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Abstract. In July of 1931, on the eve of International Polar Year Il, an Arctic flight of @raf Zeppelin

rigid airship was organized. This flight was a realization of the idea of F. Nansen, who advocated the use of
airships for the scientific exploration of the Arctic territories, which were poorly studied and hardly acczssible
at that time. The route of the airship flight was Berlin — Leningrad — Arkhangelsk — Franz Josef l.and —
Severnaya Zemlya — the Taimyr Peninsula — Novaya Zemlya — Arkhangelsk — Berlin. One of scientific goals
of the expedition was to measure tHeandD geomagnetic field components. Actually, the first aeromagnetic
survey was carried out in the Arctic during the flight. After the expedition, only preliminary results of the
geomagnetic measurements, in which an anomalous behavior of magnetic declination in the high-latitude part
of the route was noted, were published. Our paper is concerned with the first aeromagnetic measurements in
the Arctic and their analysis based on archival and modern data on the magnetic field in the Barents and Kara
sea regions. It is shown that the magnetic field along the flight route had a complicated structure, which was
not reflected in the magnetic charts of those times. The flight was very important for future development of
aero- and ground-based magnetic surveys in the Arctic, showing new methods in such surveys.

1 Introduction It was initiated by a German aeronautical engineer Hugo
Eckener, who advocated the use of airships for the explg
ration of the Arctic. This idea was supported by a well-known

Attention to the neceSSity and importance of collective re-p0|ar exp|orer Fndtjof Nansen, who issued a memorandum

search #orts in the investigation of geophysical processes,in 1930 in which the importance of exploration of the Arc-

including geomagnetic measurements, in the Arctic regionjc areas and investigation of the processes occurring in them

had already been drawn when Polar Year | (1882-1883) wagyas emphasized (Nansen, 1930).

organized. Later, a number of national and international ex- F. Nansen was elected president of Aeroarctic, and his sci

peditions were carried out with the aim of exploring the Arc- entific reputation was extremely helpful in the realization of
tic territories and studying the geophysical processes on thesge idea to use airships for exploring the Arctic. To carry out
territories. A fast development of aviation (and then airshipan Arctic flight with scientific aims, th€&raf Zeppelinair-
building) in the first decades of the 20th century opened Upship constructed in Germany was used. In 1928-1929 this
new possibilities for penetration to hardly accessible Arc-ajrship made a number of transatlantic flights. With a max
tic |atitUdeS, inClUding the North Pole. For inStanCe, on 12|mum bunkerage Capacity of about 1060000 cubic feet of

May 1926, theNorgeairship commanded by Umberto Nobile B|au gas (illuminating gas) for fuel, tH@raf Zeppelirs cal-

(on an expedition organized by Roald Amunsen and Lincolncylated radius of action was 9600 miles (15 400 km).

Ellsworth) reached the North Pole (Wichman, 2002). The original plan of theGraf Zeppelinflight at the Arc-

In the 1920s, the International Association for Exploring tic latitudes envisioned a rendezvous with the submarin
the Arctic by Means of Airships, or “Aeroarctic” was created.

D
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Figure 2. Graf Zeppelirdescending to the water surface near Franz
Josef Land. Umberto Nobile is standing in the boat.

The head of Aeroarctic, F. Nansen, suddenly died before
the flight began, and Aeroarctic was headed by H. Eckener.
The airshipGraf Zeppelin owing to Eckener’s enthusiasm,
was constructed and its Arctic flight took place (Eckener,
1980).

The Arctic flight of the airship became an international
project in which a team including German, Soviet, American,
and Swedish participants took part. The airship flight started
on 26 July 1931, and ended on 30 July 1931. The flight route

TRACK CHART

ARCTIC CRUISE is shown in Fig. 1. As planned, the airship met the icebreaker
ERAE ZEPPELIR Malyginnear Franz Josef Land and exchanged mail. A photo
1931 that shows the moment of the airship descending to the water

Thedsiead los pcesents therdad rackonii rack, surface was saved and is shown in Fig. 2. At the foreground

bearing with the direction finder on Hooker Island

of Fig. 2 there are participants of the meeting who arrived at
b | e the icebreaker. Umberto Nobile is standing in the boat.
o e somuawerens The scientific goals of the Arctic expedition Giraf Zep-
pelinwere as follows:

Fi 1. Route of theGraf ZeppelinArctic flight. . . .
e PP g — Mapping and geographic exploration of poorly charted

Arctic areas;
Nautilus which had to arrive at a specified location of the
Arctic under ice (Wilkins, 1931; Wichman, 2002). An ex-
change of mail betweeNautilusand the airship was sug-
gested. The polar expedition was largely financed with rev-  _ Measurement of the earth’s magnetic field in the Arctic
enue from stamp collectors. However, this project failed be- region
cause of technical fliculties with the submarine. Eventu-
ally, the route of thesraf Zeppelinflight was planned to be
as follows: Berlin — Leningrad — Franz Josef Land — Sev-  _ Hygo Eckener — a German manager of the Luft8bhii
ernaya Zemlya — over the Taimyr Peninsula to the observa-  zeppelin and leader of the expedition;
tory of Dikson Island, to the strait Matochkin Shar on No-
vaya Zemlya. Then the airship had to return to Germany via — Prof. Rudolf Lazarevich Samoilovich — a Soviet polar
Leningrad. The flight took place in July of 1931 on the eve explorer and scientific leader of the expedition;
of Polar Year Il (1932-1933). As earlier planned, the mail
exchange had to occur but now the rendezvous was to take
place with a surface vessel at the northern point of the flight.
The mail to Franz Josef Land had to be delivered by the Rus-
sian icebreakeMalygin which was on a tourist cruise to the ~ — Prof. Pavel Alexandrovich Molchanov — a Soviet me-
Arctic. terologist and inventor of the radiosonde (“Molchanov

— Meteorological observations in the Arctic, including
launching of several radiosondes;

The scientific team of the expedition included:

— Prof. Ludwig F. Weickmann — Director of the Geophys-
ical Institute, University of Leipzig, and a chief meteo-
rologist of the expedition;

Hist. Geo Space Sci., 4, 35-46, 2013 www. hist-geo-space-sci.net/4/35/2013/



O. M. Raspopov et al.: The first aeromagnetic survey in the Arctic 37

balloon”). The radiosondes were launched during the teiae 2
flight; oy

a
— Dr. Aschenbrenner — a German engineer, aerogeodicist,

and photographer from Munich;

— Dr. W. Basse — a German engineer, aerogeodicist, and
photographer for Carl Zeiss Co.;

— Dr. Ludwig Kohl-Larsen — a German physician and ex-
plorer, zoologist, and anthropologist;

— Lincoln Ellsworth — a polar explorer and representative
of the American Geographical Society;

— Lieutenant Commander Edward H. Smith — representa- c

tive of the United States Coast Guard and the Interna-
tional Ice Patrol;

— Dr. Gustaf S. Ljungdahl — a representative of the
Swedish Hydrographic fice, in charge of magnetic
observations;

— Captain Walther Bruns — General Secretary of
Aeroarctic;

— Ernst Teodorovich Krenkel — a Soviet polar explorer and
noted radio operator;

— Fyodor F. Assberg — a Soviet aviation engineer, later
head of the USSR Bureau of Airship Construction.

DorpEl TSCE

(Kompassrose; Kompasskessel; Spulenaggregat)

This paper is concerned with geomagnetic observations oRigure 3. Double compass used to measure the geomagneticfield
board the airship and their analysis based on the availableomponent on board th@raf Zeppelinairship:(a) — card,(b) — the
ground-based data for the epoch 1931 as well as moderaxternal view of the instrumenfc) — calibration rings (Grotewahl,
ideas on the geomagnetic field structure in the region of thel930).

flight. Itis important to emphasize that during the expedition,

the first aeromagnetic surveys in the Arctic were carried out.

According to the plan of the expedition, the airship had to2 Procedure of geomagnetic measurements on

descend to the water surface near Domashniy Island, not far board the Graf Zeppelin airship

from the western coast of Severnaya Zemlya. On the Island,

the base of the Polar expedition headed by G. A. UshakoPuring the Arctic flight ofGraf Zeppelin measurements of
was situated. There a participant of the expedition, a well-9eomagnetic field components, i.e., horizontal compoheent
known geologist and discoverer of Norilsk copper-nickel de-and declinatiorD, were performed. The geomagnetic mea-
posits’ N. N. Urvantsev’ was meant to be taken on board théurements were carried out under the direction of Swedis
airship. However, as reported by E. T. Krenkel, because ofcientist L. Ljungdahl and assisted by American participant
a blackout of the shortwave radiocommunication with the L- Ellsworth and E. Smith.

base during the flight from Franz Josef Land to Severnaya

Zemlya, Fhe expec_jition co.uld not do.this. The airship flew 5 1 Veasurements of horizontal component

to the Taimyr Peninsula without landing. The radiocommu-

nication blackout could be caused by geomagnetic and ionoThe horizontal geomagnetic field component was mea-
spheric disturbances on the flight route. Geomagnetic fieldsured with a “double compass” loaned by the Carnegie In
disturbances could alsdfact the measurements of geomag- stitute of Terrestrial Magnetism of Washington, DC. This in-
netic field components. In this paper we analyze the geomagstrument is shown in Fig. 3 (Grotewahl, 1930; Ljungdahl,
netic field disturbances during the time interval of the Arctic 1931).

expedition ofGraf Zeppelinon the basis of existing mag- Before the flight to the Arctic, methodological investiga-
netic records for the time interval of the flight. This analysis tions of the accuracy dfi component measurements and of
has not been performed so far. the influence of the airship’s field on the device readings wer
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Figure 4. Map of the test flight ofcraf Zeppelinover Europe (Grotewahl, 1930).
carried out. To this end, a test flight@faf Zeppelinover the Measurements of thél component at a change of the

European territory from Germany to the south of Spain wasflight direction during the European flight indicated that the
held from 15 to 17 April 1930 (Fig. 4) (Grotewahl, 1930). airship field did not fiect the compass deviation.
Charts of the geomagnetic fieltl component were available During the Arctic flight ofGraf Zeppelinthe double com-
for this territory. During the flight, the double compass was pass was placed in the same position as in the European flight
placed in a cabin/80 at the end of airship in the daytime, and (Ljungdahl, 1931). So it was expected that the inaccuracy of
in the saloon during night hours. All iron-containing objects measurements of thé component would not be greater than
were removed from the cabin. During the flight, the airship 100-150 nT. During the flight, thel component measure-
changed flight direction in order to estimate the compass dements were taken every 4 h.
viation. Before and after the flight the device was calibrated
in Potsdam. . o . 2.2 Measurements of declination D

The measurement inaccuracy at the majority of points,
shown in Fig. 4, is not higher than 100-110 nTfiBient de-  During the Arctic flight, magnetic declinatioD was deter-
vice positions inside the gondola did ndfext the accuracy =~ mined with a Thomson compass-rose with a fiber suspension
of of the H component determination. Only at point 1 was according to Dr. Haussmann’s model (Ljungdahl, 1931) by
the diference 320 nT, and at points 3 and 4 it was 180 andprojection of the sun’s shadow on the card. To exclude the in-
130nT, respectively. In the opinion of M. Grotewahl (1930) fluence of air currents, the rose was enclosed in a wooden box
who performed the measurements, such a discrepancy bavith an upper glass cover. A small hole in the cover through
tween the measured data and those given on the chart wemghich the fiber was passed prevented horizontal fiber dis-
due to local anomalies and secular geomagnetic field variplacements.

ations, which could be taken into account to an ffisient To measure magnetic declinati@ the instrument was
degree during chart plotting rather than inaccuracy of meaplaced in one of the two stern windows of the airship sa-
surements. loon in the position where the deviation was very small. Dur-

ing the flight,D was measured only at 8 points because of
difficulties in taking the sun’s bearing from the instrument
position.
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Table 1. Measurements dfl andD during the airship Arctic flight and their comparison withandD calculated from the IGRF-11 model.

Point Date, UT  Time UT, Latitude Longitude Height of D, D,IGRF-11 AD H, H,IGRF-11 AH

No. h, min °N °E  flightt m measured epoch 1930 measured  epoch 1930

1 25.07.1931 05:40 54 154 250 -29 -4.5 1.6 - 17776 -

2 26.07.1931 08:42 60.3 311 200 4.2 15380 15294 86
3 26.07.1931 11:12 61.8 34.7 250 6.4 14860 14672 188
4 26.07.1931 11:28 61.9 35.3 250 6.8 14860 14629 231
5 26.07.1931 14:17 63.8 37.1 250 8.2 13670 13828158

6 26.07.1931 14:31 64.1 375 250 8.6 13790 13701 89
7 26.07.1931 16:23 64.6 40.6 200 12.3 10.4 1.9 - 13460 -
8 26.07.1931 17:16 64.9 40.5 200 10.4 12720 13335615

9 26.07.1931 18:26 66.2 41.4 200 11.4 12690 12780-90

10 26.07.1931 20:50 67.5 42.9 150 12.6 12090 12209119

11 26.07.1931 22:04 68.1 43.2 150 13 11810 11953143

12 27.07.1931 00:07 69.4 43.8 200 13.8 11210 11401191

13 27.07.1931 01:26 70.2 44.4 200 14.5 10910 11054144

14 27.07.1931 02:14 70.7 44.6 200 14.8 10590 1084252

15 27.07.1931 03:39 71.6 45.2 150 154 10190 1045464

16 27.07.1931 04:36 72.2 455 150 15.8 10040 10198158

17 27.07.1931 05:40 72.9 45.8 150 16.2 9740 9902162

18 27.07.1931 06:55 73.6 46 130 16.5 9620 9610 10
19 27.07.1931 08:15 74.3 46 130 16.7 9350 9327 23
20 27.07.1931 09:14 74.7 46 150 16.8 9180 9165 15
21 27.07.1931 10:08 75.5 45.9 150 16.9 8960 8846 114
22 27.07.1931 11:11 76 45.6 150 16.7 8640 8661-21

23 27.07.1931 12:12 76.5 45 150 16.4 8400 8479-79

24 27.07.1931 13:08 77 44.5 150 16.1 7980 8297317

25 27.07.1931 14:05 7.4 45.4 150 16.8 7800 8104304

26 27.07.1931 14:42 77.8 46.1 150 19.6 17.2 2.4 — 7918 -
27 27.07.1931 15:04 78.1 46.9 200 17.8 7450 7764317

28 27.07.1931 15:19 78.7 48 200 19.5 18.5 1 — 7486 -
29 27.07.1931 16:00 78.5 48 200 18.5 7220 7565345

30 27.07.1931 17:00 79.8 50.8 200 20.4 6800 6941141

31 28.07.1931 00:27 81.7 65 1000 29.1 5470 5602132

32 28.07.1931 01:10 81.6 68.1 500 30.8 5400 5480-80

33 28.07.1931 02:07 81.6 73.5 500 335 4980 5193213

34 28.07.1931 03:08 81.4 80.5 500 36.2 4600 4848248

35 28.07.1931 03:34 81.2 83.9 500 46.5 37 9.5 - 4693 -
36 28.07.1931 04:08 81.2 87 500 50.5 37.7 128 - 4506 -
37 28.07.1931 04:10 81.2 87.5 500 37.8 4110 4476366

38 28.07.1931 05:06 80.9 92.8 500 37.8 3640 4218578

39 28.07.1931 08:08 79.6 94 1150 35.2 4190 4404211

40 28.07.1931 09:09 78.9 96.2 1150 33.2 4510 4414 96
41 28.07.1931 10:12 78 101.2 1150 28.5 4480 4328 152
42 28.07.1931 10:50 78 102.3 1150 27.8 4490 4271 219
43 28.07.1931 11:16 77.4 102.2 1150 26.3 4370 4429-59

44 28.07.1931 12:08 76.1 103.3 1150 22 4530 4752222

45 28.07.1931 13:04 75.5 104.4 1150 19.6 4530 4902372

46 28.07.1931 14:09 74.7 104.1 1100 18 5250 5191 59
47 28.07.1931 15:00 74.6 102.2 1100 19.6 5340 5302 38
48 28.07.1931 16:10 74.5 98.7 1050 22.4 5680 5515 165
49 28.07.1931 17:07 4.7 95.4 1050 25.1 5340 5655315

50 28.07.1931 18:08 74.7 91.9 800 27.1 5750 5912162

51 28.07.1931 19:08 74.7 87.8 800 28.6 5580 6243663

52 28.07.1931 20:00 74.7 85.5 800 29.2 6040 6437397

53 28.07.1931 21:14 73.9 82.7 800 28.6 6680 6972292

54 28.07.1931 23:14 74.1 78.9 350 29.1 6770 7232462

55 29.07.1931 00:05 74.7 77 250 29.6 7420 7172 248
56 29.07.1931 01:03 75.4 74.3 250 29.7 7110 7211101

57 29.07.1931 01:26 75.8 72.5 250 35.9 29.8 6.1 - 7136 -
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Table 1. Continued.

Point  Date, UT  Time UT, Latitude Longitude Height of D, D,IGRF-11 AD H, H,IGRF-11 AH

No. h, min °N °E  flight, m measured epoch 1930 measured  epoch 1930

58 29.07.1931 02:04 76.2 71 200 29.7 7220 7105 115
59 29.07.1931 02:40 76.5 69.5 200 29.4 7250 7108 142
60 29.07.1931 03:40 76.4 66.8 1300 28.3 7280 7335-55

61 29.07.1931 03:46 76.4 66.8 1300 28.3 7360 7335 25
62 29.07.1931 04:51 75.8 63.8 1300 26.7 7530 7769239

63 29.07.1931 05:45 75.1 61.6 1300 254 7810 8188378

64 29.07.1931 07:07 74.2 58.8 1300 23.7 8530 8725195

65 29.07.1931 08:06 73.6 57.6 1300 22.8 8910 9042132

66 29.07.1931 09:55 73.3 55.2 800 215 9290 9303-13

67 29.07.1931 10:48 72.3 55 1200 21 9480 9726246

68 29.07.1931 12:49 70.4 50.8 700 18 10350 10736380

69 29.07.1931 13:49 69.5 48.9 1320 16.6 10880 1118303

70 29.07.1931 14:45 68.5 47.5 1320 155 11330 11654324

71 29.07.1931 15:35 67.7 46.1 1150 16.7 144 23 - 12036 -
72 29.07.1931 16:08 67.1 45.2 1150 13.7 11850 1231464

73 29.07.1931 17:08 66.1 43.7 1150 125 12480 12 77290

74 29.07.1931 18:15 65.4 42.2 1150 115 12980 13094114

75 29.07.1931 18:53 64.9 41.2 1150 10.8 13350 13320 30
76 29.07.1931 21:32 62.8 36.1 1000 7.4 13860 14246386

77 29.07.1931 23:22 61.6 33.8 1100 5.9 14630 14751121

D —in degrees (8 observation$),— in nanotesla (69 measurements); difference between the measurements and the IGRF-11 model,
Calculation:httpy/wdc.kugi.kyoto-u.ac.jfigrf/pointindex.html

Table 2. Values ofD at the nodes of the grid with a spacing 6fatcording to the data of B. P. Weinberg and I. M. Rogachev (1933) for the
epoch 1935 in the Arctic region. The anomalous valueB afe given in italics.

Latitude degrees Longitude, degrees epoch 1935
57 61 65 69 73 77 81 85 89 93 97
87 2058 22.73 2471 29.18 30.17 32.68 3540 3900 4250 4600 46.92
83 23.83 24.63 27.40 33.30 31.32 3357 37.47 37.17 36.88 39.37 39.42
79 22,57 25.45 26.53 28.40 30.30 30.83 32.33 33.881.08 3350 44.00
75 20.60 23.05 25.62 27.83 2845 2758 2750 27.33 27.00 26.73 24.67
71 20.18 22.00 23.45 24.42 26.52 25.32 2455 23.67 22.12 20.50 18.50

Ljungdahl (1931), who carried out magnetic measure-tion, Table 2 lists coordinates of the observation points and
ments, wrote that the card experienced irregular oscillationslso the magnitudes of the geomagnetic field components
and vibrations during the flight, which led to errors in deter- calculated by using the IGRF-11 model for the epoch 1930
mination of D. Comparison of th® values measured during (httpy/wdc.kugi.kyoto-u.ac.jfigrf/poinyindex.htm). Differ-
the flight with the ground-based data gave an error of 0.9 ences between experimental and model valueld aind D
and 1.6 in the regions of towns Stettin and Arkhangelsk, are also given in Table 3.
respectively. Ljungdahl pointed out that it wagidiult to de- During the flight, the expedition had charts of geomagnetic
termine exactly the error iD measurements on board the field elements in the Northern Hemisphere for the epoch
airship. However, it was highly improbable that it exceeded1930 presented by Fisk (1931). Even the first measurement
+2-3 degrees. of D in the flight from Franz Josef Land to Severnaya Zemlya

(point No. 35, Table 1) drew attention of the researchers to
an anomalou® that exceeded the expected value almost by
3 Results of measurements of H and D geomagnetic 10°. For this reason the determination@fvas repeated and
field components and their analysis an anomalous value @ (point 36, Table 1) was again ob-
tained, but this time the fierence was more than1Q jung-
Table 1 summarizes results of measurements of the horizordahl, 1931).
tal component of the geomagnetic figtdand its declination
D (Ljungdahl, 1931; Ellsworth and Smith, 1932). In addi-
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Table 3. Differences between experimental and mddleit the nodes of the grid with a spacing &fid the Arctic region. The anomalous
values ofAD are given in italics.

Latitude degrees Longitude degrees epoch 1935
57 61 65 69 73 7 81 85 89 93 97
87 -1.19 -224 -341 -203 -406 -451 -469 -397 -3.17 -2.37 -4.07
83 -1.21 -3.08 -2.84 +0.68 -35 -3.27 -1.14 -297 -45 -294 -347
79 -2.74 -21 -3.09 -3.04 -27 -3.4 -2.75 -166 +8.69 -1.2 +10.64
75 -331 -276 -183 -097 -134 -279 -296 -266 -187 -0.29 +0.25
71 -155 -128 -1.09 -105 +051 -0.76 -1.08 -0.97 -0.74 +0.07 +1.18

Latitude

90°

Figure 6. Chart of isogonic line® for the epoch 1930 according
to the IGRF-11 model showing points of magnetic declination mea
Figure 5. Chart of isogonic line® for the epOCh 1930 aCCOI’ding to surements on board the airship.
Fisk (1931) showing the points of measurements of magnetic decli-

nation on board the airship.

) ) o It can be supposed that the geomagnetic field in the Arcti
Figure 5 shows a chart of isogonic linBsfor the epoch  region was insfiiciently studied to the 1930s and the chart
1930 according to Fisk (1931) where the pointsibmea-  f p plotted by Fisk did not show all spatial features in the
surements at the flight route are marked. It is evident fromp gistribution. For this reason, we plotted a chart of isogo-
Fig. 5 thatD measured in the high-latitude part of the flight nic lines D for the epoch 1930 according to the IGRF-11
route indeed diers by approximately Tfrom the values of  \odel and marked the points at whiEhwas measured in
D given on the chart of isogonic lines. In addition, there is e flight (Fig. 6). As this chart demonstrates, the anomaly
a noticeaple (about°p difference between the cartographic i, p in the region of Novaya Zemlya (point 57, Table 1) is
and experimental values @ near the northern end of No-  nhroximately 6 instead of 10. However, at high latitudes
vaya Zemlya (point 57, Table 1). It is unlikely that this dif- points 35 and 36, Table 1) anomalous valueBeémain at
ference is due to measurement inaccuracy. Ljungdahl (1931} |evel of 106 and more.
suppqseq thgt the error in declination measurem(_ents on board Ljungdahl (1931) and Ellsworth and Smith (1932) put for-
the airship did not exceed 2-3 degrees. THeettnce be-  \yard the idea that anomalous valueotould be due to lo-
tween the experimental and model as well as cartographiga| magnetic anomalies. In order to understand whether th
data for the remaining points (except the three points MeNthypothesis is correct, let us consider the geomagnetic da
tioned above) was within the limits of this inaccuracy. obtained in subsequent years.
B. P. Weinberg and |. M. Rogachev (1933) plotted a grid of
D values with a spacing of 4 degrees in longitude and latitud
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gast® : and model values by hundreds of nT. For example, it can be

seen that the measuretin the high-latitude part of the flight
route near the region of anomalobDsis 3600 nT (point 38b
in Table 1), while, according to the chart of isodynamic lines,
H at this point must be about 4400 nT (Fig. 7). There are ap-
preciable diferences (by hundreds of nT) in the measuted
and cartographic data in the region of Severnaya Zemlya and
Dikson Island. Table 1 lists fferences betwedd measured
on the basis of all available data on determination of declinadin the flight andH calculated from the IGRF-11 model for
tion D on the USSR territory and adjacent seas for the epoctihe epoch 1930. Recall that in the European flight of the air-
1935. This grid ofD values includes the Arctic region. Ta- ship, the inaccuracy dfi determination did not exceed, as a
ble 2 lists values ob determined from the experimental data rule, 100—-110 nT. Only at two points was the inaccuracy 180
at the nodes of the grid from 57 to 9% and 71 to 87N, i.e., and 320 nT, which was attributed by the researchers to local
in the region of the high-latitude part of the airship flight. Ta- geomagnetic anomalies. Another situation is observedifor
ble 2 lists diferencesAD between theD values calculated measurements in the Arctic flight. Only at 17 of 69 points
by Weinberg and I. M. Rogachev and declinatrinferred of H measurements theftkrence between the measured and
from the IGRF-11 model for the epoch 1935. model values was less than 100nT. In 12 cases it was less
It can be seen from Table 2 that there are regions of anomathan 150 nT, but in 21 cases it exceeded 250 nT, and at points
lous D of 8-10.5 at latitude 79N in the longitude range 8, 38, 51, and 72 this fierence was more than 500 nT. Fig-
89-97. Thus, independent experimental data confirm thature 9 presents fferences between the observed and model
anomalous values @ measured on the airship could be due values ofAH as functions of latitudes and longitudes of ob-
to local magnetic anomalies. servation points. It is evident from Fig. 8 that the average
When considering results of determination of the horizon- difference between the observed valuesiadnd the model
tal H component during the flight, Ljungdahl (1931) and values is close te-200 nT, which considerably exceeds the
Ellsworth and Smith (1932) did not report on any anomalouspossible inaccuracy of measurements.
features in the behavior of measurdd However, analysis The diterences agree well with the level of anomalies in
of Table 1 as well as Fig. 7, which shows resultdbmea-  the field modulus. According to the chart plotted by Petrov
surements during the flight and isodynamic likéfom the et al. (2004) from Russian Geological Institute (VSEGEI),
chart of Fisk (1931) for the epoch 1930, reveals the pointsvalues ofAT, which is anomalous in the region, considered
at which the magnitude dfl differs from the cartographic reach 300-500 nT. Figure 9 shows a chart of anomalies in the

Figure 7. Map with the airship flight route showing results of
measurements ofl and isodynamic linedH from the chart of
Fisk (1931) for the epoch 1930. The values of thecomponent
are in mT.

Hist. Geo Space Sci., 4, 35-46, 2013 www. hist-geo-space-sci.net/4/35/2013/



O. M. Raspopov et al.: The first aeromagnetic survey in the Arctic 43

Longitude, degrees of the airship flight route (Table 1) is not directly confirmed
48 54 60 66 72 78 84 90 96 102 by these maps. However, complex analysis of modern data
4 w7 - Y& on the structure of the anomalous magnetic figldandAH

. in the region of the airship flight shows that the anomalous
; e values of magnetic declination at these points are caused by
by local magnetic anomalies rather than errordiimeasure-
ments. In order to obtain an adequate cartographic presen-
tation of these anomalies in the magnetic field components,
new magnetic surveys should be carried out.
To estimate possible errors in determination of geomag
netic field components during tt@raf Zeppelinflight, it is
also necessary to analyze geomagnetic disturbances during
the time interval of the flight, especially because only single
measurements ¢l andD were carried out at each point. In
our case this is even more important because of a radiocom-
munication blackout during the flight from Franz Josef Land
= ) to Severnaya Zemlya (Krenkel, 1978), which could be due to
ORI00] 20008 development of geomagnetic disturbances at high latitude
In 1931, two magnetic observatories: Matochkin Shar on Not
: , vaya Zemlya (735 N, 55°24 E) and the Sodank&lObser-
L::;:ﬁg;j ;”’;‘i;’ii@’;&@” SEEESESs vatory in _Finlanq (6722 NZ 26°38 E), were operating at the
: Arctic latitudes in the region of Kara and Barents seas. Unf
Figure 9. Chart of anomalies in the modulus of geomagnetic field fortunately, the authors of the paper could not get any infort
strength for the high-latitude part of the airship flight route with mation on where the archive of magnetic records of the ob
isogonic lines of magnetic declination. The crosses mark the pointservatory Matochkin Shar for 1931 can be found. The record
of determination oD during the flight. from the observatory Matochkin Shar were collected by the
Arctic and Antarctic Research Institute in Saint-Petersburg
from 1933. Therefore, geomagnetic field disturbances dut-
modulus of geomagnetic field strength for the high-latitudeing the airship flight can be analyzed on the basis of the data
part of the flight with isogonic lines of magnetic declination. of the Sodankyd Observatory, which is located in the auroral
It is clear that the points of determination of declination on zone and also geomagnetic data of mid-latitude British ob,
board the airship (shown by crosses) (points 35 and 36, Taservatories. In the analysis, data on variations in the globa
ble 1) lie in the region of anomalous geomagnetic field with aa-index and data of astronomical observations of sunspot
a very complicated structure. This is confirmed by modernwere used.
data on the structure of the anomalous magnetic field in the Figure 10 shows X component magnetogram for
region of the high-latitude part of the flight. An anomaly in the days of the airship flightK-indexes of the So-
AH (at point 38, see Table 1) is also observed at this part odankykh  Observatory  Httpy/sgodatahtt.sgo/fiubmag
the flight route, the anomaly reache578 nT which is also  Kindex’KINDEX1930-1939.tx} and aaindexes
seen, as noted above, in Fig. 7. One more anomalous regioffitp://ftp.ngdc.noaa.ggBTR).
of AH includes the western coast of the Taimyr Peninsula, The reports of British observatories Lerwick, Eskdale-
estuary of Enisey river, and the area from Dikson Island tomuir, Stonyhurst, and Abinger for 193lt{p;//www.geomag.
the northern end of Novaya Zemlya (points 49-55, Table 1) bgs.ac.ujdataservicgdatayearbookg/earbooks.htmlindi-
Deviations ofH from the model values reach here 663nT cate that the days of 23, 24, 25, 26, and 28 July were mod
and usually exceed 250 nT. Approximately in the same re-erately disturbed, and 27 July was magnetically quiet. Th
gion there is point 57 (Table 1) with an anomalous value Stonyhurst College Observatory (Results of the Geophys
of AD = 6.1°. Thus, measurements bBffin the airship flight cal and Solar Observations. 1931. Stonyhurst College Ok
reveal an anomalous magnetic field structure in the Barentservatory, 1933) reported a large-amplitude SC and a subse-
and Kara sea regions. This result is supported by the strucquent development of an intense magnetic storm on 26 June
ture of AT. Note that Ljungdahl (1931) and Ellsworth and 1931. In 26 days and 12 h after the storm commencement, gn
Smith (1932) did not pay attention to this fact. 23 July, geomagnetic disturbances with much smaller ampl
It should be emphasized that the modern chartsfor tudes were observed, and only in 6 h afterwards, a develop
the Arctic water areas adjacent to the Russian territory in thanent of moderate geomagnetic disturbances occurred. There
north are too general. Detalization of these charts sharply difwere no visible sunspots and solar faculae near the central
fers from that of the maps of territories, and for this reasonsolar meridian. Therefore, the geomagnetic disturbances dyr-
the anomalous nature of declination at points 35, 36, and 57ng the time interval of the airship flight had a recurrent
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Figure 10. Magnetograms of the SodankyDbservatory(a) — X- Y1} AT W YOG SN VOO G S W - Kb
component for the time interval from 26 till 30 July 193t) — vari- 0 4 8 12 16 20 24 LT
ations inK indexes of the SodankylObservatory anda-indexes

(in nT) for the time interval from 26 till 30 July 1931. Figure 11. Averaged picture of distribution of auroral absorption

(frequency 32 MHz) at high latitudes of the Northern Hemisphere
at geomagnetic disturband§, =4 in the coordinates: local time

h . h . h — corrected geomagnetic latitude (CGL) according to Zhulina et
character. According to the observatory observations, the S04, (1989). The figures at the isolines give absorption in decibels.

lar activity during this time interval was of type I, i.e., theré The crosses mark the locations of Domashniy Island according to
were one or several small spots on the solar disk. AccordcGL, and the circles show the locations of the observatory Ma-
ing to the data and terminology of British observatories, thetochkin Shar (CGL).
geomagnetic disturbances during the period of flight were as
follows: 26.07 — small, 27.07 — calm, 28.07 — moderate and
29.07 — small. Moderate disturbances began about 12:00 UTfrom midnight to 06:30 UT from Franz Josef Land to Novaya
i.e., in the second half of the day (Results of the geophysicaZemlya. Just at this time, at 03:00—04:00 UT, anomalbiDs
and solar Observations, 1931. Stonyhurst College Observasf 9.5 and 12.8 degrees (points 35 and 36, Table 1 \&hdf
tory, 1933; Result of the Magnetical & Meteorological Ob- —366 and 578 nT (points 37 and 38, Table 1) were measured.
servation made at the Abinger Magnetic Station, Surrey andt is difficult to attribute anomalous values b andAH in
Royal Observatory, Greenwich respectively in the year 1931this region to the #ect of geomagnetic disturbances because
1933). the geomagnetic field disturbance was weak. However, it is
As one can see from Fig. 10, the measurements of geomagpossible that a magnetic substorm could make contributions
netic disturbances of the SodankyDbservatory are similar to anomalous values @&fD andAH: possiblyAH to 100 nT,
to those of the British observatories. During the first day of but not 360-570 nT.
the flight (26 July 1931), the disturbances were considerable From 05:00 to 12:00UT, or from 11:00 to 18:00LT,
only at the beginning of the day. The airship was at the So-the airship tried to establish radiocommunication with the
dankyB Observatory latitude at about 20:00 UT. Judging by base of the expedition. However, because of the short-wave
the magnetogram, in the evening (UT) of this day the distur-radiocommunication blackout the contact with the expe-
bances did not exceed 70-80 nT. The airship measurementiition base on Domashniy Island failed. Note that there
at point 8 at 17:16 UT gavaH equal to—-615nT, which  were 3 transmitters on board the airship, and the base on
pointed to a local magnetic anomaly. During 27 July 1931, Domashniy Island had a good (for those times) radiosta-
the geomagnetic field disturbance was low (Fig. 10). How-tion that operated from October of 1930 at short waves
ever, anomalous values aH > 250 nT at points 14 and 15 in the range 20-70 mhftp;/vivovoco.rsl.ryvV/JOURNAL/
(Table 1) andAH > 300 nT at points 24, 25, 27 and 29 were NATURE/11 03yNORD.HTM; Gromov, 1932).
detected, which could point to théfect of local anomalies In order to demonstrate the airship position with respect
on the double compass readings. In contrast to precedintp the region of possible ionospheric disturbances which
days, on 28 July geomagnetic disturbances set in and becould be responsible for the radiocommunication blackout,
came especially pronounced in the second half of the dayig. 11 shows the averaged picture of auroral absorption
(UT), which is clearly observed in the magnetogram of the (frequency 32 MHz) at high latitudes of the Northern Hemi-
Sodankyh Observatory (Fig. 10). In the first half of 28 July sphere (Zhulina et al., 1989). The dashed line in Fig. 11
(UT), when disturbances were not so strong, the airship flewshows the flight route in the coordinates: LT — corrected
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geomagnetic latitude (CGL). The locations of Domashniy these unique measurements even more valuable. Analysis

Island (crosses) and the observatory Matochkin Shar (cirof archival and modern geomagnetic data has revealed that

cles) according to CGL are given. This figure shows thatanomalous geomagnetic field structure in this region man

the radio link between the airship and Domashniy Islandfested itself not only iD but also in changes in the horizontal

(and also between the airship and the observatory Matochkitd component, which was not pointed out by the researchers

Shar, where the receiver was also installed) is almost entirelyvho carried out the measurements.

in the region of an increased auroral shortwave absorption. To summarize, analysis of the geomagnetic measuremernts

The region is projected into the magnetosphere to the periphearried out during the Arctic flight of th&raf Zeppelinair-

ery of the external radiation belt ~ 7-12 (Domashniy Is- ship leads to the conclusion that the implementation of th

land: 79.0N, 91.0 E; CGL=72.5;L = 11; Matochkin Shar: idea of F. Nansen on the use of airships for exploration of th

73.25 N, 55 E; CGL=67.7;L = 6.9) from which energetic  Arctic territories proved to be fruitful. Even the first aero-

(subrelativistic 40—300 keV and relativistic300 keV) elec-  magnetic survey demonstrated a complicated geomagnetic

trons responsible fob region ionization and shortwave ab- field structure in the region of the Barents and Kara seas. U]

sorption precipitate. Thus, the radiocommunication blackoutfortunately, the first experience of using airships for scientifig

with the land can be explained by an increasing geomagnetiexploration of the Arctic did not find continuation.

activity and development of ionospheric disturbances during

this time interval at high latitudes, where the airship was at

that time: theaa-index grew to 54, and thK index at the  Acknowledgements. The authors thank anonymous reviewers

Sodankyh Observatory increased to 4-5. and HGSS Topic Editor Tamara V. Kuznetsova for constructive
Because of unfavorable weather conditions, the airshipcomments and criticisms.

could not reach the island and the task of the airship landing

in this region was not solved. The next day of the flight (29 Edited by: T. V. Kuznetsova

July 1931) was characterized by a lower geomagnetic disReviewed by: three anonymous referees

turbance. However, anomalous valuea\éf were measured

on the flight route from Novaya Zemlya to Arkhangelsk

(230-460 nT). They appreciably exceeded possible observa ¢ erences

tion errors. Thus, anomalous geomagnetic field values wer

revealed on this part of the flight route as well.
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