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PREFACE

he tidal observations dealt with in this paper were carried out on

the Norwegian Arctic expeditions sent out in the years 1930—
1933 by Norges Svalbard- og Ishavs-undersokelser in Oslo.

The observations in Bear Island 1930 and East Greenland 1933
were made by means of an automatic tide-gauge of American type
(Julien P. Friez & Sons, Baltimore Md., U.S. A.), whereas the obser-
vations in Southeast Greenland 1932 consisted in staff readings only.

The results of the observations have been worked up shortly after
the return of each expedition, hence the different methods used.

Oslo and Bergen, January, 1934.

Rolf Kjeer and J. E. Fjeldstad.






Observations.
By

RoLF Kj£R

Bear Island 1930.

The tidal observations on the coast of Bear Island were carried
out in connection with an hydrographic expedition sent out to the
Svalbard waters on board the fishery inspection ship of the Navy, the
Michael Sars. The expedition started from Tromse, and reached Bear
Island on the morning of June 4. Here the ice conditions were very
favourabie, as the island already early in the spring was ice-free.

Unsuccessful attempts were first made to erect the tide-gauge on
the southeast coast, then they succeeded with some difficulty to place it
in Austervag on the northeast coast of the island (see fig. 1), not far
from the Bear Island Radio Station.

The Michael Sars anchored off Austervag where the coast has a
steep cliff. The steep rock just inside the coal pocket still remaining
from the mining period, was chosen as the most favourable site for
the tide-gauge. The rock is here perfectly perpendicular, and the depth
quite close to the rock is more than 4 metres at L. W. The height
of the edge of the cliff, however, is about 10 metres above the sea-
bottom, and the pipe system for the floater thus became too short (it
has a total length of 9 metres). There is, however, at the height of
abt. 4 metres above M. W. level a small bench in the rock, accessible
through descending with ropes from the edge of the cliff. From this
bench it would be possible to look after the recorder, if it was erected
with a pipe length of 8 metres. After having landed 6 men from the
Michael Sars, carrying with them the necessary outfit, tackles, tools,
staging, and instruments, 3 strong iron bolts were fixed in the rock
during the night before June 5, in order to get the pipe system and
the recorder erected. A copper bolt was also fixed, to be used in
connection with a proposed levelling. The fixing of the bolts by drilling
holes in the rock from a lowered staging was a difficult and slow piece
of work, but was finished in 14 hours.

During June 5 the pipe, floater, and recorder were put in position,
but not until the evening on the following day the tide-gauge was in
operation. It became evident that the holes in the lower end of the
pipe were too large, causing the swell to “pump” in and out, trans-
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ferring this motion through the
pen to the records. Several ex-
) periments throughout the day
» il . .| and the night before June 6 were
¥ “| necessary to make the whole
system work satisfactorily. The
pipe then touched the sea-
Bear I. bottom with its lower end, which
was closed with a wooden plug.
The sea had access through 4
holes having a diameter of 1,5
& | millimetres.

. : i On June 6 at 9 p. m. (21)
the clockwork of the tide-
gauge was started, and worked
then satisfactorily for 30 days
until 8 p. m. (20) on July 6.

In order to tend the tide-
Fig. 1. Location of tidal observation point gauge 3 men fitted out with

on the Bear Island coast. a tent, sleeping bags, and a
supply of food for one month

were put ashore from the Michael Sars. The ship then left Austervag
in the evening on June 6, and called at Bear Island a few times during
the following 30 days, when the vessel was occupied with sounding
work in the Barents Sea. Wireless telephone communication with the
3 watchmen was kept up via Bear I[sland Radio throughout the period.
On July 6 the Michael Sars returned to Austervag, where the tide-gauge
was taken down, and the 3 men embarked.

” That the tidal observations could be successfully carried out through-
out such a long period on the open Bear Island coast is in the first
instance due to most favourable weather conditions with prevailing westerly
winds of moderate strength, without a heavy sea or swell. Drift-ice
neither, hampered the work of the tide-gauge (see table 2).

During the stay in Austervag a levelling was also made, as the
height of the copper bolt placed next to the tide-gauge was determined
by levelling to bench mark 63 of the Bear Island trigonometrical net.
The foot plate of the recorder of the tide-gauge was found to be situated
2.77 metres above this copper bolt.

During the erection and taking down of the tide-gauge thetotal
length of the copper thread was measured from the waterline of the
floater to the end of the thread fixed in the rotating drum, and the
average of the two measurements was 5.79 m. During the 30 days of
registration it was every third day noted on the records the length of
the copper thread which at a certain time was rolled up on the drum

Austerva, y.

19° E.Greenwich
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above the footplate of the recorder
(i. e. the height of the footplate
above the sea-level was measured).
The average of these measure-
ments shows that the S-line on
the records corresponds to 1.16
metres copper thread rolled up
on the drum above the footplate,
(i. e. the footplate is 4.63 metres
above the sea-level).

The geographical co-ordinates
of the station in Austervag is

74° 29'.4 Lat. N,
197 12’4 Long. E. Gr.

The time is Mean European
Time (M. E. T.). The clock of
the recorder was compared with
the chronometers of the ship at
the beginning and end of the
observations, but no difference

Fig. 2. Tide-gauge erected in Austervag,

Bear Island.
could be found. R. Kjar phot. 66 1930.

Southeast Greenland, Finnsbu 1932.

The tidal observations at the Norwegian Station Finnsbu north of
Skjoldungen in Southeast Greenland, was carried out in 1932 by the
scientific expedition sent out on board the sealer Veslemari.

The expedition — which started from Alesund — reached the
Greenland coast on Aug. 16, and proceeded then to the radio, meteoro-
logical and hunting station Finnsbu at Heimenhamna (Heimen harbour)
in the district of Skjoldungen, where it arrived in the morning of
the 17th.

The expedition had no automatic tide-gauge at its disposal, but
nevertheless they would attempt to obtain information about the tide
conditions by taking ordinary staff readings through a longer period.
The same day (17th) it was agreed that the two men of the station
(the manager and the wireless operator) should perform the readings
on the staff and make the necessary notes. It was planned to take
readings every hour throughout a period of 30 days, but the men on
the station found it — owing to other pressing work — impossible to
do this, and a restricted programme was therefore agreed upon:
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Fig. 3. Heimenhamna, Southeast Greenland, looking North.
G. Horn phot. 19/8 1932.

a. At spring tide — just to come — the sea-level should be read
every hour throughout 24 hours, and these frequent readings should
be repeated on the 7th, 14th, 21th, and 28th day.

b. On the intervening days the readings should be taken every
second hour for a period of 18 hours, commencing at 8 a. m.

A staff, 4 metres long and divided in centimetres, was erected at
the shore of Heimenhamna some 50 metres distant from the station
house in Finnsbu. It was plumbed up and checked. According to
information received from the hunters at Finnsbu it was thus placed
that its lower end would remain below water, even at the lowermost
sea-level. The hunters who had been there one year, estimated the
range of tide to 3 metres. The readings started in the afternoon of
Aug. 17. Veslemari left Finnsbu three days later and during the following
weeks the expedition carried out various scientific and practical work
along the coast and in the fjords of Southeast Greenland as far as the
Lindenowfjord.

The vessel did not return to Finnsbu until Sept. 13. The hunters
could inform the expedition that the readings of the sea-level had pro-
ceeded satisfactorily according to the plan, apart from one interruption,
when the men had to make a trip to another hunting station. Smaller
deviations from the schedule had occurred, when the reading time for
some reason or other had not quite been kept up.
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Scale

50 100 5 200 250 300 m

Contour interval 2 m

Surveyed
by
8. Luncke ond W.Solheim
1933

Fig. 5. Map of Tidevannskjeila (Tide Creek).

The observations were continued until the expedition left Southeast
Greenland on Sept. 15.

The weather conditions in the Skjoldungen district were very stable
throughout the observation period (see table 3).

The geographical co-ordinates of the observation point are:

63° 24’ Lat. N. 41° 17" Long. W. Gr.
The time is M. E. T.

East Greenland, Vesle Finschgya
(Little Finsch Island) 1933.

Since 1929 Norges Svalbard- og I[shavs-undersokelser has every
year sent out scientific expeditions to the coast of East Greenland
between 71° and 76° Lat. N. The object of these expeditions have
been of varied nature: surveying, geological, botanical, zoological, and
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Fig. 6. Tidevannskjeila, Vesle Finscheya, East Greenland. Position of tide-gauge.
B. Luncke phot. 197 1933.

archaeological investigations have been included in the programme, but
it was not until the expedition in 1933 that complete tide observations
through a long period were carried out on this coast.

The ship of the expedition, the sealer Polarbjorn left Barentsburg
on Spitsbergen on July 13, having proceeded thither from Tromse in
Norway, and reached the ice-edge off Greenland on the 16th. It pushed
its way through the ice in the course of a couple of days, and was in
the evening of the 18th in almost ice-free water south of Claveringoya
(Clavering Island). After having investigated the coast of Vesle Finschoya
in this locality, it was decided to erect the automatic tide-gauge on the
south side of this island, at the head of a little sheltered bay called
Tidevannskjeila (Tide-creek) (see fig. 5—6). Here there was no risk
of getting the instruments damaged through drift ice, and the sea was
quite smooth.

Four men were put ashore on Vesla Finschgya and during 2 days
absence of the expedition vessel Polarbjorn they erected the tide-gauge
next to a small rock, where the depth was sufficient and where the
recorder was easily accessible from the shore. Iron bolts were driven
into the solid rock in order to make a support for the tide-gauge, and
a copper bolt was fixed in the rock some distance from the gauge.
An ordinary tide-water staff divided into centimetres was placed near
the tide-gauge, and when this had been started, staff readings were
taken at fixed times, and noted on the records of the gauge.
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The Polarbjern left Vesle Finscheya on July 20, leaving 2 men
behind, who were to watch and look after the gauge. They were fitted
out with tent, weapon, and the necessary stores for a period of one
month. The tide-gauge then was in continuous operation for 30 days.

As the scientific and surveying work of the expedition were carried
out in various localities on the coast quite far from the Claveringfjord, the
vessel had only once occasion to call at the island. On Aug. 18 the
Polarbjorn returned to Vesle Finscheya, and the tidal observations were
discontinued. Men, outfit, and instruments were embarked, and a few
days later the expedition left East Greenland.

On Vesle Finschoya was also carried out a levelling, wherewith
the copper bolt near the tide-gauge was connected up with the gauge
and the Norwegian trigonometrical net on East Greenland.

During the observation period the weather and ice conditions in
the Claveringfjord were very favourable (see table 4).

The geographical co-ordinates of the observation point are:

73° 59’4 Lat. N. 21° 082 Long. W. Gr.

The time is always M. E. T., and was checked, when the observ-
ations were started and stopped, with time signals received by the radio
station of the Polarbjorn.
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Results.
By
J. E. FJELDSTAD

Bear Island 1930.

The harmonic analysis of the tidal observations from Bear Island
has been performed according to the methods described by R. A. Harris
in Manual of Tides (U. S. Coast and Geodetic Survey).

The hourly values of the height of the sea-level above an arbitrarily
selected zero level were found by measuring the ordinates of the curve
above the 5-line on the records, assuming, on the basis of the control
measurements of the copper thread, that one division on the paper
corresponded to one decimetre. Table 5 contains these hourly values
of the height of the sea-level above the 5-line = the arbitrarily chosen
zero level.

The grouping of the hourly values to component hours has been
done by means of table 42 in Manual of Tides. In this way the
components M,, N,, and O, have been computed. The components
K, and S, were found by the method described by G. H. Darwin!.

This method gives some uncertainty in the determination of the
components in question, as it is based on the assumption that the ratio of
the components K, and P, and K, and S, have their theoretical values,
and also that the differences of phases are the same as in the equilib-
rium theory. Therefore, the amplitude and the phase of S, may be
slightly erroneous. The component M,, however, is nearly correct, as
may be seen from a curve showing the means of the hourly ordinates.

The.component O, on the other hand, is rather uncertain, as is also N.

The results are:

Ag. ol 549 cm

Ampl. Phase
M, ...... 34.2 cm 50°.5
N T 130 , 83°
N, ... 6.7 , 35°
K, ...... 54 230°
O, ...... 44 66°

! On an Apparatus for Facilitating the Reduction of Tidal Observations. — Proc. of
Royal Soc. of London, Vol. LII; p. 365.



18 ROLF KJZR AND J. E. FJELDSTAD

[t should first be noted that the mean sea-level in the period lies
54.9 cm above the arbitrarily chosen zero level, which, according to the
above statement, was 463.3 cm below the ground plate of the recorder.
Therefore, the mean sea-level in the period was found at a distance of
408.4 cm below the ground plate of the recorder, and 131.4 cm below
the copper bolt.

From the harmonic constants we find tidal hour M, 0"40, and
regarding the quality of the tide we obtain %=0.38, while the theore-

2
tical value is 046, S,”— M,° = 32°5 and the ‘“age of tide” 32
hours.

Southeast Greenland, Finnsbu 1932.

Since the readings in Finnsbu (table 6) were made at irregular
intervals, one has to interpolate the hourly heights of the sea-level.
In order to do this, a continuous curve was drawn by means of the
observed values. The drawing of this curve was facilitated by frequent
readings near the times of H. W.and L. W. The tide seems to be but
little disturbed by meteorological causes, and therefore, the shape of
the tidal curve could be determined without difficulties, even when the
observations are scanty, as during the nights when five hours of observ-
ations are lacking.

The tide curve for the lacking day, from Sept. 12 to 13 was
interpolated by means of the heights on the preceding and the following
day, and also by use of the heights 14.5 days earlier. The curve was
then drawn such that it should fit in with the parts of the curve for
the adjacent days.

Also, one could wish that the series of observations had covered
one day more, as it comprises only 28 days instead of 29, which
is a more proper number of days for the analysis of tidal observ-
ations.

When the curve had been completed, the hourly heights were read
off, and submitted to harmonic analysis according to the methods de-
scribed by Harris. The results for the principal components of the
tide are:

Ampl. Phase
M,...... 85.1 cm M. 127°
S 36.6 , N 158°
Ny.ooono 15 |\ P 126°
Kioooon 132 , Koo 93°
O,...... 44 O,...... 46°
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For the sake of comparison the first 15 days were also analysed
by the method of dr. Doodson!, Tidal Institute of Liverpool, with the
following results:

My...... 91.2 cm M,S°...... 127°
Sy, 356 S ... 163°
N,...... 184 ,  NS...... 123°
K,...... 1.7, K°.oo... 93°
(O J 55, O,...... 49°

The accordance between the results of the two analyses is satis-
factory, and gives a check on the values of N, and O,, whose de-
termination from so short and incomplete a series of observations is
difficult.

East Greenland (Vesle Finscheya) 1933.

The analysis is made by the method of Doodson.

The tidal observations cover an interval of 30 complete days from
July 20 to Aug. 18, both inclusive, but the last day, Aug. 18, has been
omitted because this method requires observations from 29 days.

The hourly values of the height of the sea-level in centimetres
above the arbitrarily chosen zero level, which as already mentioned,
corresponds with the O-line on the records, are given in table 7.
The mean sea level of the period is situated 96.7 centimetres above
this arbitrarily chosen zero level, which, again, corresponded with a
staff reading =25 centimetres. In levelling from the staff to the copper
bolt next to the tide-gauge, the top of the bolt was found to be situated
465 centimetres above M. W.

It should be noted that the angles given as M,°, S,°, etc. mean the
angle usually designated by =, and not the angle which by Doodson is
designated by g.

As the weather conditions during the period of observations were
favorable and the records, therefore, are very regular, the results should
be reliable. The harmonic constants which have been calculated are:

Ampl. Phase
M,...... 449 cm 315°3
S,. ool 19.5 , 0°
Nyooont 119 289°
Kiooooo. 1.8 75°
O,...... 76 , 25°

I Instructions for Analysing Tidal Observations. Published by the Lords Com-
missioners of the Admiralty.
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Comparison with results from other stations.

It may be of interest to compare the harmonic constants for Bear
Island, Finnsbu and Vesle Finschoya with the known harmonic constants
from adjacent places. For this purpose we shall make use of the
harmonic constants for Nanortalik (west of Cape Farvel), Denmark
Island (in Scoresby Sound), and Jan Mayen on the western side; Bode
and Kabelvag (Norway) and Port Virgo (West Spitsbergen) on the
eastern side of the Norwegian Sea. In table 1 we have compiled the
harmonic constants for the principal components at these places together
with some other quantities giving the quality of the tide. Most of these
are found in Harris’ Arctic Tides. It should be noted that Harris gives
the result of two different analyses for Port Virgo, one contained in the
original memoir of Mission Scientifique pour la mesure d’un arc de
méridien au Spitzberg: Mission Suédoise, Tome I. P. 25 and the other
the result of an analysis by the U.S. Coast and Geodetic Survey.
The results differ widely on several points, but it seems that the
American analysis is erroneous as far as regards the solar component

S,, which is found to be 7.9 cm and the ratio 1\8/12 =0.19. The Swed-

ish analysis gives S, = 14.3 and the ratio 1\8/12 =0.35, which is nearly

equal to the ratio found at all the other stations in the northern part
of the Norwegian Sea. We, therefore, adopt this value as the most
probable.

A comparison of the harmonic constants shows the great resembl-

ance of the tide at these places. The ratio AS/L" varies between 0.33 and

0.44 and the ratio Al} between 0.18 and 0.27.

The comparison of the diurnal tides reveals an interesting fact. While
the diurnal component O, has nearly the same phase at the eastern
and western side of the Norwegian Sea, we see that the component
K, is quite different. Thus we find the cotidal hours 6.08 at Denmark
[sland, 6.41 at Vesle Finscheya and 7.00 at Jan Mayen. At the Nor-
wegian side we find 1290 for Bodg, 13.16 for Kabelvag, 14.05 at
Bear Island, and 13.62 at Port Virgo. The time difference is about
6 hours, or a quarter of a period.

Furthermore, we draw attention to the tidal hours for M,, which
give a picture of the propagation of the semidiurnal tide in the northern
part of the Norwegian Sea. The cotidal line for 12" seems to run almost
parallel to the shelf from Norway to Spitsbergen and also parallel to
the northern part of East Greenland.
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Table 2.
Meteorological observations, Bear Island, June 6—July 6, 1930.
| Pres- Air Relat. Sea Wind Cloudi- State
Date |m | sure temp, | humid. | surface | pirect. | Force ness of ice
S| mb °C 0jo °C from | 0—12| 0—10 and sea

June 6(14| 983.9 5.4 111 0.9 SWbS 4 10 High swell
, 1|, | 9884 25 | 110 10 | NW 4 10

, 8], | 1003.2 33 101 1.0 \4 4 10* Some swell
. 9|, | 10049 | 48 | 110 09 | SPE 2 10* )

, 10| , | 997.1 | 38 | 109 1.3 | SEbE | 4 8 .

s 11| 988.0 4.6 110 1.3 [NWbHN 3 10 »
L2, | 9882 | 40 | 107 1.4 |WNW| 5 10 .

L 13| ., ] 9964 | 63 96 1.3 | WbN 2 10 ,

, 14|, 10060 | 58 | 102 15 | wes | 3 10 .

L 15, | 10157 | 4.1 95 1.5 | wsw | 4 8 .

, 16|, 10074 | 65 | 107 16 |[SWbw| 5 10 ,
S17), | 10020 | 59 | 107 1.6 Sw 5 10 .

L 18|, | 10005 | 60 | 106 1.6 | wSw | 5 10 )

, 19|, [ 10050 | 4.1 93 18 | wes | 5 9 .

, 20|, | 10128 | 22 | 100 20 [ NNW | 4 10 "

, 21|, 10187 ] 5.1 96 19 [ NNW | 3 3 .
22|, | 10153 | 45 93 21 |WNW | 3 10 ,

L 23|, | 10120 | 4.6 99 22 |[NWbN| 2 10 .

» 24|, | 1012.0 3.2 104 2.3 ENE 2 4 »

, 25|, 10133 | 20 | 103 23 | EbN 4 10

, 26|, | 1011.9 3.5 102 2.3 EbS 4 10

, 27|, | 1014.0 1.1 102 24 NEbE 2 10 Some swell
. 28|, | 10002 | 4.5 99 24 |WNW| 5 10

» 29|, | 1009.9 4.2 107 2.4 WNW 4 10

, 30|, | 1006.1 5.8 98 24 Wb S 5 9
July 1], | 1008.4 3.3 105 2.4 ENE 2 10 Some swell
. 2|, l10029] 70 96 24 | WSW | 4 10 ,

. 3|, 10031 122 | 106 25 | wsw| 7 10 i

. 4|, | 10049 | 96 | 102 2.5 SwW 6 9 ,,

. 5|, (1011 | 95 | 102 26 | ssw | 3 9 .

, 6] .]10066 | 126 93 26 W 2 6 ;

Table 3.

Meteorological observations, Finnsbu, Southeast Greenland,

17

18
19
20
21
22
23
24
25
26
27
28
29
30
31

1018.0
1014.0
1022.5
1020.5
1017.3
1012.2
1013.5
1008.3
1002.1
9924
993.0
988.9
990.9
991.2
996.2

August 17—September 14, 1932.

11.5
11.8
10.2
6.0
8.7
5.8
9.0
9.7
9.3
6.7
10.8
15
9.9
7.8
10.9

71
87

67
90
77
82
86
95
76
84
76
88
65

6.2
8.2

7.2
6.6
7.9
8.3
7.5
8.3

.6
.1
q
.1
.1

oot

\
—_ O

SE

SE
ESE
ESE
ESE

NNW

Z
<
W WM WNN — — =

—

WO W: 0O

10*
10*
10

10

No drift-ice throughout the period

the period

-ice throughout

drift

N o
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Table 3 (continued).

= | Pres- Air Relat. Sea Wind Cloudi- State
Date |m | sure temp. | humid. | surface | pirect. | Force ness of ice

s | mb °C 0/o °C from | 0—12| 0—10 and sea
Sept. 1 [ 14| 990.8 | 150 73 5.3 WNW 4 2
s 2|, |10023| 11.0 53 5.6 SE 1 1 -
» 3|, | 10074 5.1 95 5.0 WNW 3 10* E
, 41, | 1006.4 7.0 89 4.9 - 0 10 <
,» 5|, | 1007.7 7.3 81 52 SSW 1 1 .
., 6, | 1004.4 48 89 5.5 E 1 10 £3
s 11|, | 1006.6 7.8 73 4.7 - 0 0 =g
» 81, | 1000.5 5.0 93 4.6 NW 1 10* g &~
» 91,1 9995 7.2 75 4.6 N 4 7 =2
, 10|, | 1003.5 6.0 72 4.4 E 3 9 =h
,» 11, | 1003.0 7.8 66 43 | WNW 6 0 ©
, 121, | 1009.6 5.6 25 4.4 | NNW 3 2 P
,» 13|, | 1004.5 3.0 69 4.0 NW 5 3
, 14|, | 999.7 6.7 47 3.8 WNW 1 10

Table 4.

Meteorological observations, Myggbukta Radio

July 19

20
21
22
23
24
25
26
27
28
29
30

1010.9
1010.6
1014.1
1011.5
1020.4
1015.3
1011.1
1013.2
1013.6
1009.5
1007.4
1003.1
1008.3
1002.2
1005.4
1008.5
1016.5
1015.3
1008.4
1009.3
1009.0
1011.0
1008.8
1005.1
1004.1
1002.7

995.3

996.5

999.4

992.8

July 19—August 17, 1933.

4.2
7.6
7.6
8.0
10.0
6.4
10.0
11.4
7.7
10.6
4.6

—_h = B0 NN O

2
5
15.0
50
5.0
11.0
14.0
4.0
8.0
9.0

.6
0
0
0
.0
0
.0
0
.0
.0
.0

90
47
84
80
72
83
75
59
80
72
80
80
83
85
85
95
75
85
85
85
85
75
45
85
75
45
45
75
65
65

No Observations

ESE
ENE
SE
SEbE
SSE
SEbE
ESE
SSE
SEbE
NW
SSE
w
S
SEbE
ESE
SEbS
SEbE
SE
EbS
EbS
ESE
EbS
WhN
E
ESE
NWbW
NWbW
SE
E
WNW

TWNPAWWNNDWAPRNWPARWWARARNDWWWHA WRAWWHS P

— ——

O-—'—‘w'—‘QJOO-—-OOE—OJ—OOJC»OOCO(DOCO@\!\IO-‘(MCN

. East Greenland,

Occasionally some drift-ice in the Clavering fjord
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Table 6.

Staff readings.
Height of sea-level in centimetres above an arbitrarily selected level.
Finnsbu, East Greenland, 63° 24' N, 41° 17" W Gr.

Hour | Height Hour | Height Hour | Height
Date | \MBT | Date |MET.| m Date |MET.| m
11932 1932 1932
Aug. 17 | 2100 2.60 | Aug. 20 | 230 227 | Aug 23 1831 0.68
, 17| 230 2.08 , 21 0us 2.03 , 23 1919 0.75
, 18 107 0.79 , 21 140 1.37 , 23| 212 1.27
, 18 205 0.25 , 21 738 093 , 23| 223 1.57
, 18 301 | —0.04 , 21 1047 2.15 , 23| 234 1.79
, 18 35 | —0.03 , 21 1158 2.05 , 23 -] *184
, 18 743 1.83 , 21 1338 1.45 , 24 03! 182
, 18] 1105 1.93 , 21 1431 1.02 , 24 146 1.70
, 181 1188 1.50 , 21 1600 0.42 , 24 736 0.71
, 18] 1305 085 , 21 1629 0.29 ., 24 1043 1.52
, 18| 134 0.48 , 21 1701 0.24 , 24 1141 173
, 18| 1506 | —0.03 , 21 1730 0.26 L, 24 1220 1.84
, 18] 1652 0.25 , 21 1813 0.41 , 24 1300 1.87
, 18] 1912 1.64 , 21 1955 1.04 , 24 1341 1.86
, 18] 2255 2391 21 2058 1.56 , 24 1537 1.57
, 19 003 1.85 , 21 2201 1.97 , 24 1638 1.32
, 19 057 1.28 , 21 2225 2.09 , 24 1842 0.93
, 19 206 0.58 , 21 - | *220 , 24 1920 0.95
, 19 414 0.02 , 21 2226 2.17 , 24 2215 1.33
, 19 503 0.19 . 22 025 2.02 , 24 | 234 1.29
, 19 602 0.60 . 22 146 1.52 , 25 048 1.71
, 19| 1205 1.80 . 22 737 082 , 25 145 1.71
, 19| 1338 0.88 ., 22 1039 2.05 , 25 735 0.90
, 191 160 |—0072| , 22 1121 2.13 , 25 1037 1.32
, 190 1607 | —0.132] , 22 1144 2.13 , 25 1228 1.70
. 19| 1902 1.07 , 22 1222 2.06 , 25 1252 1.77
, 19| 2158 2.39 , 22 1310 1.90 , 25 1338 1.87
, 19| 223 247 . 22 1421 1.47 , 25 1412 1.88
L, 191 2301 2.30 . 22 1557 093 , 25 1541 1.83
, 20 03! 1.83 , 22 1640 0.63 , 25 1637 1.73
, 20 216 0.69 , 22 1718 0.53 ., 25 1837 1.40
, 20 310 0.21 . 22 1753 0.53 , 25 | 202 1.21
. 20 802 1.40 , 22 1839 0.63 . 25 | 214 1.27
, 201 1042 2.21 ) 1856 0.66 , 25 | 224 1.36
, 20 . *222 , 22 1955 0.97 , 26 027 1.59
., 20| 113 2.07 , 221 2137 1.61 , 26 240 1.73
, 20| 1216 1.79 , 22| 2243 1.93 , 26 738 1.13
, 201 1255 1.50 , 22| 2315 2.04 , 26 1040 1.18
, 20| 1354 0.96 , 23 ol 2.02 , 26 1313 1.65
, 20| 1456 046 , 23 139 1.74 , 26 1445 1.93
, 20| 1528 0.23 , 23 737 0.71 ., 26 1532 2.00
, 20| 1553 0.12 , 23 1120 1.90 , 26 1725 1.98
, 20| 1630 0.06 , 23 - | *209 , 26 1846 1.80
, 20| 1705 0.09 , 23 1233 2.07 , 26 | 200 1.59
, 20| 173 0.19 , 23 1337 1.89 , 26 | 222 1.45
, 20| 184 0.66 ., 23 1420 1.62 , 27 05! 1.50
, 20| 2014 1.47 , 23 1611 1.05 , 217 138 1.61
, 20 2127 2.04 ., 23 1709 080 L, 27 736 1.57
, 20| 2203 2.26 , 23 1741 0.71 . 21 1037 1.11
, 20| 222 2.30 , 23 1809 0.69 L, 21 1215 1.22

I Decreased about 30 cm.

2 Uncertain.

* Maximum.
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Table 6 (continued).

Hour [ Height Hour | Height Hour | Height
Date | MBET | Date M ET.| m Date | \BET| m
1932 1932 1932
Aug. 27 1343 1.61 Aug. 31 2020 293 | Sept. 3 2206 2.83
» 27 1412 1.65 » 31 2039 2.90 s 3 2239 272
. 27| 143 1.1 , 31 ] 213 2.67 , 4 143 0.94
» 27 1518 1.92 » 3l 2243 2.05 , 4 732 1.43
» 21 - *2.21 Sept. 1 ot 1.10 , 4 - | *27
5 27 1605 2.07 » 1 141 0.34 ., 4 1032 268
» 27 1841 2.11 » 1 258 0.27 , 4 1041 265
s 271 2015 1.27 » 1 737 2.32 » 4 1331 1.34
s 271 211 1.14 » 1 1038 2.16 y 4 1426 0.76
» 28 105 1.16 » 1 1205 1.27 , 4 1535 0.05
» 28 158 1.28 » 1 1303 0.71 , 4 1635 0.00
, 28 1143 1.06 » 1 1340 0.40 , 4 1638 0.01
» 28 1239 0.99 ” 1 1430 0.23 » 4 1833 0.66
., 28] 134 1.19 . 1 1514 0.30 ., 5 135 1.40
, 28| 1640 222 . 1 1642 0.95 , 5 727 0.94
. 28| 178 2.36 ” 1 1841 230 s B 1036 2.55%
» 28 1841 2.39 » 1 1906 2.53 , - | *¥2.59
» 28| 2025 2.03 - i 1948 287 " 5 1125 2.56
» 28| 2215 1.38 » 1 2002 2.93 , 5 1326 1.83
, 28| 234 0.94 . 1| 202 301 ., 5| 1538 0.58
s 29 043 0.85 » 1 2037 3.07 y D 1633 0.25
s 29 138 0.90 ” 1 2033 3.03 , D 1656 0.20.
» 29 741 2.02 » 1 2205 2.70 .y D 1802 025
, 29| 1116 0.93 » 1 2305 2.13 sy B 1832 0.43
., 29 1239 0.74 y 2 o4 1.34 - 2242 2.49
, 29 1338 0.83 » 2 106 0.74 , 6 138 1.76
» 29 1545 1.58 sy 2 131 0.48 , 6 733 0.71
s 29 1640 1.97 y 2 220 0.15 , 6 800 094
s 29 1840 2.57 y 2 251 0.06 , 6 1152 2.42
. 29| 2007 248 . 2 721 228 ., 6| 1219 2.43
, 29| 2317 1.16 y 2 1030 2.48 , 6 1257 2.30
, 30 023 0.75 . 2 1138 1.60 , 6 1328 2.14
., 30 140 0.70 . 2 1328 0.59 ., 6 1451 1.55
, 30 740 2.28 . 2 1423 0.12 , 6 1629 0.80
., 30 [ 1040 1.30 . 2 1439 0.03 ., 6 1730 0.20
,» 30 [ 1201 0.74 s 2 1501 0.01 y 6 1738 0.48
» 30 1342 0.46 , 2 1536 0.00 , O 1832 0.49
, 30| 1512 0.91 . 2 1637 0.26 , 6 2030 1.24
. 30| 164 1.70 . 21 174 1.12 ., 6| 21 1.60
. 30| 1843 2.61 . 2| 1831 1.57 ., 6 | 23% 2.17
» 30 1925 2.73 . 2 2010 2.75 , 7 145 2.00
» 30 1958 2.76 y 2 2120 2.90 . 7 733 0.55
, 30| 2202 2.02 » 2 2144 2.88 . T 1035 1.77
» 31 210 0.50 . 2 2210 277 ., 7 1202 2.17
. 31 740 2.48 , 21| 233 2.11 L1 - | *2.23
, 3l 807 2.51 , 3 143 0.48 w 1 1248 2.22
. 31| 120 0.78 ., 3 730 191 ., 1| 1340 1.65
, 31| 1304 0.41 , 3| 10% 2.65 1| 11 0.84
» 31 1337 0.31 , 3 1223 1.70 . 1 1836 0.73
, 31 1414 0.29 , 3 1328 0.91 ., 8 152 1.85
, 3l 1455 0.42 ., 3 1417 0.40 ., 8 1349 1.94
» 31 1640 1.28 » 3 1519 0.00 , 8 1538 1.92
, 31 1832 2.47 s 3 1552 | —0.10 , 8 1635 1.75
» 31 1841 2.53 . 3 1616 [ —0.05 , 8 1831 1.27
, 3l 1908 273 , 3 1630 0.00 , 8 1910 1.14
, 31 1949 2.86 , 3 1831 1.10 , 8 2014 1.02
, 31 1952 291 , 3 2115 2.70 . 8 2211 1.17
31 1938 292 3 2140 2.80 , 8 2342 1.47
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Table 6 (continued).

Hour

Height

Hour Hour [ Height
Date ' mET.] m Date | mET.| m Date |\ E'r | TR
1932 1932 1932
Sept. 9 140 1.82 | Sept. 10 1514 1.87 Sept. 12 1035 0.94
. 9 733 1.05 . 10| 1529 1.92 ., 12| 1113 0.75
. 9| 8 099 | , 10| 16 2.11 , 12 ] 1143 0.57
» 9 1036 1.09 » 10 1635 2.16 » 12 1212 0.48
. 9| 1187 142 |, 10| 172 220 | ., 12 ] 1306 0.46
. 9| 1314 1.76 , 10 - | *223 , 12| 133 0.52
s 9| 13 18 | , 10| 175 220 | , 12| 1509 1.05
., 9| 143 208 | , 10| 1837 210 |, 12| 153 1.38
. 9| 15185 2.12 , 10| 2128 1.27 . 12| 1743 2.29
, 9 - | *214 | . 10| 2201 .03 | , 13| 1738 1.65
s 9| 183 | 212 | . 10 | 22¢ 08 | , 13| 1g%0 2.63
» 9| 163 | 210 | , 10| 2326 | 08 | . 13| 2206 | 208
s, 9| 1800 188 | . 11 155 o8 | . 14 205 0.43
» 9| 1956 1.48 , 11 735 0.72 , 14 330 0.74
. 9| 2118 1.07 . 11| 1038 0.83 . 14| 112 1.94
., 9| 2218 | o096 [ . 11| 133 098 | , 14 | 1330 0.40
“ 9 2246 096 » 11 1538 1.73 » 14 1633 1.22
, 10 136 1.40 . 11| 222 1.09 , 14 | 1833 228
., 10| 73 1.31 . 11 | 2328 075 | ., 14 | 1930 2.77
. 10| 1057 084 , 12 135 050 | ., 14 | 2043 2.83
» 10 1128 086 “ 12 733 2.02 » 14 2117 2.67
» 10 1330 1.32 » 12 858 1.62 » 15 110 0.50
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