
NORGES SVALBARD- OG ISHAVS -UNDER SØKELSER 

LEDER: ADOLF HOEL 

SI(RIFTER 
Nr. 86 

THE SURVEY OF BJØRNØYA 
(BEAR ISLAND) 

1922-1931 

WITH l M A P  OF TH E I S LAN D O N  TH E S C A L E  OF 1:25000, 

22 FI G U R E S  YN TH E TEXT, A N D  2 P LATES 

OSLO 
I KOMMISJON HOS JACOB DYBWAD 

1944 



RESULTS OF THE NORWEGIAN EXPEDITIONS TO SVALBARD 

1 906-1 926 PUBLISHED IN OTHER SERIES 

(See Nr. 1 of  this series.) 

The results of the P r i n c e o f  M o n  a c o's expeditions (Mission I s a c h s e  nl in 1906 
and 1907 were published under the title of 'E x p l o  r a  t i o n d u N o r  d - O u e s  t d uS p i t s b e r  g 
e n t r e  p r i s  e s o u s l e s a u s p i c e s d e S. A. S. I e P r i n c e d eM o n a c o p a ria M i ss i o n 
Isa c h se n' , in Re s u l t a t s  d e s  C a m p a g n e s  s c i e n t i f i q u e s, A l b e r t  ler, P r i n c e  
de M o n a c o, F a s e. X L-X L I V. Monaco. 

IS A C H S E N ,  G U N NA R ,  Premiere Partie. Recit de voyage. Fase. XL. 1912. Fr. 120.00. 
With map: Spitsberg (Cote Nord-Ouest). Scale l :  100 000. (2 sheets.) Charts: De la 

Partie Nord du Foreland il la Baie Magdalena, and Mouillages de la Cote Ouest du Spitsberg. 
I S A C H S E N ,  G U N N A R  et ADOLP H O E L, Deuxieme Partie. Description du champ d'operation 

Fase. XLI. 1913. Fr. 80.00. 
H O E L, ADOLP, Troisieme Partie. Geologie. Fase. XLII. 1914. Fr. 100.00. 
SC H ETELI G ,  JAKOB,  Quatrieme Partie. Les formations primitives. Fase. XLIII. 1912. Fr. 

16.00. 
RESVOLL H O LM S E N ,  HA N N A ,  Cinquieme Partie. Observations botaniques. Fase. XLIV, 

1913. Fr. 40.00. 

A considerable part of the results of the !S A C H S E N  expeditions in 1909 and 1910 has 
be en published in Vi d e n ska p s s e l ska p e t s  Skr i f t e r. I. M a t. -N a t u r v. K l a s se. 
K r i  s t i  a n i a (O s I o). 

IS A C H S E N ,  G U N N A R, Rapport sur I'Expedition Isachsen au Spitsberg. 1912, No. 15. 
Kr. 5,40. 

ALEXAN D E R ,  ANTON,  Observations astronomiques. 1911, No. 19. Kr. 0 ,40. 
G R A A R U D, AAG E, Observations meteorologiques. 1913, No. 1. Kr. 2,40. 
H ELLA N D ·  H A N S EN, BJ Ø R N  and FRIDTJ O P  NANS EN, The sea west of Spitsbergen. 1912, 

No. 12. Kr. 3,60. 
ISACHSEN, G U N N A R ,  The hydrographie observations. 1912, No. 14. Kr. 4,20. 

With chart: Waters and anchorages on the west and north coast. Publ. by the N orw. 
Geogr. Survey, No. 198. 
H O E L, A. et O. H O LTE D A H L, Les nappes de lave, les voleans et les sources thermales 

dans les environs de la Baie Wood au Spitsberg. 1911, No. 8. Kr. 4,00. 
GOLDSC H M I DT, V. M., Petrographische Untersuchung einiger Eruptivgesteine von Nord

westspitzbergen. 1911 No. 9. Kr. 0,80. 
BACKLU N D, H . ,  Ober einige Olivinknollen aus der Lava von Wood-Bay , Spitzbergen. 

1911, No. 16. Kr. 0,60. 
H O LTEDAHL, O LAP, Zur Kenntnis der Karbonablagerungen des westIichen Spitzbergens. 

I. Eine Fauna der Moskauer Stufe. 1911, No. 10. Kr. 3,00. Il. Allgemeine stratigraphische 
und tektonische Beobachtungen. 1912, No. 23. Kr. 5,00. 

H O E L, ADOLP, Observations sur la vitesse d'ecoulement et sur l'ablation du Glaeier 
Lillieho ok au Spitsberg 1907-1912. 1916, No. 4. Kr. 2,20. 

V EGARD, L., L'influence du sol sur la glaciation au Spitsberg. 1912, No. 3. Kr. 0,40. 
IS A C H S E N ,  G UNNAR, Travaux topographiques. 1915, No. 7. Kr. 10,00. 

With map: Spitsberg (partie Nord-Ouest). Scale I :  200 000 (2 sheets). 
GU N N A R  IS A C H S E N  has also published: Green Harbour, in Norsk Geogr. Selsk. Aarb., 

Kristiania, 1912-13, Green Harbour, Spitsbergen, in Seot. geogr. Mag., Edinburgh, 1915, and, 
Spitsbergen: Notes to accompany map, in Geogr.journ., London, 1915. 

All the above publications have been collected into two volumes as E x p e d i  t i o n 
I s a c h sen a u S p i t s b e r  g 1 9 O 9 -l 9 1 O. Re s u I t  a t s  s c i e n t i f i q u e s. I, I I. C h r  i
s t i a n i a 1 9 1 6. 

As the result of the expeditions of A DOLP HO EL and A RVE STAXR U D  1911-1914 the 
following memoir has been published in Vi d e n ska p s s e l ska p e t s  Skr i f t e r. I. M a t .
N a t u r v. K l a s s e. 

H O E L, ADOLP, Nouvelles observations sur le district volcanique du Spitsberg du Nord. 
1914, No. 9. Kr. 2,50. 

Expeditions of TH. VOGT 1925 and 1928: 
STØRMER, LEIP, Downtonian Merostomata from Spitsbergen. - Skr. Norske Vid.-Akad. 

I. Mat.-Nat. Kl. 1934. No. 3. Kr. 3,00. 

The following topographical maps and charts have been published separately: 
M a p s: 
Bear Island. l: 25 000. 1925. Kr. 10,00. 
Bear Island. I: 10 000. (In six sheets). 1925. Kr. 30,00. 
East Greenland. Eirik Raudes Land from Sofiasund to Youngsund. l: 200 000. 1932. Kr. 5,00. 



NORGES SVALBAR D- OG ISHAVS-UNDERSØKELSER 

LEDER: ADOLF HOEL 

SKRIFTER 
Nr. 86 

THE SURVEY OF BJØRNØYA 
(BEAR ISLAND) 

1922-1931 

WITH 1 MAP OF THE ISLAND ON THE SCALE OF 1 :25000, 

22 FIGllRES IN THE TEXT, AND 2 PLATES 

OSLO 
I KOMMISJON HOS JACOB DYBWAD 

1944 



A. W. BR ø G G ER S BOK T R Y K K E R I AlS 



Contents. 
Page 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Older Maps of B jørnøya 1 598-19 1 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Literature . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 
Astronomical  Determinat ion o f  Longitude, Latitude and Azimuth; and Determination 

of the magnetic  Variation on  Bjørn øya in  1 923. By Hans Henie . . . . . . . . . . .  1 5  
Method of Observation and Instrum ents . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  15 
Determination of Longitude . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  
Determination o f  Latitude . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
Determination of Azimuth . . . . . . . . . . . . .. .. . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . 23 
Determination of the Magnet i c  Variation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Discussion of obtained Values . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .. 27 
Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Geodet ic  and Topograph ical Work on Bjørnøya 1922- 1 924 . By Al fred Kol ler  and 
Bernhard Luncke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 

Survey Work in 1922 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Plan for Field Work . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .. ........ 36 
Instruments and other Outfit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
Field Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 

Office Work . . . . .. . . . . .. . . . . . .. . . . . . . . . . . . . . .. . . .. . . .. . . . .. . . . . . . .  4 0  
Survey Work i n  1923 . . ... . . . . . . . . . . . ...... . . . . . . . .... .. .. . . . . . . . . . . .. .  40 

Plan for Field Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 2  
Instruments and other Outfit . .. . . . . . . . .. . . . . . . .. . .. . .. . . ... . . . . . . . .  43  
Field Work . . . . . . .. . . . . .. . . . . . . . . . . . . . . . .  .. ...... . .. ........... . 43 
Office Work . . . . . .. . . . . . . . . . . . . .. . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . .. . 48 

Survey Work in 1 924 .. ......... ..... . .. . .. . .. .. . .. ..... . . . . .. , .  . . . . . . .  50 
Field Work . . . ... .. . . . . . . .... . . . . .. ... . . . .. . ... . .  " . . . . . . . . . . . . . .. 50 
Office Work . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 51 

Weather Condi ti ons  1922--1924 . .... . ... .. . . . . ... .. . . . . . . . .. . .. . .. . . . . .  52 
Measurement  and Computation of the Base Line . .. . . . . . . . . . . . . . . . . . . . . .. 53 
Triangulation and Trigonometrical Computations . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

Adjustment of the Inner Base Net . .. ... . . . . . . . . . . . . . ... . . . . . . . . . . . 56 
Determination o f  Mean Sea Level . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 62 
Computation of Heights  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

Coordinates and Heights of the Trigonometrical Po ints . . . . . . . . . . . . . . . . . . . . 64 
Main Points . . . . . . .. . . . . . . . . .. . ... . . ... . . . . . . . . . . . . . . . . . . . . . .. . . . .  64 
Auxi liary Po ints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 

Co mputation of the Meridian and Paral lei Network . . . . . . . . . . . . . . . . . . . . . .. 66 
Hydrograph ie Survey of Sørhamna in 1 922 . .. . . . .. . . . .. . ... . .. . . . . . . .. ... 66 
Maps and Charts surveyed and publ ished by De Norske Svalbardekspedisjo ner 

1922- 1 925 and by Norges Svalbard- og Ishavs-undersøkelser 1 928- 1 943 69 



-4 -
Page 

Hydrographie Survey at Bjørnøya 1 928- 193 1 and Determination of the  Magnetie 
Variation in  1 93 1 .  By Rol f  Kjær . . . . . .. . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  
Hydrographie Work 1 928- 1 93 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1 
Determination of the Magnetie Variation i n  1 93 1  . . . . . . . . . . . . . . . . . . . . . . . . . 75 

Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 77 
Plaee-names . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 

Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1  

Illustrations. 
F igure Page 

l .  Norway-Spitsbergen .  From Barents' Map of 1 598 . . . . . . . . . . . . . . . . . . . . . . . 8 
2. View of Bear Island. Seoresby 1 820 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
3. Bj ørnøya after B. M. Kei lhau, pub. by v. Bueh 1 847 . . . . . . . . . . . . .. . . . . . . . . .  9 
4 .  p u b .  i n  Peterm. Mitt. 1865 . . . . . . . .. . . . . . . . . . 9 
5.  - Duner and Nordenskio ld  · 1 864 . . . . . . . . . . . . . . . . .. . . . . . . . . . .  9 
6. - Oswald Heer 187 1  . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9 
7.  Fro m  Danish ehart pub .  i n  1877 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  
8 .  A fter Kjel lstrom and Hamberg 1 898 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10  
9. North-eastern part of  the Is land  after Deutseher Seefiseherei-Vere in  1 899 . . .  I l  

1 0. Astronomieal Poi nts 1 839-- 1 923 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

11 .  Base Line and Trigonometrieal Net 1 922 . . . . . . .. . . . . . . . .  . . . . . . . . . . . . . . . .  4 1  
12. Wooden Trigonometrieal Signal . . . . . . . . . . . . . . . . . . . . . . . . . . . . '" . . . . . . . . . .  44 
13. Land ing Point  on the South Side  of  Kapp Duner .. . . . . . . . . . . . . . . . . . . . ... 45 

1 4. Plan of Tunheim . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . . . . . . . . " 49 
IS. Air Survey Camera . . . . . . . . . . . . . . . . .. . . . . . . .  . . . . .. . . . . . . . . . . . . . .. . . . . . .  51 
16. Triangulation Theodolite . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .. . .  56 
17. Complete Trigonometrieal Net . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  57 
1 8 . Base Line Net . . . .  .. . .  . . .  . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . .  58 
1 9  . . Water Level Staff . . . .. . . . . . . ... .. . . . ... . . .. . . . . .. . . . . . . . . . . . . . . . . ... . .  62 
20. Water Level Curves . . . . . . . . . . . . . . . .. . . . . . . . . ... . . . . .. . . . . .. . . . . . . . . . . . 63 
21 . Sounding Profiles in Sørhamna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
22. Kapp Duner wi th Teltvika . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75 

Pl. l. A. Miseryfjellet from Northwest 
B. View of  the N ortheastern Part of  the Island from Miseryfjellet 

Pl. Il . A.  View from the Southern Edge of Miseryfjellet 
B. The South west Coast from Landnordingsvika to Stappen 

Topographieal Map of Bjørnøya In  poeket 



Introduction. 

B jørnøya (Bear I sland) in  the Arctic Sea is the  southernmost is land of  
the  Svalbard island group and is one of the most solitary o f  the  

Arctic is lands.  I t  extends from 740 20.5 ' to 74 0 3 1 .3 ' Lat. N. and from 
18 ° 46 ' to 1 9 °  17 ' Long .  E. The distance from Norway is  240 nautical 
miles, and fro m  Sørkapp (South Cape) on Spitsbergen 1 20 m iles .  The 
cl imate is mild (average for the year : - 3 o C) considering the high 
latitude. In the summer the is land is  enveloped in  fog most of t he  
t ime .  Drift i ce  may be  met with even in  the  summer .  

The is land is of triangular shape and pointing southwards. The 
greatest length is 20 km from north to south, and 1 5 .5 km from west 
to east. The area is  1 78.07 sq.km (68.75 sq .  mi les) .  

The island can be divided into three natural regions :  ( 1 )  the northern 
plain covered with numerous shal low lakes, (2) the mountain Misery
fjellet with three peaks, one rising to 536 m above sea-level , the h ighest 
point of  the is land,  and (3) the southern mountains atta in ing an a l titude 
of  440 metres. The lakes and ponds num ber abt .  700, by far the greater 
num ber of which are situated in  the northern plains (see accompanying 
map) .  The coasts of  Bjørnøya consist a lmost ent irely of steep cl iff, and 
only a t  few points is i t  possible to land. The southern part o f  the 
is land consists of rocks of  Cambro-Si lurian age .  They are dolomites, 
l imestones ,  and slates. The northern plain and Miseryfjel let a re bui l t  
up of coal-bearing sandstones of  Devonian age, and sandstones and 
l imestones of  Carbon i ferous age (northern plain only) .  The three peaks of 
Miseryfj el let consist of  Triassic rocks,  th is formation being the youngest 
in the island . 

The surface of the ground is quite bare or covered with fragments 
of  the bed-rock , and when this is hard sandstone ,  as is  the case in  
the greater part of the i s l and ,  the passage across th i s  country is 
exceedingly trying.  Only i n  a few places has anyth ing approaching soi l  
been formed.  There are no  glaciers on the island .  
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Coal has been known in  the island since 1609.1 In 1 898 claims 
to land were staked off by a German ,  Theodor Lerner, and a lso  by 
the German Fishery Association in  the same year. I n  the year  19 1 5  
the  island was claimed by Norwegians,  and the following year coal
mining operations  on a smal l  scale were started by a company regi
stered at Stavanger in Norway. The m ine was situated in  the north
eastern part of  the island. Mining continued unti l  1 925, when work 
was suspended, it being found impossible to work the th in seam in  
t imes of  ordinary coal prices. The  total tonnage sh ipped amounts to 
1 1 6,094 metric tons.  

A wireless station was built  at Tunheim in 1 919, and a meteorological 
station establ ished here in  1923 . This station , being owned by the Nor
wegian State, continued its work also after the cessation of min ing 
operations.  

Bjørnøya was discovered on June 1 0, 1596 by a Dutch expedit ion 
sent out to find a North-east passage, and of which Wil lem Barents 
was the chief pilot . The island was named " Beeren Eylandt "  after a 
polar bear ki l led when the ships were close to the island .  The island 
was a no  - man's - land until 1925, when i t  came  under Norwegian 
sovereignty aeeording to the Spitsbergen Treaty of  Feb. 9th ,  1920 signed 
in Paris. 

In 1919 the Norwegian Government became financial ly in terested 
in the Bjørnøen AlS, the Stavanger company operating the mines sin ce 
1918, th rough advancing funds for development work. In 1922 Mr.  Adolf 
H oel  proposed ,  as 1eader of  the State-supported Norwegian Svalbard 
expedit ions that, owing to the eonsiderable State interests involved , 
detailed investigations of the eoal resources of  the is land and work
abi l ity of the seams should be earried out. A large-scale topograph ical 
survey of  the island was part of  this programme .  The plans were 
eonsidered by the Government  eoal Committee, who recommended 
that the work should be carried out ,  and the  p lans were final ly ap
proved by the Department of  Trade and Industry. The topograph ieal 
survey was effeeted in the sum mers of 1922, 1 923 , and 1 924 ; and the 
geologieal work in  the summers of  1 924 and 1925 . 

l The h istory of the i slan d i s  deaIt  wi th  i n  the fol lowing pape r :  Gunnar  Horn 
and Anders K .  Orvin . .  Geology of Bear Island with special  reforenee to the eoal 
deposits, and with an account of the h istory of  the is land.  Oslo 1 828. - Skrifter  
o m  Svalbard og Ishavet. Nr .  1 5. 



Older Maps of Bjørnøya 1598-1910. 
I n  1 596 a Dutch expedition undertook a voyage in the Arctic 

Sea, attempting to tind a northern passage to China .  The leading spirit 
o f  the expedition was the aforesaid Willem Barents. On this voyage 
Spitsbergen and Bjørnøya ( Bear I sland) were discovered . It is possible 
that the island was known to the Norwegians or I celanders long be
fore that ,  but no  records are known of such a discovery. Fig. 1 shows 
a part o f  the map by Barents, published in 1 598, containing his 
discoveries .  On  this map will be found the name given to the island 
by Barents, Tveere Eylandt, and its latitude is quite correctly given 
as 740 30' N. Considering the small scale of  the map he can h ardly 
have attempted to give the island any detinite shape, and i t  can on ly 
be regarded as a position . Spitsbergen is cal led Het nieuwe land. 

On a series of maps of these tracts from the 1 6th and 1 7th cen
turi es, Bjørnøya has been given the most varied shapes. The maps 
are as a rule on a small  scale and are reproduced in the important 
work by F.  C .  Wieder ( 1 9 1 9) .  

The  Scottish whaler, W. Scoresby, h a s  drawn a sketch of  t h e  island 
seen towards ESE from a distance of 10 m iles ( Fig. 2) (Scoresby ( 1 820) , 
Vol . Il, PI .  Ill). This sketch , showing three pointed peaks to the left, 
must have been used for the map publ ished by the German geologist,  
von Buch ( 1 847) .  This map ( Fig. 3) was drawn by Professor B .  M.  Kei lhau 
of  the U niversity of  Oslo ,  but the three mountains have probably been 
placed on the map by von Buch .  As Scoresby does not show any of  
the low land actual ly existing to the left, a confusion has arisen ,  and 
the th ree summits representing Miseryfjel let (Mount Misery) , have been 
taken as being in the foreground, that is ,  in the north western part of 
the island ,  where there are no mountains .  The same error is found  on  
the map by Petermann ( 1 865) , Fig. 4 .  On  th i s  map will a l s  o be fouod 
some islets and the  c 1 iff along the coast. Some new names and a 
description have also been inserted.  

During the Swedish expeditioo to Spitsbergen ( 1 864) , the sketch 
reproduced in Fig. 5 was made by N. Duner and A. E .  Nordenski61d 
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Fig.!. Norway - Spitsbergen. From Barents' Map of 1 598. 
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Fig. 2. View of  "Cherie or Bear I sland , bearing E .  S. E .  d i stant 1 0  Miles." 
Scoresby 1 820. 
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Fig. 7. From Danish Chart published in 1 877. 
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Fig. 9 .  North-eastern Part of the Island, after  Part of Map 
by Deutscher Seefischerei-Vere in 1 899. 

( 1 867) , but owing to lack of  time, i t  was possible to make on ly a rough 
sketch . However, it gives quite a good picture of the shape and appear
ance of the island; but the area of the low country is too smal l ,  and 
the capes are not sufficiently pronounced . The sca le given next to the 
sketch corresponds to 1 : 165 000, but should really be 1 : 300 000. Duner 
determined th e  geographical coordinates of  the hut in  Russehamna ,  and 
found it to h ave a la titude of  74° 22' 56" North ,  and  a longitude of 
1 9° IS' IS" East of  Greenwich, which figures do not vary very much 
from the actual ones.  

The map (Fig. 6) publ ished by Oswald Heer ( 1 87 1 ) represents 
a step backwards. H ere the low country is too large, and the shape 
is  so d istorted that many features are quite unrecognisable. The longi
tude and the azimuth determinations are not good. 

On the Danish chart " Nord lige Ocean med Hvide H av "  Kjøben
havn 1 857 (corrected to 1 877) the is land has been given a s imi lar 
shape and size (Fig. 7) .  

The fi rst m ap proper of  the island was surveyed by c.]. O .  Kjell
stram and A.  Ham berg on the Swedish Polar Expedition 1898 led by 
A .  G .  N athorst, and published on the scale of l : 1 0 0 000 in  the Swedish 
j ournal "Ymer" 1899 (Fig. 8) .  Hamberg surveyed the hi l ly southern 
part of the island .  He intended to use photogra�metry, but the weather 
was so hazy that he had to be content with the. other methods. Kjell
stram used a plane table and surveyed the stretch from the southern 
end of Miseryfj el let along the east, north , and west coasts of  the is land 
as  far as Kapp Maria. Of the numerous lakes situated on the low 
ground on ly three near the coast were surveyed . The surveying  was 
done in  the course of  a week and, considering the short time, it must  
be sa id to be a fine piece of  work.  This map had ,  i t  is believed ,  no  
trigonometrical base. On the same occasion Kjellstr6m made a large 
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scale plan of Sørhamna ,  also contain ing soundings. A s imilar special 
map of  Russehamna was surveyed by C .  A.  Forsberg on the Swedish 
expedit ion in 1 899. 

During the expedition of the Deutscher Seejischerei- Verein in 1 899 
Haussvatnet and Laksvatnet were surveyed and plotted on the map of  
Kjellstrom and Hamberg (Fig. 9) , and a polygonal traverse was  also run 
along the coast from H erwighamna to Engelskelva. Herwighamna was 
surveyed on a larger scale and soundings taken .  The work was per
forrned by J .  Kessler, the Mine Surveyor. 

On the Norwegian I sachsen Expedition to Spitsbergen in  1 910 
N orskehamna was charted on tl1e scale of 1 : 25 000. The soundings 
were done by Captain A .  Hermansen, Norwegian  Navy,  wh ilst the 
coast line was measured by A. Koller, Civil Engineer, and Captain Arve 
Staxrud, Norwegian Army. 
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Astronomical Determination of Longitude, 
Latitude, and Azimuth; and Determination of the Magnetie 

Variation on Bjørnøya in 1923. 
By 

HANS HENIE 

Method of Observation and Instruments. 

l. M e t h o d  o f  o b s e r v a t i o n .  I n  connection  with the geodetic 
survey which was perforrned in  Bjørnøya in  1 923, some astronomical 
observations were also made for the purpose of determining the geo
graphical position of  the island. 

As the cl imate of Bjørnøya is extremely unfavourable for any 
observations, especially for astron omical observations,  only the sim plest 
and most rapid methods were used. 

The work was based upon the following programrne .  

a .  Azimuth determination of the  sun . 
b .  petermination of  t ime o f  star transits i n  the  meridian and ,  in con

nection with this ,  determination of  circummeridian alt i tudes of  the 
circumpolar stars observed . 

Point ing of terrestrial signal for exploiting the azimuth com
putation obtained by the transit observations.  

c .  Lati tude determination from observations of  transits i n  the prime 
vertica l .  

d .  Azimuth determ ination of  Polaris. 

As wil l  be noted, this programme gives an increasing degree of 
accuracy, so that " a "  and " b "  would suffice, while " c "  and " d "  would 
add to the accuracy of  the result. 

The obstac1es which it had been foreseen would impede the work 
of observation in Bjørnøya, really prov ed to be so considerable as not  
to admit  of  the ful l  carrying  out of the above programrne .  No  serious 
d i fficulties arose in  the way of observations of  the sun , as the short, 
bright periods can be made use of  during the proeess, and the observ
ation be delayed ti l l  the favourable t ime.  During observations  o f  star 
transits i n  the meridian ,  on the other hand ,  the observer is dependent  
upon fixed moments, for which reason the passages are ,  in  most cases, 
wholly or partly destroyed by low, drifting clouds or mist suddenly 
setting in .  During the work i n  Bjørnøya there was,  from August ti l l  October, 
on ly on� n ight in  which con tinuous observations could be made. Section 
" b " o f  the programme was then successful ly carried through . 
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On the fol lowing day the instrument was adjusted in  the prime 
vertical ,  without a single observation being, however, attained in  th is  
position of  the instrument. Thus the second half o f  the programme 
has not been carried through .  

2.  I n s t r u m e n t s .  The astronomical instrument used was a theo
dolite eal led Olsen's smal l  microscope-theodolite with a broken axis ,  
lent by Norges Geografiske Oppmåling (Geographical Survey of  
Norway) , Oslo.  

The instrument  was made by H. C. Olsen, Oslo in  1 863. I t  has a 
striding level and a fixed level on  the a lh idade of the vertieal circle .  
I t  has a fixed horizontal circle with movable micrometer microseopes 
and a movable vertical circle with fixed verniers. 

Graduation and reading of  the cireles. On  the horizontal circle 
directly to 1 0' is read by means of  the m icroscope for 10" and by 
estimation to one second. The head of  the micrometer serew is divided 
into 60 parts ,  each of  10". Thus one complete revolution of  the screw 
corresponds to 10' or the in terval between two divisions of the l imb .  

On  the vertical circle d irectl y  to 20' is  read by means of  the  
verniers to 1 0" .  

The d ivision o f  the levels are numerated consecutively th rough the 
whole length of  the tube. The striding levet has a contrivance for regul
ating the size of the bubble .  The value of  one division is 4" . 

Table for Filament-Intervals. 

Small theodol ite o f  Olsen 

Time-second Logarithm. 

s 

32. 10 1 .50 652 
1 5 .82 1 .19915 

1 .84 0.2 6482 
1 .84 0.2 6482 

1 6.47 1 .2 1 6 6 1  
32.59 1.52625 

Microscopes in the vertica l circle are wanting in the  instrument, 
so that this c ircle must be read off  by means of  verniers. This proeess 
proved ineffectual for observations of altitude,  as the reading was 
troublesome and somewhat unrel iable .  It was d i fficult  to get the fi lament 
sufficently i l luminated ,  and the num ber of the threads i n  the fi lament  
is  too smal l .  Otherwise the instrument  is efficient and i ts  stabil ity good .  

In the  observation of  time, a m ean t ime ch ronometer belonging 
to H. H enie was used . The rate of  the chronometer was very smal l  
and regular ,  providecl i t  remained untouehed. During the observations 
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Fig. lO. Astronomical Poi nts 1 839�1 923. 

i n  Bjørnøya, however, it was used in field work ,  which led to the rate 
being in  some degree affected. 

3. Th e a s t r o n o m i c a l  s t a t i o n  in Bjørnøya was chosen as near 
as possible to the wireless station (Bjørnøy Radio) a t  Tunheim (Fig .  1 0) ,  
as transport across the exceedingly broken ground is  a matter o f  con
siderable d ifficulty. The concrete foundation of  the northwestern back
stay of the western mast of the wireless station was chosen as the place 
for  the astronomical stat ion .  Here an observation pi l lar was erected ,  

2 
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the centre of which was marked with a copper bolt ,  and above the 
latter the instrument was placed. 

As no  observatory tent was at hand, a removable box was bui l t  
to protect the in strument when not in use. Above the obse rvation pi l lar 
a pyramidic signal was raised . 

4. T h e  t i m  e s i g  n a I s . The rate of the chronometer accord ing 
to Greenwich  Mean Time was determined by means of the wireless 
signals from the Ei ffel Tower. The so-cal led " new system " was chosen ,  
as i t  was  the most rel iable one in po in t  of  be ing caught, and had to 
be considered qu ite accurate enough for the purpose. The series of  ten 
determinations of time  of which i t  consists, admit of  a determination 
of the rate of  the chronometer with an uncertainty of at m ost one
tenth of a second .  The observation of  time during the Reid work 
was carried out directly from the half second beats of the chronometer .  

Determination o f  Longitude. 

1. After the instrument had been adjusted in the meridian by means 
of  observations upon the sun,  transit observations upon stars were made 
on the 1 8th and 20th of  September. On  the 1 8th only one s tar  transi t  
was attained, whl le on the 20th it was possible to observe Rve t ime 
stars and one circum polar star .  ( In  the observation on the 1 8th , there 
is wanting a simultaneous determination of the errors of the instrument; 
the observation is ,  however, inc1uded here and treated together  with 
the rest) . 

The stars observed are the fol lowing : 

Star 

C< Aqui lae . . . . . . . . . . .  . 
y Cygni  . . . . . . . . . . . .  . 
C< Cygni . . . . . . . . . . . .  . 

E Pegasi . . . . . . . . . . .. . 
1 6  Pegasi . . . . . . . . . . . .  . 

� Cephe i  . . . . . . . . . . . . 
39 H Cephe i  . . . . . . . . .  . 

Dec.  

8° 40' 1 3" 
40 l O 
45 O 45 

9 3 1  4 1  
25 3 4  1 0  
5 7  4 9  4 2  
8 6  53 1 6  

R .  A. 

19h 47 m 4 .04 8 
20 1 9  30.43 
20 38 5 1 .1 7  
2 1  4 0  27. 1 5  
2 1  49  36 .52 
22 8 1 5.00 
23 28 1 5.1 6 

The coordinates have been taken from the Greenwich Nautical 
Almanac for 1 923. 
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2. T h e  t r a n  s i t  o b s  e r v a t i o n s are as follows : 

Date Star 

Sept. 18 Ocular West 

" 

ex Aqu i lae 

20 Y Cygni  

20 ex Cygni  

Ocular East 
20 E Pegasi 

20 16  Pegasi 

20 " Cepbei 

20 39 H Cepbei 

Chronometer 
time 

b m s 
7 43 36 8  

53.5 
1 0.5 
26.5 

44 42. 5 
8 7 0 5  

2 1 .0 
42.0 
3.5 

8 24.0 
8 2 6  1 4.0 

39.0 
0.0 

23.5 

50.0 
8.5 

9 28 5 7 .0 

1 5.0 
32.0 
50.0 

9 38 8.5 
1 3.0 
43.5 
1 3.5 

43.0 
9 5 7  1 5.5 

1 1  7 24 .0 
12 30. 0 

Instr. revers. 
16 45. 0 
1 7  52. 0 
22 13.0 

Ocular West 27 5.0 

Level readings 
W-E 

Level 

3 2 .3 1 1 .0 
8.0 29.2 

32.0 13.3 
6.5 25. 1 

1 1 .9 30.6 
30.3 1 1 .5 

36.2 13.0 
5.7 3 1 .0 

Level 
W E 

8.3 28.2 
32. 1 8. 9 

9.9 29. 1 
29.2 10. 0  

Remarks 

Work i nterrupted by in-
creasi ng cover of  
clouds. 

Sky bright wi th i ntense 
auroral l ight. Strong 
breeze impedes ap
prebension of second 
beats from tbe chrono
meter. Gradually in
creasing cover of  
clouds. 

Drifting clouds cover 
the star. 

3. Re d u C t i O n of the transit observations. When reduced to the 
m iddle of the filament the t imes of  transit for the time  stars are as fo l lows: 

ex Aqui lae y Cygni ex Cygn i  E Pegasi 16 Pegasi " Cepbei 

h m s h m s h m s h m s h m s b m s 
7 43 1 0.78 8 7 44.36 8 27 1 .52 9 28 22. 55 9 37 9 56 13.29 

1 0. 16 42.50 2 .29 24. 54 32.54 1 3.2 1 
1 0.50 42.00 0.00 - 32. 00 13.50 
1 0.50 42.95 1 . 12 - 31 .75 1 2 .0 7  
10.03 42.08 1 .09 22.94 31 .34 1 2.4 1  

7 43 1 0.39 I 8 7 42.38 I 8 2 7  1.20 I 9 2 8  23.34 I 9 37 31 .91  I 9 56 12 .90 

Of these the first three stars were observed with ocular West, the 
last three with ocular East. 
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For  the  polar star 39  H Cephei there w i l l  be t he  following reduced 
t imes of  transit : 

Ocular East .... 
hm s 
1 1  1 7  155 Mean: 

21.0 

s 

18.25 

Ocular West ... . 18.9 Mean: 1 7  1 7.90 
18.1 
22.0 I 13.5 

I E-W 0.35 

Hence is deduced the error of collimation, which is : 

! (E-W) cos () = 08 .0095 

a quantity which may at once be neglected,  that is to say, the instru
ment is free from col l imation error. 

4. Th e r a t e  o f  t h e  c h r o n o m e t e r . By means of  the above 
t ime-signals the chronometer correction was determined with the fol
lowing result : 

September 1 8  correction 5s .43 
20 5 .83 Referred to 2 1 h 30 m G.  M.  T. 
2 1  4 .94 

As mentioned above, the rate is affected by the chronometer being 
used in  field work, which appears from the three values of the correction .  

The acceleration of  the chronometer in one hour is : 

On September 1 8-20 -Os .008 
20-2 1  +0 .037 

Thus i t  will be seen to have increased , which was also to be 
expected .  

The computation of  the chronometer correction is  based upon the 
fixed values of the  rate and is applied to the means of the transit 
t imes, whereupon these are converted into sidereal time  (U) .  The 
d ifference between this "U" and the right ascension (IX) of  the stars 
determines the correction of  the chronometer according to l ocal sidereal 
t ime. This d ifference, h owever, i s  stil l influenced by the errors of  the 
instrument .  

5 .  One of the errors of the instrument, viz .  the  coll imation error, 
has already been found insignificant ,  so that the two transits o f  the 
polar star may be com bined .  

The inclination of the instrument  may be seen from the level  
readings. The value of  one dlvision of  the level was exam ined and 
found to be 4" . The level reading East  and West as we l l  as the cal
culated inclination wil l be seen from the following table. 
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Level. 

w E W E 

s 
32.3 1 1 .0 8 .0 29 .2 0.40 
32.0 13.3 6.5 25. 1 0. 9 1  
11.9 30.6 30.3 1 1.5 0.05 
36 . 2  13.0 5.7 31.0 0 83 

8.3 28.7 28. 1 8.9 0.00 
9 .9 29.1 29 . 2  10.0 0.00 

The azimuth of the instrument is deduced by a combination of  
the t ime stars and Polar star, and is computed separately for each position 
o f  the telescope. The fol lowing values were arrived at : 

W E 
k = 17S.36 17s.29 

17 .26 1 7  .29 
1 7  .23 1 7  .46 

Mean: 17 .27 17 .37 

Mean W and E: 17 .32 

As wil l  be seen from these values ,  the d ifference between the 
az imuths of  the instrument in  the two posit ions of  the telescope i s  so 
inconsiderable that there i s  no  reason for assuming two values, and 
they may therefore be com bined to a mean value : 

which is employed in  the fu rther reduction .  
I n  v iew o f  the rae t  that the method of  observation employed is  

s imple and that col l imat ion error is  negligible and the azimuth o f  the 
instrument is  constant, there is l ittle reason for carrying out the final 
computation accord ing to the method o f  the least squares. 

Each star wl l l· therefore be reduced according to the formula : 

T = U -o: + Li + K. k + c. sec 13, 

where the last term , the col l imation ,  is accordingly neglected.  The 
reduced transit times are as follows : 

Cl. Aquilae . . .. . . . . .  . 
y Cygn i . .. . . . . . . . . 
Cl. Cygni . . . . . . . . . .  . 
lO Pegasi . . . . . . . . . .  . 

16 Pegasi . . . . . . . . . . . 
� Cephei . . . . ... . . . 

Mean ....... . . .. . 

h m s 
- l 16 54.29 

54 94 
53.80 
54.09 

I 54. 5 1  
54.70 

I - 16 54.22 

with a mean error of Os .14. 
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I n  the computation of the mean value, the same weigh t has been 
applied to every single value. 

6. T h e  l o n g i t u d e . The above mean wil l  be the longitude of 
the station . 

As for the accuracy of the obtained determination, it m ust be noted 
that the deduced mean error is  a measure of the inn er agreement of 
the single results .  When other sources of  error are a lso taken in  to 
consideration ,  such as : the unrel iabi l ity of the catching of  the t ime 
signals and the inaccuracy due to the change of the rate of  the chrono
meter, the mean error must be increased , and may be estimated at  
about 1/4 second .  

As  a fina l  result o f  the  performed observations and  computations 
we have : 

The longitude for the astronomical station 
in Bjørnøya. 

lh 16m 548.22 E Greenwich 

Mean error : ± 08.25. 

Determination of Latitude. 

I n  connection with the observations of star transits i n  the meridian 
some meridian alt i tudes were taken ,  and for the star 39 H Cephei also 
s ix alt itudes immediately after this star had served as polar star during 
the  determination o f  the t ime .  

As regards the measurements of alt itudes by means of  the employed 
theodol ite, two vern iers were used as already mentioned, each giving 
a reading of  the circle with an accuracy of 10". The reading, however, 
i s not easy,  especia l ly by artificial iIIumination .  The observations  of 
aI titudes mus! accordingly be characterized as weak .  

The zen i th  po int  of the vertical c ircle is placed quite arbitrari ly ,  
and was found ,  on closer examination , to be very near 48 ° 52' O". 

The six alt itudes being equal ly d istributed between the two posit ions 
of the telescope, an error in  this quantity wil l  be compensated at the 
average. 

A ltitudes of 39 H Cephei. 

2 3 
Vert. circle . . . . . . . . . . . \306027' 35" 306026' 50" 306026' 15" 
Chronometer t ime . . . . . 11 h 33m 20s 11 h 39m 4s 1 1h 42m 41 s 

4 5 I 6 
Vert. circle . . . . . . .. . . . \331018' 30" \331018' 55" 13310 19' 55" 
Chronometer t ime . . . . . 11 h 48m 40s 11 h 52m 565 11 h 56m 45s 
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These altitudes are subject to correction for the refraetion ( 1 5/1), and 
are reduced to the meridian according to the simple form ula of  reduction : 

. H - h cos cp cos o . 2 t 
sm --- = sm -

2 cos H + h 2 

2 

If the zen ith distance of the star : 3° 6' 47" is added to the reduced 
altitude we shal l  have the latitude .  As already mentioned,  the latter is 
subject to an error of index caused by the zenith point ,  and manifesting 
itself as a constant addition in  one position of the telescope, and a 
reduction in the other, with compensation in the mean.� In the com
putation of the mean error i t  is el iminated beforehand . 

The six a l titudes give the following values for the latitude : 

7 4C 28' 7 1 " 

56 
45 
46 

7 1  
5 1  

Mean 74 28  5 7  

The mean error of a single observation wi l l  be 1 0" ,  corresponding 
to the accuracy of  the reading of  the vertical circl e of the instrument. 

The mean error of  average value wil l  be : ± 4/1 .5. 
The o bservations and computations carried out gi ve the following 

results : 

The latitude of the astronomical station 
of Bjørnøya. 

74° 28' 57" 

Mean error : ± 4" .5 . 

Determination of Azimuth. 
l. T h e o b s e r v a t i o n s . On the 3rd of  September some observ

ations upon the sun were made for the purpose of adjusting the in
strument as accurately as possible .  

The reason why these observations were carried out so elaborately 
was that, when the latitude and the longitude of  the station had been 
determined,  there might later on also be based upon them an accurate 
determination of  the azimuth for the d irection from the station to the 
trigonometrical point " Kapp Forsberg " . 

The instrument having no  single mean thread ,  and the transit of  
the  sun's l imb over the centre between the  two adjacent th reads in  the  
middle of  the filament being unrel iable ,  the transits of the right and left 
sun 's  l imbs were noted instead of the first and last threads of  the fi lament. 
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The observations are : 

I 2 3 4 

h m  s h m s h m  s h m s 

Right l imb-first thread . . . . . 9 14 3.5 9 33 25 .0 9 52 38.0 10 1 1  0.0 
- last - . . . . .  15 10.5 34 31.0 53 4 4.0  12 7 .0 

Lef t l imb-first - ..... 1 6  13.0 

I 
35 4 7 .0 54 4 7.0 

I 
13 1 0.0 

- last - . . . .. 1 7  20.5 36 4 1.0 55 53.5 14 1 5.5 

Mean . . . . . . . . . . . . . . ...... . 1 9 15 4 1 .8 1 9 35 2.6 1 9 54 15.6 1 10 1 2 38. 1 

The observations l and 4 were taken in  the position  of  the tele
scope denoted as " Diopter up " ,  whi le 2 and 3 were taken with " Diopter 
down " .  The first of these positions corresponds to " Ocular East " when 
the instrument i s  adj usted in the meridian. The two threads employed 
wil l  therefore be I and VII, whose d istances from the m idd le of the 
filament are respectively 328 . 1 0  and 338.59, accordingly, with an asym
metry of  1 8 .49. The mean point between the outer threads wil l  there
fore deviate with one half  of th is amount (08 .75 or 1 1 " .2) from the 
centre of  the fi lament .  The correction for th is asymm etry wil l  be quite 
analogous with the ordinary correction for col l imation errors. 

The level readings and the computed incl inations are : 

r l. r. J 
33. 1  9 .5 1 2.0 34.0 - 3.4 

7 .5 29.0 28 .0 6.8 + 1. 7 
5.5 27 .2 36.0 13.8 - 1 7.7 

33 . 1  10 O 3 1. 1  2 5.0 + 15.0 

2. Re d u c t i o n. The n oted t i m es a r e  converted i n to apparent sol a r  

time ,  and the azimuth i s  computed separately for each of the four  
observations. The instrumental errors cause a correction for the circle 
read ings which are computed from  the form ula : 

i .  tang. h + c. sec. h 

where " h "  is the alt itude of  the sun,  being read from the vertical circle 
(20° 1 6' and 2 1 °  40' during the two series of  observation) .  The posit ion 
of  the meridian on the circle as well as circle reading correspond ing  
to " Kapp Forsberg " are grouped in  t he  fol lowing table. 

Meridian .. . . . . . . . . . . . . . . . . 
Kapp Forsberg . . . . . . . . . . . .  . 

Azimuth .. . . . . . . . . . . . . . . . . . 

l 2 3 I 4 

2 16) 3 8" 4" .4 1 2 10238' 2" .5 1 180" 27' 2 7".7 18 002 7' 34".5 
1 1 8 2 6 4 .5 18 126 7 .5 1 15 1 15 3 7 .0 15015 36 .0 

1 330 48 O . 1  1 5 .0 1 9 .3 1 l .5 
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Hence the azimuth for the direction : 

Astrorwmical Station - Kapp Forsberg : 

3300 48' 4" .0 .  

With a mean error of ± 2" . 0 .  
3.  V e r i f y i n g  t h e a z i m u t h .  T h e  above determination o f  

azimuth m a y  b e  verified by means of  a quite independent determination 
of  the direction of the meridian in connection with the determinat ion 
of  the t ime a lready given .  The azimuth of  the instrument  was deduced 
from the transit observations and as the horizontal circle was read 
s imultaneously ,  the posit ion of  the meridian on the circle m ay be 
deduced. A subsequent pointing o f  Kapp Forsberg gives occasion for 
a determination of the azimuth of the direction of this point .  The  
calculation w i l l  be the following : 

Circle . . . . . .. . . . . . . 1800 23' 22".0 
+ 4 19 .8 

180 27 41 .8 
Kapp Forsberg . . . . . . 1 5 1  15 41 .6  

Azi m uth . . . . . . . . . . .  I 330 47 59 .8 

i . e. , a value only d iffering about 4" from the azimuth determ ined by 
means of  the sun. The latter value is therefore adopted as quite 
sufficiently aecurate. 

Determination of the Magnetie Variation. 

l .  I n s t r u m e n t  a n d  s t a t i o n s . For the purpose of determining 
the variation in  Bjørnøya there were carried out in a l l ,  i n  the summer 
o f  1 923, four series of observations with an instrument " Bamberg 953 1 " 
lent  by Universitetets astrorwmiske og magnetiske observatorium (The  
Astronomieal and Magnetie Observatory of t he  U niversity) , Oslo .  The  
magnetic part of the instrument eonsists of a double magnetic needle 
supported on a pivot and enelosed in  a proteetive box, furnished with 
the neeessary openings for l ight to enter. The optieal part of the 
instrument eonsists of a smal l  reversible teleseope. The horizontal 
eircle is read by means of  verniers, and gives the proximate half m inute. 
The method of observation was the one employed at the observatory 
of Oslo,  consisting of  twenty adjustments in all, with circle readings 
and inversion of magnet and telescope. The t ime was determined by 
eomparing a watch with a ehronometer. 

As a stat ion a point was ehosen near the C-mine ,  sheltered by a 
house, where two complete determinations were earried out. A third 
determination was effected under shelter of the mess .  On  aceount o f  
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an increasing cover of  clouds  a point ing o f  the sun was atta ined on ly 
i n  one position of  the telescope. A fourth determination was carried 
out at Kapp Forsberg with the mounting above the station bolt i n  a 
trigonometrical point ,  but as no  point ing of the sun was attained , the 
observations in  th is  station have not been computed . 

The instrument must be characterized as very suitable for deter
m inations of  variation ,  being l ight and manageable and giving an accuracy 
sufficient for the purpose. 

2. T h e  o b s e r v a t i o n s. In the fol lowing grouping of  the observ
ations that were made,  the observations of the sun have been reduced to 
the centre of the sun and the mean of the circle readings have been 
calculated .  

28th A ng. 1 923. C-mine. 
Watch : -78 .0. 
Prism up .  

Sun : 1 2h 52m 43s .7 Circle : 
55 37 .0 
58 58 .0 

Prisrn down 
1 2  42  47 .5  

45 58 .5 
45 57 .5  

1 830 59 ' . 5  MaKnet :  
1 84 45 .7 Prisrn up 1 6 1 0  4 ' .95 
1 85 40 .2 reversed . . • . .  32 .65 

Prisrn down . . 28 . 90 
1 8 1  1 7  . 2  reversed . . . .. 1 60 51 .55 
1 82 8 . 7  Mean . . . . . . . . 1 6 1  1 4 .5 1  
1 82 58 .2 

The sky clouded ove r. The sun d irn ly  visible now and then through the chang ing 
cover of clouds. The l i rn b  of the sun we l \  defined.  The weakest solar glass used.  

4th Sept. 1 923. C-mine. 
Watch : - 1 68 .7 .  

Sun : 6h 38m 4 1 S.5 Circle : 
4 1  49 .5  

Prisrn down 
6 45 36 .0  

48 28 .5 

25° 8.75 
53.75 

26 48.25 
27 29.75 

Magnet:  
Prisrn up . . . .  2750 20 ' .60 
reversed . . . .  . 
Prisrn up . . . . 
reversed . . .. . 

52 .05 
50 . 65 
28 . 25 

Mean . . . . . . . .  275 37.89 

A bright stripe in the western horizon, where the sun could be observed at the 
rn iddle of the series of  observation. CaIrn weather. Favourable conditions. 

22nd Sept. 1 923. The staff house. 
Watch : + 1 3s.0. 
Prism down . 

Sun : l l h  3 m 4 s 

1 1  6 O 
Circle : 1 8 1 0  32 O 

1 82 1 7.5 
Magnet : 
Prisrn down . . 1 860 22' .90 
reversed . . . .  . 
Prisrn up . . . . . 
reversed . . . . .  . 

38 .95 
45 .30 
24 .40 

Mean . . . . . . . . 1 86 32 .89 

The sun could be observed only in  the first posit ion of  the telescope. Light breeze. 
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3 .  C o m p u t a t i o n  o f  t h e  o b s e r v a t i o n s . The result o f  the 
computation of the solar observations is  given in  the fol lowing table .  
This  contains : The t ime observed,  the calculated azimuth of  the sun,  
the  circle readings and the merid ian .  

Date Time Az. I Circle I Mer. Mean 

August 28th . . . . 1 2h 42 m 478 .5 1 5° 56 ' . 95 1 8 1 0 1 7 ' . 20 1 650 20 ' .25 1 650 20 ' .80 
- . . . . 1 2  58 58 .0 20 18 .85 1 85 40 .20 1 65 2 1  .35 

September 4th .. 6 38 4 1  .5 1 05 38 .70 25 8 .75 279 30 .05 279 30 .40 
- . .  6 48 28 .5 1 07 59 .00 27 29 .75 279 30 . 75 
- 22nd . .  1 1  3 4 .0 -8 30 .50 1 8 1  38 .00 1 90 8 .50 1 90 8 .30 
- . .  1 1  6 O .0 - 7  50 .60 1 82 1 7  .50 1 90 8 . 1 0  

Hence t h e  direction of  t h e  meridian h a s  been determined ,  and  the 
magnetic variation wil l  be the d ifference between the circle reading for 
the meridian and for the magnetic needIe ,  as fol lows : 

Date Merid. Magnet Var. 

August 2 8th . . . . .  1 650 20 ' .8 1 6 1 0 1 4 ' .5 40 6 ' .3  
September 4th  . . .  279 30 .4 275 37 .9 3 52 .5 

- 22nd . . .  1 90 8 .3 1 86 32 .9 3 35 . 4 

Mean . . . . . . . . . . .  1 3 51 . 4  

If the same weight is appIied to the three determinations, the mean 
error of  the mean wil l  be : ± 8' .65 . 

As the fina l  result for the magnetie variation in Bjørnøya for the  
area about Tunhe im we shal l  have the value : 

30 5 1 ' 04  ± 8' .95 West. 

As for the annua l  decrease of  the variation , see below. 

Discussion of obtained Values. 
l .  E a r l i e r  a s t r o n o m i c a l  o b s e r v a t i o n s . On  examining 

the publ ications of  the early  Arctic expeditions  we flnd that some 
observations have been carried out during their stay in Bjørnøya .  As 
these expeditions did not  have the i nvestigation of Bjørnøya as their 
chief a im, and  as their astronomical observations were of ten rendered 
difficult through bad weather, i t  is on ly to be expected that the early 
determinations  of  the position of the island were few and unrel iable .  
The first determination of  longitude and lat itude in  Bjørnøya was carried 
out by a French scientific expedition in the corvette " La Recherche "  
led b y  Paul Gaimard,  t o  the Arctic regions i n  J uly 1 839. Delaroche, 
the offker o f  th is expedition ,  managed to determine the posit ion o f  the 
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western point  of the is land,  the present Kapp Duner (Fig. 1 0) ,  and th e 
coordinates found for this point were : 

Latitude : 74° 30' 52 " . 
Longitude : 1 6° 29' 1 0" East Paris. 

The next expedit ion to make an astronomical determination of  position 
i n  Bjørnøya, was the Swedish expedition in  1 864 led by A. E.  Norden
skiOld. Sun observations were made on the 1 8th and 1 9th of J une by 
N. C.  Duner at the Russian hut  ( Fig. 1 0) north of  Sørhamna ,  and the 
result was as fol l ows (Duner, N.  C.  & A.  E.  Nordenskiold ,  1 867, p .  32) : 

Latitude : . . . . . . . . . . . . .  74° 22' 56" . 
Longitude : . . . . . . . . . . . . .  1 9° 1 5' I S" ( 1  Il 1 7m I s) east Greenwich . 

Four years later, i n  1 868, another Swed ish Arctic expedit ion under 
the leadership of A .  E .  N ordenskiold visited Bjørnøya, and perforrned 
in  the last  days of july astronomical observations from a station near 
the so-ca l led Kol bukta north of  Austervåg at Tunheim .  The  resul t of  
these  observations was according to N ordenskiold ( 1 870) p .  579 : 

Latitude : 74° 28' 35" . 
Longi ttide : I Il 1 6m 38s.2 East Gr. 

On the same occasion observat ions were also made on the north 
coast of  the island ,  near Tobiesen 's  H us ,  whereby t he  position of th is 
place was determined.  The position was found to be : 

Latitude :  . . . . . . . . . . . .  74° 38' 55" . 
Longitude : . . . . . . . . . . . .  I Il 1 5m 468 .6 East Gr. 

To these observations ,  made by v .  Otter and A.  E. Nordenskiold , 
is a n n exed a n ote saying that the dete rminati o n  is un rel iable owing 

to the cover of clouds. 
I n  a work by A.  Wij kander ( 1 874) , a l l  the avai lable determinations 

of  geographical  positi ons i n  Bjørnøya are grouped together  (p .  55) in 
the fol lowing table : 

lat. long. 

Tobiesen's H us (House) 74° 38' 55" 1 11 1 5m 1 48 F. W. v. Otter 1 868. 
Kapp Duner . . . . . . . . .  74 30 52 ( I 5 57) Delaroche.  
Kolbukta . . . . . . . . . . . . 74 28 35 l 1 6  38 F.  W. v. Otter 1 868 . 
Russian H ut . . . . . . . . .  74 22 56 I 1 7  I N .  C .  Duner 1 864. 
" Kl ippo " (Cl iff I sland)  . 74 22 35 ( I  1 7  1 )  N. C .  Duner 1 864. 

As will be seen , al l  these statements are in accordance with those 
publ ished by the respect ive expeditions with the exception of the  
longitude of  Tobiesen 's  H ouse, wh ich  NordenskiOld in  1 870 states to be 
I Il 1 5m 46. 8 6, whereas the va lue by Wijkander is  stated to b e  I Il 1 5m 1 4s. 
The reason is supposed to be a revision of the original com putations 
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of  the defective observations performed by the expedit ion in  1 868. To 
the above table by Wijkander may be added the values found by the 
Swedish Arctic exped ition in  1 898 conducted by A.  G. N athorst .  The 
astronom ical , ph otogrammetrical and magnetie works that were carried 
out on this expedit ion have been revised and publ ished by Axel Ham
berg ( 1 905) , and h is  pa per contains in formation on  determinations of  
posit ions as  we l l  as for azimuth in Bjørnøya. 

The instrument  employed was a theodol ite with 1 2  cm cireles. The 
atmospherie condit ions impeded an accurate astronomical determination 
o f  lat i tude and longitude. A meridian alt i tude of  the sun was, however, 
attained from a station at the mouth of  Kvalrosselva north of Sør
hamna. From this observation is deduced the fol lowing value for the 
lat i tude (p. 8) : 

74° 22' 2"  

Hamberg makes a comparison between this value and the one 
given in  Wijkander 's  table for the posit ion of  the Russian Hut. This 
point  l ies about 40" north of  the mouth of Kvalrosselva , being thus situated 
in latitude 74° 22' 42" , and accordingly agrees wel l  with Duner's value. 

Owing to m ist y weather, Hamberg could not  perform any deter
m ination of longitude.  There was, however, undertaken a determ ination 
of  the magnetie variation of  special interest for the orientation  of the 
is land.  The variation was found to be 6° 23' West .  The orientation of 
the cireles of  latitude and longitude on the map of B jørnøya by C .  j. O .  
Kje llstram a n d  A.  Hamberg o n  t h e  scale l :  1 00 000 was based upon 
th is  determination of  the magnetie variation and Duner 's  determination 
of latitude and longitude (N  athorst 1 899). 

2. When the values for longitude and latitude found in 1 923 are 
to be compared with the position previously attained i n  the island ,  the 
fol lowing points must be considered : 

Tobiesen's Hus  (House) . . .  74° 38' 55" 
Russian Hut  . . . . . . . . . . . . . . 70 22 56 
Kolbukta . . . . . . . . . . . . . . . . . 74 28 35 
Kapp Duner . . . . . . . . . . . . . .  74 30 52 

l h 1 5m 1 48 
I 1 7  I 
I 1 6  38 

( l  5 57) 

Duners determination of " Kl ippa " ,  near Sørhamna ,  may be con
sidered only as a confi rmation of  the situation of the Russian hut. The 
same applies to Hamberg's determination of  Kvalrosselva. 

I n  order that the earl ier determinations of Bjørnøya may be com
pared with the pos.i t ion o f  the is land deduced from the observations 
i n  1 923, a l l  the  earl ier results are reduced to the same point ,  viz . ,  to 
the astronomical station from 1 923. It has been rendered possible to 
carry out such a reduction  by means of  the trigonometrical net covering 
the island ,  which admits of  a determination of  the rectangular coordinates 
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for the points from where the earl ier astronomical observations h ave 
been made .  These coord inates are grouped in  the fol lowing table : 

As!ronomical  S!a! ion . . . .  
Kapp Forsberg ( pl. 64) . .  
Tobiesen's Hus ( H ouse) . 
Russian Hu!  . . . . . . . . . .  . 
Kolbuk!a . . . . . . . . . . . . .  . 
Kapp Dun�r  . . . . . . . . . . . I 

y 

1 4  1 38 .05 
1 3 1 16.43 
8 520.85 

1 0 8 1 5.00 
1 3 600.00 

750.00 

x 

1 6 944 .36 
20 6 1 4 .33 
21 866.75 

7 470.00 
1 8 1 30.00 
1 9 770.00 

The trigonometrical point " Pt. 64 " is identical with the a boye 
" Kapp Forsberg " which was made use of  in  the azimuth determinat ion .  
The coordinate system to which these values are referred has an origo 
arbitrarily chosen and the d irection of the X-axis is  obl ique relative to 
the meridian .  In order to solve the question in hand i t  wll l therefore 
be necessary to reduce the coordinates of each point to the astronom ical 
station and transform them to the meridian,  the angle between X-axis 
and meridian being 1 3° 38' 35" .2. 

Hereby we have the fol lowing values : 

Azimuth log.dist .  Y X 

Pl. 64 . . . . . . . . . . . . . . . . . . . . . .  330 48 4 .0 3 . 5808 69 l 858.44 + 3325.44 
Tob i ese n's  Hus  ( H ouse) . . . . .  297 35 6.3 3 .873250 - 6 6 1 9.77 + 3458.53 
Russian Hu! . . . . . . . . . . . . . . . .  1 8 5 4 1  6. 1 3 . 521 529 - 994.54 - 9990.50 
Kolbuk!a . . . . . . . . . . . . . . . . . . .  321  57 23.3 3. 1 1 47 1 8  6 1 2.28 + 1 1 49 .42 
Kapp Dun�r  . . . . . . . . . . . . . . . .  268 16 33.6 4 .1 36 1 83 - 1 3 676.82 - 4 1 1 . 65 

The coordinates transformed in th is way gi ve d irectly the posit ion 
of  the severai points north and east of the astronomical station .  H ence 
the necessary quantities of  reduction are found by computing the d iffe
rences in lat itude and longitude corresponding to the  coord inates. 

The d ifferences found are added to the earl ier values for longitude 
and lat i tude of the points .  This gives for every single determinat ion 
a value of  the geographical coordinates of the astronomical station , 
which wil l ,  accordingly, be dependent upon the original determinat ion 
and the transfer of  the latter by means of  the trigonometrical net .  I t  
i s  thus possible t o  make a s imple comparison between the coord inates, 
based upon al l  the avai lable determinations.  

I n  the following table are given the computed d ifferences in  la ti tude 
and longitude ,  the observed and transformed latitude and longitude. 

6 cp cp cp D A  l, A 

Tobiesen 's  Hus  (H ouse) . . . . .  + 1 .8 38.9 74" 37 ' . 1  - 53s 1 5m 1 4s 1 h  1 6m 7s 
Russian Hu!  . . . . . . . . . . . . . . .  - 5 .4 22.9 28 .3 - 8 1 7  1 

I 1 7  9 
Kolbuk!a . . . . . . . . . . . . . . . . . .  + 0.6 28.6 28 .0 - 5 1 6  38 1 6  43 
Kapp Duner . . . . . . . . . . . . . . .  - 0.2 30.9 31 . l - 1 1 0 ( 5 57) 7 47 
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I t  appears from the grouping that  there is a wide disagreement  
between the older coord inates for Bjørnøya.  I f  these values are  to be  
combined to a mean ,  the respective values must be given unequal 
weight according to the accuracy of the d ifferent determ inations. 

The observations by Tobiesen's H us are ,  as noted above, unrel iable. 
If this determination is given the weight I ,  it is proper to attach to 
the determination a t  Russian hut where the result has been verified,  
a considerable greater weight .  The latter is estimated a t  4 .  As for the 
determinations a t  Kolbukta and Kapp Duner, no special  information i s  
available, but i t  may be taken for granted that  they are more rel iable 
than those a t  Tobiesen 's  H us, for which reason they are given the 
weight 2. As for Kapp Duner i t  may be noted that the determination 
of  longitude in  the table by Wijkander ,  quoted above,  is placed with in  
brackets. I t  a l so  deviates so abnormal ly from the other determinat ions 
that  i t  must be considered most proper to neglect i t  altogether. 

3. T h e c o m p a r i s  o n .  If the mean values are formed, based 
upon these reviews, the result will be as  follows, where the mean 
error has been computed according to the form ula : 

m = 1 /  rp v2] 
r [p] [n- I ]

' 

Longitude . . . . . . . . . . . 1 h 1 6m 7s Weight 1 
69 4 
43 2 

Mean . . . . . . . . . . . . . . . I 1 6  53 mean error : 1 8s 

Latitude . . . . . .  . . . . . 74° 37 ' . 1  Weight 1 
28 .3 4 
28 .0 2 
3 1  . 1  2 

Mean . . . . . . . . . . . . . . .  74 29 .8 mean error : 2 ' .0 

As it appears from the computed mean errors, the earlier observ
a tions give a rather poor determinat ion of  the position of  Bjørnøya. 
And ,  as might be expected ,  the greatest unreliabil ity is to be found in 
the determinat ion of longitude, where the mean error, i n  spite of  the 
most deviat ing value being neglected, amounts to no  less than 1 8  seconds 
of t ime.  The error in  the la titude is a lso considerable ,  being, as  men
tioned , 2' .0. 

If the mean of  the earl ier values i s  compared with the posit ion 
computed from the observations in 1 923, the proportion wi I I  be as fol lows : 

Longi tude . . . . . . . . . . . . . . . . . .  . 
Latitude . . . . . .  . . . . . . . . . . . . . . 

Mean of earl ier  values 

Ih 1 6m 53s + 1 8 s  
74°' 29 ' 8  ±Z' .O  

Mean 1 923 

Ih 1 6m 54s 22 + OS .25 
74° 28 ' 57" ±4 /1 . 7  

(28 ' .95 ± 0 ' . 08) 

, 
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Hence i t  appears that  the  value from 1 923 approaches surprisingly 
the mean value of earl ier determinations ,  much more than might have 
been expected beforehand .  

I t  is  therefore proper to consider the determination of  the posit ion 
of  Bjørnøya undertaken in  1 923 , as  agreeing with the  earl ier values 
available, and also as being an improvement on them . 

Azimuth determination and the magnetie variation. 

N o origina l  determination can be seen to have been carried out 
in Bjørnøya, whereas there exists the above determinat ion of  magnetie 
variation by Hamberg, including an azimuth determination .  Th is deter
minat ion has been used for the orientation of the · Swedish map of 
1 899. The determination is ,  however, not  attached to any denn ite point 
i n  the island ; comparison is  therefore quite out  of  the question . 

One single determination of the magnetie variation in  Bjørnøya 
was made by Commander A .  H ermansen o f  Den norske Svalbard
ekspedisjon in the summer of 1 92 1 ,  the result o f which was the value : 

3° 50' .48 W. 

As wil l  be seen , this value a lm ost perfectly agrees with the one 
determined in 1 923. I t  appears from a comparison between these two 
values and the early one found by Hamberg in 1 899 : 

6° 23' W;  

that  the m agnetie variat ion i s  decreasing. 
This i s  connrmed by later observations made in  the year 1 93 1 .  

During the expedition of  that  year the hydrographie surveyor of  the 
expedition ,  Lieatenant  Rolf  Kjær,  carried out determinations of  magnetie 
variat ion (see p .  7 1 ) . The result is  the following values of variation at 
3 points in  Bjørnøya. 

Tunheim . . . . . . . . . . . . . . . . . .  2° 04' .5 
Kapp Duner . . . . . . . .  . . . . . . .  2 26 .7 
El Iahytta . . . . . . . . . . . . . . . . . .  2 3 1 . 4  

As will be  seen, the  variation shows different  value in  the d ifferent 
places in  the island .  In order to flnd the approximate amount of  the 
annua l  decrease of  the variation ,  the fol lowing determinat ions wi l l  
be used : 

Magnetie variation 1 899 
1 922 
1 93 1  

6° 23' 
3 5 1  
2 4 

Here the two values from 1 92 1  and 1 923 are sum med up, a mean 
value being considered as referring to 1 922. Of the  3 determinat ions in  
1 93 1  the one  perforrned at  Tunhe im wi l l  be used . 
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From 1 899 to 1 922 the varlation has decreased 2° 32' i .  e .  6'.6 
annual ly .  

From 1 922 to 1 93 1  the variation has decreased 1 °  47' i .  e .  1 1 ' .9 
annual ly .  

The magnetie variat ion of Bjørnøya (Tunh eim) may be expressed 
by the equation : 

2° 4' W - 1 2' annual ly .  Epoch 1 93 1 .  

I t  is to be noted that the magnetie anomalies which the observations 
on  land show have been observed also by n avigators in  the waters 
around Bjørnøya. 

The task that had been set in 1 923 was to procure geographical 
coordinates for one point in  Bjørnøya, and to perform an azimuth 
determination for the purpose of  providing a settled and adjusted geo
graphical net for the detailed map of the island .  Desirable as  i t  would 
be to arrive a t  a determination of high precision in Bjørnøya, there has ,  
as  yet, been no  opportun i t  y of  doing so .  And i t  must be regarded as 
quite im possible to atta in the necessary observations for such a deter
m ination in the summer.  lf  a determinat ion of high precision is desired ,  
a series of  observations must be carried out in  the  winter when the  
pack-ice surrounding the  is land causes comparatively settled atmospheric 
conditions. Such a determ ination wil l ,  however, be very valuable and 
of  importance to the study o f  the  secular changes of  the longitudes. 

3 
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Geodetic and Topographical Work on Bjørnøya 
t 922-- t 924. 

By 

ALFRED KOLLER A N D  BERN HARD LUNCKE 
Survey Work in 1922. 

I n 1 922 the Norwegian Svalbard Expeditions led by Adolf H oel were 
charged by the co al company, Bjørnøen A lS, to carry out the survey 

work for the proposed aerial ropeway, loading plant, etc. on Bjørnøya. 
The tasks first to be carried out were : 

1 .  Track for the aerial ropeway from Laksvatnet to Sørhamna  on 
the scale of  1 : 2 000 and contour in terval one metre. 

2. Sørhamna with surroundings.  scale 1 :  I 000, and contour interval 
one metre. 

Previously, the  engineers E. Sørum and Claus Schive had carried out 
some mapping on behalf of  the min ing company on a scale from 
I : 250 to  I :  1 0 000, e .  g .  a map o f  Sørhamna and  part of  the aerial 
ropeway track northwards to near the southwestern corner of  Misery
fjellet, scale 1 :  1 0  000, and also a rna p of an area between Fugleodden 
and Austervåg, scale 1 :  5 000. Soundings were carried out in  Austervåg, 
at  Tunheim and north of  Fugleodden and plotted on 1 : 500 scale maps. 
Of  the maps mentioned only the one from Austervåg to Fugleodden , 
surveyed by Sch ive in  1 9 1 8, can have been based upon a trigonometric 
survey with permanently fixed points, and whose heights are referred 
to bench marks which have been determined by systematie water level 
measurements. The other maps had no bench marks and were on ly 
provisional ones. Now that a survey of the proposed aerial ropeway 
track was to be carried out, extending nearly right across the i sland ,  
i t  was natural to plan the  work in such a way that the map could 
la ter be extended to cover the entire island ,  th is  being desirable for 
the  fol lowing reasons :  The  reports on the coal and m ineral deposits of  
the is land avai lable in  1 922 were very favourable. The report showed 
that about two-thirds of the island probably contained h igh-grade coals .  
The harbour condit ions of the is land were also insufficiently investigated ,  
and a detai led map of the is land was necessary i n  order to get the  
possible harbours investigated ,  more particu larly as  new storage and 
l oading plants were planned. 

As the question of property rights was soon to be dealt with, 
a correct map was h ighly desirable for deal ing with these problems. 
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Plan for Field Work. 

The final  decision about the Bjørnøya survey was taken late in the 
summer, and the more detai led plan for the field work was elaborated 
by the head topographer,  Koller, at  a conference on August 1 6th during 
H oel 's  stay on the is land .  The following was agreed upon : 

The survey to be carried out in agreement with the above plan . 
For the map of  the aerial ropeway track , a stretch o f  country to be 
surveyed having a width of l kilometre, and  based upon a trigono
metrical net .  The triangulation to be carried out with a precision 
theodolite . The fixing of the trigonometrical points to be made permanent 
i f  possible ,  so that  they might be of  use to the technical plants wh ich 
m ight be erected in  the future. Bolts in  the sol id rock or in  large 
blocks are preferred .  Crosses chiselled in  the rock or dri l led hoies 
m ay al50 serve. 

The number and situation of  the trigonometrical points to " be 
chosen in the first instance with regard to a favourable development 
of  the trigonometrical net " .  As the signa ls  are to serve also as control 
points for the detailed photogrammetric survey, care must be taken 
to erect an adequate num ber of  them for this purpose. The signals 
must be of  such a size and shape that they can be found on the 
photographic plate. 

The trigonometrical net to be built upon an accurately measured base 
l ine .  The site of the base-l ine shal l  not  be fixed unti l  the surveyors 
h ave acquired a complete knowledge of  the country to be surveyed .  

I n  order to ge t  a starting point for the heights ,  water level measure
ments shal l  be carried out throughout as long a period as possible. 
As a rule, the elevation of  the trigonometrical points shal l  be deter
m i n ed trigonometrical ly .  

For the detai led survey stereo-photogrammetry i s  to be employed , 
supplemented by tacheometry and depression m easurements.  As the 
weather condit ions in Bjørnøya are very unfavourable ,  the spel Is  of 
fine weather must  be thoroughly uti l ised for surveying work , whereas 
days with bad weather must be used for the erection of  signais ,  bringing 
up  provisions ,  moving camp, etc. 

The work i s  thus to be divided : 

Alfred Koller, topographer, with Aksel Aaker, Magnus Abrahamsen and 
Per H oel as assistan ts : the stereophotogrammetric detai l  survey. 

Wilhelm Solheim ,  topographer,  with Karl Kristiansen as assistan t : the 
triangulation .  

Werner Werenskiold , topographer,  with Kristian Kristiansen as  assi
stant : tacheometry, when he is  not engaged in geological sur
veying. (W. a lso being a geologist) . 
Koller is the leader of the field work . 
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Instruments and other Outjit. 

The surveying parties had the fol lowing instruments and outfit  a t  
their disposal : 

Base m easurement wire of invar metal 24 m ,  from Gottschalk , 
Stockholm .  

4 Base tripods .  
2 Spring bal ances. 

Triangulat ion theodol i te Nr. 90 1 . 1 
Theodoli te Nr .  535. From Sigurd Baalsrud, Oslo .  
Theodoli te Nr. 537. From Sigurd Baalsrud, Oslo .  
Theodolite N r. 1 1 904. From Otto Fennel, Casse\ . 
Stereophotogrammetric field outfit Nr. 1 4800 fro m  Carl Zeiss J ena ,  

and h ired from Kartkontoret Stereograjik AlS, Oslo.  
3 Steel  measuring tapes. 
2 Level I ing staffs. 
3 Stadia rod s .  
3 Foot-rules (2 metres) .  
3 Aneroids .  
2 Thermometers. 
6 Pocket com passes. 

40 Dozen plate-glass photographic plates ( 1 3 x 1 8  cm) .  
8 Observation books. 
5 Tents with tarpaul ins .  
8 Sleeping bags. 
8 Life-saving jackets. 
3 Kitchen boxes with dinner service and primus stove. 

Tool chest. 
Sundries. 

Some of the provIs Ions (t inned food) were brought from N orway ,  
otherwise i t  was arranged with Bjørnøen AlS t o  provide the necessary 
supply o f  food .  

Field Work. 

When the decision was taken to commence surveying work on  
Bjørnøya, Koller and Solheim were working in Spitsbergen .  On August 3rd 
they received a telegraphic message from H oel ordering them to Bjørnøya, 
and on August 9 they arrived in  Sørhamna  in  the coll ier SIS " Lyng
haug " . They brought with them 2 assistants. A camp with 2 tents was 
erected near the old whaling establ ishment in  Kvalrossbukta. Later the 

l Description p .  55. We may a l so  refer to the  instrument descript ion i n  Ado l f  Hoel .  
The N orwegian Svalbard Exped i t ions 1 906 - 1 926. Oslo 1 929. - Skrifter o m  Sval
bard og Ishavet, Vol .  I .  Nr. 1 .  P. 77. 

.. 
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surveyors walked to Tunheim , where they found telegraphic instructions 
from H oel ordering them to commence surveying the Sørhamna area 
at once. After h aving received provisions and various tools, etc. from 
the coa l  com pany, the men returned to the camp in Kvalrossbukta , and 
began the erection of  signais .  The next day 3 signals  were put up  on 
Miseryfjel let ,  of  which one was on the h ighest summit, and  3 signals 
on  and north of  Antarcticfjel let .  

On August 13 H oel  arr ived in  the M/C " Ringsæl " ,  which an
chored in  Kvalrossbukta. The other mem bers of the surveying parties 
(land and sea) also arrived along with the rest of the instruments and 
other  outRt. The new members of  the Bjørnøya survey were Weren
skiold and 3 assistants. A hydrographic party was also landed .  with 
Ei l i f  I versen,  Engineer, as leader and 5 assistants .  Their task was to 
m ake sound ings in Sørhamna .  

The fol lowing 3 days were devoted to prel im inary work .  Many 
signals were made,  and severai o f  them were erected around Sørhamna ,  
some especial ly for the beneRt o f  the  hydrographic party. Quite a good 
site for the water gauge was eventual ly found near the head of the 
harbour, where there is  an overhanging rock making it poss ib le to fix 
a wooden plank with i ts  l ower end on the sea-bottom outs ide low-water 
m ark. The upper end of  the plank was kept in position by wedging 
i t  into the projecting rock. As soon as  the survey was started Hoel  
left the is land for Spitsbergen (August 1 7) .  

The  first stereophotogram m etric exposures were made on August 1 6 .  
U p  to August 3 1  weather conditions were quite good ,  and the area 
around Sørhamna  was practica l ly finished.  The narrow gorge of  Russe
elva was surveyed by tacheometry. From September 1 fol lowed a 
period o f  bad weather with a gale on  Septem ber 6 and 7 during 
which two tents were destroyed and the rowing boat damaged .  Then 
came  a spe l l  of  good weather. The boat  was hauled to the top o f  the 
36 metres high s lope and down to safety in Kvalrossbukta. On the 1 4th 
there was a sl ight fal l  o f  snow, otherwise the conditions for observations 
were good.  On September 16 one of the tents was moved near to 
the brook east of  Blåsen, and a stone wal l  was bui l t  around it for 
protection against the wind.  The 1 9th and 20th provided observation 
condit ions,  and Solheim fixed the points of  the hydrographers, and had 
then finished his work in  the southern part o f  the is land .  On Septem
ber 21 " Ringsæ l "  arrived in  Kvalrossbukta from Spitsbergen ,  and the 
hydrographic party, which had now fin ished its work, was taken on board. 
The topographers also moved, and all their outfit was brought to Tun
heim on board the " Ringsæl " .  The same night Werenskiold embarked 
and the ship left for N orway. 

The fol lowing 5 days brought s lushy snow and fog. On the 28th 
a base line was measured, and then triangulation and detail surveys 
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were carried out in the area around the base. More trigonometrical 
signals were erected in the area towards Laksvatnet. From now on 
about every other day gave working weather. During protracted periods 
o f  cold and wet weather the tents were uncomfortable and the time 
was then  usual ly spent in the quarters at Tunhe im .  I t  was  now getting 
late in the season, which was quite evident from the fal l  in temperature. 
On October 1 0  quarters were taken in the hut  at  Laksvatnet, where 
the room had a stove. On the 23rd Solheim finished the triangulation , 
the  fol lowing day Kol ler finished the detail survey and the summer's 
work was done accord ing to programrne .  On account of stormy weather 
the departure from the is land did not take place unti l  N ovem ber  1 3 . 
The period of wait ing was spent in working up the observations and 
the base measurements. 

The crossing to Norway was made in  the ship of the Bjørnøen AlS 
M/C " Blomstersæl " ,  and it was very storrny. On the 1 7th they arrived 
in Tromsø.  

A tota l  o f  59 trigonometrical signals were erected ,  o f  which 38 
were perm anent .  Triangulation was carr ied out in 49 trigonometrical 
points , and in 26 points of secondary order. For the detai l survey 77 
stereophotogram metric base l ines were measured , with a total o f  207 
pairs of exposures. All the stations could be computed trigonometrica l ly .  
Tacheometer and depression surveys were carried out from 24 stations, 
and the latter kind of  survey was also executed from a num ber of  the 
ordinary triangulation points. A leveIl ing l ine was run from the water 
gauge in Sørhamna to a bench mark fixed in  relation to the trigono
metrical net . The base l ine was run and measured on September 27 
and 28th .  I ts length is 982.358 metres and i t  is situated along the 
southwestern edge of  Sørl ia  having a d irection of  N orth abt .  1 2° West. 
The origina l  plan was to place the base line more central ly in relation 
to the area to be surveyed ,  However, when a thorough knowledge of 
the ground was acquired it was found that no other  site than the one 
chosen was suitable .  The extensive and more or less level ground to 
the west of  Miseryfjel let ,  and also the greater part o f  the flat ground 
in  the northwest of the is land,  was ei ther covered with broken stones 
or consisted or very boggy ground,  where it was im possible to fix the 
base l ine points or get sufficient support for the tripods without con
s iderable and arduous prel iminary work , which could not be undertaken 
at  that time  of  the year. The chosen s i te is  one of  the few places on 
the island which is reasonably level  and dry at the same time .  Here ,  
too ,  the base points have a favourable situation for the development 
o f  the trigonometrical net .  
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Office Work. 

The trigonometrical com putations were com menced soon a fter the 
return h ome,  and were carried out by Miss Marie Nord bye ,  Solheim 
and Koller. The latter a lso worked out the  stereophotogram metric 
s tations .  They were finished in January 1 923. Al l  the observations 
proved to be successfu l ,  despite the fact that the weather and l ight  
conditions were not always favourable .  The trigonometrical points  were 
computed with reference to an arbitrari ly chosen coordinate system,  
and the map was  constructed wi th reference to  th is . !  As  wi l l  be seen 
from Fig. 1 1  the triangle net is  supported by severai points situated 
some distance outside the mapped area. The computation work was 
finished in 1 923. The stereophotogram metric construction was carried 
out by Kartkontoret Stereografik AiS, Oslo ,  using a Zeiss-von Orel 
Stereo-autograph ,  Model 1 9 1 4, Nr. 1 1 309. The tacheometer and depres
sion measurements were constructed by Sol he im .  The office work was 
finished in J une 1 923 , and the maps were printed ( I dal-prints) . They 
embrace the fol lowing areas : 

Map of  the region Laksvatnet-Sørhamna,  Bjørnøya, 7 sheets. Sca le  
l : 2 000. Contour interval partly l ,  partly 2 metres. 

Contour interval 1 metre 
2 

6 . 1 8  sq .  ki lometres 
6 .46 

Total 1 2. 64 sq.  kil ometres 

Map 
'
of  Sørhamna with surroundings,  Bjørnøya , 4 sheets . Scale 

1 : 1 000. Contour interval metre.  Area 1 .02 sq .  ki lometres ( included 
in the above figure) . 

Survey Work in 1923. 
In 1 923 i t  was decided that the whole of  Bjørnøya should be 

surveyed on the scale of  l : 1 0 000, with a contour interval of 1 0 metres 
for the h igh ground and 5 metres for the  low ground .  The map  was 
to serve also as a base for the detai l ed and systematic geological in
vestigations to be com menced for ascerta in ing the value and ex tent 
of  the coal d eposits. Time permitting, the a rea around the mine and 
m in ing camp, Tunheim, should be surveyed on the scale o f  1 : l 000 with 
1 metre contour interval. The Norwegian Svalbard Expedit ions were 
charged with the task of  carrying out the survey. To make the survey 
com plete it was also decided to make an astronomical determination of 
the latitude and longitude  of  a point on the is land .  

T h e  coord i nate values of 1 922 have b e e n  subject to qu ite smal l  correcti ons 
accord ing  to the results of the triangulat ion 1 923, which net  had a better develop
ment. The correcti ons,  however,  are so smal l  that they are without i m portance 
to the construet ion.  
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Plan for Field Work. 

The plan was worked out by Koller and consisted main ly o f  the 
fol lowing points : 

The trigonometrical net had the same base l ine and coordinate 
system as in  1 922, and a favourable development of  it throughout the 
is land was naturally a imed at .  For the  triangulation theodol ite N r. 90 1 
is to be used . With regard to the signals  in the trigonometrical points, the 
considerations mentioned in  the working plan for 1 922 were to apply, 
but the signals were to be made considerably larger so as to be visible 
on the photographic plate, for, when surveying stereophotogrammetric
al ly on the scale of 1 : 1 0  000, one must be able to plot the detai Is a t  
a distance 5 t imes  as great as when surveying on the scale  of  l : 2 000. 
The signals  were to be painted , in order to be as clearly vis ible as 
possible .  The trigonometrical points should be spread over the is land 
in  such a way and in  such a num ber that by trigonometrical resection 
the position of the stand points for the detail measurements (base l ines 
and tacheometer, stations) .  As experience has  shown that iron corrodes 
very easi ly on Bjørnøya, copper bolts are to be used for m arking the 
points .  The d imensions of  the bolts are 2.5 cm in diameter and their 
length 1 5  cm . They are put into hoIes for two-thirds of  their length 
and fixed with sulphur .  

The heights are to be determined trigonometrically and based upon 
the water level measurements of  1 922. The Ievels o f  the bench marks 
of the Swedish water level measurements in Russehamna 1 899 to be 
determ ined relatively to one of  our trigonometrical points, as  are the 
beneh marks o f  Claus Schive, C .  E . ,  for the water leve l measurement 
at Tunheim in 1 9 1 8 . 

The detai l  survey to be largely earried out by stereophotogram
metry. The high steep c l iffs against the sea to be surveyed from photo
grammetric sea stations .  The rest of  the coast is  to be surveyed by 
tacheometry, as are the narrow valleys and those parts of  the low 
country which are difficult to get with stereophotogrammetry. The 
coast l ine itsel f is to be surveyed by direct depression sights from  the 
tacheometer stations .  

The work is  thus to be divided : 

Solhe im,  topographer, with l assistant : triangulation .  
Koller, topographer, with 4 assistants : stereophotogrammetric detail 

survey. 
Bernhard Luncke, topographer, with 2 assistants : tacheometric detai Is .  
Koller is leader of the work. 
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Instruments and other Outjit. 

The same instruments for triangulation, tacheometry and stereophoto
grammetry as were used in  1 922, further I Goerz camera, size 1 3 x  1 8  cm 
to be attached to theodol ite Nr .  537. 2 stadia rods  with 5 cm divisions. 
The remainder of  the outfit was practically identical with that of 1 922 
with the following addit ions : 

I rowing boat with 3 pair of oars. 
4 dozen ordinary photographic plates 1 3  x 18 cm . Exposure m eters 

with l ight tables, necessary outfit and chemicals for developing plates 
and printing. 

50 copper bolts, d iameter 2. 5 cm, length 1 5  cm .  
3 kg sulphur .  
3 ham mers . 
(Dri l l-steel and material for the signals were obtained from Bjørn-

øen AlS) . 
Grindery m ateria l ,  leather, screws , etc. for repairing boots. 
6 m attresses. 
By agreement with Bjørnøen AlS i t  was arranged that the provisions 

should be supplied by the company.  

Field Work. 

Koller, Solheim ,  and Luncke, with their assistants, Paul Egede and 
Jens Eggvin ,  left Oslo on June I S  for Trondheim ,  whence they sai led 
for Bjørnøya in  the col l ier SiS "Thormod Bakkevig " .  The ship cal led 
at  Tromsø where the assistants Aksel Åker, Karl Kristiansen , Astrup 
Kristiansen, and Bertran Johansen embarked . On J une 21 the " Thor
mod Bakkevig " reached Bjørnøya, where the expedition was instal led 
at  Tunheim ,  the m ining camp of the company.  Various prel iminary 
work was started , and the leaders of the surveying parties made recon
noitring trips on the is land ,  where there was sti l l  m uch snow. Al l the 
s lopes facing north had huge drifts of  snow, and m ost o f  the lakes 
were covered with ice. As the snow-drifts in man y places also spread 
over this ice, the outl ine o f the lakes was invisible. On June  23 the 
erection of  the signals was commenced. Koller and Luncke with 3 a ssist
a nts covered the northern most' part of the is land,  and began at Kapp 
Forsberg. Solheim with 3 assistants erected the necessary signa ls  on 
Miseryfjel let ,  and on the h igher ground of  the central part of the is land . 
The parties brought with them cut boards for the signaIs ,  copper bolts, 
etc. The shape and size of a signa l  i s  shown i n  Fig. 1 2 . They were 
a l l  supported by 3 stays of  wire. 

On J uly 3 Hoel ,  the leader of the Spitsbergen expedition ,  arrived 
to inspect the work and remained on the island until the 7th. During 
this period the work had advanced so far that it was necessary to 
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erect camps.  One  tent  was 
placed in  a sma l l  val ley west 
o f  Miseryfj el let ,  and a camp 
consist ing o f  two tents at  Laks
vatnet. 

A room with th ree beds 
in the rad io station at  Tun
heim was pJ aced at the  sur
veyor 's  disposal  for the sum
mer. A dark-room was a lso 
arranged here. This  proved 
very usefu J ,  for the party 
leaders could develop and  

- � -'- pri n t  the plates here during 
Fig .  1 2 .  Wooden Trigonometrical S ignaL spel Is of bad weather .  In such 

intervals com putation o f  the 
series in  the observation books was a lso carried out .  Lunckethe photo
graphie expert, developed most of the photogrammes in the course of  
t he  summer .  

On j uly 12  al l  the parties had finished the erection  of  signais .  
The snow had now disappeared to such an extent that the survey 
work proper could commence, but owing to bad weather i t  had to b e  
postponed unt i l  j uly  1 5 . 

Solheim started the triangulation in the base l ine ,  Kol ler started 
north of  Laksvatnet, and Luncke at Kapp Forsberg. Good weather 
prevai led unt i l  the 22nd and the work progressed very satisfactori ly .  At  
t
.
he  height o f  summer  i t  is  possible to work day and nigh t  on Bjørnøya.  

This proved particularly fortunate to the tr iangulat ion and photogram
m etry men ,  who could then choose the t ime of  day giving the best 
l ight conditions for each particu lar  case. Then the field work had to 
be suspended owing to bad weather wh ich l asted un ti l  the 3 1  st. The 
t ime was mostly spent  i n  bringing up further  suppl ies of  p rovisions, 
and repairing boots ! The ground on Bjørnøya is  largely covered with 
large and small angu lar  blocks o f  hard sandstone, and walking on  th i s  
rough surface meant very ha rd  wear  for boot soles .  The  soles had  
therefore to be studded with smal l  ste e l  screws or  a lpine nai ls ,  some 
of which had to  be renewed a fter each day 's  work .  The so les  were 
im pregnated with l inseed oi l .  Only in  that way was i t  possible to keep 
the boots in a fit  condit ion . From August I to the 8th the field work 
could be carried out with br ief interruptions .  Solheim ' s  party had  
nearly finished the  stations on the  h igh  ground,  and Kol ler 's  party 
had finished the low ground stations wh ich to the num ber of 30 are 
situated from Laksvatnet to Kapp Ruth . I n  order to secure good control 
points (Passpunkte) , especia l ly for the stereoscopic bases on Misery-
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B. Luncke phot. 1918. 1 923. 
Fig. 13. Landing Point on the South Side of Kapp Duner. 

fjel Iet, 3 cyl indrical stone cairns were built ,  and painted black. A stereo
photogrammetric exposu re towards Miseryfjel Iet is shown on  pl .  I . A. 

On August 8 the party, consisting of  Luncke with 2 assistants, walked 
to Tunheim to get fresh provisions. On the return j ourney they rowed 
round the island on  the north side and beyond Kapp Duner. There was 
a heavy sweII from the west, and they tried to land on the south side 
of  the cape. About 30 metres off the shore a breaker capsized the boat ,  
but a l I  the  men succeeded in reaching the beach safely. Most o f  the 
provisons were saved , but an  observation book covering a period of  
8 days was  lost. Fig. 13  shows the  landing point . 

The fol lowing 3 days gave bad weather and Kol Ier's party spent 
the time in bringing provisions, photographic plates and outRt to 
Misery Camp.  At the same t ime Luncke's camp  at Kapp Duner was 
Rxed. On the 9th Solheim levelIed the Swedish bench marks in  Russe
hamna .  The 1 2th and 1 3th gave observation weather, but then fol Iowed 
a protracted period of  bad weather which lasted until August 31 . The 
parties of  Kol Ier and Solheim had in this per iod only 2 short days in 
the Reid (August 1 8  and 28) . Each day Kol Ier worked a stereo
scopic base l ine on Miseryfj el Iet .  On the 1 8t h  Solheim moved to the 
camp at Laksvatnet, and on the way he made observat ions in point 
N r. 72. On the 28th he  was on the west coast and observed in N r. 5 
cairn. Luncke's party, h owever, was at work the greater part o f  the 
t ime,  as only the h igh ground had fog. They worked in the low country 
and · along the .coast in  the north western part of  the is land.  The astro
nomer, Dr. Hans Henie ,  n ow arrived i n  the island ,  and  selected as 
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observation po int  one of  the heavy concrete blocks to which the back
stays of  the northern radio mast are fixed .  A concrete observation 
pi l lar with a centre mark was erected here.  The astronom ical point  is  
thus situated that  i t  can be used as a main point  in  the trigonometrical 
net. August 3 1  and September I were fine days and they were also 
made fu l l  use of. Solhe im worked in  6 triangle stat ions ,  Kol ler had  
6 stereoscopic base l ines on Miseryfje l let .  ane of  these, showing the  
low-lying ground with numerous lakes, is  shown on P l .  I .  B.  Luncke ' s  
par ty, now camping at  El Iasjøen in  the south , made  a b i g  advance on 
the west  coast. 

On  Septem ber I H oel arrived from Spitsbergen, on  the way to 
Norway, and ,  a fter having received a report from Koller and Solheim 
on the work carried out, he left the fol lowing day.  

U ntil September 5 weather was favourable for observations .  
Solheim was particularly fortunate in  a lmost completing his observations .  
Luncke, too ,  got  much work done ,  reaching wit h his  tacheometer 
survey the mountains at Kapp Bull ,  and then moving his cam p  to 
Sørhamna .  Kol ler was hampered on the 2nd and 5th by fog in  the elevated 
parts of the is land,  but m anaged to finish the base l ines on Misery
fj el let. ane of these covering a considerable part of the h il ly ground  
in t he  south of  the is land i s  shown on P l .  I l .  A .  Then  fol lowed miser
able weather ,  ra in ,  fog and storm,  which l asted unti l  Septem ber 24. 
The party leaders spent the time from the 7th unt i l  the 1 5th in Tun
heim ; Luncke developed a number of  photogram mes,  Kol ler and Sol
heim worked up their observation series. During some short spelIs of 
clear weather Solheim did some tacheometrical surveying in  the vicinity 
of Tunheim and su rveyed the coast as far as Kapp Forsberg. He also 
started the survey for a specia l  map of  the Tunheim-Austervåg area .  
The scale of th is  map ,  by agreement  with the  manager o f  Bjørnøen AlS 
in  Bjørnøya, was to be l :  2 000 with a contour interval of 2 m etres. 

On September 1 6  the weather had improved , and the parties 
left Tunhei m .  Luncke camped at  Kvalrossbukta. Solheim went to the 
base line to have some  of  his previous observat ions improved ; and 
Kol ler  ascended Miseryfjel let where one stereoscopic base l ine  remained 
to be taken ,  but bad weather set in and no work could be done.  On 
the J 7th  the weather was  sti l l  worse . From the  1 8th unti l  the 22nd 
the a i r  was sufficiently clear for tacheometrica l work : Solheim surveyed 
from Kapp Forsberg to N ordkapp, and then continued his work on 
the special map of  Tunheim ; Luncke worked towards Sørhamna .  K ol ler 
worked from the mountain summi ts every day,  but was not through 
with his work unti l  the 24th .  

At last came the  good weather wh ich l asted 3 112 days .  Solhe im 
finished the triangulation . H e  made fresh observat ions i n  the base points ,  
in  stations 27, 55, 60, 47, 49 and 63 to connect with the astronomical 
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point ,  in which observations also were made. Luncke fin ish ed the tacheo
meter work in the southern part of the island ,  and m oved to Tunheim 
on the 28th .  The photogrammetric survey also had the benefit  o f  good 
weather. Koller went to the southern mounta ins ,  Anta rcticfje l let  and 
Alfred fj el let ,  and in the course of  two days he  finished th is par t  (6 base 
lines) . Another base l ine was taken on the 28th, but then the work was 
in terrupted by a northeast gale, which in the even ing increased to a 
storm . To save the cam p  the men had to bui ld h igh stone wal ls to the 
windward s ide of  the tents. The fol lowing day the wind had abated , but 
bad weather condit ions prevailed unti l  October 1 .  On the fol lowing day 
(fine weather) the survey was finished.  The vessel which was to take 
the surveyors home had a l  ready left Tromsø, and could be expected 
a t  any time .  Kol ler 's party fin ish ed the ir  work with 3 base lines on the 
north and north west s ide of Miseryfj el let ,  and had thus practical ly carried 
out the whole of  their programme. Solhe im d id tacheometrical work at 
Tunheim ,  and Luncke a t  N ordhamna .  The ship, M/C " Blomstersæl " ,  
a rrived that day ,  but could not  sh i ft to the coal pocket unt i l  the fol
lowing day on account of  rough sea. At  6 p. m the ship left Bjørnøya 
with the surveyors and reached Tromsø on the 5th. 

The num ber of trigonometrical signa Is used during the summer  
was as fol lows : 

3 1  wooden signals a boye a copper bolt in the rDck 
1 - » - - » - concrete pi l lar 

29 - iron bolt i n  the rock 
3 - » - - cross in  the rock 

- dri l led hole in the rock 
1 5  - i ron pipe i n  the ground 
2 - »  - - wooden plug in the ground 
9 cyl indrical stone cairns 
2 smaller stone cairns 
l radio mast 
1 flagstaff 

1 test pi t  

96 trigonometrical s ignais .  

Triangulation was carried out from  55 stations ,  with 2 or  m ore 
series from each . Owing to bad l ight and weather condit ions the observ
ations in 1 3  stations were repeated with a fresh instrument setting. 
Points from which no  sights were m ade,  were pointed from so many 
stations that they could be computed with ample surdetermi nation . 
For the detai l  su rvey 63 stereoscopic base l ines were taken ,  with 1 84 
pair of exposures. All the base l i nes could be com puted tr igonometrica l l y .  

There were 1 4 1  tacheometer stations and from 4 of  these were 
taken photograms to be worked out as ordinary photogram metry. The 



- 48 -

edge of  the cl iff  was done with tacheometry, as was the coast l ine 
i tse lf  whenever there was an  opportunity. Otherwise the coast  l ine was 
surveyed by direct depressions. The  tacheometer and depression survey 
were always supplied with sketches o f  the ground .  

Office Work. 

Immediately after the return to N orway the computation work 
was started . 

The base net was computed, using condit ion equations. The other 
chief points ,  spread over the island, were computed by using combined 
intersection and resection ,  ad j usting  according to the method of least 
squares. The other trigonometrical points were usual ly computed d irectly 
from the chief points with intersection and measurement of  a l l  the 
angles, and ad justing the angular sum of the triangles. Points with no 
o bservations, because they were inaccessible ,  were com puted in  2 o r  
more triangles, and  an  average coord inate value. 

Then fol lowed the trigonometrical computations of  the elevations, 
carried out by Miss Marie N ordbye and Solhe im.  

The computation o f  the stereophotogram metric base  l ines  were 
carried out by Koller and Miss Nordbye.  One station (usual ly the 
A station) of  a l l  the base l ines was computed by trigonometrical resection ,  
and check ,  to 1 or  2 points. The d ifference between observed and 
computed d irection angle to the  check points  were ,  as a ru le ,  below 
O.0040 g• 

The tacheometer stations were usually computed as the usu a l  
polygon al traverse connected up wi th  the trigonometrical points .  Fre
quently it was also found expedient to compute some o f  the points by 
trigonometrical in tersection .  The  computations were carried out by 
Luncke and Solheim .  

The stereophotogram metric construetion was done by Kartkontoret 
Stereografik A lS, Oslo .  The work was superintended by Kol ler .  On 
the whole ,  the photographic m ateria l  was successful as regards the 
e levated ground ,  and the map could be drawn . However, the outer  
part of the low country taken from  the long base  l ines  on Miseryfje l let  
and Oswaldfj el let turned out to be incomplete. One had expected to 
be able to draw that  part of  the is land from these exposures. 

The area tacheometrical ly surveyed,  was constructed by Luncke 
and Solheim .  

I n  t h e  spring of  1924 the construction work was nn ished ,  and 
prel im inary pr ints were made .  
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T U N H E I M  
BJ O R  N OVA 

Fig. 1 4. Plan of Tunheim. 

4 
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Area surveyed in 1 923 : 
On the scale l :  1 0  000, and contour interval 5 and  

10  metres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 20. 1 2  sq .  km 
On the scale  of  l :  2 000, and contour interval 

2 metres (mining area) . . . . . . . . . . . . . . . . . . . . .  0.64 ------
Total 1 20.76 sq .  km 

Survey Work i n  1924. 

It now remained to map the steep seaward slopes of  Miseryfj el let ,  
the sea-cliffs of  Fuglefje l let ,  Hambergfj el let and Alfredfj el let ,  together 
with an  area between Laksvatnet and Herwighamna .  To this should 
be added a considerable part of  the low country i n  the northwestern 
part o f  the is land,  which it had not been possible to construet stereo
photogrammetrical ly. 

I n  order to complete the survey two parties consisting o f  the topo
graphers Luncke and Kåre Gleditsch ,  with Karl Kristiansen and Bertran 
j ohansen as assistants, were sent to the island . Luncke was the leader 
of  the fie ld work. The instruments used were : Theodolite Nr .  537 and 
539 from Sigurd Baalsrud, Oslo .  Theodoli te Nr . . 539 had a camera ,  
N r. 7793, size 9 x  1 2  c m ,  wh ich camera could also b e  used for instan
taneous photographs. Along with Zeiss aerial camera N r. 4783, size 
1 3 ><  1 8  cm i t  was used for the  photogrammetric sea stations  (fig. 1 5) . 

Field Work. 

The topographers Solheim and Gleditsch with 4 assistants arrived 
at the is land by SIS " Thormod Bakkevig " on j uly 5, and a t  once 
co m menced to build sign als  a long the coast fo r the support o f  the sea 

stations. Luncke j oined H .  M. S. " Farm " ,  which ca l led at the is land on 
j uly 10 on her way N orth with th e  Spitsbergen ex peditio n ,  on a tr ip 
along the Bjørnøya coast .  O n  th is tri p photogrammetric sea stations  

were taken on the stretch Misery fj e l let  - Fuglefjel let ,  where the  work 
had to be stopped on account of  fog. The photographer was Kol ler .  
The same night " Farm " left for Spitsbergen .  Koller and Solheim were 
then also on board . 

The area north of Laksvatnet was first surveyed,  then the flat  
country westwards around N ordhøgda and Tverrsjøen and farther south
wards. Thenee some blanks on the map at  Oswaldfjel let ,  El las jøen, 
Ymerdalen , Fauskevika and Kapp Levin .  The special map of  Tunheim 
was considerably extended.  Some surveying in the mine was done 
by Luncke. 

On j uly 27 , the mining com pany placed SIS " Geir"  at the disposal 
o f  the party for a trip around the is land,  enabling Luncke to take the 



remaining photogrammetric sea 
stations on the stretch Land
nørdingsvika-Stappen . One of 
these panoramas  is  shown on 
Pl .  Il. B. 

There were 1 1 6 tacheo
meter stations ,  of which 3 also 
served a s  photogrammetric sta
tions. The mining area of Tun
heim was surveyed , with 6 new 
bench marks on the surface 
and 4 in the m ine. The com
putations of  the l atter were 
carried out on the spot, and 
the results handed to the 
manager of the mine ,  Fr .  The
ting, on Septem ber 1 6. From 
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Fig. 1 5. A i r  Survey Camera. 
Size 13 x 18 cm. 

the sea I I  photogrammetric stations were taken with a total o f  35 photo
grammes .  As check points for these stations 2 new cairns and 3 signals 
were built ,  and also a few signa Is in old points. 

The field work at  Bjørnøya was thus completed and the survey 
of  the island brought to an end.  

Office Work. 
The maps were constructed during the winter of 1 924-25. The 

tacheometry was com puted and constructed by Luncke, and Jakob 
Sartorius,  Solheim ,  and Luncke constructed the results of  the photo-
grammetric sea stations. 

Area survey,ed in  1 924 : 
On the scale I :  1 0  000, and contour interval 5 and 

lO  metres . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  43 .69 sq .  km  
On t h e  scale 1 : 2 000, and  contour interval 2 metres 

(min ing area) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.98 --:-:-::=---,--
Total 44.67 sq. km 

Below fol lows a summary of surveying methods, surveyed areas, 
and published maps. 

1 922. Stereophotogram metry, scale l :  1 000 and 
1 : 2 000 (aerial ropeway track) . . .  , , . . . . . . . . . . 1 2.64 sq .  km 

1 923 . Stereophotogrammetry, scale l :  1 0 000 . . . . . 9 1 .88 
Tacheometry, scale l :  1 0 000 . ,  . . . . . . . . . . . , . ' 28 .24 
Tacheometry, scale l :  2 000 (min ing area) . .  , . , 0.64 

1 924 , Photogrammetry from the sea, scale l : 1 0 000 3 .6 1  
Tacheometry, scale l :  1 0 000 . .  , . . . . . .  . . . .  . . .  40.08 

1 : 2 000 (mining area) . . . . ,
--,-:=:

0
:-
,9
::-:

8
=-----:: 

__ 

Total area of Bjørnøya 1 78.07 sq. km 
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The is land has about 700 lakes and ponds ' ,  mostly situated on the 
flat  ground ,  the total area of  which is 1 8.8 sq.  k i lometres ,  or 1 0 .6 per cent 
of the total area of  the is land .  

In  addi t ion to the maps mentioned on p .  40 : Trace of the proposed 
aerial ropeway, and Sørhamna with surroundings ,  come the fol lowing : 
Special map of  the Tunheim area. 2 sheets. Scale : l : 2 000. Contour 
in terval 2 metres .  Area 1 .62 sq . km ( " Ida l " print) . 

The fol lowing two topographical maps were printed : 

1 .  Bjørnøya, 6 sheets in  3 colours. Scale : l :  1 0 000. Contour interval 
5 and 1 0 metres. Reproduced and printed by lng. Dahls Opmåling, 
Oslo 1 925. 

2 .  Bjørnøya, printed in  4 colours. Scale l :  25 000. Con to ur in terval 
5 and 1 0  metres .  Reproduced and printed by Norges Geografiske 
Oppmåling, Oslo 1 925. 

On p .  69 wil l  be found a l ist o f  the maps surveyed and printed 
(publ ished) by De Norske Svalbardekspedisjoner 1 922- 1 925, and by 
Norges Svalbard- og Ishavs-undersøkelser 1 928- 1 943. 

Weather Conditions 1922-1924. 

I t  was soon found that the reports o f  extremely bad weather 
condit ions on Bjørnøya were not exaggerated . 

During the sea son of  1 922, lasting from August 1 6  to October 24,  i .  e .  
a total o f 70 days ,  observation weather preva i led only for 38 per cent o f  the 
period . Most  o f  the t ime there was rain ,  sle e t ,  fog, and storm .  Frequently 
i t  was only possible to work continuously half  a day or even less .  

I n  1 923 the survey was carried out during the better part of t he  
summer, bu t  the weather was  j ust as  bad  as i n  the previous year .  I n  
t h e  period july 1 5-0ctober 2 (79 days) ,  when the survey proper 
was carried out ,  weather conditions  suitable for the photogram metric 
method prevai led on  ly for 29 per cent of the period ,  triangulation 
" weather "  for 35 per cent, and tacheometer "weather"  for 42 per cent .  
The photogra mmetric method suffered most from  the weather, dem and ing,  
as  it does, clear air .  This method was a lso chiefly used in  the higher 
parts of  the is land where the foggy weather is  much more frequent 
than over the low ground .  Triangulat ion here could in part be carried 
out when the high ground was fog-bound .  

I n  1 924 the  survey work was done i n  the  per iod  j u ly  1 4-
September 1 6  (65 days) with observation weather during 44 per cent 
of  the t ime.  

l Skipper  Peder  Evensen of Bjørnøen A l S  carried out sound ings  i n  1 925 of Hauss· 
vatnet,  Ste vatnet, Laksvatnet, Lomvatnet, H aabethvatnet, Ho lm evatne t  and El Iasjøen 
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Measurement and Computation of the Base Line. 

The measurement was carried out by Kol ler and Solheim with 
4 assistan ts .  The base points are situated in  Sørl ia on two n atural 
projections of the ground ,  on either side of  a smal l  depression .  
The marking was done wi th  i ron bolts i n  large blocks of  stone ,  securely 
embedded in the ground ,  and the head of  the bolts had a fine cross. 

The base l ine was pointed out with theodolite , and marked for every 
50 metres with I metre long poles .  

The invar wi re used for the measurement was purchased by Captain 
G. I sachsen from the firm of  Gottschaik , Stockholm.  The length of  
the wire was determined i n  October 1 92 1  by Norges d'eograjiske Opp
måling and found to be : 

24 000 m rn -7.05 m m  at + I S "  C. 

The wire was  compared wi th  two wires of Norges Geografiske 
Oppmåling, whose length was determined at Bureau International des 
Poids et Mesures in  Sevres. During the measurement the wire was 
strained to the  extent of l O  kilogrammes by means of a spring ba lance. 
The sca le  of the wire was read on a measuring tripod . This scale 
- in each end of  the wire - has a length of  1 0  cm, divided i n to 
mi l l imetres .  The read ing  was estim ated to one-lenth of a mi l I imetre .  
The base l ine was measured twice , forwards and backwards ,  and the 
d ifference amounted to 8 .2  mi l l imetres .  The posi t ion of  the top of  
the tripods was  determined by  I evel l ing as the measurement  proceeded.  
The d ifference in elevalion between the ends of the base is  1 8 .48 m, 
being the average of Ievel l i ng  both ways ,  the d ifference between the 
two measurements amounting to 1 0  m m .  The average temperature 
during the measurement  was + 4 ° C.  In com puting the base the same 
coefficient o f  expans ion was used as for the N. G. O. invar wires 
N o s.  46 an d  48, giving a correcti on p e r  wire length o f  - 0.2 1 0  mm 
at  -t 4 ° C .  

The  reduction of the  w i re length to the  hori zon tal was  taken from 
a diagram ,  d rawn accord ing to the form ula : 

d ·  2 . " cx re uctlOn = r sm" "2 

where r = l ength of wire, cx = angle of incl ination of d i rection between 
the top of  the two tripods .  
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Base at Sørlia . 

Forwards 

Readings 
mm Difference Reduction Tripod 

I 
i n  h e ight mm m + -

Base 
N- 1 1 .8 - 0.988 20 35 
1 -- 2 1 .8 - 0 845 1 4 90 
2 - 3 6 . 5  0.829 1 4.35 
3- 4 0.4 0.003 0.00 
4- 5 1 4 .8 1 . 1 9 1  29.52 
5 - 6 4 .3 0 .627 8. 1 8  
6- 7 0.0 - 1 .000 20 80 
7- 8 3 9  - 0.642 8.55 
8- 9 1 0. 1  0.392 3. 1 8 
9 - 1 0  7 .5  1 .634 55.69 

1 0 -- 1 1 - 1 .9 0.602 7.55 
1 1 -- 1 2 1 0 .9 1 .000 20 80 
1 2- 1 3 0.5 - 1 .4 1 8  4 1 .93 
1 3 - 1 4  0.6 - 1 .266 33.30 
1 4 -- 1 5 5.9 1 .2 1 4  30. 72 
1 5 - 1 6  9 0  - 1 . 02 1 2 1 .70 
1 6 - 1 7  - 5. 1 1 .754 64. 1 8  
1 7 - 1 8 - 4.3 1 .68 1 58.95 
1 8 - 1 9  - 0.4 0 .938 1 8.35 
1 9 -20 - 2. 1 1 .547 49 . 9 1  
20 - 2 1  0.2 - 1 .040 22 .74 
2 1 -22 1 4 .7 - 0.736 1 1 .26 
22-23 2. 1 - 0 .57 1 6.80 
23-24 2. 1 0.482 4 .86 
24-25 7 .0 - 0.588 7 .22 
25-26 5 . 5 - 0 1 57 0.52 
26-27 6.8 - 0 .643 8.60 
27 - 28 2.7 - 0 .38 1 3.00 
28-29 1 - 1 0.7  0 630 8.24 
29-30 5.9 0 .820 1 4.00 
30 - 3 1 - 1 .9 0.632 8.27 
3 1 -32 4.7 - 1 .965 80.58 
32-33 4.0 - 1 .504 47 . 1 7  
33-34 - 3.8 0 . 569 6.74 
34-35 7 .6  - 0.320 2. 1 0  
35-36 1 .5 - 0 1 08 0.23 
36 - 37 1 .2 - 0.789 1 3.00 
37-38 0.3 - 0.677 9.54 
38-39 3 .8 - 0.486 4 .94 
39 -40 0 .7 - 0.662 9 06 
40-4 1  - 1 2.0 0.736 1 1 .30 
4 1 -S ' 49.0 600.0 0 .007 0.00 

1 1 58.2 1 68 1 .8 1 1 803.08 

41 spans of  24 000 mm . . .  984 000.0 m m  
Correct ion for wire 7 .26 · 4 1  - 297 . 7 » 

Difference : + and -

Reduct ion 

983 702.3 mm 
- 523.6 » 

983 1 78.7 m m  
- 803. 1 » 

Forwards 982 375.6 mm 

, Measured with a checked steel tape. 

Backwards 

Readi ngs 
m m  Difference Reduction Tripod in he ight  mm 

+ m -

Base 
S- l '  49.0 600 0 0.008 0 .00 

1 - 2 - 1 2 .4 0.743 1 1 . 50 
2 - 3 0.7 - 0.659 9 .02 
3- 4 3.6 - 0.485 4.92 
4- 5 1 .4 - 0.694 1 0.02 
5 - 6 1 2.9 - 0.789 1 3.00 
6- 7 1 8.7 - 0. 1 25 0.34 
7 - 8 1 . 7 - 0.359 2.67 
8- 9 - 22.6 0. 568 6 .73 
9- 1 0 2.7 - 1 .495 46 . 6 1  

l O - l I 4 .3 - I 1 . 974 8 1 .32 
1 1 - 1 2  - 9.4 0 .635 8 .36 
1 2- 1 3  1 5. 1 0.790 1 3. 1 7 
1 3- 1 4  2.4 - 0 .6 1 6  7 88 
1 4- 1 5  4. 6 - 0.353 2 .60 
1 5- 1 6  - 8 .6  0.658 9.00 
1 6- 1 7  - 1 .9 0.230 1 . 1 0 
1 7- 1 8  - 1 0 .0 0 .600 7 .50 
1 8 - 1 9  0.7 - 0 .52 1 5 .68 
1 9 - 20 1 .0 - 0.568 6.75 
20 - 2 1 8 .9  - 0.8 1 5  1 3.84 
2 1 -22 0.6 - 0.987 20.27 
22-23 - 23.2 1 .580 52.07 
23 - 24 - 1 8 . 6  0 .900 1 6.90 
24-25 1 2.5 - 1 .55 1 50. 1 7  
25-26 - 4.4 1 .905 75.72 
26 - 27 1 4 .7  - 0 988 20.34 
27-28 7 1 - 1 .234 3 1 .70 
28-29 1 1 0.7 1 - 1 .282 34. 1 3  
29-30 6 .4  - 1 .404 4 1 . 1 0  
30 -3 1 3 .0  - 1 .0 1 1 2 1 .28 
3 1 -32 2 9  - 0.587 7 . 1 6  
32-33 8 .3 - 1 .680 58 87 
33-34 6 .4 - 0.325 2 .20 
34 -35 - 1 3 .7 0 . 670 9.35 
35 -36 6 .2 1 .0 1 7 2 1 .52 
36-37 - 7.9 0.599 7 .50 

1 37-38 3.7 - 1 . 1 1 5 25.90 
38-39 4.0 0 .068 0. 1 2 
39 - 40 0.0 - 0 .782 1 2.72 
40-4 1  - l.S 0.878 1 6. 1 0  
4 1 -N 4 .4 - 0.975 1 9 .77 

1 806.90 

41 spans of 24 000 mm . . .  984 000.0 mm 
Correction for w i re 7 .26 · 4 1  - 297.7 » 

Difference : + and -

Reduction 

983 702 .3  mm 
- - 528.0 » 

983 1 74 .3  m m  
- 806.9 » 

Backwards 982 367 .4  mm 
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Average of both measurements : 982 37 1 .5 m m  ± 4. 1 m m .  
The ave rage height o f  t h e  base; l ine above mean sea-level : 87.68 m .  
Reduction  of  base l ine t o  sea-level according to the formula : 

B ·  h 
k = 

r 

k = reduction ,  B = length of  base, h = elevation  above sea-level, 
r = earth radius 

k 
= 982 .37 . 87.68 = 

0 0 1 35 
6 395 680 

. m 

982.37 1 5  
- 0.0 1 35 

Base l ine reduced to sea-leve! 982.3580 m 

Triangulation and Trigonometrical Computations. 

For the triangulation a repeating theodolite N r. 90 l from Sigurd 
Baalsrud, Oslo was used (Fig. 1 6) . 

Magn i fying power used . . . . . . . . . . . . . . . . . . . .  . 
Free objective opening . . . . . . . . . . . . . . . . . . . . .  . 
Focal length of objective . . . . . . . . . . . . . . . . . . .  . 
Length of telescope . . . . . . . . . . . . . . . . . . . . . . . .  . 
Sensitiveness o f  the levels 1 5  to 20 sec. per . .  . 

Magn i fying power of circle m icroscope . . . . . .  . 
Diameter of  horizontal circle . . . . . . . . . . . . . . .  . 
Both circles have 400 g divison . 
Weight of theodolite with foot plate . . . . . . . .  . 
Weight  o f  box . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Weigh t of  tripod . . . . . . . . . . . . . . . . . . . . . . . . .  . 

28 x 
4 1  m m  

244 » 
260 » 

2 » 

32 x 
1 50 m m  

6.8 kg 
8.0 » 
5.2 » 

Total weight 20.0 kg 

The theodol i te i s  of the transit type. The horizontal c ircle is d ivided 
in to 1/2 g ,  and the readings take place with a m onocular screw reader 
giving d irectly 0.00 1 g .  The vertical c ircle i s  divided into I/lO g ,  and by 
using a vernier m icroscope can be read 0.0 1 g .  The theodol ite has a 
leve! on the horizontal circle and one on the vertical circle. O n  the 
telescope itself are fixed two leveIs .  

Whenever possib le the trigonometrical points were marked with 
copper or i ron bolts , or crosses made in  the rock. At  9 points cyli ndrical 
cairns of  stone were built ,  and at the others wooden signals 1 .65 m in 
height (Fig. 1 2) . Cairns and wooden signals were pain ted black. 
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The triangulation was carried out in  
series. The min imum number of  
observations in  one point was  2 fu l l  
series ,  3 or  4 series were frequently  
taken . Each series included 6 points 
at the most. The vertical angles 
were taken in one series. 

A rectangular coordinate system 
was chosen with X-axis along the base 
l ine ,  and coordinate value.s for the 
northern end o f  the l ine ( " Basis N " )  
y = l O OOO m and x = l O OOO m .  Thus 
al l  the coordinates become positive. 
The base net was computed as  a 
square with a l l  the angles measured 
and the d irections adj usted ,  using 

Fig .  1 6. Triangu1ation Th eodol i te Nr .  90 1 .  condit ional equations. The comput-
at ion is given below. 

The other 25 chief points were computed th rough a combined 
intersection and resection adj ustment according to the method of  least 
squares. The ave rage error my and mx of the chief points is less than 
I dm, except as regards point Nr .  75. The average error, m, o f  the 
adjusted direct ions averages ± 0.00 1 4  g . 

The less important trigonometrical points are usual ly computed 
directly from the chief points through intersection with measurement 
of  a l l  the angles,  and with check pointings forwards and backward� to 
one or severai points, but without computing the average error. The 
computations are carried out entirely in  plane geometry. With the smal l  
extension of  the area no appreciable error \Vi l l  arise. 

Adjustment of the Inner Base Net . 

. Measured Directing. 

Base N Point 26 Base S Point 5 1  
( 1 ) = 0.0000 (4) = 0.0000 (7) = 0.0000 ( 1 0) = 0.0000 
(2) = 97.7848 (5) = 28.3224 (8) = 96.6458 ( l l )  = 16 .3799 
(3) = 1 39.825 1 (6) = 6 1 .3 1 39 (9) = 1 50.6243 ( 1 2) = 48.2324 

(9)-(8) = 53.9785 (8)-(7) = 96.6458 (9) - (7) = 1 50.6243 
(2)-( 1 ) = 97.7848 (3) - (2) = 42.0403 ( 1 1 )-- ( 1 0) = 1 6.3799 

( 1 2)-( 1 0) = 48.2324 (6)- (4) = 6 1 .3 1 39 (6)-(5) = 32.99 1 5  

1 99.9957 200.0000 1 99.9957 

w = - 0.0043 w = 0.0000 w = - 0.0043 
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Fig. 1 7 .  Com plete Tri gonometrical  N eI.  

Condition EquatioTls. 

- V I  + v� � Vs + Vu - \'1 0  + \' 1 2  + w = O 
- V2 + V. - v. + \"6 - V, + Vs + W = O 
-- V5 "C" V6 - \"7 "I- V2 - V 1 0  + V l l  + W = O 

Side Equations. 

s in  ( 3) -- (2)) sin (( l 2) - ( )  1 ) ) si n ( 19) - (7 1 )  
sin ( (8) - (7)) sin « 3 1 -- ( 1 )) sin « I  1 1- ( l O I )  



a 
b 
c 
d 

I 1 I 

2 6  

(3)- (2) = 

( 1 2) - ( 1 1 )  = 
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B a s i s  N i l l  

Fig. 1 8. Base Line Ne! .  

42 0403 log s in  = 9 .787 748. 6 
3 1 .8525 " = 9 .680 989 .2  

(9)- (7) = 1 50 .6243 » = 9.R45 1 83.8 

Sum 9 .3 1 3 92 1 .6 

(8)- (7) = 96.6458 log s in  = 9.999 397.0 
(3) -( 1 )  = 1 39.825 1 " = 9.908 822.0 

( 1 1 ) - ( 1 0) = 1 6.3799 » = 9.405 628.4 

Sum 9.3 1 3 847 .4  

51  

Diff. for 1 c 

+ 88 
+ 1 25 
-- 70 

Diff. for 1 c 
+ 3 
- 49 
+ 260 

N u m erator __ o Denomi nator = + 74.2 

Coefjicients of Condition Equations. 

2 I 3 I 4 I 5 I 6 7 8 9 1 0  

I - I l + 1 1 - I  + 1 1 - 1 

1 1  

I I - 1  + I 

- 0.49 -- 0.88 1 + 1 .37 

- J I - I  + 1 - 1  
+ 1 1 - 1  

+ 0.73 

+ 1  
+ 1 1 - 1 1 + 1 

-- 0.03 - 0.70 + 2.60 - 3.85 

[a a] = + 6 
la b] = -- 1 - 1  = - 2 
[a c] = + 1 + 1 = + 2 
[a d] = + 0.49 - 0.88 +- 0.03 - 0.70 - 2.60 + 1 .25 = - 2.4 1 
[bb] = + 6 
[b e] = + I + I = + 2 
[bd] = + 0.88 + 1 .37 - 0.73 - 0.03 = + 1 .49 
[c c] = + 6 
[c d] = - 0.73 - 0.70 - 2.60 - 3.85 = - 7.88 

1 2  

+ 1  

+ 1 .25 

w 

- 43 

- 4  
o 
3 

+ 74.2 

[d d] = + 0.24 + 0.774 + 1 .876 + 0.533 + 0.49 + 6.76 + 1 4 .82 + 1 .563 = + 27.05 
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Normal EqllatiQns. 

bJ cl d l w 

la + 6 .0 k, -- 2.00 k. + 2.00 ka - 2.4 1 k. - 43 = O 
[b + 6.00 k2 + 2 .00 ka + 1 .49 k. = O 

re + 6 .00 ka - 7 .88 k. - 43 = O 
[d + 27.05 k. + 74 .2 = O 

SolIltion Of Normal Eqllations. 

1 + 6.00 - 2.00 + 2.00 - 2.4 1  - 43 1 k, = + 6.25 

+ 6.00 + 2.00 + 1 .49 O 
__ o 0. 67 + 0.67 - 0 . 80 - 1 4 .38 

+ 6 00 - 7.88 - 43 . 00 
- 0.67 + 0 .80 + 1 4 .33 I + 27 . 05 + 74 .20 

- 0.97 - 1 7 . 27 

+ 5.33 1 + 2 67 1 + 0 69 1 - 1 4.33 k2 = + 1 . 633 

·1 + 5.33 - 7 08 -- 28.67 
- 1 . 34 - 0 . 35 -t- 7 . 1 8  

+ 26 .08 + 56.93 

I 
-- 0.09 I + 1 .86 

! + 3.99 1 - 7.43 1 - 2 1 .49  k. =  + 2.5 1 

+ 25.99 I + 58.79 
- 1 3 .83 - 40. 00 

I + 1 2. 1 6 1 + 1 8.79 k4 = - 1 .546 

Complltation of Corrections v. 

1 1 2 1 3 4 I 5 1 6 

k, a 1 - 6.25 -I- 6 .25 1 - 163 1 1 + 1 63 k2 b -- 1 .63 1 + 1 . 63 
k. c 

1 + 0 .76 
- 2.5 1 I + 2.5 1  

k. d + 1 .36 - 2 . 1 2  

v - 5.49 1 + 5.98 1 - 0.49 - 1 .63 1 - 2.5 1 1 -I- 4 . 1 4 

0.00 0.00 

1 7 1 8 9 1 0 1 1  1 2 T - w k  

k, a - 6 .25 1 -I- 6.25 - 6.25 + 6.25 + 268.75 
k.  b - 1 .63 

+ 

1 .63 1 0 00 
ka C - 2.5 1 + 2 5 1 - 2 .5 1 + 2.5 1

1 
+ 1 07.93 

k4 d - 1 . 1 3  + 0 .05 +- 1 .08 - 4.04 + 5.95 - 1 .93 + 1 1 4 .7 1 
v - 5 . 27 1 - 4.57 1 + 9 .84 - 1 2.80 1 + 8.46 1 + 4 .32 + 49 1 .39 

0.00 - 0.02 
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Table of Adjusted Directions. 

Base N 
Measured Di rections Adj usted Directions 

v v2 

( 1 ) = 0 0000 - 5.5 0 00055 30.,10 
(2) = 97.7848 + 6 .0  97.78540 35.76 
(3) = 1 39 825 1 - 0.5 1 39.82505 0.24 

Poin t  26 
(4 ) = 0.0000 -- 1 .6 0 .000 1 6 2 .66 
(5) = 28.3224 -- 2 .5  28.322 1 5  6.30 
(6)  = 6 1 .3 1 39 + 4 . 1 6 1 .3 1 43 1 1 7 . 1 3  

Base S 
(7) = 0.0000 - 5.3 - 0.00053 27.76 
(8) = 96. 6458 - 4.6 Y6 .64534 20 .88 
(9) = 1 50 .6243 + 9.8 1 50.62528 96.80 

Poim 5 1  
( 1 0) = 0.0000 - 1 2.8 0 .00 1 28 1 63. 80 
( I l )  = 1 6.3799 + 8 .5  1 6 . 38075 7 1 .55 
( 1 2) = 48.2324 4 .3 48 .23283 1 8.65 [Vy] = 49 1 .83 

Check of Side Equations. 

(3) - (2) = 42 03965 log s in = 9.787743 (8l -(7 )  = 96.64587 log s in  = 9 999397 
( 1 2) _. ( 1 1 ) = 3 1 .85208 ,, = 9.680984 (3)-- ( 1 )  = 1 39. 82560 » =  Y.9088 1 9  

(9)-(7) = 1 50 6258 1 ,, =  9.845 1 73 ( 1 1 ) - ( 1 0) = 1 6 38203 ,, =  9.405684 
S u m  9.3 1 3900 S u m  9 .3 1 3900 

Average Error. 

m = ± V[V;] = ± Y4 9
4
1 .6 

= ± 1 1 . \ ee 

Base N 

Base S 

p = 5 1  

y = 1 0 000.000 m 

y = 1 0 000.000 m 

13 
A '-----------=-c ---

� B 
- Base N = Base S 

x = 1 0  000.000 m 
X =  9 0 1 7.642 m 

A djusted A ngles. 

lY. = 97 .78595 
i3 = 53.Y7994 
Y = 48.234 1 1  

200 . 00000 



(AB) = 200.00000 

rI. = 97 .78595 

( A P) = 1 02. 2 1 405 

log b = 3.030 1 77 

l og s in (AP) = 9.999737 

l og [:, YA = 3 . 0299 1 4  

Y A  = 1 0 000.000 

[:, YA = + 1 07 1 .307 

Y = 1 1 07 1 .307 

log (c ; sin y) = 3. 1 55 1 73 

log s in  rI. = 9 .999737 

log a = 3 . 1 549 1 0  

log s i n  (BP) = 9 .875004 

log [:, YB = 3.0299 1 4  

YB = 1 0  000 000 

[:, YB = + l 07 1 .307 

Y = 1 1 07 1 .307 

- 6 1 -

Point 5 1  y = 1 1  07 1 .307 m 

P = 26 

[3 
A L-------::-c ---� B 

= Base S = Base N 

(AB) = 0.00000 

rI. = 96.64587 
(AP) = 303.354 1 3  

l o g  b = 2 . 86568 1 
log s in  (A P) = 9 999397 

l og [:, YA = 2 .865078 

YA = 1 0 000.000 

6 YA = -- 732.957 

y = 9 267 043 

log c = 2. 992270 

log s in  y = 9.837097 

log (c ; s i n  y) = 3. 1 55 1 73 

l og s in  � = 9 .875004 

log b = 3.030 1 77 

l og cos ( A P) = 8.54 1 220 

log [:, XA = 1 . 57 1 397 

X A = 1 0 000.000 

6 XA = - 37.273 

X =  9 962.727 

(BA ) = 0.00000 

� = 53.97994 

(B P) = 53.97994 

l og a = 3. 1 549 1 0  

log cos (BP) = 9 82056 1 

log L\ XB = 2.97547 1 

XB = 9 0 1 7 .642 
[:, XB = + 945 . 085 

X = 9 962 . 727 

x = 9 962.727 m 

Adjusted Angles. 

rI. = 96 .64587 

� = 42.03965 

y = 6 i .3 1 448 
200.00000 

log c = 2.992270 

log s i n  y = 9 . 9 1 4332 

log (c ; sin y) = 3.077938 

log sin � = 9.787743 

log b = 2.86568 1 
log cos ( A P) = 8.7 2 1 499 

log 6 XA = 1 .587 1 80 

XA = 9 0 1 7 .642 
D XA = + 38 . 653 

X =  9 056.295 



- 62 -

(BA) = 200.00000 

� = 42.03965 

log (c : sin y) = 3 .077938 ( B P) = 242 .03965 
l og sin (J. = 9. 999397 

log a = 3.077335 log a = 3.077335 

l og sin ( B P) = 9.787743 l og cos (BP)  = 9.897502 

log 6 YB = 2.865078 l og 6. XB = 2.974837 

YB = 1 0 000.000 XB = 1 0 000 000 

6. YB = - 732.957 /'-. XB = - 9 43.706 

Y = 9 267 .043 X =  9 056.294 

Point 26 y =  9 267.043 m x =  9 056.295 m 

Determination of Mean Sea Level . 

I n  order to determine the average level o f  the sea,  and a lso the 
height o f  the water leve l  at spr ing and nea p t ide ,  a s taff gauge was 
erected in  Sørhamna 1 922. The staff consisted of  a board (2 112 x 7 in ) 
3 metres l ong and graduated into decimetres .  I t  was fixed as shown 
in  Fig. 19 firmly secured at both ends .  I n  the rock near the  staff gauge 
an iron bolt was placed , the elevation of which in  relation to the staff 
was determined ; this bol t became the first  bench mark. The leveI l ing 
was carried out by Solheim and gave the fol lowing resuIt : 

From the bench mark to the zero m ark on the staff - 3 .593 m 
From the zero mark on the staff to the bench mark + 3 .589 » 

The height of the staff above the zero 
point on the staff was thus  3 .59 m .  

The reading o f  the gauge was done by 
the party that eharted Sørhamna .  On account  
o f  the swell the opportunities for eonnected 
observations were few.  The gale on Sep
tem ber 1 0th damaged the gauge , and from 
that t ime the sea was usual ly so rough that 
no  readings could be made .  The results are 
shown in  Fig .  20.  From this i t  wi l l  be seen 
that the mean sea-level corresponds praetic
a l ly to a read ing on the staff of 0.88 m .  As 
the accuracy of the reading was only to the 
nearest decimetre, the reading is  rounded 
off to 0.9 m .  The elevation of  the beneh 
mark in  Sørhamna is  thus : 

3 .59 - 0,90 = 2.69 m above mean sea-leve!. 

Average 3 .59 m 

Fig. 1 9 . Water Level Staff 
in Sørhamna.  
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Fig .  20. Water Level Curves.  1 922. 

Later water level measurements are dealt with in Skrifter om Sval
bard og Ishavet Nr. 1 4 :  Kjær and Fjeldstad .  Tidal Observations in the 
Arctic. Os lo 1 934. 

Computation of Heights. 

Mean sea-level is chosen as zero point for the heights. The bench 
mark in Sørhamna is also a trigonometrical point , and consequently the  
starting po in t  for the computation of the elevation o f  the  trigonometrica l 
points. LeveI l ing has only been carried out between the en ds of  the 
base l ine (Base N and S). Otherwise the elevations o f  the trigono
metrical points have been determined by measuring the vertical angle 
and computation according to the form ula 

l - k  o 
h = a t g cx + -- a "  

2 r  

h = difference in  height, a = distance, cx = vertical angle ,  k = koefficient 
of refraction, r = earth radius .  

Except i n  a few cases ,  when the points were inaccessible ,  the points 
h ave always been reciprocal ly pointed. Thus the fo l lowing value was found : 

l - k  
log -- = 2 . 83 1 1 0 - 1 0 . 

2 r  

I t  flts very wel l ,  except i n  the low flat area i n  the northwestern 
part of  the isl and ,  where the sight l ines ,  which are longer here, fol low 
the surface in their entire length . The refraction i s  here more i rregular ,  
and  the found value appears somewhat too great. The  heights h ave 
been computed in  closed polygons with the shortest possible sides. I n  
adjusting, regard h a s  b e  e n  p a  id t o  the length of  t h e  sides,  the weight 
assigned being proportional  to the squares of the l ength of  the sides. 
The average error has not been worked out ,  but the average correction 
i n  the alt i tude polygons is 15  mm per km .  I n  the summer of  1 923 an 
opportunity arose of getting a comparison between our appointed value 
o f  the mean water level of  the sea, and a water leve l measurement  in 



Nr . 

Base N 
Base S 

26 
5 1  
25 
27 
52 
1 8  
20 
83 
8 1  

2 
29 
30 
34 
35 
50 
54 
55 
3 1  
4 1  
47  
49 

A str. pl. 
66 
72 
75 
7 1  
64 
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Russehamna carried out in  1 899 by a Swed ish expedit ion led by J .  G.  
Andersson (Forsberg 1 900) . Two of  the Swedish bol ts  were refound 
and level led to the trigonometrical point 1 6  a ,  whose height then becomes 
27.290 m above mean water leveI .  According to our measurements the 
height is 27.386 m ,  a d ilference o f  0.096 m or roughly O. l m to which 
ex tent the Swedish water level is higher than ours. As ment ioned,  the 
carrying out of  the t idal measurements in  Sørhamna was hampered by 
many difficulties, as there was a lways some swel l ,  necessitating inter
polation between crest and trough of  the waves. 

Check was obtained at Austervåg by leveI l ing to an  iron bolt, the 
height of which was determ ined from systematie tidal observations 
carrit;:d out by Claus Sch ive on behalf  o f  the Bjørnøen AlS i n  1 9 1 8 :  

Schive's elevation o f  the bolt . . . . . . . . .  . . . . . .  28 .2 m 
Our - }} - . . . . . . . . . . . . . . . 27 . 7  }} 

Dilference 0 .5 m 

Our height is thus 0.5 less, which tal l ies very well ,  as the he ight 
from 1 9 1 8  refers to an  assumed low water 0.5 m below mean water leve\ . 

Coordinates and Heights of the Trigonometrical Points. 

1 .  Main Points. 

Coordinates i n  metres Height  in m etres 
Posit ion 

I Ground I Top bolt  
Kind of  marking 

y ± X ± 

Sørl ia 10 000.000 - 1 0  000.000 - 96 80 96.92 I ran bolt permanent 
. 1 0 000.000 - 9 0 1 7 .642 - 78.33 78.44 - -

Blåsen 9 267.Q43 - 9 056.295 - 1 00.44 1 00.58 - -

Miseryfj e l let  I l  07 1 .307 - 9 962.727 - 364 .65 364 .72 Cap per bo l t  -

Sørl ia 10 480.38 0 .03 8 636.29 0.03 89 .74 89.87 Iran bolt  -

Blåsen 9 375.8 1 0.02 1 0 1 83.85 0.02 1 23.42 1 23.50 Copper bol t  -

Miseryfj e l le t  10  466.45 0.0 1 1 0 874.33 0.0 1 350.62 350.7 1 - ._-

Blyhatten 9 843 52 0 . 0 1  7 1 98.5 1 0.03 1 22.70 1 22.8 1 I ron  bol t  -

N .  Antarcticfj e l let 8 564.67 0 . 0 1  7 773.78 0.0 1 1 69.03 1 69. 1 0  Copper bol t  --

Urd 1 1 827.56 0.04 1 0 335.65 0.03 534.68 Iran tube te m porary 
Antarcticfje l le t  8 1 5 1 . 1 8 0.04 5 388. 1 5  0 .06 336.77 336.9 1 I ran bo l t  permanent 
Sørhamna  1 0  276.99 0 .03 5 594.95 0.04 89.06 89.2 1 -- -

Skurven 7 482.39 0 .03 9 546.75 0 02 1 27.77 1 27.83 Copper bolt  -

W. Langen 7 939 56 0.04 1 0 9 1 6 .39 0 .04 1 1 1 .3 1  1 1 1 .38 -

Galdernebben 10 337 .63 0.04 1 1  437 .48 0.03 325 .80 325.88 - -

E. Mjogsjøen 9 6 1 8.07 0.06 1 3 444 .58 0.09 1 34.44 1 34 55 Iran bolt  -

Oswaldfje l l e t  5 569.68 0.07 1 1 342.65 0 03 1 62 80 1 62.88 - -

Skuld 1 2 702.47 0 08 1 1  829.48 0.09 446.78 Iran tube temJ'orary 
W. J utulsetet 1 2 939.40 0.03 1 3 1 57. 1 1 0 06 232. 46 232.54 Copper bolt permanent 
E. Skruvledalen 6 99 1 . 69 0.04 1 2 534.4 1 0.03 1 23 .52 1 23 .62 - -

Stein flya 9 494.39 0 .03 1 5 880.54 0.04 83. 1 5  83.27 Iran bolt  -

N .  Spelvatnet 10 1 96 . 1 4  0.03 1 7 765 .77  0.07 48 .88 48.94 Copper bolt  - -

N. Stevatnet 9 1 1 4.38 0.03 1 8 096 .84 0.02 47 .44 4 7.5 1 - -

Tunheim 1 4  1 38 .05 0.02 1 6 944.36 0.02 38.42 39. 1 3  -- --

Kikutkol l en  1 1 034 69 0.03 20 47 1 .84 0.04 52. 3 1  52.40 - -

E. Tverrs jøen 6 4 1 6. 1 3  0.06 1 7 042.44 0 .05 47 .64 47.:7 1 - -

Kapp Duner  1 637.65 0 . 1 8  1 9 535.70 0 . 1 2  33. 1 2  33. 1 9  - --

Kapp Kje l l striim 6 877 . 24 0.06 2 1 9 1 6 .86 0.07 25.76 25.82 -

Kapp Forsberg 1 3 1 1 6.43 0.06 20 6 1 4.33 0.03 44.38 W ooden  peg tem porary 



Nr.  Positi on  

FM 1 Sørhamna 
l a  -

l b  -

3 Kapp Heer  
4 Måkehol m e n  
5 ---

7 W. Sørhamna 
8 -

9 _ .  

1 0  -

I l  Kapp N i lsson 
1 2  Kvalrossbukta 
1 3  - -

1 4  ---

1 5  -

1 6  -

lua Borgmesterporten 
1 7  W. Sørhamn!i 
1 9  E. G røa  
2 1  N .  Antarcti cfje l let  
22 -

23 E. Gåsvatna 
28 N. Blåsen 
32 W. Mefarhaugen 
33 Mefarhaugen 
36 E.  Trihyrni ngen 
37 E.  Sigj orddalen 
39 S.W. Mjogsjøen 
40 Stein flya 
42 -

43  N .  Lygna 
4 4  E.  S te  vatnet 

Test p i t  S . E. Hel levatnet 
46 -

48 E. Spelvatnet  
S l a  Sørlia 
53 Verdande 
56 Gygrenova 
57 Kapp Levin 
58 Evensenhamna 
59 N.W. Framnes 
60 E.  Lonene 
6 1  N . E. Holm evatnet 

N .  Rad io-
mast Tunheim 

63 Austervåg 
65 W. Titrebekken 
67 Kapp Posadowsky 
68 Myggrabben 
69 E. Laksvatnet 
70 G ravodden 
70a Nordhamna 
73 Gygreu rda 
74 N . 0yangen I 7 6  N ordvestbukta 

l Top mast .  

� 6S �  

2. Auxiliary Poinis. 

Coord inates in  metres Height i n  metres 

y 1 X Ground 1 Top bolt  

9 905. 1 9  5 845 . 5 1  2.69 2.69 
1 0  1 68 87 5 965 25 36.07 36.23 
9 796.70 5 874 35 43.09 -

1 0 296 59 5 432.36 7 1 . 1 8  -

1 0  324 .27 4 9 1 1 .42 -

l O 3 1 3.99 4 633. 1 6  -

9 5 1 0.92 4 735. 1 3  45.2 1 45.33 
9 3 1 2 89 4 680.64 1 29 . 5 1  -
9 248.47 5 272 04 1 37 .06 1 37 . 2 1  
9 529.50 5 683.03 1 1 7 . 6 1  

1 0 473.97 5 885 80 34. 1 0  34 .23 
1 0  337 .94 6 1 0 1 . 60 27.73 -

l O  433.62 6 487. 1 4  43 .25 43.45 
9 969 82 6 45 1 .79  56.73 56.88 
9 770.34 6 353 .07 78 24 78 .36 

1 0 1 8 1 .29 6 646. 1 8  78 .93 79.07 
1 0 872. 1 4 7 254.9 1 27.39 27. 5 1  
9 520 89 5 985. 1 7  1 25. 1 3  -

9 392.46 6 966 .25 1 22.83 
8 873.22 7 374 .83 1 2 1 .64 -

8 733.06 8 0114 .25 1 20 .93 -

8 447 62 8 699.3 1 9 1 .59 
9 70 1 .58 1 1  1 02 . 9 4  1 28.82 
8 649 . 1 5  1 2 8 1 8 98 1 1 4 .25 1 
9 9 1 2 .96 1 2 4 93.69 1 57 .90 1 58.00 

1 0  320.09 1 3 679.34 1 40.30 1 40.39 
1 1 0 1 2.50 1 2 826 .85 1 55 .02 1 55. 1 1  
8 55 1 .35 1 3 374.4 1 1 07 .37 -

9 25 1 .25 1 4 254. 77 96 52 96.64 
lO 038. 1 4  1 5 308.82 89.38 89.48 
9 894.59 1 6 408.29 6 1 .99 62. 1 3  
9 403.8 1  1 6 939. 1 6  57. 1 7  57.30 
9 67 1 .6 1 8 1 39.2 - -

9 795 .33 1 8 06 1 08 45.90 46.04 
10 020 58 1 7 253.5 1 50.23 -

1 0 497 68 1 0 027.07 - -

1 2 865.79 10 820.96 462.30 -

1 4 252.05 1 3 293.95 1 93.76 1 93 . 84 
1 4 9 1 0. 1 0  1 3 208 .85 1 9 .33 1 9.43 
1 5 083.83 1 4 690.7 1 29 .94 30.03 
1 5 303.05 1 5 763.27 30.02 30. 1 0  
1 3 275.62 1 5 86 1 .57 58. 4 1  58.49  
1 2 23 1 . 1 4 1 6 426 .2 1 54 .7 1 54.79 

1 4 1 1 4 .05 1 6 954 .55 39. 1 2  89.731 
1 3 929.78 1 7 796.55 27.3 1 27.38 
1 1 864 .03 21 298.40 35.23 35.29 
9 6 1 7 . 0 1  2 1 674 03 24.70 -

9 794. 1 9  1 9 873 .02 44.29 44 .36 
1 1 447.39 1 8 857 .39 45.53 45 .60 
8 520.85 2 1 866.75 - -

7 728.24 2 1 493 45 20.05 20. 1 2  
7 677.73 1 4 836.27 84.37 84 .45 
6 507.43 1 5 432.50 42.37 42 .43 
3 36 1 . 1 1 2 1 869.9 1 32.55 32. 6 1  

Kind o f  mark i n g  

Iron bolt perm anent  
.- -

Iron tube temporary 
- -

I ron bolt permanent 
- -

- _. 
I ron tube tem porary 
Iron bolt  permanent  
I ron tube temporary 
Iron bolt permanent  
Iron tube temporary 
Iron bolt  permanent  

- -

- -

- -

- -

Iron tube temporary 
-- --

-

--

Cross i n  rock permanen 
- -

I ron tube temporary 
-_. --

Iron bolt  permanent 
-

Copper bo l t  
Cross in rock 
Iron bolt  

-

---

-

Test p i t  
I ron bo l t  

--

_. 

-

--

- . 

-

-

-

_. 

Dri l l ed hole in rock perman e n t  
I ron tu be tem porary 
Small  cairn permanent  
Copper bol t  

- -

-

-

- -

-

I ron mast -

Copper bolt  -

- -

Wooden pole temporary 
Copper bolt permanent 

- --

FIag staff -

Copper bolt  
-

_. ----

_ .  -

5 

" 
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2. A uxiliary Point (continued . )  

Coord inates i n  metres He ight in metres  
N r. Posit ion 

1 G round 1 Top bolt  
Kinds of  marking 

y X 

79 H ambergfje l let  5 797 9 1  4 85 1 .62 439 99 - I ron tube temporary 
80 Fugle fje l le t  6 290.49 3 85 1 .95 4 1 0.55 - - -

82 S. Fuglefje l let  6 1 39 75 3 288. 0 1  372 9 0  373.FO' Smal l  cairn permanent 
85 Kapp Kåre 4 4 05.72 8 882 43 1 07 . 46 1 07 .52 Copper bol t  -

Varde 1 E. Lygna  1 1 0 1 4 . 1 3 1 6 455 .22 60 97 62 1 7 ' Cylindrical  cairn permanent 
.' 

" 

., 

. 

,. 

» 

. 

» 

2 E. H aussvatnet  8 4C5.73 1 7 1 07 83 53.37 54 .67 '  -- -

3 Vardehaugen 5 052.i<6 1 6 094 .30 38 20 39.50' - -

4 N. Haussvatnet  8 407 56 1 9 0,,7.30 38 05 39 .35' .- -

5 Kapp Hanna  1 527.63 1 4 502.44 23.85 25 . 1 5 ' _. -

6 Kol lerskardet 1 0 1 176.80 1 2 1 97.55 1 60 00 1 6 1 .44' - -

7 Skuld 1 2 892. 1 0  1 1 693.49 454 08 455.23' -- -

8 N. W. Al fredfje l let I 5 463 64 7 358.00 1 292 32 1 293.38' - -

9 Alfredfje l le t  6 255 .58 6 568.3 1 420. 1 4  42 1 .69' -- -

, Topp cairn.  

Computation of the Meridian and Parallei Net Work. 

The astronomical point at Tun hei m ,  flxed by Henie ,  is connec ted  
up with the trigonometrical net  and  is  the foundation for the  compu
tation of  the graticu le .  The cross po in ts of the graticule were com puted 
in  the conformous Gaussian project ion with the merid ian 1 5° East 
of  Greenwich as  an  axis .  Later the points were transformed (using 
plane trigonometry) into the  coord inates of  the  tri angle ne t. These com
putat ions were carried out by the geodecist J acob Schive of  Norges 
Geografiske Oppmåling. See table n ext page. 

Hydrographie Survey of Sørhamna in 1922. 

T h e  task of o n e  party was to take s o u n d i n gs fo r an accurate plan 
of  Sørhamna i n  order to flnd out ,  inter alia , whether th is harbour 
could be used for sh ipping coa l .  The party consisted of  Ei l if  I versen , 
Engineer ,  with 5 assistants : N ikola i  Antonsen,  Kristian Larsen ,  Johannes 
Mortensen,  Alfred Olsen and A l f  H a m merø, and  arrived a t  the i s land 
o n  August 1 3th .  They cam ped in Kvalrossbukta .  The fol l owing day the  
harbour  was  explored and tempora ry m arks were put  i n  places wh ich  
might be used  as  station points for the ray  measurements ,  and as  points 
between which a base l ine for offset sections could be put. These 6 ma in  
points (A-F, Fig. 2 1 )  were determined trigonom etrica l ly by the topo
graphers in  the course of the summer. The method of  o ffset sections 
was employed as  much as  possible and in  agreement wi th this the base 
l ines A- B and C- D were run the fol lowing days .  

No  place could be found for more straight  l ines to serve as a 
base for the sounding sections .  The  points E and F were chosen as  
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Coordinaies of Meridian and Parallel Nei Work. 

74° 20' 1 8° 44 ' 1- 4 206 .9 4 330.0 74° 27 ' 1 8° 45 ' 1 547.2 1 6 835. 1 
» » » 50 - 1 282.2 3 597 0 » » » 50 

-
1 872.4 1 6 229. 1 

» » » 55 1 1 56.0 2 989.6 » » » 55 4 292.8 1 5 626.4 
» » 1 9° O' 

3 595.0 2 386.0  » » 1 9° O' 
6 7 1 4 .2  1 5 027. 1 

» » » 5 6 034 .8 I 785.8 » » » 5 9 1 36.4 1 4 43 1 .2 
» » » 1 0 8 475.4 I 1 89.4 » » » 1 0 I l  559. 4  1 3 838.7 
» » » 1 5 1 0 9 1 6 .8 596.0 » » » 1 5 1 3 983 .2 1 3 249.5 
» » » 20 1 3 359.2  6 . 1 » » »  20 1 6 407.8 1 2 .663 .8  

1 80 50 ' - 380.9 
» 55 2 052.3 
1 9° O' 4 486.3 
» 5 6 92 1 . 1  
» 1 0  9 356.7 
» 1 5 1 1  793. 1 
» 20 1 4 230.4 

74° 25 ' 1 80 44 ' 
») » » 4 5  
» » » 50 

» » 55 
» 1 9° O' 
}) » 5 
» 1 » 1 0  
:. » 1 5  
» » 20 

- 1 938.5 
- 1 453.7 

97 1 .0 
3 396. 5 
5 822.9 
8 250. 1 

l O  678.0 1 1 3 1 06.9 
1 5 536.5 

7 206.2 
6 600.0 
5 997.6 
5 398.6 
4 803.4 
4 2 1 1 .2 
3 622.4 

1 3 349.2 
1 3 227.4 
1 2 620. 1 
1 2 0 1 5. 8  
! 1 4 1 5.3 
1 0 8 1 8.2 
1 0 224.9 
9 634.6 
9 047.6 

74° 30' 1 8° 44 ' 
» » » 45 
» » }) 50 
» » » 55 
» » 19° O ' 
» ») »- 5 
» » » 1 0 
» » » 1 5 
» » » 20 

1 8° 44 '  
» 50 
1 9° O ' 
» 5 

: 1 : i� 

330.0 
8 1 2.3  

3 224 . 3  
5 637.2 
8 050.9 

10 4 65.4 
1 2.880.9 
1 5 297 . 1  
1 7 7 1 4 . 1  

1 237.4 
4 1 25.7 
8 942. 1 

1 1 35 1 .5 
1 3 76 1 .8 
1 6 1 72. 9 
1 8 584 .8  

22 368.3 
22 247.2 
2 1 643 . 1 
2 1 042.3 
20 4 4 4 . 9  
1 9 850.9 
1 9 260.3 
1 8 673.0 
1 8 089. 1 

25 976. 1 
25 252.3 
24 056 6 
23 463.9 
22 874 6 
22 288.6 
21  705.9 

stations for the ray measurements and they were both marked .  The 
sounding work started at point  A,  but was frequently interrupted for 
ha l f  a day,  or even a day,  owing to dense fog,  rain , or heavy sea. 

The soundings were made from a rowing boat, and for this purpose 2 
signals (staffs with flags) were put up at a d istance of min .  1 0 metres .  
U nt i l  August 22 the work proceeded satisfactorily with a few interruptions .  
On  that date a ga le  sprang up, lasting 4 days ,  and the t ide gauge was 
wrecked. On August 26�27 regular  readings of  the t ide gauge were 

again taken and used for the construetion of  a curve which m ay be 
considered fi t  for the reduction of  the measured depths. It should 
be ment ioned that the net depths computed in  th e observat ion books 
have been reduced as  a matter of  caution to the 0.30 contour, despite 
the faet that the l owest measured water l eve! is 0. 40. 

From August 27 the work was eontinued with on ly  slight in ter
ruptions ti l l  September 6 when a strong gale made work impossible 
unt i l  September 1 4 . In th is  period only one day gave " working 
weather " .  Then stormy weather set in  again with sleet and rough sea. 
On September 1 8th it was again possible to put in  a day's work , the 
last one .  
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Kapp M a l m g re n  

Fig. 2 1. Sounding Profiles  i n  Sørhamna. 

The nature of the bottom of Sørhamna is ,  general1y speaking, 
favourable, being a lmost entirely sand with seaweed .  Near the rocky 
shore the sand laver i s  probably th in .  It was possib le to find  out 
definitely with the lead the d ifference between sand and rock bottom.  

I n  the northeastern par t  of the  harbour the  bottom is uneven. At 
smal l  depths the rock is  not covered with sand ; even a t  a depth of  
6-7 m etres there appear to be rocky ledges without sand .  There is  
thus no anchorage here .  On the whole i t  may be said t h at th is  part 
o f  the harbour is suitable on ly for rowing boats. 

The currents of the harbour are very advantageous. The current l ine  
runs in  approximately a straigh t l ine from Kapp Heer to trig. s ta .  7 .  I nside 
this l ine there are no  currents ; outside the current i s  quite strong, prob
ably up to 0 .5 m/sek. In the passage between Måkeholmen (Gul l  Is land) 
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and Kapp Heer the water runs in part l ike a river, the speed being 
. probably up to 2 m/sek. and during a gale there are great breakers 
h ere. At the en tranee to the harbour - between the two cliffs - a few 
soundings were also taken and the depth here is 1 8  metres near  the 
shore and 24 metres in the middle o f  the entrance .  

The sound ings were plotted in the winter of  1 922-23 by C l aus Sch ive. 

Maps and charts surveyed and published by De Norske Svalbard

ekspedisjoner 1922-1925 and by Norges Svalbard- og Ishavs

undersøkelser 1928-1943. 

Kart over strekn ingen Laksvatn - Sydhamna, B jørnøya. Markarbeider 
og beregn inger utført av den Norske Svalbardekspedis jon 1 922 under ledelse 
av Adolf  Hoel .  Land målingen av A l fred Koller og W. Solheim.  Målestokk 
l : 2 000. Idalkopi ' ,  7 bl . 

[Map of the traet Laksvatn-Sydhamna, Bj ørnøya. Field work and eomputat i ons 
by the Norwegi an  Svalbard expedit ion 1 922 led by A .  Hoel .  Topographieal  survey by 
A .  Koller and W.  Solheim.  Seale 1 . : 2 000. Idal  print .  7 sheets .l  

Kart over Sydhamna med omgivelser, Bj ørnøya. Markarbeider  og 
beregn inger utført av den N orske Svalbardeksped is jon 1 922 under ledelse 
av Adolf  Hoel .  Land mål ingen av A l fred Kol ler, s jømålingen av Eil if I versen .  
M ålestokk I :  I 000. 4 b l .  p å  kalkerlerret. I k k e  offentl iggj ort. 

[Map of Sydhamna with su rroundings, B jørnøya. Field work and eom putat ions by 
the Norwegian Svalbard expedit ion 1 922 led by A. Hoel .  Topographieal survey by 
A. Koller, hydrograph ie  survey by E. Iversen .  Seale I : I 000. 4 sheets on trae ing  eloth.  
Not  published. ]  

Lod n inger i Sydhamna, Bj ørnøya. Markarbe ider  og beregn inger u tført 
av den N orske Svalbardekspedisj on 1 922 under lede lse av Adolf Hoel .  
Landmål ingen av Alfred Kol ler og W. Solh e i m ,  s jømål i ngen av Ei l i f  Iversen .  
Målestokk l :  l 000. Idalkopi .  2 b l .  

[Soundi ngs in  Sydhamna, B j ørnøya. F ie ld  work and eomputations by the N orwegian 
Svalbard expedition 1 922 led by A.  H oel .  Topographieal  survey by A. Koller and 
W. Solhe im,  hydrographieal survey by E. Iverse n .  Seale l : I 000. Idal  print .  2 sheets.l 

B jørnøya. Spesialkart over Tunheimfeltet .  Målestokk l : 2 000. Taehy
metrert av W. Solheim,  Bernhard Luneke, Kaare Gled i tseh. De N orske 
Svalbardeksped isj oner 1 923--24. 2 bl .  på kalkerpapir. 

[B jørnøya. Special  map of the Tunhe im area. Seale I :  2 000. Tacheometry by 
W. Solhe i m ,  B. Luncke,  K. Gled i tsch.  The Norwegian Svalbard exped it ions 1 923 -24. 

2 sheets on traeing paper.  
(Part of the map wil l  be  found in th is  paper, Fig. 1 4, on the scale l :  5 000. ) 

Svalbard. Bjørn øya. Topografisk kart. Mål stokk I :  1 0 000. [Optatt 
avl Dei Norske Svalbardeksped is jonane 1 922 -24. Oslo 1 925 . 6 bl. Trykt 
i lng. Dahls Opmål ing .  

[Svalbard. B jørnøya. Topographical map .  Sca le  I : 10  000. [Surveyed by]  the  N or
wegian Svalbard exped it ions 1 922 -24.  Oslo 1 925. 6 sheets. Printed in lng.  Dahls 
Opmål ing . l  

l Speeia l  k ind of print prepared by Ing. Dahls Opmåling, Oslo. 
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Svalbard. Bjørnøya. Topografisk kart. U ppteke av de i  Norske Svalbard
eksped isjonane under A. Hoel.  [ 1 922- 24.] Målstokk l : 25 000. Oslo 1 925. 
Reprodusert og prenta i N orges Geografiske Oppmål ing .  

[Svalbard. Bj ørnøya. Topographical  map. Surveyed by the N orwegian Svalbard 
expediti ons  under  A.  H oel .  [ 1 922-24] . Scale I : 25 000. Oslo 1 925. Printed in the 
Geographical  Survey of  N orway.] 

A new edit ion (dated 1 944) of Jhe above map and with sound ings accompan ies  
th is  paper ( in  pocket) .  

Nord ishavet. Arct ic  Sea. Svalbard. B jørnøya. Bear Is land .  Mål stokk [scale] 
I :  40 000. S jømæl ingar av [Surveys by] Norges Svalbard- og I shavs-undersøkelser 1 928 
- 1 93 1 .  U tarbe idt  av [Compi led bYl Rolf  Kj ær. Reprodusert og prenta [Reprodueed 
and printed inl Norges Geografiske Oppmåling. N r. SO l .  [Formerly S I .l Last pr inted 
Mareh 9, 1 943. 

Nord i shavet. Arcti c Sea. Svalbard . Bj ørnøyfarvatnet. Bear Island Waters. Mål ·  
s tokk [sea le ]  l :  350 000. S jømæl ingar av [Surveys by]  Norges Svalbard- og Ishavs-under
søkelser 1 928- 1 93 1 .  U tarbeidt  av [Compi led by] Rolf  Kjær. Oslo 1 937. Nr.  502. 
[Formerly S 2.] Last printed May 23, 1 94 1 .  
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Hydrographie Survey at Bjørnøya 1928-1931 and 

Determination of the Magnetie Variation in 1931. 
By 

ROLF KJÆR 

Hydrographie Work 1928-1931. 

1 928. The hydrographie survey work carried out at points a long 
the coast  of  Bjørnøya previous to 1 928 comprised detai led sound ings, 
on various scales ,  of certain  harbour areas as already mentioned (p. 35, 
38, 66) . This applies to Herwighamna ,  Sørhamna ,  Norskeham n a ,  Auster
våg, and some smal l  " creeks"  on the coast at Tunheim and Fugleodden .  

When the hal ibut and cod fisheries in  these waters were found  to  
be very remunerative, the Norwegian Storting granted in  1 928, for 
the first t ime,  the necessary funds for the fitting out of an hydrograph ie 
expedition to survey the coastal waters of  the island , and also to make 
soundings of  the banks surrounding the is land. 

The fi rst expedit ion carried out nearly a l l  of  the present  detai led 
hydrographie survey of the coast ,  a l though it was succeeded by s imi lar  
expeditions .  Only a few of  these ( in 1 930 and 1 93 1 )  had the opportunity 
of do ing sounding work in the im mediate vicinity of  the island .  

The inspection vessel of  the Norwegian Navy, " Mich ael Sars " was 
placed at the disposal of  the expedition sent  out by Norges Svalbard
og Ishavs-undersøkelser in J une 1 928. This  vessel , of 207 tons gross, 
buiJt in  1 900 as a fishery inspection vessel , was engaged , during the  
win ter on patrol service on the coasts of  Troms and  Finnmark . The  
vessel was o ld ,  without any  modern equipment such as echo-sounding 
apparatus a n d  g y r o  com pass,  and w i t h  smal I  cruis ing r a n g e  a n d  Iow 

speed (only 8 112 knots) . Nevertheless , she served the expedit ion wel I ,  
h aving good sea-going qualit ies and being easy to manæuvre. There were, 
however,  no  special arrangements for survey work , and th is  caused 
the surveyors some inconvenience. 

The expedit ion in 1 928 also had at  its d isposal a 28 ' l i fe-boat fi tted 
with a F. M .  4 H. P .  motor, giving it a speed of from 3 1/2 to 4 knots .  
I t  was used for the detai led hydrographic work close to the shore . 

The preparatory expedit ion work was carried out i n  Oslo by the 
staff of Norges Svalbard- og Ishavs-undersøkelser, and Commander  
A . Hermansen was  to  l ead  the expedition and a 1 so  to do hydrographie 
survey work.  The hydrographie surveyor of the expedition was the author ,  
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who had been granted leave from Norges Sjøkartverk (H ydrographic 
Office of  Norway) ,  where he  was employed . Skipper Peder Evensen , 
who had previously been harbour pi lot to the coal company Bjørnøen AlS, 
was engaged to act as  local expert. 

The " Michael Sars " left Tromsø for Bjørnøya on June 1 6. Like 
most o f  the expeditions to the Arctic Sea, this expedition ,  too, was 
charged with man y duties which were to affect its survey work. 
Geophysical and meteorological work, transport du ties and cruises in 
search of the m issing seaplane " Latham " with Roald Amundsen and 
companions on board , occupied . in fact, so much o f the t ime of  the expedition 
that the original task : hydrographic survey work suffered considerably. 

The " Michael Sars " arrived at  Bjørnøya on J une 1 8 .  After the 
relief staff o f  the wireless stat ion on  the is land and some miners had 
been put ashore, the hydrographie work was started .  

The outfi t  and instruments at  the disposal o f  the surveyors were : 

Sounding sheets (4) of the Bjørnøya banks on the scale o f  l : 200 000, 
and o f  the island itself on the scale of  l :  40 000, 

Sextan ts ,  
Micrometer quin tants (type : C .  Plaht) for angle me asurements, 
Range-finder, 
Optical square 1 80 0  (type : Hydrographic Office of Norway) , 
Lucas Sounding Machine .  Submarine Sentry, Snapper Lead for 

bottom samples and hand lead o f  ordinary type. 

The sounding sheets on  the scale of I :  200 000 were constructed 
on the Mercator project ion ,  and the I :  40 000 sheet on the polyconic. 
On the latter were plotted some of  the trigonometrical poi nts fixed in 
1 922- 1 924, and also the coast l ine  as measured by l acheometry , 
photogrammetry, and depression sights i n  the  same period . 

For fixing the  posit ions near land a range-finder,  1 800 optical square,  
and angular measurement with the quintant were used . To within 
7-8 miles of  the is land the quintant m easurements were supplemented 
by bearings. Farther out ordinary navigation methods with log and  
com pass and also bearings were employed. I t  shou ld  be ment ioned 
tha t  on c lear days Miseryfjel let (536 m) could be sighted from  a distance 
of 40 n autical m iles. 

During the fi rst few days Commander Hermansen,  on  board the 
" Michael Sars " ,  carried out some deep-sea soundings,  especially in  the 
north western area from the 2-mile  l imi t  and as far out a s  the island 
cou ld be sighted. I n  the l i fe-boat the author. accompamed by two 
ordinary seamen from the " Michael Sars " and Skipper Evensen as loca l  
expert, started the detailed hydrographic survey between the shore and 
the 2-mile l im it .  
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After a few days the deep-sea sounding work was interrupted owing 
to other duties ( the search for the m issing plane " Latham ,

, ) , and i t  was 
never resumed to any great extent. " Michael Sars " with Commander 
H ermansen was away from the is land for about a month .  

The deta i l  ed hydrographic survey was carried out entirely by the 
author, and during the fi rst few days the l i fe- boat was used with the 
" Michael Sars " as mother ship .  I n  the morning the l i fe-boat with 
the surveyor and provisions for the day was detached from the ship ,  
which,  after having carried out i ts  deep-sea sounding work,  returned 
in  the evening to p ick up the l i fe-boat party. 

When the " Michael Sars " was in  the Bjørnøya water the detai led 
hydrographic work was done at Kapp Bul l ,  then along the north west 
coast of the island ,  later on around Austervåg. When the deep-sea 
soundings were suspended , the l i fe-boat party had to fal l  back on the 
island during the continued work. 

When working along the west coast (Kapp Bull-Kapp Duner) , 
and along the north coast (Kapp Duner-Austervåg) it became necessary 
to camp  for the night ashore - at one or other of the few points 
where landing is  possible .  On some occasions a h eavy swell m ade it 
necessary to spend the n ight at sea. A kedge anchor was then used , 
it being too dangerous to approach the  coast. Otherwise the l i fe-boat 
party tried as often as possible to reach Austervåg, where the bo at  
could He i n  comparative safety and accomodation for the men was 
good . I n  Austervåg i t  was a lso possible to get  the boat ashore .  With 
a small hand-winch placed on the old coal pocket, the boat could be 
l i fted out of the water, thus being safe in  bad weather. 

The surveyor could not fol low a definite programrne,  but had to 
make his plans from day to day, dependent on the weather and also 
to a certain extent on the currents. The work had preferably to be 
done on the leeward side of  the is land. l f, for instance, the wind was 
easterly one had to go to the west coast and remain there unti l  the 
weather changed . Provisions and camping outfit  were therefore always 
in  the boat so that  the party could go ashore and camp at any time .  
As the  l i fe-boat party had no contact with the mother  ship ,  " Michael 
Sars " , and for about a m onth had to work al l  by itself, the work was 
not devoid of  danger. The difficult conditions led to very i rregular 
working hours : dead days might alternate with up to 30 hours continuous 
working periods. 

The currents around the island also impeded the survey considerably 
and had to be taken into account .  Soundings were mostly carried out 
with the current .  The low speed of the boat (on ly about 4 knots) made 
i t  well-nigh impossible to work against the current ,  wh ich m ight have 
a speed of 3 knots. During spring t ide ,  and when the current was at 
its maximum,  i t  was not possible to make soundings with the hand lead 
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to a greater depth than about 25 m .  Current and wind also made 
the passing of  certain points o f  the i s l and dangerous, patt icularly at  
the south point (Kapp Bul l ) . Framneset on the east coast was a lso 
awkward to pass at t imes. 

The survey was also i mpeded to some extent by winds blowing on 
shore and by a good deal of  fog, but ,  on the whole ,  the weather condit ions 
were not bad and  permitted the author to fin ish before the end o f  j uly 
a survey which gives some idea of  the depths along the coast o f  the 
island ,  and which have been of  good use to l ater navigators in  these 
waters. At the end of  j uly ,  when the survey was concluded, the " Michael 
Sars " sai led northwards to carry out other work in  the waters of 
West Spitsbergen .  

1929 . No coastal survey work was carried out by this year's 
expedit ion to Bjørnøy waters. 

1 930. As in the previous two years, the " Michael Sar s "  was a lso 
this year placed at the disposal of the expedition by the Navy. The author 
was surveyor and lea der. The programme included deep soundings of  
the Bjørnøy banks,  and a l so  supplementary soundings off  the coast as  
we l l  as t ide  measurements. 

The vessel left Tromsø on j une 2 and reached the island on 
the 4th .  An automatic tide-gauge (purchased in  1 929, type J ll l ien Friez, 
Bal t imore) was erected and tested a t  Austervåg, and three men were 
then left to look after the gauge whi le the " Michael Sars " carried out 
i ts sounding work on the banks. These watchmen were fitted out with 
a tent, sleeping bags, and provisions for 30 days ; they could communicate 
with the ship via the Bjørnøy wireless station situated a t  Austervåg. 

During the deep-sounding work a few soundings were also taken 
near th e is lands .  The tidal observations continued without i n terruption 
for 30 days, un ti l  ju ly  7 ,  when the gauge was taken down . The sh ip  
returned to Tromsø and  the expedit ion was brought  to an  end (J uly 9) . 
A deta i led account of the tidal work wi l l  be found in ""'krifter om 
Svalbard og Ishavet, Nr. 1 4 : Kjær and  Fjeldstad ( 1 934). 

1 93 1 .  This year 's programme o f  the " Michael Sars " ex pedit ion to 
the Bjørnøy waters again included work to supplement the detailed survey 
ca rried out in  1 928. The author was again leader and surveyor. H i s  
assistent was  Alfr. Andersen ,  late boatswain of  the  H ydrognlphic  Office 
of  Norway. He  had been with the expedition of  1 930. 

The " M ichael Sars " sai led from Tromsø on May l The ship 
was at the disposa l  of the expedit ion during the fo l lowing eight weeks, 
but owing to various circumstances, such as storm y weather ,  it was 
only possible to carry out some revis ion soundings at  Sør hamna and  
Kvalrossbukta in  the days  May 1 9-24. A week l ater a va in  attempt 
was made to do som e  soundings off  Framneset. For severa I  days the 
sh ip  was at anchor on the lee s ide o f  the  island , and during  th is  t ime 



- 75 -

B. Luncke phot.  19/8 1 923. 
Fig. 22. Kapp Duner. To the Left, w i th  a Beach, is Teltvika. 

signals were built for the benefit of  future survey work. Trigonometrical 
signals along the west coast were also heightened . 

On l une 2 1  the expedition returned to Norway and later expedit ions 
have not done any hydrographie survey work in  the coastal waters of 
Bjørnøya. 

The resuIts o f  the work will be found on the  Norwegian charts 
50 l and 502 (see l ist of maps p .  69) . 

Determination of the Magnetie Variation in 1931. 

During this expedition the author  also made a num ber of deter
minations o f  the magnetie variation at Bjørnøya. For this purpose 
the expedition had borrowed from the Hydrographie Office of  Norway 
an old declinatorium (Bamberg N r. 1 480) . The ship chronometer o f  
" Michael Sars » checked by  wireless tim e  signais, was used ,  and 
the lat i tude and longitude of the observation points were taken from 
the topographical map of  the is land on  the  scale o f  l :  25 000. 

On l une I the azim uth of the sun was found from 4 observations 
of  the sun,  10 metres WSW of  the astronomical point at Tunhei m .  On 
the  1 5th 4 s imi lar  observations were taken at Teltvika on Kapp Duner 
(Fig. 22) and the following day,  l une 1 6, 4 more at El Ias jøen in  the 
south of  the island.  

Below is  g iven the computation of  2 observations from each of 
the mentioned observation points .  The observations were com puted 
according to the nonlogaritmic formula for ex :  

cos t ·  sin rp - cos rp tg o 
ctg ex = 

sin t 
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The Nordlysobservatoriet (N orthern Light Observatory) at Tromsø 
later checked the work. The following mean values (of 4 observations) 
were obtained : 

Tunheim - 2 0 04.5  
Kapp Duner - 2 0 26.7 
Ellahytta - 2 0 3 1 .4. 
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Place-names. 

The map aeeompanying this paper eonta ins a total nur  ,ber of 297 
plaee-names.  Of these 59 are older names,  and 22 a re fro l  Tl Svalbard 
Chart S .  I ,  1 932. 5 earlier names h ave not been used . The p <lee-names, 
with an explanation of their meaning, wil l  be found in : The F l aee- names 
of  Svalbard .  Oslo 1 942. Skrifter om Svalbard og Ishavet. Nr. 80. 

Al fred fjel let .  A lfreds Fjiill, Kjellstrom & 1 Båtvika . 
Hamberg 1 899. Daudmannsvatnet. 

Alkeholmen.  D ip i l en . 
Anderssonøya. Andersson øy. Isachsen D jupvatnet. 

1 9 1 2 . Drangane .  
Antaretiefj el let. A ntareties Fjiill, Kje l lstrom Driplane .  

& Hamberg 1 899. Efuglvika. 
Arneputtane . E i nangen .  
Auma. El Iahytta. 
Ausa. 
Austervåg. Sørumvaag, H oel ,  Kvalh e im,  

Schive 1 9 1 8 ;  østervaag, Bjørnøen AlS. 
1 9 1 9. 

Avdalen .  
Avtjørna. 
Be inn eset.  
Benda. 
Bergmesterporten .  Borgmiistareporten,  

Kjel lstrom & Hamberg 1 899. 
Bertrand pu !tane .  
Besstjørnene .  
Bjørnøya. T'veerc Eylandt, Barents 1 598. 
B jørnøy Rad io . 
Blautmyrvatna. 
Blyhatten .  
Blyvika.  Svalbard C hart S .  1 .  1 932. 
Blåsen . 
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