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Abstract. Results of measurements and visual observationd Introduction
of aurora at Spitsbergen, carried out by the joint Swedish-

Russian expedition during 1899-1900, are described. AuroThis naper will review the auroral observations carried out

ral observations took place during the great bilateral Arc-of-;, 1899_1900 at Spitsbergen in extensive fieldwork during

Meridian expedition, which was patronized by the Swedishie s\wedish-Russian Arc-of Meridian expediti@atiheim-

RoyaI_Famin and thg Russian Imperial Family. The RUSSia”'GyIIensk")ld, 190Q Wrakberg 2002 and presents results of
Swedish Arc-of-Meridian measurements were closely C00rygcant reanalysis of the data. The main reason for writing
dinated but auroral measurements from the two sites in they,;g paper was that the Russian and Swedish auroral mea-
Spitsbergen Archipelago were almost independent of eaclyrements were never discussed together as a joint work. A

other. The basic auroral data for our presentation are reportﬁeanalysis of Russian data has been reporte@ibgrnouss
of the Russian astronomer Josef Sykora and the Swedish geg; 5| (2009.

physicist Jonas Westman. Both scientists used similar types . _ . .

of photo cameras and spectrographs, which were the best at The Sp!tsbergen Arch|peI§go IS situated at extremely high
that time and were made in Potsdam by Toepfer. Deta”ecpeographlc and geomagne.tlc latitudes (mp.where in the
descriptions of the optical devices and the system of spectr qiaytlme the 'geomagnetlc field allows for direct entry c‘)‘f S0-
calibration are presented. A Toepfer spectrograph, possibl r wind partlcles down to the u,!aper atmosphere. This *open
the one used by Westman, is still kept at IRF in Kiruna. We indow in the magnetosphere”, the cleft or cusp, has some

present a comparative analysis of auroral data from the Rug_ono;phenc and groqnd—based signatures as, for ex.'"‘mp'e'
sian and Swedish stations on three themes: visual obs:ervéfﬁpec'al types of dgys!de and polar cap aurora and var|at|ons
tions of aurora, describing features of auroral forms and giv-Of the geomagnetic fieldSandholt et a).2002 Yeviashin

ing us statistical data on aurora occurrence and the heights &968 Eather 198Q Deehr and Egeland972. Spitsbergen

aurora, photos of aurora, and auroral spectra. It is shown thdp " unusual pla_c_e, whe_re itis possible to see all parts of the
uroral oval and it is particularly good for observations of the

the observations contain enough data to construct an auror) I | during | i fvity. In D b
oval and to determine the heights of aurora. The expeditiori'Jlurora oval during fow geomagnetic activity. In ecember

obtained the first photographic observations of the aurora ir’iflndt Janur?ry al:jrora C";T bet;)bifarvedf around the Cloﬁk' These
the Arctic. The auroral spectra demonstrate a high spectralea ures have drawn ine attention of many research groups
resolution and show not only the main auroral emissions T the worlo!,_ \_/vho are o_perat|_ng seyeral observatories th_ere.
the blue-green spectral range but also some weak emissioA\éOdern facilities were first built during IGY (1957-1958) in

t

in the violet and ultraviolet region. All data are interpreted L € Russu;m stanog E'ﬁa}m'daathi'} n tr;]e N(I)rweg|an staglons
from a modern point of view. The Russian-Swedish 1899—-Ondy€arbyen an Alesund. After that, long-term ob-

1900 expedition carried out the first complex auroral investi_servations started at the Russian observatory in Barentsburg

gations in the Arctic using optical instruments and pre:senteoand the _POI'Sh _statlon at Horn_sund. This research will be
well documented data and new results. more active during the International Polar Year 2007—2009.

The first long-term observations of aurora in Spitsbergen
Keywords. History of geophysics (Instruments and tech- Were carried out already during the first International Polar
niques) — lonosphere (Auroral ionosphere) Year 1882-1883 by the Swedish expedition at Cape Thord-
sen Carlheim-Gyllenskld, 1886 Alfv én 1967, but auroral
photography was then still immature and was not used. Our
Correspondence tdS. Chernouss study is based on reports by the Russian and Swedish au-
(chernouss@pgi.kolasc.net.ru) roral teams $ykorg 1901ab, 1903 Westman 1904, their
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Fig. 1. Map of Spitsbergen showing the positions of the Russian
station Konstantinovka and the Swedish station at Treurenberg Bay.

published and hitherto unpublished data, letters and diaries §
of observations from the national archives and other sources.

2 The Russian-Swedish expedition to Spitsbergen in
1898-1902

. . ) ) . Fig. 2. Above:The Russian scientific team and crew members of
The main aim of the Russian-Swedish expedition was Othe ship Bakan on board the ship. Below: The Swedish expedition

measure very precisely 'Fhe length along th_e surface of thgeam at Treurenberg Bay on occasion of the roof laying party.
Earth of one degree of latitude, to compare with such a length

measured closer to the equatGatiheim-Gyllenskld, 190Q
Wrakberg 200. This was to be used to establish the ex- tion. This Spitsbergen expedition was the first bilateral and

act shape of the Earth, in particular its flattening towards : L .
. . ; the most closely coordinated scientific work ever done in the
the pole. The Russian astronomical observatory in Pulkovo

. . . Arctic until then Wrakberg 2002, matched only in some re-
had played a crucial role in the program of the big Euro-s ects by the international coordination in meteorology and
pean triangulation in the 19th century. A couple of Swedish Fe)oma r>1/etic science done in 1882—1883 during the ?i)r/st In-
astronomers had been working there, among them Osk 9 9

. . . _ternational Polar Year.
Baklund, who facilitated the setting up of a cooperation
between the Pulkovo Observatory of the Russian Imperial Both the Swedish and the Russian expedition teams
Academy of Sciences and the Royal Swedish Academy ofFig. 2) arrived at Spitsbergen in the summer of 1899. All
Sciences. After official scientific approval this bilateral necessary building materials and equipment were brought by
project was taken up at the highest national level. Grandships and the stations were set up at Treurenberg Bay (Geo-
Duke Kniaz Konstantin, who was president of the Russiandraphic: 79.9N, 16.8 E; Corrected geomagnetic: 751,
Imperial Academy of Sciences and cousin of the Russiant22.5 E) and Goose Bay at Hornsund (Geographic: 768
tsar, was head of the project from the Russian side. Crowrd5-4 E; Corrected geomagnetic: 72N, 114.8 E). The
Prince Gustav of Sweden, who later became King GustayRuUssian station was named “Konstantinovka”, in honor of
V, was head of the project from the Swedish side. Academidhe Grand Duke Kniaz Konstantin. Both stations consisted
leaders of the two countries defined the scientific programméf several buildings for experimental work, living and other
of the expedition and one of their decisions was to widenPurposes (Fig3).
the research objectives and to include not only geodetic mea- The auroral observations of the Swedish team were di-
surements but also meteorological, geological, geomagneticected and to a large extent carried out by Jonas Westman
and auroral studies. Hence, investigations of aurora becam@rig. 48 and of the Russian team by Josef Sykora (Bly.
a substantial part of the scientific programme of the expedi-The main aims were the investigation of images and spectra

Ann. Geophys., 26, 1127440 2008 www.ann-geophys.net/26/1127/2008/
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Fig. 4a. Jonas Westman was born 1867 in Nora, a rural parish lo-
cated on the Baltic coast of Sweden between Sundsvall andilUme
He must certainly have been able to see aurora on many occasions
during his early years. His family was obviously interested in ed-
Treurenberg ucation and his grandfather had served on the local school board.
Westman received his doctor’s degree in Uppsala in 1897 and then
served there as docent of meteorology until 1904. At the same time
Fig. 3. Above: The Russian expedition base Konstantinovka in he also worked for “Meteorologiska centralanstalten”, a predeces-
Hornsund, Goose Bay. Below: The Swedish expedition base ator of the present Swedish Meteorological and Hydrological Insti-
Treurenberg Bay. tute and at the Meteorological observatory in Uppsala. Before the
Svalbard expedition Westman had proven his ability in the field dur-
ing studies of glaciers in the Sulitelma region in Swedish Lapland in
of aurora, their temporal and spatial variations, and the map1897-1898. In 1904 he moved to a position as lector of mathemat-
ping of aurora. ics and physics at the upper secondary school indging about
80 km southwest of Stockholm and from 1914 until his death in
1922 he served as headmaster there. He wrote quite a few scientific
3 Materials and methods papers and reports and continued to carry out meteorological and
hydrological investigations during his time as lector and headmas-

3.1 Visual observations ter (Nordisk Familjebok1921, Nordlander 2006.

Visual observations and measurements of auroral positiongays at Treurenberg Bay and 94 days at Konstantinovka.
by comparison with the star background and by theodolitesThe Swedish observers identified the following formalized
constitute a big part of the experimental data obtained aparameters of the aurora in UT: occurrence of aurora, au-
both observatories. Descriptions of those data and tables am®ral forms and their structure (arcs, rayed arcs, coronas,
presented in the reports by Sykora and Westniaykgra isolated rays, bands, vortices, background luminosity), az-
1901ab; Westman 1904 (Figs. 5aand5b). According to  imuth (for two ends of continuous forms) and elevation an-
the observation schedule of the expedition, aurora was tgles (for lower border at the eastern and western ends of
be noted daily at 07:00, 09:00, 11:00, 13:00, 16:00, 18:00.auroral forms and for the aurora situated on a straight line
20:00, 21:00, and 22:00 UT. Every five days observationsbetween Konstantinovka and Treurenberg Bay), intensity of
were to be made at both stations every 15 min between 20:08urora in relative units (scale from 1 to 6), angular veloc-
and 22:00 UT. In practice, the planned scheme for simulta-ity of auroral forms, aurora colors. The temporal resolution
neous observations at both stations was not strictly adheredf their observations varied from several minutes to several
to. hours, depending on auroral activity. The angular measure-

Sykora observed about 1100 auroral events from Septemments were carried out by theodolites, sometimes the posi-
ber 1899 to February 1900 and Westman about 1400 event$on of auroral forms relative to observed stars was pointed
during the same period. Aurora was reported during 132out.

www.ann-geophys.net/26/1127/2008/ Ann. Geophys., 26, 1MQ3-2008
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Fig. 4b. Josef Sykora was born in Kharkov in Ukraine in 1874, Tt R T Tamne & s Lodreg ) ¥ Lasie
a son of Czech immigrants. He began his scientific career in as- s 00w = e ik G0 B
tronomy at the Kharkov University. His first scientific works, con-

cerning observations of the Solar Eclipse in northern Finland and_.
measurements of solar protuberances, were noted by the Russgsllzr%g' 5a. Cover page of the report ifykora(19013.

Astronomical Society. He carried out observations at several astro-
nomical observatories; Kharkov, Juriev (now Tartu), Moscow and . . . .
Pulkovo. After his active participation in the Russian-Swedish ex- Of Spitsbergen relief and seaside coast, and simultaneous ob-

pedition to Spitsbergen in 1899-1902 Sykora eventually took upServations were not so often possible. Another obstacle for
a position at the Tashkent Observatory (now in Republic of Uzbek-comparative analysis is that most observations were not car-
istan) where he became head astrophysicist in 1906. His main fieldsied out at standardized times (as, for example, exactly on
of study there were meteors and comets, but he also continued ayhe hour), but were produced mostly during the appearance
roral studies, using data from the network of meteorology stationsyf aurora, and precisely coincident measurements at the Rus-
in the Murmansk region. He developed photographic methods andija, and Swedish stations were rather rare. In most cases of

equipment both for auroral, meteor and comet research. In 191]'simultaneous observations the accuracy of the Westman team
he took up teaching and taught at several gymnasiums and univer-

sities. In 1921 he emigrated to Prague where he became professXYaS higher thgn of th(_e Sykora team. Thus, the megsurement

of astronomy and did important work to raise the quality of photo- €TOrs are mainly defined by the Russian observations. But

graphic astronomical observations in Czechoslovakia. He died i any case there are enough events with simultaneous data

1944 Guth 1940. from the two stations on which some valuable conclusions
can be based.

The Russian observers used similar formalized auroral pa3.2  Auroral photographs and sketches
rameters, also in UT: occurrence of aurora, auroral forms
(arcs, rayed arcs, bands, single rays, vortices, curls and fold#\ description of the history of auroral photography, presen-
patches and areas of background luminosity), intensity of autation of instruments, and some auroral photos obtained by
rorain relative units (scale from 5 to 1, where 1 was the high-Sykora in 1899 in Konstantinovka was given@hernouss
est intensity), angular velocity of auroral forms, color distri- et al.(2009. During the same period, photos of aurora were
bution in auroral forms. The temporal resolution of the obser-also obtained by Westman. Sykora used a Planar-Zeiss lens
vations also varied from several minutes to hours. The anglevith F=110 mm and D/F=1/3.6. The Westman camera was
measurements were based on fixed markers in surroundingquipped with a Voigtlander and Sohn lens, with F=224 mm
mountains and sometimes the positions of stars. Details arand D/F=1/2.5. These parameters explain why Westman
described irChernouss et a{2005. It is of interest to point  used exposure times from 1 to 4 min while Sykora used ex-
out that the weather conditions for observations at Treurenposure times from 3 to 25 min to photograph aurora. Both
berg Bay and Konstantinovka are strongly different becausescientists used orthochromatic plates to obtain images and

Ann. Geophys., 26, 1127440 2008 www.ann-geophys.net/26/1127/2008/
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AURORES BOREALES

OBSERVATIONS ET MESURES DE LAURORE
BOREALE

FAITES EN 1899 ET EN 1900

Westman photos

A LA BAIE DE
TREURENBERG, SPITZBERG
PAR

J. WESTMAN.

Sykora photos

. e

Fig. 6. Examples of photographs of aurora taken by Sykora and
Westman.

AKTIEBOLAGE? OENTRA OKERIET X mation about their dynamics. These pictures, in combina-
tion with visual observations recorded at both stations and
the sketches of Sykora, permit us to reconstruct the auroral

Fig. 5b. Cover page of the report Byyestman(1904). situation in some cases. An example of an aII-sky drawing
from Treurenberg Bay is shown in Figand a description of
the visual observation at Konstantinovka is given in the figure

spectra of aurora with high sensitivity. The plates were sen-caption. On the basis of such data it is, for example, possi-
sitized in erythrosine solution several days before they wereble to draw conclusions about the movement of three auroral
used. Both scientists took acceptable photos of aurora aarcs systems from South to North and about the heights and
Spitsbergen, the first ever to be taken from there. Figure spatial scales of the aurora.
shows some photographs of aurora obtained by Westman and
some hitherto unpublished photos by Sykora. Westman tool8.3 Spectrographs and spectral calibration
a total of seven photos of aurora from 26 December 1899 to 5
January 1900. Sykora took more than 70 photos in the perio®oth Westman and Sykora used the same type of spec-
from October 1899 to February 1900. trograph Gykora 1901a Westman 1904 constructed by

Itis also necessary to pay attention to the spectral sensitivioepfer from Potsdam, Germany (FR). The spectrograph
ity of the photographic plates used by Sykora and Westmanhad two prisms, accepting wavelengths from visible into near
because it affects the photographic registration of the auroultraviolet and a slit width of less than 0.3 mm. Spectral cali-
ral spectra. The spectral response of those plates was limiteration was done periodically and during auroral measure-
by the green color at the long wavelength end of the specments by a Geissler vacuum tube, whose hydrogen emis-
trum but at the short wavelength end even ultraviolet belowsions at 486.15, 434.07 and 410.18 nm and an unidentified
400 nm could be registered. In ultraviolet the limit is due emission at 410.18 nm, together with the atmospheric ab-
mostly to the glass of lenses and prisms. sorption lines at 486.15, 430.8 and 393.8nm covered the

Sketches of aurora drawn by Sykor@hernouss et gl.  spectral range of the device. The maximum spectral reso-
2005 give additional information about the position of the lution based on the positions of these spectral lines was esti-
aurora, since in these figures relief and mountain featuresnated to be about 1 nm. Recording of the spectra was done
were included as markers of azimuth and elevation anglesby orthochrome plates that had been sensitized before the
They are also very useful to understand the observed momeasurement. Unfortunately, the spectral sensitivity of the
phology of aurora. Westman also drew pictures of the aurorghotographic plates used did not permit recording of the red
but he mapped auroral forms on standard astronomical sta#30.0-nm auroral emission, which is typical of the cleft re-
maps. Obviously, it was hard manual work but as a resultgion. Exposure times of auroral spectra were varied from
we have all-sky drawings of the aurora, giving good infor- 4 h to 28 h in the observations by Sykora and from 1 to 10 h

www.ann-geophys.net/26/1127/2008/ Ann. Geophys., 26, 1MQ3-2008
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N Westman spectrograph Sykora spectrograph

Fig. 7. All-sky drawing by Westman of the aurora as seen from
Treurenberg Bay on 27 January 1900 at 16:50 UT. Somewhat earlier
the same day, at 16:00 UT, Sykora described the aurora as seenw
from Konstantinovka: “Three Auroral bands were placed from the
Savich Mountain (South-West) to the Chebyshev Mountain (East).
The first is near Zenith, the second is to the South not far off Zenith
and the third one is between them. Intensity: 3.” s s

in the observations by Westman. The main emissions of auI_:ig. 9. Azimu‘FaI distribution of auroras recorded by Westman (left)
and Sykora (right).

rora were seen directly in the photos, but weak emissions
demanded more accurate methods. Westman used a visual

microscopy method, whic_h permitted _him_ to see weak emis- The data obtained by Sykora and Westman show not only
sions on the plate, but did not permit him to prepare well ¢ oyistence of the oval but also its continuity. Fig@re

docqmented ev@ence of that. Sykora d'.d special ProcessiNga monstrates the distribution of auroral observations at Kon-
of primary negatives by preparation of high contrast dianeg-

. . . '~ stantinovka and Treurenberg Bay, as a function of the az-
atives, which gave enhanced spectral images ready for PGy uth angle. Figurd 0 shows the normalized distribution of
ing (Sykora 1901ab; Chernouss et gl2005.

the appearance of aurora in three directions, North, Zenith
and South, at both stations, as a function of time. All pairs
of curves have maxima and minima in about the same time
intervals. The temporal shifts between the extrema of the
curves from the two stations show that those extrema posi-
4.1 The Auroral Oval from observations at two points tions represent the dynamics of the auroral oval. Oval map-
ping could be done more exactly on the basis of observations
As is well known Spitsbergen is a unique place where it isfrom poth stations than was achieved from the Konstanti-
possible to observe aurora at all local times, even at midywoyka observations in the work t§hernouss et a(2005.
day. The possibility to discover the auroral ob(osheva  The geographical position of Konstantinovka is a little more

1962 Feldstein 1963 Feldstein and Starkow967) in the  yseful for oval mapping, because of more auroral observa-
19th century was first pointed out Bifvén (1967 on the  tions in the North.

basis of data obtained by Carlheim-Gylletkk The occur-

rence of aurora at Cape Thordsen has a distinct double periogl2  Some features of the morphology of auroral forms

from November to January with minima near noon and mid-

night. During the other months, there is a single maximumWestman and Sykora observed many different types of au-
and minimum, the former before midnight. rora, both shapes and patterns of temporal development.

4 Data and results

Ann. Geophys., 26, 112744Q 2008 www.ann-geophys.net/26/1127/2008/
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Fig. 10. Normalized occurrence of aurora as a function of magneticF'g' 12. Type B red aurora. Photo P. Chernouss.

local time. The heavy lines mark observations by Sykora (S) and

the thin lines observations by Westman (W). The top panel shows

observations north of the stations, the middle panel observations irstreamed from Chebyshev Mountain to Savich Mountain. In-
zenith, and the bottom panel observations to the south. tensity is 2.”

The other type of red aurora, the Type B red aurora

(Chamberlain1961), was a common event, especially in the
They both developed classification schemes that differ fromevening hours at both stations. This is aurora with a sharp
what is used today, and they made observations of featureed lower border. Sykora describes an observation in 1899

that were later overlooked for a long time. We will here dis- in the following way: “An arc appears near the horizon. The
cuss some of their morphology observations in light of mod-intensity is 1-2. The arc and flashes inside the arc are red in
ern understanding. the rather sharp lower border and green at the high altitude

The typical cleft aurora, the so-called Type A red aurorasmoothed border.” A modern photo is shown in Fig. It
(Chambeﬂain 1961 Yev|ashin 1968, was observed very is obvious today that this auroral form appears in the SpitS-
rarely by Westman and Sykora. The reason is probably thaPergen region during the development of substorms that have
the winter 1899-1900 took place at a solar activity mini- Started at lower latitudes.
mum when such aurora is not so common at Spitsbergen A favorite type of aurora for Westman and Sykora was the
(Chernouss et al., 2005). Figut& shows a color photo of a  corona, which was observed in magnetic zenith. Fidie
Type A red aurora. The main features of this kind of aurorais a typical color photo of an auroral corona, together
are long red rays and a maximum red intensity in the uppemwith a table of measurements of magnetic zenith posi-
part of the auroral forms. In the log book Sykora wrote: “A tions made by Westman, who obtained much better agree-
mass of red lights in forms of fire tongues with rose detailsment between the magnetic zenith positions calculated from

www.ann-geophys.net/26/1127/2008/ Ann. Geophys., 26, 1MQ3-2008
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Observatory Position of Position of Number of
Magnetic zenith geomagnetic cases
on geomagnetic | zenith on auroral
measurements measurements
Azimuth Inclination | Azimuth Inclination

Bay of 169.45 81.33 |170.18 81.35 36

Treurenberg

Fig. 13. Photo of a corona, together with the magnetic zenith posi-
tions obtained by Westman from simultaneous optical and magnetic

measurements. Photo Tolgren.

auroral observations and the geomagnetic measurements
than was achieved in the measurements at Cape Thordsen

by Carlheim-Gyllenskld (1886.
A sequence of drawings by Westman from 28 January

1900 shows the development of a typical auroral substorm

(Akasofu 1968 in the northern part of the oval. One can Fig. 14. Theta aurora from the Dynamic Explorer satellite imager

see a northward moving auroral arc, then the auroral bulgénd @ sketch of a similar aurora by Sykora.

and surge are shown in the all-sky drawings, as well as the

auroral break-up. Sykora pointed out the sequence of events
after a bright discrete aurora at the southern border of the
oval, when discrete aurora was replaced by diffuse aurora.
All these features are understood now as typical phases of

the auroral substorm.

The development of a trans-polar arSapdholt et aJ.
2002 was observed by Sykora. Figutd presents his sketch
of this type of aurora, together with a picture of theta aurora
obtained by the Dynamics Explorer satellite.

A type of aurora that Sykora described as rare can be iden-
tified with what we today call Black aurordl@dubovich and
Starkoy 1962 Kornilova et al, 1982. Sykora writes in the
observation log: “Smooth arc is in the South, its intensity is
3. It is possible to see black structures inside the arc but the

nature of those structures is not clear. Detailed observations

Show that cloudiness can not be a reason for black reglon‘IQ—'ig. 15. Black aurora from low light level TV recordings.
Similar events have been observed before too”. Black aurora,

as seen in a TV data frame, is presented in Fig.

Ann. Geophys., 26, 112714Q 2008
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We have just presented here a few selected features of au-
roral morphology, which are seen in the data of the Russian-
Swedish expedition. But in the material it is possible to find
almost all attributes and signatures of auroral morphology
such as curls, vortices, folds, waves, pulsating patches and
others, as well as measurements of dynamics and velocities
of auroral forms. We have not included the velocity mea-
surements in our discussion here since the more complete .-
data from Westman were presented in terms of angular ve-
locities, which then require knowledge of auroral heights to
obtain real velocities.

Fig. 16. Sketch of aurora on 29 November 1899 drawn by
Sykora. Description of the event as viewed from Konstantinovka:
“17:48 UT. An auroral band is situated from Chebyshev Mountain

. . ) (East) through Zenith to West. Intensity: 3. Multiple arcs are near
Auroral altitude measurements have been discussed since ths horizon to the South. Intensity: 4. Diffuse aurora to the South.”

eighteenth century, when Halley and de Mairan described th@escription of the same event as viewed from Treurenberg Bay:
triangulation techniqueHather 1980. Plenty of triangula-  “17:45 UT. Form: a (arc), Structure: d (diffuse), Position (azimuth
tion measurements were carried out before Stgrmer did thand elevation angles of two ends): al — 88, h1 - 0; a2 - S, h2 — 18,
first precise photographic measurements in 1Btbrmey  Intensity: 2.”
1955 Brekke and Egeland 979. Auroral heights obtained
in those early measurements ranged from 15 to 1500 km,
most of them far from results of both Stgrmer and modern1900 went into the analysis. Of these about one-fourth were
studies which give lower borders of about 100 km for night- coincident in time because of different weather conditions.
side auroras. Even the Encyclopaedia Britannica of 1911t was then necessary to find cases where it was reason-
(Encyclopaedia Britanni¢d 911 published height measure- ably certain that the same auroral form was observed from
ments, completely different from real altitude values. Ac- both stations. Some difficulties were encountered during this
cording to Britannica, attempts to measure auroral heightsvork. The first is connected to the method of observation.
from Bossekop by the French expedition of 1838-1839 andThe Swedish observers used theodolite measurements, but
the Norwegian expedition of 1882-1883 and later from Capethe Russians used visual observations, comparing the posi-
Thordsen by the Swedes had not been very successful. tons of the aurora with selected landscape markers, such as
stated that the most consistent results were those obtainemountain features and stars in the sky. So it was necessary
from Godthaab by Paulsen, with the height of the lower bor-to select simultaneous auroral events with rather well defined
der ranging from 6 to 68 km with an average of 20 km. Sim- shapes, because of the limited accuracy of the Russian obser-
ilar heights were obtained in 1885 from Cape Farewell byvations. Another problem was the case of multiple arcs since
Garde and Eherlin. On one occasion they observed an arc fdhere is no guarantee that the Swedes and the Russians con-
over half an hour, whose height, according to their measuresidered the same arc. This problem is particularly severe for
ments, varied between 1.6 and 12.9 km. aurora south of Konstantinovka. After careful examination of
An exception was the work of the great English scientist all events we decided to take into account only auroral events
Cavendish, who estimated the auroral heights to be in thevhere isolated discrete auroral forms were in zenith of Kon-
range 90—-120 km. But this was done just for the single auro-stantinovka and were observed within the same 10-15min
ral event of 23 February 178€avendish1790). time span from Treurenberg. Cases with considerable move-
One big difficulty in triangulation measurements was con- ments of auroral forms along the meridian were also deleted.
nected with the length of the baseline, which must be of theA sketch by Sykora of a typical event included in the study,
order of the height of the aurora. If a very long baseline 29 November 1899, is presented in Fig.
is used, it becomes increasingly open to doubt whether the Among the most unambiguous events is the aurora of 1
same light emitting volume is observed from both ends. If December 1899 at 09:35 UT, of which we have a photo and
the baseline is short, definite results can hardly be hoped fodescription from Konstantinovka and a description of the au-
unless the height is very moderate. The measured baselin®ra in Treurenberg Bay, and the aurora of 28 January 1900 at
between the Russian and Swedish observation points wa5:42 UT (Fig.17), where we have an all-sky drawing of an
about 330 km, the ends being on the same meridian, givinguurora at Treurenberg Bay and descriptions of the aurora at
a very good geometry for height determination. For this rea-both stations. We also took into account the aurora of 28 Jan-
son we have attempted to analyze the Westman and Sykonaary 1900 at 08:06 UT, although the aurora was not in zenith
data by the triangulation method to see if they could be usedit Konstantinovka (Figl8), but we have an all-sky draw-
for accurate determination of auroral heights. More than ondng of the aurora at Treurenberg Bay, a sketch of the aurora
thousand of their measurements from October 1899 to Marclat Konstantinovka and descriptions at both stations. After

4.3 Auroral heights
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Fig. 17. All-sky drawing of aurora at Treurenberg Bay on 28 Jan-

uary 1900 at 17:42 UT. At the same time the aurora at Konstanti- )
novka was described in the following way: “17:42 UT. An auroral 1 /..
band like a snake was situated from East to West. Circulation of
luminosity inside the band is varied from West to East to East to
West. Intensity: 2."

all operations only 24 events were selected. The distribution
of heights of the lower borders of those events is presented
in Fig. 19. The height of most events was between 80 and
120km. The heights were derived by simple trigonometry,

assuming a plane Earth. If we take into account the Earth
curvature, about 10 km must be added, giving heights of 90—
130 km, in good agreement with 20th century data.

4.4 Auroral spectra Fig. 18. All-sky drawing of aurora at Treurenberg Bay and sketch
of aurora at Konstantinovka on 28 January 1900 at 08:06 UT.
Since the Russian-Swedish Expedition of 1899-1900 was
unusually well provided with spectrographic measurement
equipment, the results of the spectral observations of auror&yllenslold, 1886. The 1882—-1883 spectrum was obtained
were on a discovery level. The main auroral emissions aby the visual spectroscopy method developed by the Upp-
391.4nm, 427.8nm, 470.9 nm and 557.7 are clearly seen isala school that was headed by the famous physicist An-
the photographic plates presented in Bykora(1901ab) dersAngstiom, the discoverer of the main emissions of the
andWestman(1904) reports. But in addition some weak au- auroral spectrumAngstom, 1869 1874. From the first
roral emissions were revealed, not only for the first time in glance the spectrum obtained by visual spectroscopy is richer
Spitsbergen, but for the first time ever. A detailed analysis ofthan the spectrum photos of Sykora and Westman, but vi-
the spectral observations by Sykora was don€hgrnouss sual spectroscopy fails to detect the ultraviolet emissions
et al. (2005. Therefore, we shall concentrate on the mea-because the human eye is not sensitive in this spectral re-
surements by Westman and compare Westman and Sykogion. On the other hand, the photographic plates used by
spectral data. Sykora and Westman could not register auroral emissions in
Figure 20 presents primary data of observed auroralthe yellow-red region of the spectrum. In the primary data
spectra obtained by Sykora and Westman, together witlof Sykora we can see, besides four bright main emissions,
a synthetic spectrum of aurora presented in the reviewabout ten weak emissions with wavelengths in the ultravio-
of the Swedish IPY expedition in 1882-188B4lheim- let, violet and blue regions of the spectrum. These emissions
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Fig. 19. Distribution of auroral heights for the 24 events selected.
The corresponding elevations as measured from Treurenberg Bay
ranged between 10 and 30 degrees.

are well documented in the synthetic spectrum of aurora by
Sykora(1901ab) and recent reanalysis of Sykoras spectral
photographs ilChernouss et a(2005 i 5577 4278 3914

The results of Westman'’s spectral analysis of his exposed Westman spectrum
plates are more impressive. He revealed about 30 weak auro-
ral emissions at wavelengths between 520.5 and 351.3 nm by
analyzing his photographic plates under a microscope. Ten ofig. 20. Auroral spectra obtained by Sykora and Westman, together
these emissions were in the ultraviolet range, below 397 nmwith calibration spectra and an auroral spectrum constructed ear-
where prior to this expedition only two emissions had beenlier from visual spectroscope observatio@a(lheim-Gyllenskld,
reported in auroraGhernouss et gl2005. The additional  1889.
ones were thus new discoveries. Unfortunately, Westman did
not have the possibility to photograph the microscope output,
but all obtained spectral lines were presented in digital tables20th century dataGhamberlain1961). The criterion used
Thus, the difference between the data presentations of Sykora identify an emission detected by Westman or Sykora as an
and Westman is that Sykora presented well documented phamission listed by Chamberlain is that the wavelength differ-
tos of spectra while Westman presented results obtained bgnce is smaller than 1 nm, which was the approximate reso-
analysis of his photos under a microscope. The reason folution of the Westman and Sykora data. If Chamberlain lists
this is the exposure times during the measurements. Westore than one emission within this interval, the Chamber-
man took six photos of auroral spectra in January—Februaryain emission closest in wavelength is listed. Itis clearly seen
1900 with exposure times of 1 h; 2h 50 min; 5h 35min; 4 h that almost all emissions of aurora found in 1899—1900 agree
5min; 2h 20min; 10h 6 min and Sykora took five photos well with modern results. Emissions not matching modern
of spectra in October—December 1899 with exposure timeslata are pointed out by question marks. Sykora and West-
of 4h 49min; 4h; 24h, 11 h; 28h 7min. The longer expo- man had the same opinion on the physical nature of most
sure times in Sykora’s measurements permitted him to preef the emissions. They were quite sure that the luminosity
pare negatives of higher quality, giving printed positives usedof aurora is similar to the luminosity of gases in a vacuum
in the further analysis by other authors. The weak spectratube. Sykora identified some of the emissions in positive and
lines and bands of aurora, obtained from the measurementsegative discharges in a vacuum tube and pointed out the im-
of Sykora and Westman, are listed in Talleogether with  portant role of the moleculesNand Ng in aurora Gykora
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Table 1. Wavelengths of weak auroral spectral lines measured by Westman and Sykora, together with an interpretation of these lines based
on data inChamberlain(1961). For line 17 there are three lines meeting the identification criterion.

Westman 1900 Sykora 1899 Chamberlain 1961
No wavelength (nm) [ (units) wavelength (nm) wavelength (nm) Atom or molecule  Multiplet or band
1 3589 5 358.2 i 1ING(1.0)
2 360.7 5 360.2 N VK(0.10)
3 3703 5 370.7 371.0 N 2PG(2.4)
4 375.4 375.5 N 2PG(1.3)
5 379.2? 6 ? ? ?
6 380.3 7 380.4 380.5 N 2PG(0.2)
7 386.1 10 385.8 §i ING(2.2)
8 387.6 5 387.5 oll 13
9 388.0 10 388.2 oll 11
10 393.6 8 394.3 N 2PG(2.5)
11 3947 7 394.7 Ol 3
12 398.6 6 398.3 oll 6
13 399.6 10 399.5 399.8 N 2PG(1.4)
14 406.7 5 405.7 405.9 N 2PG(0.3)
15 407.8 6 408.3 407.9 oll 10
16 4225 8 419.0 419.9 j\l ING(2.3)
17 423.0 6 422.3 NI 5
17 423.0 6 423.7 §l ING(1.2)
17 423.0 6 423.7 NIl 48
18 4241 7 424.2 NII 47
19 4329 6 432.0 N VK(1,13)
20 4336 6 433.7 oll 2
21 4343 5 434.4 N 2PG(0.4)
22 435.6 5 435.4 435.1 oll 16
23 437.0 8 436.9 oll 26
24 442.0 9 442.9 4425 N VK(2.14)
25 448.9 5 448.8 NII 21
26 455.0 5 455.4 §l ING(3.5)
27 4559 6 456.5 NII 14
28 466.8 8 466.2 oll 1
29 469.8? 6 ? ? ?
30 470.8 10 471.0 470.9 N 1ING(0.2)
31 483.0 6 483.7 N VK(2.15)

19014ab; Chernouss et gl2009. He proposed to study nitro- 5 Discussion and conclusions
gen spectra in a vacuum tube without any electrodes and vary
the gas temperature and density to establish their influenc®ur analysis of the auroral observation data obtained by the
on the spectrum and spectral line positions. He erroneouslyilateral Swedish-Russian expedition at Spitsbergen shows
proposed the brightest green line at 557.7 nm to be a kryptotthat it was until then the best prepared and organized obser-
line measured by him in laboratory experiments. The oxygervation campaign of aurora by different methods at two points
origin of that line was not established until 1923, when bet-along the same geographical meridian in the Arctic. The ma-
ter vacuum equipment had become availaBlatlier 1980. terials and data of both teams could have made it possible to
Westman identified 82 nitrogen lines at the negative pole indiscover the auroral oval in the 19th century. The data allow
vacuum dischargesMestman 1904 Encyclopaedia Britan-  for auroral height determination by the triangulation method
nica, 1911). The interval considered by Westman contains atfrom two points and can, once the height has been estab-
least 300 oxygen and nitrogen lines. Amongst the lines thudished, then be used to give correct estimates of the horizontal
identified are the two principal auroral lines having wave- scales of different auroral forms and their velocities. Auro-
lengths 427.64 nm and 391.35 nm. ral morphology data give descriptions of a large fraction of
the auroral phenomena we know about today. Observations
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