since that time, solar flares have attracted
the attention of astronomers more and more, especially
due to their evident connection with geomagnetic and
ionospheric effects on the Earth. The enormously
increased emission of short-wave radiation, cosmic
rays, and corpuscules from flare areas on the Sun, together
with their interesting rapid development, made the ques-
tion on the cause of the flare appearance one of the most
interesting problems of solar physics.

When discussing this problem, the most promising
way manifests itself in a study of flare spectra, which
are characterized by emission lines of hydrogen, absorp-
tion or emission lines of neutral helium, and reversals
in the cores of lines of metals in low states of ionisation.

The first attemps at obtaining flare spectra were made
by Richardson, Minkowski, and Allen [I, 2]. Their
studies discovered the general character of the flare
emission, but the qualitative results were not adequate
for any theoretical discussion of the physical structure
of flares.

Therefore, after the second world war, several authors
tried to get more quantitative results of flare spectra,
especially in the form of photometric profiles of the emis-
sion lines. The pioneer work was made by Ellison, who
obtained well-defined profiles of the H, emission line
for several flares in the years 1946—1951 [3]. In the year
1951, a profile of the H,, line was obtained for one flare
by Suemoto [4]. These profiles were discussed in detail

by one of the present writers [5], but, of course, isolated
observations of only one emission line could not lead to
any conclusive results.

In the year 1949, more progress was made, when
Mustel and Severny at the Crimean Observatory obtained
a series of spectra of the great flare of August 5, 1949,
containing the Balmer H,, H,, Hs, H,, and H, lines [6].
Since that time, Severny and his collaborators obtained
several other spectra of flares and discussed profiles
of the Balmer lines together with the H + K lines of
ionised calcium in a series of papers [7]. Nevertheless,
all their results are open to some discussion, due to the
fact that different lines were photographed at different
times. It is clear that the rapid development of flares
necessarily needs a simultaneous photograph of the
whole flare spectrum. Any comparison of lines taken at
different phases of the development of a flare, as has
been made by Severny, may obviously lead to erroneous
results. Moreover, we can never be sure that at two
different times exactly the same point of the flare is set
on the slit of the spectrograph. With regard to the fine
detailed structure of emitting knots of the flare, any
even slight change of position may be a source of another
serious error if the photography of all investigated lines
is not simultaneous. And, in the third place, the result-
ing line profiles and especially the recorded form of the
extension of wings (moustaches) are very sensitive to the
air conditions at the moment of exposure. If all the lines
are not taken in the same moment, the influence of air
disturbances may be different at different lines, which
causes a further source of inexactitude.

Thus we come to the conclusion that only simultaneous
photographs of various emission lines in the flare spectrum
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can bring reliable informations about the physical condi-
tions in flares.

Flare spectrographs which fulfil this basic condition
have been built in the most recent time at several solar
observatories. A report has already been given on the
spectrograph on Pic du Midi [8], and some spectra
were presented by American and Japanese astronomers
at the General Assembly of I. A. U. in Moscow in
August, 1958. At this meeting we also presented some
examples of spectra obtained by the new flare spectro-
graph built at the Ondfejov Observatory. A detailed
description of this equipment is the subject of the pre-
sented paper.

2. General Conception

At the construction of the Ondfejov flare spectro-
graph we aimed to fulfil the following necessary condi-
tions: '

(a) The dispersion must be of the order of 1 A/mm.

(b) The photographed spectrum has to cover lines
of the Balmer series, some helium lines, H and K lines,
and some important multiplets of iron and other metals.

(c) More parts of the spectrum must be taken si-

multaneously.

(d) The spectrograph has to enable the observer to
get a series of spectra in short time-intervals to cover the
whole development of flares.

(e) The focal image of the Sun must be as large as
possible to enable the distinguishing of fine details in
the flare structure. On the other hand, the exposures
must be shorter than one second to diminish the influence
of air disturbances as much as possible.

(f) The spectrograph must be in close connection with
visual flare patrol to be able to catch the most interesting
premaximum and maximum phases of the flare develop-
ment.

These requirements were fulfilled in the following
way: ‘ _

(a) The dispersion in 5 spectral regions is the same
and equals 1 A/mm, in 2 remaining UV regions it is
067 A/mm.

(b) Generally there are two alternatives: either to
expose broad regions of the spectrum on long sections
of film as has. been done by Michard [8] for instance,
or to restrict oneself to small portions of the spectrum
only, with the most interesting spectral lines, using
photographic plates. We chose the second alternative
for three main reasons: firstly, it is much easier to form
a perfect image of a short spectral region than to focus
a broad part of the spectrum with a satisfactory dispersion;
secondly, the emulsion on plates is generally more homo-
geneous and thus enables more precise photometric
work; and, in the third place, due to the change of inten-
sity along the solar spectrum, it is rather difficult to get
the correct density along the whole spectral region
photographed on a long section of film.

The selected spectral regions include the following
important lines:

Plate 1 46503 — 16623 includes the H, line of hy-
. drogen N
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Plate 2 A 5829 — 245949 includes the Dlines of sodiu.tﬁ
and the D, line of helium

Plate 3 14797 — 44917 includes the Hy line of hydro-
gen

Plate 4 14277 — 24397 includes the H, line of hydro-
gen, 5 lines of the 4l=
multiplet of Fe I, 3 lines of
the 27t multiplet of Fe II,
and 10 lines of the 44t
multiplet of Ti I

Plate 5 13870 — 13990 includes the H, and H,
lines of hydrogen, the H and
K lines of Call, A3964-7
line of He I, 13905'5 line
of Si I, 9 lines of the 4%
wmultiplet of Fe I, 5 lines of
the 20t multiplet of Fe I,
both lines of the first multi-
plet of AlI, and all 8 lines
of the 15% multiplet od Til

Plates 6 and 7

A 3640 — 43814 include the higher Balmer
lines from H,, up to the
series limit, 12 lines of the
5th multiplet of Fe I, 2 lines
of the 14t multiplet of Ti II
and 2 lines of the 3¢ multiplet
of Ca IL

(¢) Due to very great differences’ of intensity all 7
plates cannot be exposed by means of one single exposure.
Only the plates 1—5 can be taken simultaneously, while
for the remaining plates 6 and 7 a longer exposure time
is necessary. The exposure is made by a shutter on the
slit. The differences of intensity in the spectral regions
1—5 are levelled by a suitable choice of plates and
developers.

(d) Twelve spectra and two photometric scales may
be exposed on one plate. The shift of plates can be done
either individually or by means of an automatic adjust-
ment, to which the exposure time and the time intervals
between successive exposures can be prescribed. The
shortest possible time interval between two subsequent
exposures equals 10 seconds. When the set of 12 expo-
sures is finished, all plate-holders return automatically to
the starting position. During the return time, which
lasts less than one minute, the plates can be changed
and another series of spectra is ready to be started.

(e) The focal image of the Sun has a mean diameter
of 125-6 mm. In different spectral regions 1 mm of the
vertical scale of the spectrum corresponds to 17-3”
up to 23-6” on the solar disc. The exposure time varies
between 1/25 and 1 second for plates Nos. 1—5 and 5
to 10 seconds for plates Nos. 6 and 7, according to the
height of the Sun above the horizon, the transparency
of the air, and the seeing conditions.

(f) All the time when the spectrograph is prepared
to work, the chromosphere is observed in short time
intervals (3—5 minutes) in the spectrohelioscope. The
observer in the spectrohelioscope is connected by means
of a loud telephone with the worker in the spectrograph.
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Thus any appearance of a chromospheric flare tohether
with its position is immediately known and the exposures
in the spectrograph can be started.

3. General Description

The spectrograph is placed in a room of dimensions
18 times 9 meters, which is situated in the first storey
of the main building of the observatory. The floor is
double. The lower floor carries the supporting pillars
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observer (R,) and enters the room of the spectrograph
proper (R,). In this second room the solar light falls
first on the collimator mirror (K) of 230 mm diameter
and 850 cm focal length. The collimator optical axis
contains an angle of 44’ with the straight line connecting
the centres of the collimator and the slit. After that the
second plane mirror (M,) reflects the light to the grating
(G). The angle of incidence on the grating is 1°33'.
The grating made by G. O. 1. in the U. S. S. R. has
600 lines-per mm and its size is 90 times 100 mm, with

: i}
Ey:t%_m______::__!___-_-_-:_—:_-__-<-v-

Fig. 1. Scheme of the spectrograph: R0=- room of the observer, Rs =

room of the proper spectrograph, O = objective mirror,

S = slit of the spectrograph in the imaging plane of the objective mirror, K = collimator mirror, G = grating, O;_, = imaging

objectives of the H, and D regions, O; =
H-+K regions, Og =

imaging objecnve for the Hp region, O,_ 5= = imaging objectives for the H, and
imaging objective for the UV region, P = plate holders, O, = objective for the H, line in the first

order used to guiding, D = control desc of the observer

and the upper one is separated from all elements. of the
optical system. Moreover, to prevent any possible sources
of shocks, red alarm lights are switched on in all other
rooms and corridors of the building as soon as the photo-
graphic mechanism of the spectrograph is put in action.

The solar light is cast into this room by a coelostat
situated on a tower detached from the main building.
Mirror diameters of the coelostat are 360 and 280 mm.
The coelostat is covered by a cylindrical double roof
with very good thermic isolation. This roof can be
shifted on rails close to the southern wall of the building,
so that any turbulent motions in the close vicinity of the
wall cannot disturb the optical path of the solar beams.

The general scheme of the spectrograph is shown
in Fig. 1. The solar beam coming from the coelostat
falls on the objective spheric mirror (O) of 230 mm
diameter and 1350 cm focal length. After a reflexion
on the plane mirror (M;) the objective forms a focal
image of the Sun (125-6 mm in diameter) in the plane
of the slit (S). The angle between the optical axis of the
objective mirror and the straight line connecting the
centres of the objective (O) and the mirror (M;) is
1°10’. The height of the slit is 50 mm and its usual
working width is 0-0534 mm. The height of the slit used
at the exposures of a flare spectrum is 20 mm.

On the slit the solar beam leaves the room of the

the maximum concentration of light into the right
second order. Five spectral regions are photographed
in the second order on the right-hand side and two re-
gions in the th1rd order on the left-hand side of the grat-
ing.

Spectra on the right-hand side are formed by five
objectives (O;- 5) The focal lengths of these objectives
were calculated in such a way that the linear dispersion
in all five spectral regions equals 1 A/mm. Four objectives
imaging the surrounding of the H,, D, ,, Hy, and H,
lines are single lenses corrected for the spherical aberrat-
ion, the fifth one, for the region of the H,, H, K, and H,
lines is a double objective corrected for the spherical
and chromatic aberration. All these objectives were made
by the Institute for Fine Mechanics and Optics in Pferov,
while the basic mirror system was made in the Institute
for Minerals in Turnov.

Spectra on the left-hand side are formed by a common
objective (Og). It is a UV double Zeiss objective and it
is used for the higher members of the Balmer series up
to the Balmer continuum and this range of the spectrum
is photographed after the reflexion on the mirror (M;)
on two plates, one close to the other, with a linear dispers-
ion of 0-67 A/mm.

The following Table gives the diameters and focal
lengths of the Objectives O,-, linear dispersions, angular
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dimensions of the parts of the solar disc corresponding
to 1 mm height of the spectrum, and the types of Schott-
filters placed in front of the plates.

Table 1

. 1 mm
Linear :
f dispersion corres- Fil-

ponds ter
(A/mm) to

Objec- | Plate o]
tive No. | (mm)| (cm)

O, 1 130 | 550 1-00 236" 0G3
O, 2 130 | 620 1-00 21°0 GG 7
O, 3 140 | 700 1-00 18-7 WG1
O, 4 143 | 725 1-00 17-9 —
O; 5 160 | 750 1-00 17-3 —
Oq 6,7 240 | 600 0-67 217 BG25

All 7 spectral regions are photographed on plates 130
times 180 mm, in their vertical position. The plate
holders (P) can be electrically shifted in the vertical
direction in suitable intervals, which are chosen by an
appropriate setting of movable electric contacts. A dia-

phragm in front of the plate holder determines the height

of the photographed spectrum. Usually a heigt of 10 mm
is used, which corresponds to 0-09 up to 0-12 of the
solar diameter. Then twelve spectra can be obtained on
one plate, together with two photographs of a photo-
metric scale on the upper and lower ends of the plate.
To diminish the influence of scattered light and to elimin-
ate the light from the other orders, colour filters are put
before the plates. The list of filters used is given in Table
1. The filters are slightly inclined towards the optical
axis (5°) to eliminate any interference phenomena which
might appear at the perpendicular incidence of the light
beams. The intensity of secondary reflexions on the fil-
ters will be discussed in the 10t paragraph.

The photometric scale is formed by a set of 9 layers
of evaporated platinum. It is put on the slit after the
finished exposures and illuminated by the centre of the
solar disc. The total height of the scale is 7 mm, which
corresponds only to 0-056 of the diameter of the solar
image, so that the limb variation of the intensity is with-
out any influence. To eliminate any poss.ble influence
of a wedge shape of the slit (which, however, is very
small, as will be shown in the 6% paragraph), the slit
is broadened to 0-16 mm and 0-31 mm respectively
when exposing the scale, while the inten:ity of the solar
light is reduced by a neutral Schott NG 5 — filter
placed in front on the slit. The scale exposure is the same
as during the photographs of the spectrum. During the
set of normal photographs of the spectrum the scale
is replaced on the slit by two marks, which form on all
spectra two horizontal lines, to which all vertical distances
in the spectrum can be referred.

Exposures of the spectral regions 1—5 are made at
the same moment, by means of a shutter which is placed
close behind the slit. The plates 6 and 7 are exposed
automatically immediately after that. In addition to
the shutter close to the slit, there are individual shutters
in front of all plate holders, which cover the plates when
photographs of other spectral regions are taken and dur-
ing the time between exposures. These shutters permit
the main shutter to keep open during that time, so that
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the spectrum can be observed and the flare guided vi-
sually between the successive photographs.

In the year 1958 only exposures in the spectral regions
1—5 were made, the arrangement of the remaining
regions 6 and 7 was not finished till in the year 1959.

To find the flare we use the H, line in the first order
on the right-hand side of the grating. An objective (O,)
and a system of mirrors (M,) form the image of the
H, line in the level of the control desk (D) of the spectro-
graph, where the H, line can be visually followed by
means of an eyepiece.

The image of the Sun formed on the screen in the
plane of the slit can be observed by means of another
optical system in an eyepiece also placed over the control
desk. Close in front of the screen a vertical wire can be
moved in the horizontal direction. This movable wire
can be set on a suitable well-defined sunspot rather far
from the slit, and by means of this sunspot the solar
image can be permanently guided.

When a flare and its approximate position is announced
from the spectrohelioscope, the observer sets the flare
on the slit of the spectrograph by means of the H,~
eyepiece. Then he sets the movable wire on a chosen
sunspot and starts the exposures. This procedure lasts
about 30 seconds. The combination of two guiding sys-
tems (H,- and photospheric eyepiece) enables the flare
to be kept exactly on the slit during the whole develop-
ment of the flare, which cannot be made by the H,-line
guiding only. In the near future the guiding system
will be supplemented by an H,-monochromatic filter.

The guiding is made by electric movements of the
coelostat mirror and more in detail by means of a turnable
planparallel plate, which is placed in front of the slit.
The various displacements of thé solar image at different
wave-lengths, due to the various index of refraction, are
negligible when compared with the used width of the
slit (0-0534 mm) and with regard to the size of the diffract-
ion disc of the objective miror.

A system of relays in the observer’s desk permits
the carrying out of either individual exposures, or a series
of exposures which follow one after the other in chosen
time intervals and with prescribed exposure time. On
pressing the start-button, the observer closes the main
shutter on the slit, which enabled him up to the starting
time to observe the emission features in the flare spectrum.
Immediately after that the shutters in front of individual
plate holders Nos. 1 —5 are opened and the main shutter
carries out the prescribed exposure. Then the shutters
Nos. 1—5 are closed, Nos. 6 and 7 opened, and the
main shutter makes exposure in these two regions. After
that the individual shutters 6 and 7 are closed, the main
shutter is re-opened, and the plate holders are shifted
into the new position ready for the next exposure. The
H, line can be again visually observed. If, on the other
hand, the automatic mechanism has been started, the
whole procedure repeats after the chosen time-intervals.
If the mechanism is not stopped during the set of exposu-
res, the whole series of twelve spectra is successively carried
out, and after that the plate holders return automati-
cally into the starting position. '

As an example, a complete set of twelve spectra in
five spectral regions is shown in Fig. 2. It includes the
main part of development of the great flare observed
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Fig. 4. Spectrum of the flare of July 30, 1958, 15138m32¢ U. T. Position 12 S, 64 W, imp. = 2. Exposure time 0-3 sec.
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on July 20, 1958, in the position 22 S and 66 W. The
first spectrum was obtained at 12h07m30s U. T., and
the successive spectra were exposed in one minute inter-
vals. The exposure time was one second. The course
of emission can be compared with the curve of change
of the effective H,-line width as observed in the On-
dfejov spectrohelioscope, shown in Fig. 3. The vertical
segments denote the times of exposures of the presented
flare spectra.

(NARRNNRRNNN

DT

1

1205 15 25 5 45 1255 ur

Fig. 3. The H, effective line-width change of the flare from

-July 20, 1958, measured in the Ondfejov spectrohelioscope.

Vertical segments denote times of exposures of the spectra,
shown in Fig. 2.

Another example is shown in Fig. 4. In this case it
was not possible to obtain a complete series of spectra due
to cloudy weather.

4. Photographic Process

The exposure times of the spectrum vary according
to the height of the Sun above the horizon, transparency
of the air, and position of the photographed object on
the solar disc. Their duration is determined by measur-
ing the total illumination in front of the objective mirror.

For the plates Nos. 1, 3, 4, and 5, two kinds of develop-
ers are used: either the fine-grain D 76, if the task is to
get a perfect picture of details in the spectrum and the
seeing quality allows it, or Rodinal (1 :20), which is
more coarse-grained, but gives denser negatives, so that
the exposure can be shorter. Such short exposures are
necessary as soon as the seeing is not perfectly good, if
we wish to get some details in the structure of the flare
(moustaches, etc.). For the Astro panchromatic plate
No. 2, which is exposed simultaneously with the plates
1,3—5, only Rodinal is used, as the sensitivity of emulsion
in rather small in this spectral region. The plates 6 and 7,
which need substantially longer exposures, are exposed
only in case of a perfectly quiet image of the sun. The
following Table gives a summary of all kinds of plates,
developers, and exposure times used.

At plates Nos. 3—7 the development process can be
followed visually using a red safelight, at Nos. 1 and 2
the time of development is usually determined according
to a testona shred of the plate, or estimated according to
the development time found at the plates Nos. 3—5.

The exposure times of prom nence spectra in the
regions 1 —5 are in the range of 5—30 seconds, according
to the brightness of the exposed phenomenon.
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Table 2

Plate
No.

Kind Agfa Agfa Agfa Agfa Afga
of plate H, Astro Spektral | Astro or Astro

Panchro- Blau Spektral
matic Rapid Blau
Rapid
Exposure OA_D. 5—10
time 0-04—0-5 sec sec
Develo- : .
per Rodinal 1 : 20
Exposure 0-2—1-0 sec
time

D‘?’:rl"‘ D76 | Rodinal | D76 | D76

5. Calibration of the Photometric Scale

The photometric scale was calibrated photographically:
We exposed with constant exposure times the centre
of the solar disc, with the scale on the slit, and screened
the grating successively by rectangular diaphragms 8
times 8, 8 times 4, and 8 times 2 cm, respectively. All
exposures were made three times on the same plate.
Parts of the characteristic curve corresponding to indivi-
dual steps of the scale were set together, and in this way
the logarithms of transmission of different steps of the
scale in the regions 1 to 5 relatively to the logarithm of
transmission of the first step of the scale were deduced.
If we express the transmission in percentage and put
for the first step of the scale I,/I, = 1009%,, we can write,

log ;’5 =2—a, )
0

with a,, = k;x,, where &, denotes the extinction coef-
ficient at the wave length 4, and x,, the thickness of the
n-th layer.

Using the measured values of a,, we can find such
relative values of k; and x,,, that the product %,x, were
as close as possible to the measured a,,. This task was
solved graphically and thus we get the corrected values

Table 3

Logarithms of transmission of the steps of the photometﬁc

scale

Spectral

1 2 .
(Hy) | (Dy,2,9) | (Hp) H,) | H+K)

2-000 2-000 2:000 2:000 2:000
1-795 1-812 1-807 1-802 1-796
1-630 1-661 1-651 1-643 1-632
1-455 1-501 1-487 1-473 1-458
1-290 1-350 1-331 1-314 1-294
1-100 1-176 1-152 1-131 1-104
0-935 1-024 0-997 0-971 0-940
0-778 0-881 0-849 0-820 0-784
2-000 2:000 2-:000 2000 2-:000

O 00 ~1O Ui 0N ==
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distance from the centre of the profile, f; the collimator
focal length, and s’ the slit width.

As was already shown in the 7th paragraph, the normal
width of the slit is different for different spectral regions.
When we compare the formula (6) in par. 7 with the
relation (8) for o, we observe that the values of %k given
in the last column of Table 6
are proportional to the quantity
o, which determines the form
of the instrumental profile,

o
k= o )
A detailed treatise of the in-
strumental profile will be given
later. In this paper we only show
as an example the instrumental
profile of the Ne lines A4 6533
and 6599, made for region No 1
(H,). For these lines the values
of o/ are 0945 and 0-936 and
the theoretical instrumental pro-
file for toth the lines is almost
identical.
This theoretical profile
together with the empiri-

504

0,l75 mm

Fig. 5. Relative instrumental profile for the neon lines A1 6532,
6599: V = violet wing, R = red wing of the measured profile,
T = theoretical course. (The spectral region No. 1 — H,).

cal one are shown in Fig. 5. The measured profile shows
a considerable symmetry. Observable differences bet-
ween the two wings can be found only below 5%, of
the central intensity. Also the profiles in other spectral
regions are very symmetrical, which fact testifies the
good quality of the grating.

The half width of the theoretical profile is 60 mA,
while for the measured profile we find the value of
75-6mA. Thus the empirical profile is about 23%
broader. This difference seems to be due only to the
proper width of the Ne lines used, because the Doppler
half-width of an isotopically pure neon at temperature
of 450 °K [10] is about 22 mA. Also this problem will
be discussed more in detail in another paper which is
now being prepared.

9. Ghosts

The intensity of Rowland ghosts was measured in
the spectral regions 1, 2 and 4, using the krypton line
A 4319 and the neon lines A4 6599, 6533, 5945, 5882
and 5852. Kr or Ne lamps were placed close in front
of the slit and the slit was widened to 1 mm. In this
way we got very broad spectral lines with a practically
rectangular profile, so that it was possible to determine
the total intensity of ghosts irrespectively of the form
of the instrumental profile, The ascertained total in-
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tensity of ghosts in percentage of the basic line-intensity
is given in Table 7. The distances of ghosts were deduced
from photographs of the instrumental profile.

Table 7
i 0,
Spectral Intensity of ghosts (%) Distance ‘
region 1°* order 2nd order | Of %‘lic))sts g
red | blue | red | blue
1 075 | 0-82 443 | 00154
2 145 | 147 | 0-12 | 0-11 3-89 0-0305
4 117 | 115 286 | 0-0227

All measurements were made in the second order of
the spectrum. Lyman’s ghosts were not found. The
intensity of ghosts depends on the wave-length in a
similar way as the concentration of light (maximum in
the surrounding of the region of Hy).

If I denotes the true total intensity of the emission
line and gI the total intensity of all ghosts, then the
observed intensity of the emission line is I; = (1 — gI).

" If gI = »l,, then g = x/(1 + %). The measured inten-

sities of ghosts give the values of x, and from these
values we can calculate the resulting values of g, which
are shown in the last column of Table 7.

10. Scattered Light

A given place of a photographic plate in the spectro-
graph is illuminated not only by the light corresponding
to the due wave-length and due part of the solar image
on the slit, but also by a certain amount of light, which
may be generally denoted as ‘scattered light”. This
scattered light can be divided in two main groups:

(a) Scattered light in front of the slit of the spectro-
graph, in consequence of which the spectrum of the
point of the solar disc imaged on the slit is superposed
by the spectrum of the total solar disc. This kind of
scattering originates partly in the earth’s atmosphere,
partly on the surfaces of the mirrors and on dust parti-
cles present in the space in front of the proper spectro-
graph. Usually the first part is predominant and, if a spe-
cial precision is required, the effect of atmospheric scatter-
ing must be studied separately for every individual
case. Another source of scattered light in this group
is due to secondary reflexions caused by the planparallel
glass in front of the slit. In consequence of such reflexions
the slit is illuminated partially also by light coming from
other parts of the solar disc. The intensity of this secon-
dary illumination does not exceed 19, of the primary
light falling on the slit.

(b) Scattered light behind the slit of the spectrograph,
which may be due to several different reasons:

(1) Scattering due to the grating and imaging objecti-
ves along the dispersion.

(2) Scattering due to the grating and imaging objecti-
ves along the spectral lines.

(3) Parasite reflexions on optical surfaces.
(4) Superposition of light of different orders.
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pattern of the slit on the collimator by means of an
approximate relation :

s = 2ml% s : 5)

where m denotes the order of the diffrection minimum
considered.

The minimum loss of light requires that the distance
between the first minima of the diffiaction pattern of the
slit be equal to the width of the beam (b = a, m = 1).
Then

s=22{l—'°=230. 6

This value of s represents the maximum admissible
value of the width, useful especially for stronger lines.
Its values in different spectral regions are shown in
Table 6.

Table 6
Spectral region A s. 102 mm k
1 (Hy) 6570 11-15 0-957
2 (Dya9 5890 10-01 1-066
3 (Hp) 4860 8-26 1325
4 Hy 4340 7-37 1-447
5 (H+K) 3930 667 1599
7 (Hew) 3650 620 1-723

It is evident that, with regard to the dependence of s
on A, the width of the slit must notexceed the minimum
value of s in the third column of Table 6, as long as we
intend to work in all 7 spectral regions. On the other
hand, our aim of short exposure-times does not permit
us to go much below this limit. With regard to these
requirements we have used for the exposures of flares
the width §' = 5-34. 1072 mm, (which corresponds to
the screw position x = 28). The ratio between the used
and normal width of the slit, s'/s, = &, is shown in the
last column of Table 6.

8. Instrumental Profile

Studying the instrumental profile we must try to ob-
serve the same conditions as at exposures of the solar
spectrum, primarily the same light conditions in the
spectrograph. Therefore, we used the following imaging
system: an objective of about 120 cm focal length imaged
the source of light top on the slit of the spectrograph.
A field lense of about 200 cm focal length was placed
in front of the slit to image the newly installed objective
on the grating, to conform to the conditions existing at
normal exposures of the solar spectrum.

The empirical determination of the instrumental
profile is usually made by means of extremely narrow
lines of krypton. As, hovewer, we were limited to the
chosen spectral regions of individual cameras, we were
compelled to use not only krypton but also narrow neon
lines. The list of the lines used to our work is as follows:

Region 1 (H,): Ne 4 6533, 16599
Region 2 (D, ,4): Ne 15852, 15882, 45945
Kr 15871

Region 4 (H,,): Kr 1 4319, 44320
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In the 3% region the Ne lines A1 4827 and 4885 were
almost invisible even after long exposures, and in the
5th region no intensive krypton and neon lines exist
at all.

As the source we used gaseous discharge tubes of neon
and krypton of about 20 Torr. pressure. These tubes
were fed from a supply of d. c. high voltage of 5 kV.

To be able to measure the instrumental profile even
in its wing parts, where the intensity decreases to about
1 per cent of the central intensity of the line, the profile
must be composed of several parts. Therefore, we used
the following method: first of all, we exposed on every
plate the spectrum of Ne or Kr in the given spectral
regions without any photometric scale as a control of the
illumination of the slit by the neon- or krypton-lamp.
After that, we exposed on the same plate the emission
Ne- or Kr-lines, using different exposure times and with
the photometric scale in front of the slit. These exposures
were made for two different widths of the slit: '5-34.
10~2 mm, and a smaller one, 3:39 . 10~2 mm. The series
of photographs on each plate was concluded by another
control exposure without the scale. This method has

the advantage that the characteristic curve can be

constructed for each separate exposure.

To get also the very far wings of the instrumental
profile without extremely long exposures, we photo-
graphed the Kr or Ne lamp in a position perpendicular to
the slit without the photometric scale. To be able to
reduce these photographs we made them on the same
plate as the preceding ones (made with the lamp parallel
to the slit), and choose an exposure-time equal to the
longest time used at the photographs made with the
scale.

Constructing the instrumental profile we used the
same plates and mode of development as for the photo-

" graphs of the solar spectrum. (Cf. par. 4.) Thus the

effects of photographic emulsions and photographic
process were also taken into consideration. The exposure
times were gradated from several minutes for the central
core up to four hours for the extreme wings of the lines.

A Zeiss self-recording microphotometer was used for
the evaluation of the plates. The width of the image of
the slit on the emulsion was equal to 7. 10~ mm, so
that it may have been neglected. Granulation of the plates
made no difficulties. The relation of the plate-shift to
the movement of the record was controlled by means
of a milimeter scale engraved on glass.

The theoretical course of the instrumental profile
is determined by the Fraunhofer diffraction of light
at an opening given by the size of the grating and can
be expressed in the form,

a+0/2 .
I = const f (%) dr, @)
a—of2
where
& =amN # s
and ,
a s
g =7 7]: _),— . (8)

In these relations 7 denotes the order of the spectrum,’
N the total number of lines, A the wave length, 44 the

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1959BAICz..10..149V

OBAITCZ . .~10C I49V0

rt

156

of a,,, i. e. also the corrected logarithms of transmissions
of the steps of the scale. These corrected values of
log (I,/1,) are assembled in the above Table 3. The
mean error of these corrected values, determined from
the diﬁerences) (a/m)corr. - (aln)meas.ﬂ is + 0-002.

6. Calibration of the Sht

The slit of the spectrograph has a maximum useful
height of 50 mm and it opens symmetrically. The rotation
of the micrometer screw opening the slit was coordinated
with the varying width of the slit by an interference
method. The slit was illuminated from the front by a
beam of parallel rays, their divergency being less than

" 2. The monochromatic light was produced by an inter-

ference filter, with the maximum transmittance at 1 =
= 6370 4- 44 A. The diffraction pattern behind the slit
was exposed on Agfa Spektral Rot Rapid Plates, placed
at a distance of 49-15 cm from the slit. On the whole,
we gained exposures for 8 positions of the micrometer
screw. All measurements were evaluated by means of
a recording microphotometer, three photometric tracings
being in every plate: one corresponding to the centre of
the slit and the two other at a distance of 14 mm from
the central position, to get information about the parallel-
ism of the edges of the slit.

Let A denote the wave length of the transmitted light,
Ithe distance of the slit from the plate, and d,, the distance
between successive maxima (minima) of the m-th order
of the interference pattern on the plate. Then the width
of the slit s is for small angles, which come here into
consideration, given by the relation,

s%"izw for m=%0 2)

with A,, =m for the minima. For the maxima, 4,
must fulfil the equation tg wA4,, = nA,,. For all photo-
metric tracings a weighted mean of the values of d,,/4,,
was calculated, with the value of 4,, as the weight of
individual measurements.

Then the width of the slit results as

A,

The ascertained values of the measured width of the slit
(for its centre) in dependence on the setting of the micro-
meter screw are given in the following Table 4.

Table 4
Setting of 102 Mean error Numbe; of
the screw §. 107 mm (. 10> mm) mezisure va-
ues d,,

25 4-000 0-008 6

30 6-424 0-010 8

35 8-840 0-016 12

40 11-080 0-018 ’ 12

50 15-941 0-027 14

65 23-377 0-026 12

80 30-817 0-031 24
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The resulting dependence of the slit width, s (in 102 mm),
on the setting of the micrometer screw, x, was found by
the method of least squares in the form

s = 0-4889x — 8-3461 .

The actual mean error of the setting of the slit width,
however, is greater than the error of measurement
given in Table 4, because it is determined primarily
by the uncertainty in the sétting of the screw, which
amounts to about - 0-1 value of the screw division.
Thus we find the actual mean error equal to

As =+ 0-049. 102 mm .

As the photometric tracings show, the edges of the
slit are not exactly parallel, but the slit is slightly broader
in its upper part. The diffference of the slit width above
and under its centre, s, — s,, corresponding to a slit
height of 28 mm, is shown in the following Table 5.

Table 5

Setting of the 25 | 30 | 35 | 40 | 50 | 65 | 80
screw:

(salo_z Su) " 0-137( 0-124| 0-133| 0-130| 0-155| 0-226| 0-007
. mm:

7. Determination of the Optimum Width of the Sht

In comparison with common types of spectrographs
working with one single camera in a limited range of
the spectrum, the choice of the optimum width of the
slit in our spectrograph is substantially more complic-
ated. First of all, the task of our spectrograph is to follow
active processes on the sun, predominantly flares, and this
task needs extremely short exposure-times. Consequently,
the slit should be as broad as possible. On the other
hand, however, we must try to make full use of the
resolving power of the grating. This leads to a requir-
ement of a narrow slit, to reduce the influence of the width
of the slit on the instrumental profile.

The first requirement can be fulfilled without any
difficulty for the Balmer lines, where the form of the
instrumental profile is unimportant. In case of middle-
strong and faint lines, however, which appear reversed
at great chromospheric flares, the instrumental profile
plays an important role, and a small width of the slit
is quite necessary for any study of these lines.

The normal width of the slit is defined as
sp =24 %— @

where A denotes the wave-length, f; the collimator focal
length and a the effective width of the beam passing out
of the collimator, in our case equal to the size of the
grating, a = 100 mm. It is necessary, however, to take
into account the light-gathering power of the instrument,
which includes the loss of light due to the diffraction at
the slit causing an inhomogeneous distribution of light
on the collimator. The width of the slit, s, is connected
with the distance of the minima, b, in the diffraciion
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(5) Diffuse scattering on the grating, optical surfaces,
dust particles, and walls of the spectrograph.

(6) Scattering in the photographic emulsion.

Toreduce the influence of diffuse scattering on dust par-
ticles on the optical path between the slit and the grating,
this whole path has been put in tubes. Short tubes of
150 cm length are also placed in front of every plate hol-
der to suppress any possible parasite side-light coming
to the plates. Light of other orders is almost fully eli-
minated by coloured filters or, moreover, by zero sen-
sitivity of photografic emulsions to the light of unde-
sirable wave lengths. Of course, the used filters in front
of the cameras become another source of scattering due
to secondary reflexions on their surfaces.

In our spectrograph, the described interior sources of
scattered light manifest themselves in the following
ways:

(1) Light of a certain wave-length is not concentrated
by the grating and objective exactly on one place of the
plate, but it comes also to the surrounding of its theore-
tical wave-length. This scattering consists of two compo-
nents: the first one is given by the existence of ghosts and
the second by the instrumental profile. Both these com-
ponents have already been discussed above. The correc-
tion of the measured values with regard to the ghosts
will be explained ad (5).

(2) Scattering along the spectral lines may be due
to two reasons: diffraction on.the horizontal deliminat-
ion of the beam’ of rays, and astigmatism. The astigma-
tism comes into consideration only in those spectral
regions which are imaged by extra-axial pencils of
rays, that means close to the right or left border of each
imaged region of the spectrum. In our case we found
an astigmatic imaging on the plate No. 5 only (H + K
region), at the extreme borders of the plate. In other
regions this effect does not occur.

Scattering in the direction along the lines was measur-
ed in the region No. 2 on the plates used in the discussion
on ghosts, which contained exposures of the emission
Ne lines. In this case the influence of the total diffused
light in the spectrograph can be neglected. Using the
broad slit, imaging spectral lines in a rectangular form,
the course of intensity of the scattered light along the
lines in various distances from the border of the spectrum
can be assumed the same as for the spectrum of the sun.
The following Table brings the ascertained values of the
light scattered perpendicularly to the dispersion, in
percentage of intensity of the spectrum.

Table 8

Distance from
the border of
the spectrum
(mm)

02|04 |06 |08 | 10| 15 | 20

Intensity of the
scattered light

. (%) 0-56 | 0-35 | 0-19 | 0-14 | 0:10 | 0-06 | 0-04

(3) The main source of scattered light at auto-collim~
ating spectrographs is the reflexion on the front surface
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of the objective before the grating. This source does
not exist in our arrangement. A rather intensive reflexion
appears on the front surfaces of the objectives O, —Og; the
reflected light, however, falls predominantly on the
walls of the spectrograph, where it is almost fully absor-
bed. The very small portion of the light reflected from
the objectives which falls directly on the photographic
plates, causes practically a homogeneous illumination
of the whole plate, and its intensity is proportional
to the total illumination of the grating in manner analo-
gical to that of diffused scattering, so that this light
can be included into the total diffused light as one of
its components discussed ad (5). :

By areflexion at the inner surfaces of the filters placed
in front of the plates there appears another image of
the spectrum, which is shifted in the direction perpen-
dicular to the dispersion, because the filters are slightly
inclined towards the optical axis, not to be a source
of interference phenomena. The intensity of such a
parasite image amounts to 0-2 up to 0-79, of the proper
spectrum.

(4) It has already been mentioned that the influence
of light of other orders is practically fully eliminated
by means of filters and the selectivity of plates.

(5) The total diffused light inside the spectrograph
originates by scattering on dust particles, walls of the
spectrograph, unhomogeneous surface of the mirrors
and the grating. To that we can add also the undesirable
reflexions on surfaces of the objectives as mentioned
ad (3). Any direct influence of the scattering originating
on the collimator and on the mirror M, is practically
suppressed by means of the tubes between the collima-
tor and the grating.

The total intensity of the diffused light is proportional
to the illumination of the grating, and consequently it
depends both on the total spectral range coming from the
slit and on the total height of the illuminated slit. The
illumination by the diffused light may by considered as
homogeneous in each imaged region of the spectrum.

Let us express all intensities in the spectrum units
of continuum at a chosen wave length, the real inten-
sity of which is I,,. If the slit is illuminated by the solar
light, the intensity of the diffused light in the considered
spectral region is 1, where {§ is a function of the height
of the illuminated slit. The real intensity I in an arbitrary
point in the considered region of the spectrum is then
given by the relation (cf. [3])

izr:ﬁ(l—Fﬂ)—‘(gﬁ-ﬁ)
I, 1—¢ >

(10)

where r; is the observed relative intensity for a given
height of the illuminated slit and g is taken from Table
7. For stronger lines, whose width is greater than the
distance of ghosts, formula (10) must be somewhat
modified.

The value of § can be determined either directly by mea-
suring the intensity of the scattered light in a certain
distance from the border of the spectrum, if the compo-
nent mentioned ad (2) is subtracted, or indirectly by
determination of a dependence of the observed central
intensity r; of an absorption line on the height of the
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illuminated slit. If r, is a linear function of the height
of the slit / (in mm), then

ol . ,
‘B——j‘l_“lwfxl. \11)

To get the coefficient « we made 12 exposures of
the spectrum of the centre of the solar disc, for 6 dif-
ferent heights of the slit (from 2 to 20 mm). We measured
central intensities of the lines given in Table 9, and
found the most suitable linear dependence of r, on /
by the method of the least squares. Using an extrapol-
ation for / =0 we obtained the central intensities
corrected with regard to scattered light (i. e. for § = 0)
and using (10) the real central intensities corrected
with regard to the scattered light and the ghosts. Finally
using the dependence of r; on I we can determine
also the coefficient « in the equation (11). The following
Table 9 presents central intensities of the measured
lines, corrected as to the scattered light and ghosts (not
however, as to the instrumental profile), values of
the coefficient «, and the values of § determining the
scattered light for the usually used height of the slit,
[ =20 mm.

Table 9
Relative Referred
Spec- | Mea- central to the 2 "
trgl sqred intensity continuum 10°%« 0p
region | line , at i
1 H, 0-159 + 0-002 6563-0. * | 0-139 | 2-86
. (inter-
polated)
2 Dy 10070 4 0-003 | 50045 | 0126 | 258

D, | 0059 % 0-003

3 Hg 0-178 4- 0-009 4867-8 0-390 | 846
4 H, | 0-127 + 0-003 4332-0 0-109 | 2-23
5 K 0:047 £ 0-002 3914-8 0-044 | 0-88

The values of g were taken from Table 7. For the
region No. 3 we used the most probable value of
g =0-0305 and for the region No. 5 we put g =0
with regard to the low intensity in the surrounding
of the centre of the K line.

To find out the origin of the scattered light we make
several other tests, which showed that there are two
most substantial components: one coming to the photo-
graphic plate directly from the grating, and another
one, originating in the close vicinity of the photo-
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graphic plate, due to reflexions between the emulsion
surface and inner walls of the plate-holder.

(6) Scattering of light in the photographic emulsion
depends on the quality and characteristics of the plates,
and it is in no direct connection with the proper spectro-
graph. Therefore we did not study this question in
detail. As far as the scattering in emulsion can influence
the measured results, this influence must be studied
individually for different kinds of used plates. Its
influence on profiles of spectral lines is usually included
in the discussion of the instrumental profile, as it is one
of the reasons of differences between the observed and
calculated profiles of the line.

The different components of the scattered light
discussed above make themselves important in different
ways when creating the resulting intensity of light,
which causes the blackening on photographic plates.
Details of intensity distribution along the dispersion
are distorted owing to their surrounding by the form of
the instrumental profile and scattering in the emulsion.
Details of intensity along the lines are influenced by
the diffraction phenomena on the borders of the spec-
trum, reflection on filters in front of the plates, and
scattering in the emulsion.

Besides these effects which distort détails in the spec-
trum there is also the influence of the total diffused
light and ghosts. As to these two components, the correct-
ed intensity can be found using the relation (10).

11. Acknowledgement

Our thanks are due to Prof. E. R. Mustel of the Cri-
mean Astrophysical Observatory, U. S. S. R., for
several helpful discussions when constructing the inner
equipment of the spectrograph.

REFERENCES

[1] R. S. Richardson, R. Minkovski: ApJ 89 (1939), 347.
[2] C. W. Allen: MN 100 (1940), 635.
[3] M. A. Ellison: Publ. Royal Obs. Edinburgh 1 (1952), 75.
[4] Z. Suemoto: Publ. Astr. Soc. Japan 3 (1951), 110.
[5] Z. Svestka: Publ. Astr. Inst. Czech. Acad. Sci. No. 32
1957).
Z. Svestka: BAC 7 (1956), 130.
Z. Svestka, L. Fritzovd: BAC 8 (1957), 61.
[6] E. R. Mustel, A. B. Severny: Izv. Krym. A. O. 8 (1952),
19.
“[7]1 A. B. Severny: Izv. Krym. A. O. 17 (1957), 129.
T. V. Kasachevskaja, A. B. Severny: Izv. Krym. A. O. 19
(1958), 46.
A. B. Severny: Izv. Krym. A. O. 19 (1958), 72
T.V. Kasachevskaja: 1zv. Krym. A. O. 20 (1958), 80.
[8] R. Michard, R. Servajean, ¥. Laborde: ApJ 127 (1958),504.
[9] Ch. Moore: Princeton Contr. No. 20 (1945).
[10] W. Priester: ZfA 32 (1953), 228.

Publishing House of the Czechoslovak Academy of Sciences * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1959BAICz..10..149V

