
E r m  anill  a series of determinations from 1845-1846 by the 
l’ulkova astronomers E c h  u m a c h  e r ,  P o r t  11 a i d  M o  r i  t z .  ‘ i  

r ’  + 

They found I t 

the linear coefficient of dilatntion of ice = 0.oonn1i424 (Scliuimcller) 
. ) *  P x - ~ . o o o n c n s . i  (rorth) 
/> P > 3 J )  = O.0000C469 (Moritx) 

The coefficient of cubic dilatation of the ice was determined 
bj7 B r u n n e r  2 .  

roefficinit of cubic expnnsion of ice - O.aoo113 

r l  I hi? numbor is ileeidcclly too qnzill. ?lore c1u:1c*i8 clct,cl*- 
xiiimtions on piire ice were rn:iilc in  IS,‘,? 1 ) ~  l’ili ,,!<e L’ n11ii 

c ~ ~ w i i t t : d  wit11 tlilatometcrc: of tlimmnutivr sixc h 1  

\vorkm:u~ship were : 

j , n : ,* 1 n 1 ? ‘ P i  
, ,- k .  .. 1111 * t ~ ~ m g r  r e f i \ t l t h *  ;; “111 .; ~ U X ; C ‘ ~  i)!’ 

1) coefficient of cubic expansion of ivo = 0.0001riri 
2) * , z  p O.nooi68  

8)  1 , ,> a = O . o o o i o e  
4) ,> S D  - -- a . o o o l 7 o  

P 1 ii c k e r and Q ei s s 1 e r concluded from their experiments , 
that the coefficient of expansion by heat of pure ice is con- 
5tant and its clilatation regular at al l  temperntures (from 0 
unto -220” or -224“ C). 

I n  1879 the author, in company with IT. L a r s o n  ¶,  tried 
to  trace out the curve of volumes of tlic ice for every centi- 
grade from 0” to - 12O.75 C. We found i t  easy to verify, that 
the average coefficient of expansion given by P l u c k e r  and 
( t c i s s l  e r  was right, but we found serious reasons to doubt, 
illat the dilatation of ice was uniform. On account of the 
imperfect construction of my dilatometer a t  this tinic and in 
want of a balance adapted for exact weighing of great quanti- 
ties of mercury, wc ’were obliged to postpone the verification 
of tliis observation. 

Jn the following it mill be shomn, that we were not mis- 
taken, t h o ~ g l i  we then coiisidcrably overrated the irregularity 
of the dilatation of the ice. 

13nt wc certainly did not tlien expect to find, that the  
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volume of ice decreases’ in tlie vicinity of its melting point. 
As I deem this fact of importance to  meteorology as well as 
to  hydrography, I 1i:ive tried to make the behavior of pure 
ice in the vicinity of zero one of the inain objects of my in- 
vestig a t’ ion. 

The preceding exposition is only intended to  give a gene- 
ral view of the development of our knowledge of the proper- 
ties of piire mater and ice, which was to  be the first object 
of my study [see page 2531. 

Regarding the problems I1 and 111, viz. tlie properties of 
ice from brackish water and oceanwater, no previous researches 
have been published, nor has the change of volume etc. of 
ice fcrmsd in the open sea formerlv h w n  whject to  quantita- 
,tive rneasuremeiits. 

The volumes of oceanwater have recently been very care- 
fully studied by L. E’. E k m a n ,  by means of Regnault’s dila- 
tometer. Mr 131. T o r n o  e ,  hydrographer of the Norwegian 
expedition, has, repeated the determinations of Elc in a n  Tvith 
the Sprcngel pycnometer, another equally sensible instrn- 
ment, and obtained almost identical results. 

I therefore thought i t  would be superfluous to  again test 
the dilatation of salt water with mg o ~ i i  dilatometer alld 
resolved to confine m y  research to  the dilatation of brackisli 
water of little saltness, an ob-ject of still gre:iter interest for 
my purpose, such water being formed by the melting of se;l- 
ice. By special permission from professor Eli in a n  , I was 
authorized t o  insert his curves [the blue lines in I’late 231 of 
volume of salt wator together with iny own determinations 
on pure and brackish water, mhich are marked i n  plate 23 
with black and red colours. 



CHAPTER 2. 

Methods and instruments. 

I n  the course of the experimental research some delicate 
questions, requiring great accuracy in the deteriniliation of 
temperature, arose. I therefore thiiib i t  ndvisnlle, first to give 
an  exposition of the 

A. Measurements of '$temperatures and determinations of 
the coefficient of apparent dilatation of mercury. 

The temperature mas observed by nie:ins of 3 iiorinal 
mercury therinometers, manufactured expressly for these pur- 
poses by Dr. G e i s s l e r  in Bonn niid his successor, Mr. F r a n z  
M u l l e r .  I n  the following tlicse iiistrniiiciits will be denoted 
bY GI, GI, c% GI,, 

G, indicates teinpcratures froni - 1" C to  + 26" C 
GI, )) >) 8 -118°C P + P C  
GI,, )) >> >) -22" c: z - '7" c' 

G, & GI, were inade in 1875, GI,, in  18S0, consequently tlie 
correction for zero a t  present ought to be constant. It is 
however liable to little perturbations. Especially in  G, the 
final state of equilibrium of the iiiolecules seeiiis not to hnre 
been attained yet. 

By a great number of observations i t  was ascertained, 
that  the indications of tlic different thermonicters a h r e  zero 
corresponded with encli oilier within the liinits of O'.OI o r  
0°.015 of a ceiitigrnde degrce. Below zero the correspondence 
could not be observed so closcly, ,on account of the difficulty 
of maiiitaiiiiiig the tcniperaturc steady for :L long tiine. It 
must also be obscrved, that  during the voluiiietric experiments 
tlle dilatoiiicter and t h o  thermometer were iniinersed in a mer- 
cury vessel of wrought irou. The pressure of tlie incrcury 
caused a rise of V.02 C in the indication of teinpcrature. This 
i s  a constant error, to wliich clue reI'creiicc has been made. 

The correspondence of tlie different iiistrnlncrits being 
nscertnincd to be sntisf:ictory, anothcr question arose of equal 

17 
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importance but greater difficulty: are t7be iiaclicalio~as of t7be 1601"- 

,nul t7~erinoiiieters of Dr. Geissler couforirudde to the ~ec l l  te?npercc- 
ticres? The autlior first tried to decide this question by a 
strict comparison of the Geissler thermometers with the air- 
thermonieter, described in the Journal fur prakt. Chelnie 
1882. 

The mercury therinometers only agree exactly with t h e  
air-thermometer a few degrees above mid below zero, for  
higher temperatmiires the indications of the two ixistru~nents 
differ slightly, for lower temperatures the discrepancy gra- 
dually but rapidly increases and at -220' C is considerable- 

If the indications of the air-thermometer are considered 
to be the standard ineasure of temperature, tlie normal mer- 
cury thermometers are far from being right, especially below 
zero. It reiiiained to be seen, if the Geissler thermometers 
were correctly adjusted after the principle of the iiiercury ther- 
mometers, i.e. if every centigrade degrce on  their scales corres- 
pozicled to an equal apparent dilatation of the mercury in  the 
bulb. 

The dilatometer, see page 262 and plate 20, was filled with 
mercury, which was boiled in the re,Tervoir. After cooling, the 
instrunleiit was placed in  melting snow for several hours and 
tho escess of mercury dlowed to escape through ,)b,)) until the 
dilatometer W ~ S  filled exactly to  the stopcocks mid weighed. 
Afterwards tho dilatometer was imncrsecl iu a mercury vessel 
and  the dilatation of the mercury in the instrunierit between + 2 O . 6 5  C and - 1 7 O . 1 8  C deteriiiiiiecl in  the ordinary way (see 
page 264) by inems of a scale-tube. The Geissler thermo- 
meters mere placet1 imincdiately beside the reservoir and the  
ternperaturcs rem1 off with n knthctometcr. The dilatometer 
was thus transformed into a iiicrcury thcrmomcter of extra- 
ordinary size with a carefully calibrated steiri (the scale-tube). 

The result was the followiiig: 

I resolved to test this in tlie following way. 

I___ 

1 Joiirri. pr. C1i [2]  I 3 d  25 11. 103. 
3 In spite of the fragile for;ii of the instrument, this operation is not 

Cai ~1 innst be taken. that the quantities of incrcury eiitcring very hazardoiis. 
throrigh the cxpillnry tnbe are  Iiented 1)eforcli:nid to 200" or 300" C. 
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~_ 

'L'emperature 
corr. 
c. 

- ~ ___ 

+ 2 O . 6 5  

f 2O.65 

f oO.65 

-- 0",35 

- I O . 3 5  

- 3O.35 

- 5'.35 

- 7O.35 

-- 9O.35 

- 11".35 

- 12O.35 

Table  I. Series a. 

Position of the 
mercury index (corr.] 

in the scale-tube. 
. __ 

847.18 1 ~ 1 1 .  

819.95 a 

792.92 

765.59 

739.03 

685.85 z 

632.03 2 

57743 * 

523.S6 D 

4 6 9 . j ~  a 

442.11 * 

Thermometer GJI, melting point of ice = + OO.35 C on the scale. 
I nornial 1n.m. of the scale-tube 1 = 0.0002312 cc. 
Qnantity of nicrcury in the dilatometer at oo C = 558.400 Gr 
Volume D g exposed lo the variations of temperature = 41.0712 CC. 

- - 

O0 - O".IS 750.83 111.111. 

- IZ".OO - 12O.18 430.87 x 

- 1 4 O . 0 0  - 14O.18 377.58 n 

- 16".oc - 16O.18 322.92 3 

- 17~.00 - 17".18 1 294.53 * 

Temperature 
ob4erved 

c. 
-- 
__I__ 

+ 3 O . 0 0  

+ 2 O . 0 0  

3. 1 O . 0 0  

0 

- I O . 0 0  

- 3 O . 0 0  

- 5 O . 0 0  

- 7O.00 

- 9 O . 0 0  

- I r '.oo 

- 12".00 

____ __~  --- _____ .. .- 

3'9.96 = 26.64 = -y- 
53.29 = 26.64 = 7;- 
54.66 = 27.33 = y- 

= 28.39 (7) 

Change of Volume 
for 10 c 

i l l  millinietres (corr.) 
of the scale-tube. 

____I_ 

=- 27.23 

= 27.03 

= 27.33 

= 26.56 
53.18 

= 26.59 = 7- 
53.82 

== 26.91 e --- 
54.60 

= 27.30 = 1 
53.87 = 26.93 = 7 

= 27.02 = 1 54.04 

= 27.41 

Series b. 

Coefficient of 
apparent dilatation 

of mercury. 

l j  ___ ___._ 

= 0.000153 

= 0.0001~2 

= 0.000l~j 

= 0.000149 

= 0.000149 

= 0.OOOI~I 

= 0.000153 

= 0.0001 5 I -- 0.0001 52 

== 0.000154 

Thermometer Girl, melting point of ice = 4 oO.18 C on the scale. 

Coefficient of 
apparent dilatation 

of mcrcirry. 

1: _--_____ ._.I_ 

= 0.0001~0 

= 0.0001~0 

= 0.000153 

= 0.oOoI~g (?) t 1 

I 
The same scale-tulie was employed in all the following experiments. 
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This table shows, that the apparent dilatation of the mer- 

cury in the dilatometer was equal [- 27..  . ~nillinietres = 
0.00~242 cc] for every centigrade degree observed on the scales 
of the Geissler thermometers GI, & G,,,. The variations [0.3 
unto 0.7 inillirnetre] are due to the difficulty of lnaintairlil~g a 
steady temperature in the inercury vessel for a sufficiently 
long time. I estimate the unavoidable oscillation of tempera- 
ture at about w.02 C for temperatures above - lo" C. For  
lower temperatures (as for example - 16" to - 17" C) the error 
i s  soniewhat greater. 

This speaks strongly in favor of the Geissler thermo- 
meters. They are in fact excellently graduated .after the prin- 
ciple of the inercury thermometers. I therefore, upon reflection, 
thought it advisable, t o  apply this principle exclusively to  all 
measurements of teinperature given in  this paper. The num- 
bers therefore refer to the indications of correctly calibrated 
mercury thermometers. Besides, a11 ineasurernents of tempera- 
tures of ice or water, hitherto published in hydrographic re- 
searches, are made with mercury thermo~neters, and the fol- 
lowing results mould be iiicapable of comparison with those 
of my predecessors, if I v e r e  to apply another standard of 
temperature. Still I think it t o  be a serious inconvenience, 
that  science nominally proclaims one standard of temperature 
[the dilatation of dry air] but  practically applies another [the 
dilatation of mercury]. 

The preceding experiment also sc\rves another purpose. 
For  the following determinations it was necessary to kno-vl. 
the coefficient of absolute dilatation of the glass reservoir of 
the dilatometer. This number is easily calculated frolil the 
last coluinn of tlie table 1 series a & b. 

q denotes the coefficient of absolute dilatation of mercury, 
If 

P 1 ) )  >> )) )) apparent >) >, )> 

g a  >, 7, )) cubic dilatation of glass, 
then 

g == Q - i3. 
P being a constant (see last coluinn of table 1, a & b), the 

value of g depends upon what number is substituted for  q. 
Here another great incoiivenience arises from the uncertainty 
of the absolute coefficient of expansion o i  niercury at 0" 
lower temperatures. According to R e g n a  u 1 t's determinations 

q = 0.oooi~gos a t  0". 
According to W f i l l n e r ' s  recalculation of Reg"a"1t's experi- 
ments, it ought to  be 
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y = O.00018116 

in the first case g is = 0.00002753 
7 )) second g )) = 0.00002974 [q = 0.00018116 WuI1n.j 

This uncertainty, which does not amount to more than 
0.00000221, will perhaps seem to be very unimportant but would 
indeed be most fatal, if i t  was not neutralized to a great degree 
by a stratagem in the method. An easy calculation shows 
that the influence, which this un’certainty, as to thc real coeffi- 
cient of expansion of mercury, excercises upon the final result, 
is in  some cases about 5 to 10 times greater than the distur- 
bance caused by unavoidable errom of observation. 1 thiak, 
that  the original number O.oooi7905 of R e g n a u l t  represents the 
average coefficient of dilatation of mercury below zero more 
closely than 0.0001si 1 0 .  Therefore tlie following results are cal- 
culated by means of the constants 

[q = 0.00017905 Reg.] 

Q = O.OOO17905 g = 0.0000?753 

The volumes of pure svuler and ice are also calculated by 
inemis of 

(r = 0.0001811F g’= 0.00002974 

to facilitate the coniparisoii with the calculations of P1 u c k e r 
and Gei  s s l e  r , which are founded upon a similar assump- 
tion. In  both cases the values of q aiicl g are supposed to 
be constant withiii the teinperatures of observation. 

This assumption is of course not correct, but is an almost 
unavoidable consequence of the  prevailing uncertainty as to 
the real dilatation of mercury ‘1 at low temperatures and from 
the chosen stand:vd of temperature, wliich involves: 

Q - g = constallt 
from which it follows, that  the variations of q and g must 
be equal. The value of g being only ’ l o  of q, it follows, that  
t he  expansion of glass varies G times more rapidIy than tha t  
of mercury. In  order to avoid the npplication of‘ this coiise- 
quence, mliich is hnrclly acceptable, if q is supposed to vary 
below zero in the ratio given by the formulae, I have sup- 
posed both q and g to remain constant and consequently to 

O . O O O l 8 0 6 8 .  
‘2 In’ the c o u r p  of this i.esearcli tlie author lins gained the rotiviction, 

thnt the  dilntntion of mercury bclow zero is not exactly represented by thc 
formulae and t hc  coefiichits given by Reg  ii a u 1 t x. 0. for higher tcinpcm- 
turcs, aiitl thnt this subject lriglily iiccds a repc:itecl experimental Y C S C W C ~ .  

The alteration in the  roeffcirnt  of dilatation, which begins to appear on  
approaching the point of solidifiratioii of mercury, is the real cause of the 
discrepancy between tho nir-thermomctcr and the lllercury tlicrinometers. 
The author hopes to return to this subject in n fiiture paper. 
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denote the average coefficients of expansion of mercury and 
glass. 

In  the case, that  q should be experimentally determilled 
with exactness for temperatures below zero, all the elements 
are a t  hand for a recalculation of the following results. 

B. Measurements  of volume. 

These are made by means of the dilatometer represented 
by fig. 2 on plate 20 in the following may. The reservoir B is 
filled to with mercury and cautiously heated, until the air 
adhering to the surface of the glass, in contact with the iller- 
cury, has escaped. Wlien the last traces of air arc removed, 
and a real ebullition of inercury seems to begin, the stopcock 
d is closed and the flame allowed to sweep the upper part  of 
B. The pressure of the heated air and the mercury vapour 
makes the hot mercury rise in the capillary stein of the dila- 
tometer and flll the side tubes b and c and the upper reser- 
voir A. Tlie volume of the mercury, which reniains in B, 
inust not exceed Then the 
stopcocks a ,  b and c are shut and the flame reinoved from 
B to C, the water of which is heated to boiling. Thc! stopcock 
d is opened, and a jet of hot water passes from C to B, on 
account of the rarefied air in  the reservoir. When B is half 
filled with water, a separate flaine is applied to it, and the 
water in B and C is assiduously boiled, until every trace of air 
is removed. If B is allowed to cool, it is rapidly filled with 
air-free water from C, which is still kept boiling. M'lien the 
temperature of the water in 13 has sunk to  about 30" or 35" C, 
the capillary tube of the dilatonieter is made to dip in the 
mercury, which covers t h e  bottoin of C, and then, on farther 
cooling, a tiny column of mercury enters the  capillary tube 
i n  the manner shown in fig. 2. The stopcock d is shut, a is 
opened, and the operation of filling the instrument with water 
is completed. 

If the dilatometer in this conditiori is. combined with a 
calibrated scale-tube, the whole dilatation of ,water, from its 
boiling to far below its freezing point, can be easily deter- 
mined, but  if also the cliangc of volume freezing and the 
dilatation of the frozen water must be ascertained, which 'was 
the case in xny experiments, another preparatory operation, 
which requires the greatest caution, is necessary. 

The freezing of the \tTater in the dilatometer inust be cull- 

of the space of the reservoir. 
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ducted very s7ozu7y from the upper part downwards, until the 
whole mass is transformed into a cylinder of ice. The ten- 
dency of the ice to form at the surface of the mercury, which 
on account of its superior conductivity is cooler tlian the 
glass, must be prevented by keeping the nether part  of the 
instruinelit isolated with cotton. The operatiori is best per- 
formed on a cold winter day, by placing the instrument in  a 
snowdrift or exposing i t  to the free air. The freezing process 
is introduced from above, by surrounding the capillary tube 
with snow and o few crystals of CaC12 4 Gaq. Ordinarily the 
formatioil of the whole cylinder lasted 6 to 8 hours. This 
cylinder was without a single bubble of air and entirely trans- 
parent, if the instrument was filled witli pure water 2 and all 
operations correctly performed. The ice from salt water is 
somewhat opaque and shows n radial structure. 
. Afterwards the dilatoineter is either dipped for n xnniiient 

in water of + 10' or + 15" C or warmed by the hand, until 
the outer layer of ice, nearest to the glass, is melted, then the 
stopcock d is opened. The pressure of the mercury makes a 
thin film of metal ascend between the glass arid the coinpact 
ice cylinder in the reservoir, whicli will thus be surrounded 
by an  envelope of mercury. The melted ice leaves the instru- 
ment by the capillary tube. If this operation is conducted 
with address, the ice will be almost completely enveloped witli 
a lnetallic rind aiid only be visible from without as a narrow 
stripe, where the ice cylinder touclles the glass, (see plate 20). 

FinalIy the stopcock d is shut aiid the dilatometer placed 
in an  iron vessel, filled with mercury. An iron hook is fixed 
in the bottom, which keeps the reservoir and a part of tlie 
stein and the capillary tube of tlie dilatometer immersed in  
tlie fluid, which is constantly stirmd by an iron paddle. A 
thermoineter is placed beside thc reservoir, and n calibrated 
scale-tube is joined to the dilatometer a t  c. Outside tlie vessel 
a cooling mixture of snow and NaCl is applied, wliich iiiakes 
tlie temperature of the iiiercury sink very slow1y. 

When an observation is to be inadc, the regular sinking 
of the teniperature in the inercury vessel is compensated by 

1 This part of the experiment requires the constant matchfulness of 
the experinieiitalist. 

2 In  this case tlie danger of bursting is iiifiniteb greater tliaii other- 
wise, on account of the extreme hardness of absolutely pure ice. Ice from 
salt water is iiiucli weaker and seldoiri caiises the bursting of the glass 
reservoir. 
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lneans of a test tube filled with warm water, which is dipped 
i n  the fluid. If the quantity of mercury is large [about 7 01- 

8 kilogrammes], and the stirrer is vigorously moved, the index 
of, the thermonieter can be kept almost stationary by means 
of this artifice, 1 with exception of a few oscillations, which 
only at  very low temperatures amount to 00.10 C but ordina- 
rily do not exceed 0 O . 0 3  C. On account of the large capacity 
of the dilatometer, the oscillations of the mercury index of its 
scale-tube are not perceptible, the meniscus moves very regu- 
larly over tlie usual number of inillirnetres (30 unto 50) f o r  
every cent,igrade degree and then, two minutes after the thermo- 
meter has indicated the state of equilibrium of temperature in 
the mercury bath, attains R fixed position without any oscilla- 
tions. The excollent coiiductivity of air-free ice, which i s  
surrounded by a metallic rind, is indeed surprising. I n  the  
vicinity of the melting point, however, the behavior of the ice 
is totally changed. In the next chapter i t  will be proved, that 
a t  these temperatures a rapid change of the volume of the ice 
takes place. Immediately below the melting point the abnormal 
change of volume iiicreases enormously, and simultaneously 
the index of the dilatometer becomes extremely sensitive to 
slight oscillations of teinpcratnre. I-Iappily, i t  is an  easy task 
to maintain the temperature absolutely constant for a long 
tiine in  this case, because we may dispense with the cooling 
mixture, provided that the temperature of the air in the rodm 
is kept a few degrees below zero. Then, by repeated introduc- 
tion of a warm body in the niercury bath, we may compen- 
sate the slight loss of heat, suffered by conduction or  mdia- 
tioii, and approach the real melting point by regular observa- 
tions unto 00.09 or 03.01 C. 

The dilatation of the frozen water being ascertained by 
one or two series of observations between -18" and the mel- 
ting point, it remains to determine the change of volume by 
the melting of the ice and the expansion of the liquid water. 
For this purpose b is made to dip in a cup containing a. 
weighed quantity of mercury, c is shut, b is opened and the 
temperature of the inercury bath raised above the melting- 
point of the ice. After several hours the instrument is  allowed 

' The operation, like niost of these experiments, requires the  aid of a n  
assistant, ~ 1 1 0  with a magnifying glass reads off t he  scale-tube of the  dila- 
tometer, \vhile the eqvximentor  regulates the temperature and observes 
the thermometer with a knthetometer. 

The temperature \vas of course kept constant much longer. 



to assume its original temperature, ana  the contr:iction of vol- 
unie caused by the melting process is determined by weighing 
tlie remaining quantity of mercury in the cup. Afterwards 1) 
is shut, c is opericd again, and the espansion of tlic liquid 
for every centigrade degree measurcd by ~ncans  of the scale- 
tube as before. But in  this case the dilatonieter necds inucli 
more time [G to S ininutes] to attain n uniform teni~)eraturc 
throughout its whole inass thnii beforc. Therefore the time of 
cach observation mnst be considerably prolongecl [20 to 2.5 
minutes]. 

When tlie volninctric dcterininntions nre coiupletely fin- 
ished, the instruinent is taken from the mercury bath and  
placed in nielting snow for a couple of hours. Tlic superfluou? 
~ne rcn ry  in the reservoir is rcnioved, so that the dilatoinetcr 
is filled exactly to tlic stopcocks a, and c with mercury (nncl 
water) of 0’ C. Rfterwarcls i t  is cleaned find weiglicd at ordi- 
nary temperature. The mercury is collectcd and wcigliecl 
separately. 

Proin A ,  
G and downwards thc instruniciit is iniiiiersed in tlie mercury- 
bath ancl partakes of its variations of tcmpcr:itnre. The volnme 

The results are calculated in  the following way. 

. 
See  tlic preceding figure. 
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by zero of this part [the reservoir and stem] is denoted by L. 
Let Q be the volume of the mercury in  the reservoir, the ca- 
pillary and the stem unto A and B. The stand of the mercury 
column in the scale-tube a t  zero is  0. When the temperature 
of the mercury bath has risen t degrees above zero, the mercury 
index is supposed to have moved f millimetres. If the tern- 
peratnre riscs to tl degrees, the mercury index mill indicate 
fl inillimetres. The scale-tube is supposed to possess the tem- 
perature of the room, which was regulated so as never to vary 
tnore than from 2 to 4 degrees from zero, and the mercury 
columns measured in  the experiments are reduced to zero. I 
think this calculation, iv11ic.h is  almost without aiiy influence 
lipon the results, iriny be safely omitted i n  the following for- 
mulx.  ' 
q is the coefficient of absolute dilatation of mercury 
g the coefficient of absolute dilatation of glass [see p. 2611 
x the total dilatation of the water betmeen 0' and to 
x1 f) total > >> >> )> > 0" > t1" 
p )) volume in cc. corresponding to .f' 1n.m. 
1'1 )) >> )> >) >) >) f1 )) 

T I T  is the volume in cub-centim. a t  0' of the water in the in- 
strumen t. Then suppose the ternpcraturc of tlie instrument 
t o  rise from 0" to to. In  this case 

(1) . . . . . . . . . .  x = [Lg - Qy] t + p + pqt 

(2) . . . . . . . . .  s1= [L.. a -- Qq] ti + 111 + 1liqti. 

x1 - x = [rJg - Q ~ I  (tl - t) + pl - p + (plt l  - pt) q 

and  if the temperature rises froin 0" to tl", 

By subtraction of (1) from (2) we obtain: 

The coefficient of expansion ) ) W V  of mater between to and 
t1° referred to  the unit of volume at  0" will he 

This formula also holds good below zero, whetlicr the water 
in the instrutnent is frozen or liquid. Thc standard unit  in 
either case is tIJe cub. centim. of liquid water at zero. h1.Y 
in  the case of pure ice another unit  of volume is also intro- 
duced, viz. the cub. centirn. of thc ice a t  its nieltiiig point. In 
$lie case of ice from salt or brackish water this calculus be- 
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comes impossible, because the ice .fi.ont sztch water has no d@zite 
volume at its melting point. 

We may simplify the calculation without the least injury 
to the exactness of the results, by assuming 111 = p in the 
quo tien t 

cy t1-t 
for temperatures not exceeding the limits - lo" and + 10" C. 
'The formula (4) then becoines 

l ' l t l-pt  

P1- 1' 1% - &q + cyP1 + E (5)  . . . . . . . * .  . w = -. w 
I t  is self-evident, that instcad of the volurnc~s L, &, 11, pl, T V  
we may as well substitute in the formula the weightsi of the 
corresponding quantities of mercury. 

On page 261 I have alluded to the grave inconvenience, 
which the uncertainty of tlie real value of the coefficient of 
expansion of mercury involves. I will now try to shorn, Iiom 
the errors arising froni this deficiency in  the present state of 
science can be counterbalanced and for a great part eliminated 
froni the results by a special arrangement. 

The quantities dependent upon the value ascribed to q in 
formula (5) are 

and 
CIl'I. 

The latter quantity is almost devoid of influence upon the 
result, on account of its smallness. We may also reduce the 
influence of tlie former considerably by selecting the quanti- 
ties of mercury and of water so, that  

Lg -. Qg = 0. 
In this case the quantity 

Jk - Qq 

PI - 1' 
t , - t '  

which is independant of q and can be determined by direct 
observations with great e~ac tness ,  will be predoininating in 
the result, and the influence of erroneous assumptions of the 
values of q and g will be iniinaterial. 2 

In the series of determinations of the volumes of tlic 
frozen water I, A. given in  chapter 3 

1 This fact (hitherto uiilioticcd) is tlic rcasoii, wliy I have referred the 
coefficients of dilatation to the quantity of l i p i d  (instend Of Solid) water 
contained in 1 CC. a t  0" C. 

2 It must bc remembered, tha t  the  values of q and g X ~ C  dependent on 
.each other and must vary i n  the same sense. 
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p 1  - p 

w = 0.0001740 [Reg] . . . . w = O.oooi7oa [Wulln] 

... - - tl = - 4 O  
t = - 3 O  - 0.006698 CC. 

Difference . . . . = 1.2 %. 
But i t  must be observed, that  afterwards, when the volumes 
of the liquid are determined with the same instrument, the 
relation 

Lg- & q =  -0.00045os etc. . . . 
The volume of tlie water is diminished 

by the melting, ant1 consequently the volurne of mercury in 
the instrument is no longer Q, but Q,. The above values for 
liquid water then become 

* liolds good no longer. 

-- 0.0000G54 Wiilln. Reg * .  * - LE; - & I q  = - 0.0010409 

qp1= 0.000000.. . . . . 
tl = - 1" 

- 0 . 0 0 1 7 1 3 2  

TV = - O . o o 0 0 7 ~ 7  [Reg] . . . . w = - 0.0000748 [Wiilln] 
Differeiicc . . . . = 2.5 %. 

If the dilatometer is thus adjusted, so that for frozen mater 

i t  will perform its functions under more unfavorable circum- 
stances, i f  afterwards applied to determine the expansion of 
the liquid water formed by melting of the ice. 

The change of volume caused by the melting process is 
11ntura1l.y independent of' all irregularities of this kind, be- 
muse the instrunient is brought back ngnin to its original 
temperature after tlie melting is finished. Tlie operation of 
melting may therefore be considered to be accomplished a t  
constant temperature. 

The principle of the artifice just  described was originally 
invented by P l u c k e r  and G e i s s l e r .  

Lg-Q,q=O (or nearly 0), 

C. Determination of the latent heat of water. 

The method invented for this purpose is minutely de- 
scribed in  Journ. f. prakt. chenl. [2] Bcl. 24 p. 151 and must 

I have chosen here the matt unfavorable example, whicl~ call occIIr, 
viz. the  determination of the  dilatation between 0" and - 1". 
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therefore be mentioned very briefly here. A glass tube of tlie 
shape shown in  fig. 1 on plate 20 is filled with water and 
placed in an iron calorimeter containing a weighed quantity of 
mercury. Thc calorjmetcr is protected from the condensing 
humidity of the air  by means of an  ciiclosing cylinder of metal. 
The air enclosed between the calorimeter and tlic envelope is 
kept dry by means of conc. sulphuric acid. The calorimeter 
rests upon three points of ivory and is iiomhere in contact 
with the metallic capsule. The capsule beiiig cooled from 
without by i m a m  of a freczing mixture of snow and NaC1, 
tlic temperature of the calorimeter slowly sinks by radiation to 
- 6" or - 8" C. During the whole time (trlie experiment ordi- 
narily lasts G or 7 hours) the iiiercury is constantly stirred 
and  the temperature observed every half minute, as soon 
as it lias approached 1 1 / 2  or 2 degrees froin the nppoint,ed 
temperature of solidification, which the espcrimeiitor is at 
liberty to fix beforehand, according to his pleasure. When 
tlie temperature has sunk sufficiently, ai1 assistant introduces 
a thin thread of glass, which has  been brought in contact 
with a snow flake, into tlie stem of the tube, the water of 
which is then ii&nediately transformed into ice. The solidi- 
fication is at - G" or - 8" C alniost instantaneous: a sudden 
crack is heard, the tube is brolien in to  pieces, which are kept 
below the surface of tlic inercury in  the calorimeter by a 
network of iron. The latent heat doreloped by the freezing 
of the water is  inensured by the rise of temperature observed 
by uieaiis of a katlietonieter on the Geissler thermometer GIl. 
On account of the excelleiit conductivity of iiiercury relatively 
t o  the fluids ordinariIy employed in calorimetric experiments, 
tlie equilibrium of temperature is established iii a very short 
time and the curves representing tlie loss of heat by rndi a t' 1011 
can be constructed with the utmost regu1:wity. 

I t  will occur to the reader, that  this method gives the 
latent heat of the fluid encloscd in tlic spiral by :L tempera- 
ture some degrecs. below its ordiiiary molting point. Accor- 
ding to the law of P e r s o n  the latent heat will vary a little 
with the teinperature of freezing, variations, .which may bc 
cnlculated from the difference of the specific heat in the liquid 
and solid state. Lct r denote t h e  latent heat at tlic ordiiiary 

1 I n  the Jonriial f. prakt. Chcin., where an illustration of the progress 
is inscvtetl, t he  author lias published his cleterminations of the latent heat 
Qf phosphorus at diff'crent temperatures below its r e d  llleltiiig point. 
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melting point, c1 the specific heat of the solid, c of the liquid 
body, then the variation in the latent heat may be expressed b y  

- c1 - c 
According to P e r s o n  the specific heat of ice is half of that. 
of the water, then 

dr -- - 

dr  -- (,+, .- - 0.5 
i.e. the latent heat of water will be found 0.5 calory sinaller 
for every centigrade degree below zero. 

Ry the calorimetric method just described these varia- 
tions, predicted by theory, can be experiinentally verified. The. 
experiineiits relating to pure water are published in the, Ofvers. 
I<. V. A. Fiirhandl. 1878. I t  iiow remains to be seen, if salt' 
water by freezing shows any remarkable anomaly with regard 
to its latent heat. Chapter 6 will be reserved for this subject- 

D. Determinations of freezing points and. specific 
gravity etc. 

The freezing point of each water was firkt roughly ascer- 
tained by a lm.diiiiinary experiment with an ordinary thermom- 
eter. Afterwards a considerable quantity was slowly cooled 
to about 00 .2  or OO.3 C below its normal freezing point, then a 
crystal of snow was thrown into the beaker and the maximum 
of temperature observed by means of a Geissler thermometer- 
During the whole process the water mas constantly mixed. 

The following table shows the relation between the specific 
weiglits and the freezing points of cliff'erent kinds of sea-water 

0" 
+ 4  u = spcc. gravity a t 7  JO L O  

1 . 0 2 7 1  \ 
1.0244 

( . . . . . 0 . 0 0 2 7  

. . . . . 0 . O O S G  

1 , . , . . 0.002G 

I 
1 . 0 1 4 8  

1 .0122 
. . . . . O.OOl8 I 

1 . . . . . 0.0063 

1.0041 1 

AIS 
d C  
- =freezing point dz 

- 1O.896 1 
- 0.0150 

- 1O.715 * * . . * @.I8 , I . . . . . @.GO 

-w.715 i 

- 0.0130 

- 0.0148 
I 
l 

-- 1O.025 

. . ' 00.175 
- O.Os5 ' . . . . . 00.135 - 0.0133 

. . . . . 00.445 - 0 .0141  

medium = - 0.0142 
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i.e. an increase of 0.00014 in tlie spec. gravity of sea-water 
makes its freezing point sink 03.01 C. We niight therefore judge 
with sufficient accuracy of the specific gravity and the percen- 
tage of salt in sea-water froin its freezing point, if determined 
uilder due precautions 

All cleterrninations 
Spreiigel pycnometer. 

with a sensible thernioineter. 
OS specific gravity were made with the 

CHAPTER 3. 

O n  pure water. 

Erin a n  ii 1 and I< o p p 2 ,  in  their celebrated researches on 
the volumes of solid and liquid bodies, first called attention 
to tlie fact, that  solids are soiiietinies liable to irregularities 
of voluiiic in  the vicinity of their melting point. Thus, for 
example, the voluine of sulphur was found (by Kopp)  to in- 
crease extraordinarily from -k ‘io” C upwards. The melting 
process, which ordinarily is confined to a fixed temperature, 
here iiiay be considered to bcgin more than 40 ceiitigrades 
below the ordinary melting point. Other bodies, for example, 
phosphorus and ice, did not show any similar irregularity. 
Neither P l u c k e r  and G e i s s l e r ,  nor  thc author and 13. L a r -  
s o n  wore able to discover any signs of‘ preniaturc inclting of 
pure ice below zero. Tlic cause of tlie anomaly of sulphur 
and still more of seleiiiuiii is ordinarily attributed to the for- 
mation of allotropic modifications of these elements. Also in 
the cas0 of compound bodies. as, for example, wax, stearine 
etc. showing similar properties, this explaiiation is com~iioiily 
adopted. I think, however, that  in some cases another inter- 
pretation may be possible. 

From my previous experiments 011 the thermic and 170- 

lumetric properties of the hydrates of acetic and forinic acid 
I had learned, that the wliolc melting process of a solid body 
niay be essentially altered, i n  case a slight quantity of another 
substance is present, z u l ~ i c l ~  is capabls of entei.iiag iiato solutiopa 
with the liquid body. 1 found that traces of mater, too slight 
to be detected by any chemical analysis, are able to disturb 

Pogg. Ann. IX. 
Liebig’s Ann. XCIII. 
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the regular expansion of the solid hydrates EICOOH and 
CH3 C OOH for many degrees below their melting point. The 
considerable change of volume accompanying the melting pro- 
cess of these compounds then begins a t  a premature stage 
of temperatnre and gradually increases, until the whole inass 
is transformed into the liquid state. 

In the same degree that the acetic acid was purified froin 
adhering traces of water, these signs of premature melting 
rapidly diminished, and the curve of regular expansion of 
volume began to extend to the vicinity of the real melting 
point, but nevertheless the purest hydrate, which I could 
prepare by repeated distillation and crystallisation froin 10 
kilogrammes of ordinary acid. acet. puriss. did not  show a 
sudden transition, a t  any definite temperature, of the specific 
volu~oe of the solid into that of the liquid substaiice. I thero- 
fore suspected, that a slight trace of foreign substances would 
cause a similar anomaly in  the melting-process of the ice, to 
that, which a trace of water occasioiis in the behavior of the 
solid acetic or forinic hydrate; and that the negative results, 
hitherto obtained by P I i i c k e r  and G e i s s l e r  as we11 as by 
myself, were due to the absolute purity of the water. I resolved 
first to  try ordinary distilled water from one of the glass reser- 
voirs of the laboratory. The water had been kept there more 
than a week, protected froin dust etc., but in coinniunic~tion 
with the air of the laboratory rooin. Silver nitrate and chlorid 
of inercury with carbonate of sodium occasioned a faint opalisa- 
tion in tlie fluid; other agencies were powerless. A drop of 
the water, cautiously evaporated on a glass ph te ,  left a visible 
residue. I concluded that, with the exception of sIight traces 
of ammonium salts and of chlorine, the water was pure. The 
volumes of ice froin this sample of water are recorded in table 
111. I n  the vicinity of the melting point the ice sllows n re- 
markable contraction of volume, * which seems to begin already 

1 This fact recalls to our mind the  old hypothesis, orice supported by 
M u s c h e n b r o e k  and d e  M a i r a n ,  that  the ice expnndfi i ts  voluiiic, whe11 
cooled, and contracts, on being heated. Although this opinion was refntcd 
I)y tile experiineiits of Plnciclus I I e i r i r i c l i  already in the  beginning of 
this century, i t  was revived by Pc tss l lo ld t  i n  1843, who tried to explain the 
movemcnt of the  glaciers by the  dilatation of t he  ice, caused by thewinter  
cold, and i ts  coiilraction by the  hea t  of the  summer. 

I n  order t o  corroborate his theory, l'e t z l i o l d  t determined the  expan- 
sion of ice by weighing :L silver bottle filled with pure frozen water in ether 
at different temperatures (froni - 2" to  - 8 R') below zcro. I n  fact tlie 
coefficient of expansion uas found to  bc negative at all fewapet.nticies. 
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at - 0 0 . 2 5  C. Still more easily this contraction may be followed 
by the deflection of the curve III (marked with red) on plate 22. 

I next proceeded ' to  the examination of entirely pure 
water, prepared by repeated distillation of water from the well 
of St. Eric in  Upsala, which according to the analyses of Prof. 
Al indn  gives the purest drinking water in Sweden. Two sepa- 
rate experiments were made with such water. The volumes 
of the ice are found in tables I 6t I1 and are graphically re- 
presented in  plate ] 22 by the red curves I & 11. These meas- 
uretnents were taken with two different dilatorneters, but this 
circumstance mill hardly suffice to account for the marked 
discrepancy of the curves of volumes. The real cause seems 
to  be, that in  experiment I1 the water was boiled for more 
tlisn an  hour by the operation of filling the instrument and 
therefore has dissolved st trace of the substance of the glass 
reservoir. In experiment I, which I undertook last of all, I 
purposely restricted the boiling operation to the least possible 
time. Still the inflection of curve I on plate 21 6t 22 clearly 
sliows, that  the purest water, which can be employed in dila- 
tometric experiments, also contracts its volume before melting. 

n. . . . Bei Abnahnie der Teniperntur fand stcts eine Ausdclinung und 
bei Zunahme der Tempcratur stets eine Zusninmenziehung statt,  und ZWRI- 

ergab sich, wenii die LMiigenausdclinung bei - 1" R = 1 gesetzt wird, 
die linenre Ausdehiiung im niittcl fiir ErBAltung iiin 1" 12 

i n  d. 2ten Versnchsreilic, bci Erkiilt. v. - 3" R bis - 7 O . G  R ZII 0.ooosc , . 
2 D 3ten n n a -2' > > -7' D N o . o o o 4 o . .  

> B 4tcn N B N b n - 3 " r  > -8" 0.ooosc. .  
etc.. .n 

If P e t z h o l d t  had cinployed icc froin salt water i n  his experiments, 
wc would find no difficulty in explaining the negative cocfficient of espansion. 
Tn chapter 4 we will meet with some specimens of 888 i C 0 ,  which show 
rery considcrablo contractions, a l ien  cooled. But as he nsscrts, that the ice 
of his experiments was formed from purc watcr (~li if tfreics dcstillirtcs 
~vnssera), which docs not s h o ~  any  ,zl~nor111al contraction bclo\r - 0 O . 3  c, 
we must admit thc  justness of the remark of Bri inner ,  who in 1846 re- 
pcnted the  experinleiits of 1'e t z 11 o 1 tl t and found the  coefficient of cxpaii- 
sion of ice to  lie positive and greater tlian that  of any other solid: 

.Ti r@sulte donc clc nies expkriences, quc la glace se contvncfe pav  lr 
fvoid,  ainsi quc lcs autres corps solidcs, cc qui est dircctcincnt oppos6 nux 
obscrvations de Mr. Pc t z 11 o l d  t, (Bibliot1ibque uiiivcrscllr de GehEve T. TiVI). 

Notwithstanding this, some of the obscrvntions of P c t z h o  1 d t on gla- 
ciers highly merit our attention. If we coilfine tlic application of his theory 
to  those limits, wlierc a rontraction by heat r ed ly  tdics place in the glnricr- 
icc, i. e. t o  trmpevntiwrs in the  iiizmetliatc. vicinity of z rm,  wc wrtainly can 
not dcny, that this plicnonic~ion must liave something t o  (10 with the niove- 
mcnt of the glnoicrs. 

' For thc  sake of distilictlless the  cur^ I1 is left out i n  plate 21. 
18 

[Beitriigc zur Geognosic von Tyrol, Lcipz. 18431. 
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at oo 

.............. 
- 0.0000060 
- 0.0000014 

o.ooooo28 

0.0000136 
0.0000124 
0.0000125 

0.0000694 
0.0001474 
0.0001477 
0.0001594 
0.0003135 
o.oooI~go 
0.0003173 

0.0010598 
0.0001570 

0.0001479 
_- 

Tab le  I, A. 

............... .............. 
- 0.0000065 - 0 000604 
- o.ooooo15 - O.OOOOI I 

+ 0.0000031 + 0.000056 
o.oo00149 0.0001 36 
o.oooo135 0.000124 
o.oooo137 0.000125 

0.0000757 0.00013S 

0.0001608 0000147 
0.000161 1 0.000147 
0.0001740 0.000159 
0.0003420 0 000156 
0.0001734 0.000159 
0.0003461 0.000158 

0.0011559 0.000151 
0.0001713 0.000157 

0.0001605 0.000147 
__ __ 

Therm. G ~ I  freez. p. = + OO.39 c 
n GI11 > )> = + oO.20 C 

I normal mni. corr. = 0.00023 12 cc 

to c.  
oncorr. 

+ OO.37 
+ 0".3€ 
+ o0.24 
+ 09.19 

+ OO.09 

- OO.01 

- OD. I I 

- oO.61 
- 1O.61 
- 2O.61 
- 3O.61 
- 5O.61 
- 6O.61 
- 8 O . 8 0  
- 9O.80 

- 16O.80 
- 17".80 

_- 

t o  c. 
corr. 

- OO.02 

- oO.03 
- oO.15 
- oo.20 

- oO.30 
- oO.40 
- oO.50 
- I O . 0 0  

- 2 O . 0 0  

- 30.00 
- 4".00 
- 6O.00 
- 7 O . 0 0  

- 9O.00 
- loo,oo 

- 1 7 O . 0 0  

- 18".00 
- 

Scale-tube 

mnl. COW. 
___- 

........... 
- 

0 

t 0.58 
2.51 

2.30 
2.32 

12.71 
26.87 
26 96 

28.97 
57.00 
28.80 

57.7' 
28.60 

193.74 
27.01 

CC. corr. 

__-- 

.............. 
0.00023 I 

0 

0.000134 
0.000580 
0.000531 
0.000536 
0.002938 
0.0062 I 2 

0.006233 
0.006698 
0.012178 
0.006658 

0.0 I334 3 
0.0066 I 2 

0.044794 
0.006244 

L = 49.1840 
Q = 10.1583 

w, z35.7811 
w = 39.0257 

q = o.ooo17gog [Regn.] 
g = 0.00002753 

Lg = 0.0013589 Qq = 0.0018188 

Total expansion of I Coefficient of expansion 

0.114473 I ............... 1 ............... 1 0.000151 

0 . 1  1986 ... .. .. .. , . , ... .. . .. . ... . . . . . . 0.000147 

nit: I cc wate 
at oo 

............... 
- 0.000659 
- 0.00001 2 

+ 0.000062 
0.000149 
0.000135 
0.0001 3 7 
o.ooo151 
o.oo0160 
0.0001 61 
0.0001 74 
0.000171 
0.0001 73 
0.0001 73 
0.000171 
0.000165 
0.000160 
_- 

i a t i o n  
0.000164 
o.ooo16z 
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Pure water (ice). 

cc at oo 
cc >) D Change of Volume by melting between -0O.03 C and oo = 3.24468 cc 

' Calculated per I cc of water at O0 = 0.090686 cc 
= 1.090686 cc cc 3 )) 'ice) 

CC ') >) (water) 
Volume of 1 cc of water, as ice at -00.03 C 

Lg - Qq = - 0.0004598 
I Volume at  to of 

I cc ice 
~ - -  - - ... - 
I .ooooooo 

I.ooooo6 
1.000007 

I .000004 

0.999990 
0.999978 
0,999965 
0.999896 
0,999749 
0.999601 

O.999441 
0.9991 28 
0,998969 
0.998651 
0.998494 
0.99743 5 
0.997287 

I cc. water 
at GO -_ - ____ 

1.0906794 
1.090686 
I .090688 
1.090685 
I ,090670 

I 090642 
1.090567 

1.090656 

I 090406 
1.090245 
I .09007 I 
1.089729 

1.089209 

1.087882 
I ,087721 

1 .of395 5 5 

1.089038 

q = o.00018116 [Wulln.] 
g = O.OOGQZg74 

Total expansion of 1 Coefficient of expansion I Volume a t  to of 

I cc ice 
at 00 

______. 

................ 
- 0.0000060 
- 0.0o0001 I 
+ 0.000002g 

00000126 

0.0000127 

0.0000139 

0.0000704 
0 0001495 
0.0001 500 

0.00016 I 4 
0.00031 77 
0.0001609 
0 0003216 
o.oooI~g2 
0.0010745 

0.0001493 
-- 

.. ............... ............... 
,................ ............... 

I cc watrr 
at d ~- - _ _  

1.090679: 
1.090686 
I .090687 
I .090684 
1.090669 
1.090655 
1.090641 
I .090564 

1.090238 

I .0897 I5 

I .090401 

I .090061 

1.089539 
I ,089188 
I .os901 5 
1.087843 
I .087680 
-- 

1.087680 
I .087541 
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I normal intn. corr. = 0.0002312 cc. 

- 

Tab le  I, B. Pure water (liquid). 

Lg = 0.0013589 
Qlq = 0.0023998 
Lg =; Qlq = -0.001040 

L = 49.1840 cc at oo C 

w, = 35.7811 !) >) >) >> 

Q1 = 13.4029 B )) ') 

.............. 
0.003477 
0.002906 
0.002372 
0.001713 
0.001067 

o.ooo087 
0.000776 
0.001 220 

O.OOO36O 

................ 
- 0.000126 

-- 0.0001 IO 
- 0.000095 
- 0.000076 
- o.oooo5g 

- 0.000026 
- 0.000007 
+ 0.000005 

- 0.000039 

t o  c. 
uncorr. 

- 

- 3O.61 
- 2O.61 
- 1O.61 
- oO.61 

+ OO.39 + IO.39 + 2O.39 + 3O.39 + 4O.39 + 5O.56 
+ 6O.56 
-k f . 5 6  
+ 8O.56 

+ 10O.56 
+ 1rO.56 
+ 12O.56 
f 13O.56 
f 14O.56 

+ 9 O . 5 6  

+ I5".56 
-- 

- 3O.61 
f OO.39 
f 12O.56 
f OO.56 
f '3O.56 

0.001824 
0.002300 
0.002797 
0 003382 
0.003764 

0.004806 
0.004392 

0.005042 
0.005528 

0.006057 
-- 

t o  c. 
corr. 

- 4O.m 

- 2O.OC 

- I O . O c  

- -3O.m 

0 

+ I O . 0 0  

+ 2 O . 0 0  

+ 3O.m + 4O.m + 5O.00 
f 6O.00 
+ 7 O . m  

+ 8".00 

t 9O.m 
+ IO0.0O 

+ l I O . W  

+ IZ0.0O 

+ 13O.00 
+ 14'.oo 
t 1 5 O . 0 0  

.. .. .. ... ... 
4 5. I 8 

............ 
126.99 

- 4O.00 
0" 

+ 12" 

.............../... ......... ... .. . 1.000408 

............... o.ooooz71 1.000325 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I .oooooo 

_. . .. .. . . . .. .. . 0.0000341 1.000444 

Scale-tube ICoeffiic. of ex1 

............... 

............... 
0.0000292 

o.oOOO;GZ 

mm. corr. 
___- 

1.000399 
1.000000 

I .000350 

1.000471 

- 15,OL 

- 12.5; 

- IO.2C 

- 7.41 
- 4.62 
- 1.56 

+ 0.38 
3.36 
5.28 
7.85 
9795 

14.63 

I 2 . I C  

16.28 
19.00 

20.79 
21.81 

23.91 
26.20 

O.OoM32I 

0.000035 

0.000065 
0.000076 

0.000049 

0.000094 
0.000 105 
0.000 I I 2  

0.000 I 2 5 
0.0001 40 
-_ 

rolume at to a 

I cc. water 
at oo 

I ,000408 
1.000282 

1.000172 

I .000076 
I .000000 

0.999940 
0.999901 
0.999874 
0.999867 
0.999872 
0.999894 
0.999929 
0.999978 
I .000044 
I.OOOI20 

I .0002 I 4 
I .000320 
I .-433 

I .000699 
1.000559 

q = 0.00018116 [Wiilln.] 
6 = 0.0002974 

Lg = 0.00146273 
Qlq = 0.0024281 

Lg - Qiq = - 0.000965r 

:oeffic.of exp 

nit: I cc. wate 
at 00 

___-._ ____ 
............. 
- 0.ooo124 
- 0.oO0108 

- O.ooOo93 
- 0.000074 
- o 000057 
- 0,000037 
- 0.000024 
- 0.000005 

~0.000007 

0.000024 

0.0000~ I 

o 00006~ 
0.000078 
0.000096 
0.000107 

0.0001 14 
0.0001 28 
0.0001 42 

0.000037 

olume at to o 

I cc. water 
at 0" 

I .000400 

I .000276 
I .om1 68 
I .WOO74 
I .000000 

0.999942 
0.999905 
0.999881 
0.999875 
0.999883 
0.999907 
0.999944 
0.999995 
I .000063 
1.000141 
I .000238 

1.000345 
I .000460 
1.000588 
1.00073 I 
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Every- substance, as a rule, ought to expand its volume 
when heated and contract it on cooling. Every exception to 
this rule either in the apparent or  in  the real change of vo- 
lume is in  this and subsequent tables denoted by the sign-. 

I have 
always chosen 0" 0. The reason is obvious. This temperature 
can be maintained steady as long as you please, if the appa- 
ratus are surrounded with pure snow moistened with distilled 
water. I consider it to be the natural starting-point of all 
practical volumetric investigations, determinations of spec. 
gravity, calibrations etc. Therefore the unit of all volumes 
enumerated in this paper is 1 cc. of the liquid or solid sub- 
stance at 0" C. The specific gravity was always dotermined 
by the Sprengel pycnometer at 0" C but afterwards referred 
to that of pure water at + 4" by calculation. I denote this 

As  starting-point for iny dilatometric experiments 

by the sign 
0" 

+4" c. 
I take a special pleasure in mentioning, that I had tho 

advantage of securing the assistance of my foriner coinpanion 
Mr. L a r s o n  in a part of the foregoing and also of the sub- 
sequent series of' determinations. At iny wish Mr. L a r s o n  
undertook the leading of experiment I and likewise of V in  
the next chapter. With the assistance of Mr. L n r s o n  I found 
it possible to take the observations at regular thermometric 
intervals of temperature. 

1 I n  order to give a clear view of the experimental proceeding, I will 
hbre enumerate the weighing results belonging to I. 
Weight of the mercury, which fills the dilatometer entirely 

Wcight of mercury in the capillary tubes, 
at 0" c .............................................. ................. 676.11ao grm. 

coclrs etc. wliicli are not cxposecl to cha!lgcs of tcmpera- 
tnrc ......................................... 
I, ......................................... ........................ GG8.7014 grin. 

After the close of the experinicnts the weight of that  mer- 
cury, which together with the water filled the instrument 
entirely at On, was found ..................... = 180.6300 grin. 

.................... 7.4180 

..................... 182.2254 grm. 182.2264 grin. 
...................................................... 48c.4700 grni. 

44.1144 g r l .  IVeight of niercury inibibctl through D ~ D  at lnclting ........... 
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at 00 
I__ 

- 0.002520 

- 0.0001550 
t 0.0000050 

O.OOOOI 18 
0.0000163 
0.0000142 
0.0000145 
0.0000158 
0.0000166 
0.0000161 
0.0004276 
0.0001743 
0.0001693 
0.0001743 
0 0001685 
0 . ~ 2 2 8 0  

0.0001685 
o 0001835 

D e 

Tab le  11. 

at -00.05 - -. --- 

.............................. 
-0.11538 
- 0.007106 
f 0.000046 

0.000109 
0.000149 
0.000130 
0.0001 33 
0.000145 
0.000153 
O.OCOI47 
0.000154 
O.OOOI59 
o.ooo155 
0.000159 
0.000154 
0.0001 5 I 

0.000150 
t e r 111 i 11 

0.000154 

Therm. GI freez. p = + OO.35 C 

I mm. corr. = 0.0002312 cc. 

___ 

0 

- 544.. . 
- 33.43 
t 1.46 

2.93 
3.89 
3.43 
3.51 
3.79 

3.85 
101.48 

41.34 
40.26 

41.35 

54.36 
40.12 
43.80 

3.97 

40.10 

............... 
0.12578 
0.007730 
0.000337 
0.000677 
0.000899 
0.000793 
0.000811 

0.000876 

0.000890 
0.023463 
0.009558 
0.009308 
0.009560 

0.012568 
0.009276 
0.010127 

0.000917 

0.009271 

f OO.34 
+ oO.32 
+ oO.30 
+ o O . 2 0  

+ o O . 1 0  

O0 

- OO.10 

- OO.20 
- oO.30 
- oO.40 
- OO.50 

- 3O.00 
- 4O.00 
- f.00 
- 6O.00 
-7°.00 
- 8O.38 
- 99.38 
- 1 0 O . 5 0  

______ _____ 
- Oa.OI 

- oO.03 
- oO.05 
- 0 O . 1 5  

- oO.25 
- OO.35 
- OO.45 
- OO.55 

- oO.65 
- oO.75 
- 00.85 

- 3O.35 
- 4O.35 
- 59.35 
- 6O.35 
- 70.35 
- 8O.73 
- 90.73 
- 10O.85 

0 

402.31 
-- 
0 

120.03 

L = 69.9374 
Q = 15.4330 
W = 54.5040 
W, = 49.9660 

............... 
0.093133 
__ 

............... 
0.027751 

q = o.ooo17gog [ R e p . ]  
g = 0.00002753 . 

Qq = 0.0027632 Lg = 0.0019253 

............................... 
0.0016950 
__ 

~ ~~ 

Total expansion I Coefficient of expansion 

0.000155 
-- 

of I cc of ice 
at -00.05 

................ 
- o.oo231oo 
- 0.0001421 

0.0000046 
0.0000 109 
0.0000149 
o.ooo0130 
0.0000133 
0.0000145 
0.0000153 
0.0000 I47 
0.0003920 
0.OOOI 598 
0.000 I 5 52 

0.0001 598 
0.0001545 
0.000~091 

0.0001545 
0.0001 682 

................ 
0.0015519 - oO.50 

_.- 

0" 

- 3 O . 0 0  
................ 

0.0004630 

- oO.85 
-- 
- OO.35 

- 3O.35 

lit: I cc wale! 
at oo - -- __ 

.............. 
- 0.12587 

- 0.000050 

o.0001 18 
0.000163 
0.0001 42 

0.000158 

- 0.00775 1 

0.0001 45 

0.000166 
0.0001 61 
0.0001 68 
0.0001 74 
0.000169 
0.0001 74 
o 000168 
0.000 I 65 
0.000168 
0.000163 

t i o i i s  
............... 

0.000169 
-_ 

.............................................. 
0.005051 I 0.000154 0.000168 
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.............. 

.............. 
-- 

..........,.., 
0.0004697 

Pure water (ice). 

.................. ,.............. ............... 

..........,....... .............. ............... 
-_ -- -- 

.................. ............... ............... 
0.0005124 o.oo01g6 o.ooor70 

cc at  0°C 

cc )) - 0 O . 0 5  C (ice) 
cc )) 0" C (water) 

c c > > >  

,.............. 
,.............. 
-- 

Lg-QQq= - 0.0008379 

............... 

.............., 
-- 

Volume at to of 

I cc of ice 
at - o O . 0 5  ___ ._._ 

0.997539 
0.999849 
0.999991 
0.999986 
0.999975 
0.999960 
0.999947 
0.999933 
0.99991 9 
0.999903 
0.999889 
0.999497 
0.999337 
0.999 I 82 

o.gggo22 
0.998867 
0.998658 
0.998504. 
0.998335 

cc of wate 
at oo _ _ _  __- 

I J387993 
I .ogo5 I 3  

1.090668 

1.090652 
I .090636 
1.090622 
I .090607 

1.090575 
I .090559 

1.090663 

I .090592 

I .OgOI 3 I 
1.089956 
1.089787 
1.089613 

I .08gz16 

1.088864 

1.089444 

I .089048 

o f  c o n t r o l  

............ ............ I I  ............ ,........... 

q = 0.00018116 [Wulln.] 
g = 0.00002974 

Lg = o.oozo8oo 
L g - Q q =  
- 0.00071 59 

Total expansion 

,f I cc. of ice 
at -00".05 

- _ -  - 

- 0.0023100 
- o.ooor420 
t 0.0000048 
0.00001 I I 

0.0000 I 5  I 

0.0000132 

0.0000135 

0.0000147 
0.00001 55 
0.0000150 

0.0001621 

0.0003976 

0.0001575 
0.0001 620 
0.0001 567 
0.0002122 

0.0001 567 
O.OOOI 707 

If . CC. of wnte 
at 00 

- 0.002~200 

t 0.-053 

- 0.0001550 

0.00001 21 

0.00001 66 
0.0000144 
0.00001 48 
0.00001 61 
0.0000169 
0.00001 63 

0.0001768 
0.0001 718 
o.0001768 
0.0001 7 IO 

0.0002314 
O.OOOI 7 IO  

0.0001862 

0.00042g 7 

Coefficient of expansion 

unir: I cc im 
at -ao.05 

- 0.11538 
- 0.007106 
+ 0.000048 

0.0001 5 I 

0.0001 32 

0.0001 I I 

0.000135 

0.0001 47 
O.OOOI55 

0.0001~0 

0.000156 

0.000162 
0.000 I 5 7 
0.00016z 
0.000156 

0.000156 
0.0001 52 

0.000153 

-0.12587 
- 0.007751 
t 0.000053 
0.00012I 

0.000166 

0.0001 48 
0.0001 6 I 

0.0001 69 
0,000163 
0.0001 7 0  
0.0001 76 
0.0001 7 I 

0.0001 76 
o.ooo171 
0.000167 
0.0001 7 I 

0.0001 66 

0.000144 

Volume a t  to of 

I cc of ice 
at - oO.05 _____ 
0.997530 
0.999849 
0.w9991 
0.999986 
0.999975 
0.999960 
0.999947 
0.999934 
0.999919 
0.999903 
0.999S88 

0.999490 
'0.999328 
0.9991 7 I 

0.999009 

0.998640 
0.998852 

0.998483 
0.998312 

cc of watei 
at 00 ____ ____ 

1.088000 
I .agog I 2  

I .090667 
1.090661 

I .090633 
I .ogo618 

I .090587 

'*090554 

I .os9947 

I .os9599 
1.089428 

1.089025 
1.088839 

1,090649 

I .090603 

I .090570 

1.090124 

1.089776 

I .089196 

,.............. ............... 
,.............. ............... 
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at - 00.2 

Table  III. Ordinary 

.............. ............... 
0.043005 . . . . . . . . . . . . . . . 
0.03237 ............... 
0.035837 - 0.0007388 

= - = =  - 

0.007398 - 0.00015~5 
0.001618 - 0.0000331 

o 002178 0.0000461 
0.007449 0.0001 560 
0.007474 0.0001565 
0.007468 0.0001564 
0.022267 0.0004660 
0.007438 0.0001556 
0.007634 0.0001597 
0.007421 0.0001553 
0.007350 0.0001538 

0.000768 0.00001~g 

0.007350 0.0001537 
__ 7- 

............. ............... 
0007313 0.0001525 
0.007403 0.0001 544 
0.007259 0.0001514 
o.oogrgo o.ooo14gg 
0.007500 o.ooor561 
0.014122 o.ooozg42 
_- -_ 

L = 56.5010 
Q = 7.9988 

w1 = 44.4780 
w = 48.5022 

............... .............. 
- 0.0009668 --T- . . . . . . . . . . . . . . 
-0.0007277 ........ ...... 
- 0.0008057 - 0.007388 
- 0.000166; - 0.000525 
- 0.0000361 - o.000331 

o.oooo5oo o.oooogz 
0.0001 702 0.0001 56 
0.0001707 0.000156 
0.0001701 0.000156 
0.0005082 0.000155 
0.0001697 0.000155 
0.0001~~1 o.oooI~g 
00001693 o.ooor55 
0.0001677 o.ooo153 

f O.OOOOI78 + 0.000079 

0.0001676 OOOOI53 
-- _- 

............... . . . . . . . . e . . . . .  

0.0001663 O.OOOl52 

0.0001683 0.000154 
0.0001650 0 . 0 O O l ~ I  

0.0001634 0.000149 
0.0001703 o.000156 
0.0003208 0.000147 

D e t e r m  

_I -- 

I 

Therm. GIr freez. p. = + OO.35 C 
D GI11 s = + o O . 1 8  C 

q = o.ooo17gog [Regn.] 
g = 0.00002753 

I normal mm. corr. = o.ooo23rz CC.; Lg = 0.0015554 Qq 0.0014321 

t o  

imcorr. 
c. 

+ 0".33 + oO.32 
+ oO.30 
+ 0°.20 

+ OO.10 

O0 

- OO.20 

- oO.70 
- 1".70 
- 2 O . 7 0  

- 3 O . 7 0  - 6".70 

- 8O.70 

- ro".7o 
- 1 1 O . 7 0  

- 12".86 
- 13O.86 
- 14O.86 

- 16O.86 
- 17".86 
- 19O.86 

- 7 O . 7 0  

- 9O.70 

-- 

- 15O.86 

t o  

cmr. 
c. 

____- 

- OO.02 

- oO.03 
- OO.05 

- 0°.15 
- OO.25 

- I".05 

- OO.35 
- 0".55 

- 2 O . 0 5  

- 3O.05 
- 4O.05 
- f.05 
- 8O.05 
- gO.05 
- 10".05 

- I I " . O 5  

- 1 2 O . 0 5  

- 13O.04 
- 14O.04 
- I5".04 
- 16O.04 
- 17O.04 
- 1V.04 
- 20".04 

__ 

Scale-tube I Total expansion 1 Coefficient of expansion 

mm. corr. ___ 
........... 
- 186.0~ 
- 140.0~ 
- 155.oc 
- 32.0~ 
- 7 . 0 ~  + 3.23 

9.42 
32.22 
32.33 
32 3c 
96,3 I 
32.17 
33.02 

31.79 
31,79 

3Z.lC 

-- 
........... 

31.63 
32.02 
31.40 
31.10 

32.44 
61.08 

-_ 

- 
unit: I cc. wate 

at 00 
______.-- -_ 

................. 
- 0.096685 
- 0.036387 
- 0.008057 
- 0.001663 
- 0.00036~ 
+ 0.000089 

0.000100 

0.000170 

0.0001 70 
O.OOOI 70  
0.000169 
0.000169 

0.000~ 69 
0.000167 
0.000 I 67 

0.0001 74 

,................ 
0.000166 
0.000168 
0.000165 
0.000 I 63 
o.000170 
0.000160 

11 a t i v n 

o 000169 

0.000167 
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distilled water (ice). 

cc at  oo C 
cc >: )> > Change of Volume by melting between - oO.05 and oo = 3.93368 cc. 

Calculated pr. I cc. of water at 
Volume o f  I cc. of water as ice at 

O0 

- o".o5 
= 0.089566 cc. 
= I .os9566 cc. 

cc )) -- oO.20 C (ice) 
cc d 0' C (water) 

Volume a t  to of 

I CC. of water 
at o' 

1.087871 
1.088838 
1.089566 
I .09037I 
1.090j38 
1.090574 
1.090556 
1.090506 
1.090336 
1.090165 
1.089995 
1.089487 

I .os9143 
1.088973 

I ,0893 I 7 

.1.088806 
1.088638 

1.088478 
I .os83 I 2 

1.088144 
1.087979 
1.08781 5 
1.087645 
1.087324 
-- 

--- 
q = 0.00018116 [Wulln.] 
g = 0.00002Q74 

Lg = 0 . ~ 1 6 8 0 3  
_ .  

L g - Q q =  + 0.00023 I : Qq = O . O O I ~ ~ I  

Total expansion 

of I cc. of ice 
at -00.2 

~ 

............ 

............ 

............ 

f o.oooo167 
0.0000472 
0.0001583 
0.0001587 
0.0001 585 

0.0001 5 78 
0.0001619 

0.000 I 56 I 
0.0001560 

O.000472 7 

0.0001575 

............ 
0.0001547 
0.0001566 
0.0001536 
0.0001 5 2 I 

O.OOOI 584 
0.0002986 
__ 

of I cc. of water 
R t  00 --~_____ - 

............ 

............ 

............ 

............ 

............ 

............ 
+ 0.0000183 
0.0000~ 15 

0.0001 726 
o.0001722 

0.0005 I 5 5 
0.0001 72 I 

0.0001765 

0.0001729 

0.0001 7 I7  
0.0001 709 
0 0001701 
__ 

............ 
o.0001688 
O.OOOI 708 

0.0001659 

0,0003257 

0.0001674 

0.0001 727 

__ 

Coefficient of expansion 

............ 

............ 

............ 

............ 

............ 

........... 
+ 0.000083 

0,000094 
0.0001 58 
0.OOOI 58 
0.OOOI 58 
0.0001j7 
0.0001 57 
0.000161 
0.000 I 5 7 
0.000156 
0.0001 56 
__ 

............ 
0.0001 54 
0.000156 

O.OOOI~2 
0.0001~8 

0.000153 

0.0001 49 

o f  c o n t r o l  

0.0001~8 

0.000156 

unit: I cc water 
at 00 

............ 

............ 

............ 

............ 

............ 

............ 
+ o.oooog1 

0.000103 
0.000172 

0.OOOI 72 

0.000172 
o.ooo17r 
0.000172 

0.000 I 7 6 
o.ooo171 
o.ooo170 
0.0001 7 0  
__ 

............ 
0.0001 68 
0.0001 7 0  
0.0001 67 
0.000165 
0.000172 

o.ooo162 

0.000172 

0.000170 

Volume a t  to of 

I cc. of water 
at 00 

............ 

............ 

............ 

............ 

............ 
1.090574 
1 .090555 
I .090504 
I .09033 I 
I .og015g 
1.089986 
I .os947 I 

I .089298 
I .oSg122 
I .os8950 
1.088779 
1.088609 
__ 

1.088445 
1.088279 
I .OS8 I08 
1.087941 
1.087775 
1.087602 
1.087276 

............ 

........... 
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The determination of the change of voluine by the inelting 
of the ice in experiment I1 miscarried. I was obliged there- 
fore to start from the volume of the ice (= 1.089038) a t  - 10" C 
found in experinlent I, in  calculating the volumes of the frozen 
water in Table 11. It is evident that this circumstance does 
not alter the whole character or the outline of curve I1 in 
plate 22 in the slightest degree, although its position (i. e. the 
exact value of the sp. volume of the ice) may be either a few 
millionths higher or lower than the numbers given in  Table 11. 

From the above tables and from the graphic representa- 
tion in plates 21 & 22 it will be seen, that also the purest ice, 
which can be tested by experiments, is liable to premature 
contraction of voluine before melting. It is impossible to 
decide, if absolutely pure water would be entirely free from 
this weakness or not, since we can not assume that water, 
which has boiled for a quarter of an hour or more in  n glass 
vessel, is absolutely free from minimal quantities of foreign 
substances as f. ex. sodium salts, silicia etc. For my own 
part I am rather inclined to think, that absolutely pure water, 
if it  could be tested, would show an absolutely fixed melting 
point, but I think, that this problem very much resembles 
another question still undecided, viz. is absoltitely pure water a 
conducting or non-conducting substance f o r  electricity? I n  fact 
K o h l r a u s c h  has found, that  the purer the water is, the 
greater is the resistance, which it offers to  the electric current, 
and that we may by chemical purification and repeated distil- 
lations etc. approach a point, where t h e  resistance tends to be 
insurmountable for every electroinotoric force. In  the beha- 
vior of solid bodics just before their melting points I think I 
have found anothcr, almost equally sensible, proof of their 
chemical purity. The regular coefficient of expansion of pure 
water in the solid state (see Table I) slowly increases from 
O . o o o i ~ 5  [the average value between - 17O C and -10" C] to 
0.000171 or 0.000174 [between -4" and - 3" C] but then gra- 
dually begins to decrease and finally changes its sign between 
- O').i5 and - 0 O . 0 3  C, where the ice begins to contract instead 
of expanding its volume. This point of inversion is reached 
by water I1 already between - 00.30 and - 00.05 C and by 111 
between -P.35 and -0".25. In  order to obtain a stricter 
comparison we must refer to the preceding tables, as the gra- 
phic representation on plate 22 does not g i te  us a clear idea 
of variations beyond 0.00ooi  of the unit of voluino [l cc. of the 
water a t  O"] 
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I 

to c 
__ ____ 

- 7",00 

- 4O.00 
- 3O.00 
- 2 O . 0 0  

- I 0 . 0 O  

- 00.50 

- 6 O . 0 0  

- oO.40 
- oO.30 

- OO.20 

- OO.15 

- oO.03 
- OO.02 

extract from !he 
8tli columri of 

the table _ _ ~ _ _ _ _  

0.0001 73 
0.0001 7 I 

0.0001 74 
0.0001 6 I 

0.000160 
0.0001 5 I 
0.0001 37 
0.0001 35 

0.000063 

- 0.0006Sg 

0.000149 

- 0.00001 2 

to c 
___ _. 

- 4O.35 
- 3O.35 
- 0".85 

- 0".75 
- 0".65 
- o'.55 
- OO.45 
- OO.35 
- 00.25 
- 0".15 

- OO.05 

- oO.03 
- OO.01 

I1 
- - 

extract from the 
8fll colurnii of 

the table _____ 

..*............ 
0.000I 74 
0.00016S 
0.000161 
0.000166 
0.0001~s 

0.0001 45 
0.000142 

0.0001 63 

0.0001 IS 
0.0000~0 

- O 0 . I 2 5 8 . . .  

- 0 007751 

.- 

to c 
-__ 
- 8 O . 0 5  

- 7 O . 0 5  
- 4O.05 
- 3O.05 
- 2 O . 0 5  

- 1 O . 0 5  

- OO.55 

- 00.25 
- 00.15 
- 0".05 

- oO.03 
-- OO.02 

- OO.35 

The different behavior of these samples of ic 

I11 

extract from the 
8111 column of 

the table 

............... 
0.000169 
o.ooo16g 
0.000 I 70  
0.0001 70  
0.000170 

0.000 I O 0  

0.0000~9 
- 0.000361 
- o.001663 
- 0,008057 

- 0.03638 . . 
- 0.09668 . . 

before melt- 
ing is obvious, and yet froin an analytical point of view 
they must be regarded as pure water, since 110 impurity can 
bo detected by chemical agencies in I &. I1 mid only slight 
traces of chlorine etc.. . . were found in 111. 

If we admit, that ininiinal quantities of foreign substances 
are the real cause of the peculiar behavior of thc ice-samples 
I, I1 and 111, we will be justified in concluding, that all kinds 
of ice or snow occurring in nature will show this irregularity 
in a still higher degree. The purest ice, that covers n high- 
land lake i n  winter, will scarcely be as free froin impurities 
as ice froin destilled water (Nuinbe; 111) but will prolnbly 
contain a niiiiiiiial quantity of calcium-salts, sulphates etc, 
which must occasion a greater irregularity of expansion than 
that shown in table 111. A transparent block of bluish gla- 
cier-ice will hardly surpass I11 in purity and in  all cases be 
inferior to 11. Consequently we must acknowledge the fact, 
that the ice-masses of the glaciers are Piable to coiztrnction of voluunw 
at tequeratures below th&r ineltitag poiizf, a circumstance, which 
henceforth can not be left without consideration in the theory 
of glaciers. 

Although the contraction of volume, which precedes the 
melting of the ice, inay be new to science, there is no  lack of 
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observations already collected long ago to corroborate this 
fact. It has long been a subject of discussion, whether the 
ice is a brittle or a plastic substance. All observers agreeF 
that pure ice, taken far below zero under ordinary pressure, 
is not plastic a t  all. But we nevertheless must confess, that  
ice in the vicinity of 0" somehow or other can behave like a 
plastic body, in order to account for a great many well known 
facts and in  the first place for the movement of the glaciers. 
We may f. ex. attribute the fact, that  two blocks.of ice, which 
are brought into contact in a warm room, immediately adhere 
to each other like wax, to the peculiar molecular state of t h e  
ice particles a t  the free surfaces, which by their contact are 
brought into altered conditions of cohesion, or we may ascribe 
this a i d  similar phenomena to a YeyeZcition, i .  e. a temporary 
melting process, caused by the lowering of the iiielting point 
by pressure and restoratiori of the initial state of aggregation, 
as soon as the pressure ceases; we may, in short, declare the 
plastic condition of the ice a t  its melting point to depend on 
an  appareizt instead of a real toughness of its substance - 
but we still can not deny such observations, which plaiiily 
show us, that every kind of ice, which we may test, softeizs 
fiefore meltipag. 

I n  his admirable researches on the latent heat of melting 
bodies, P e r s o n  1 observed some irregularities in the specific 
heat of ice below zero, which led him to adopt the theory, 
that  the ice does not melt a t  once at  a fixed temperature, but  
already soine degrees below the melting point begins to weaken. 

The mechanical softening of pure ice below zero has been 
testified by many observers. It will suffice to  cite a few lines 
from a paper by Pfaff entitled >Versuche uber die Plasticittit 
des Ekes)). 

>Es geht aus meihen Versucheii hervor, dass auch der  
geriizgste Druck hinreicht, uin Eistheilchen zu  verschieben, 
wenn er unhultend zairkt und clie TeTenaperatur cles Eises zind cler 
Umgebung iaahe clem Schazelqmtakte ist. x 

))Es ergiebt sich, class das Eis sic21 nahe seinern Schinelz- 
punkte in der Thut acie Wcichs verhtilt und bei einem Drucke 
von nur  zwei Atmospharen sich so nachgiebig zeigt, dam z. B. 
ein hohler Cylinder von Eiseii von 1 1 . 5  m.m. Durchmesser und 
1 . 7  Wandstarke in zwei Stunden bei einer Temperatur zwischeii 
- 1 und 0.5 Grad 3 n1.m. tief in das Eis eindrang. Welchen 

' c. R. XXX p. 526. 
pogg. Ann. CLIV 1875. 
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Einfluss die Temperatur hat, dafur will ich nur  einige Data 
aus meinen Versuchen anfuhren. )) 

,Derselbe Eisencylinder sank un ter demselben Drucke bei 
einer Teinperatur zwichen - 4" und - lQ in  12 Stunden um 
11/4 1n.m. tief ein, wiihrend bei einer zwischen -Go und - 12" 
schwankenden Temperatur i n  5 Tagen bei eineln Drucke von 
5 Atmospharen das Einsinken nur 1 u p .  betrug, also in 12 
Stunden ntcr '/,o m.in.B 

BSteigt die Temperatur der Umgebung uber den Schmelz- 
punkt, so wird die Weichheit des Ekes so gross, dass in einer 
Stunde schon derselbe Eisencylinder 3 c m .  tief unter den1 
gleich geringen Drucke sich senkte, obwohl er vollstandig ron 
Schnee eingehullt war, uin die Erhohung der Temperatur des 
Eisencylinders iiber Null zu vermeiden. )) 

I think that these obsermtions of P e r s o n ,  P f a f f  a. 0. 
concern the same change in the molecular constitution of 
t h e  ice, wlticlt, i,z niy dilatometric experiwents appears us a sIwin1;- 
$129 of its volunie, and I also think, that this contraction of 
volume, which we may study by regular observations for every 
tenth or hundredth of a centigrade degree,. affords us the fiest 
measwremeizt It 
will also appear from the above experiments and likewise from 
t h e  determinations in the nest  chapter on ice froin salt water, 
that  this eniollescence most probably is no  inherent property 
of the chemical compound H20 but is caused by the influence 
o f  slight quantities of foreign substances, salts, etc., the pres- 
ence of which has the power of modifying the whole inelting- 
process astoundingly. 

The process qf tlmwiizg may thus fie considered always to  begha 
below aero. Every kind of ice, which occurs in nature, will at 
a sufficiently low tempera!ure be hard and brittle. In this 
state, the ice, if tested, will also be found i o  expaiacZ wgzJa&y. 
'The corninencement of the thawing or eniollescence of the ice 
is entirely dependent upon the amount of salt etc. it contains. 
Voluinetrically the softening of the ice is announced by a 
gradual diminution of the coefficient of expansion and finally 
by a real contraction of its volume. The tables in this and 
the following chapter, together with the curves on  plate 21 will 

1 As a good rsamplc of tlic congrlient results of widely diD'erent meth- 
ods wc may poiiit out tlic fact, that P e r s o n  could not detcct any Rig118 
of softening in pure icc bclow -- 3" c. Now a glriiice at the extract froill 
table I 011 page 274 will sliow iis, that the regular coefficient of cxpaiision 
of i.olumc begins to  diminish ,jrcsf bcfove - 2 C. 

~ 

of the progress of the weakening of the ice. 
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i n  some degree afford a scale for our appreciation of the in- - 
fluence of the foreign substances in the ice. 

that an  amount of chlorine of 0.273 per cent causes the ice 
[see table V and curve V on plate 211 to contract already at 
- 14" c 

that a sample of ice, which contains 0.015 p. e. of clilorine 
begins to contract a t  -4O C (see table I V  and curve IV) 

and that ice from ordinary distilled water, which contains 
scarcely perceptible traces of chlorine, begins to shrink in 
volume at  about - 0 O . 2 5  C, we will hardly feel inclined to 
underrate the influence of foreign substances on the entire 
physical behavior of the ice and especially on the thawing 
process. Many facts, familiar to most of my readers, will find 
their interpretation from this circurnstance. 

Walking upon a snowy plain on a winter day, when the 
thermometer shows about - 7 O  or  -So C in the air, we will 
perceive, that  every footstep causes a keen, crunching sound 
from the ice-particles crushed under our feet. Suppose the 
temperature of the atmosphere to rise a few centigrades f. ex. 
to - 5 O  or - 4 O  C, then we will tread quite noiselessly upon 
the snow. The ice particles still retain their solid forni, b u t  
the thawing has already begun; instead of a network of hard 
and brittle crystal needles, we tread upon a soft mass, which 
shrinks beneath our feet to a plastic mould and retains the 
impression of the footsteps. 

Our pleasure of skating is very much dependent upon 
the temperature, but also in a certain degree upon the pu- 
rity of the ice. If the temperature of the air, and conse- 
quently also of the upper layer of the ice, is next to zero, t h e  
steel of the skates will draw deeper furrows in the ice, and 
the friction will be considerably increased. The same will be 
the case, if we practise upon a frozen fiord, where the ice 
has formed from salt water, instead of on the ice of an in- 
land lake. 

Ice, which arises by the freezing of salt water, retains a 
Ilart of its saltness, the greater, the more suddenly the freezing 
llas begun. We are told by eye witnesses, such as Wey-  
p r e c h t ,  N o r d e n s k i i j l d  a. 0. that the new ice, which arises 
by sudclen freezing of the calm surface of the arctic sea, is a 
tough Substance, which can be wrinkled and folded by external 
pressure without breaking. Although it insy be thick enough 
to bear the wejg1it of a man, it is so plastic, that  a footstep 
makes a deep impression as in niouldable clay. ,If you 

If we consider: 
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chance to walk over a plain of newly formed ice before a n y  
snow ha$ fallen, you will be astonished to find every footstep 
impressed in the mass just  as in melting snow. If unacquaint- 
ed with the fact, you will in vain t ry  to understand; how 
the solid ice can be in a melting condition at  a temperature 
of -440" C or still moreu [Weyprecht ] .  The specimen of 
ice examined in series V I  of the following chapter and repre- 
sented in  curve VI of plate 21 claims to be a representative 
of this kind of polar ice. I t  is forined by sudden freezing of 
ocean water of ordiiiary saltness froin the Siberian sea and 
itself contains 0.649 p. e. of chlorine, according to the titration. 

The plastic properties of such ice, described by W e y -  
p r e c h t ,  will be found to correspond to a premature contrac- 
tion of volume, which begins already at -20" C .  The prece- 
ding diminution of expansion dates from a stage of tempera- 
ture far beyond -220" C, the limit of iny investigations. 

We may now understand, why people of the trade are so 
very particular about the locality, froin whicli the ice of com- 
iiierce is taken. Everbody knows, that  ice from the open sea 
would not  do for the market, but  I dare say, that  everybody 
does not know the reason why. Somebody uiay hint, that 
ice froin salt water must be disagreeable to the taste, but this 
is far from being always the case. The most refined palate 
will fail to detect the slight saltness of old sea-ice. At Cloven 
cliff, northwest of Spitzbergen, I have collected blocks of ice 
from the polar drift-current, which contained less than one 
fourth of the amount of chlorides, which is found in t h e  
drinking water of Stockholm. It is solely on account of the  
physical properties accoinpanying this diminutive percentage 
of salt, that sea-icc is rejected by the trade. Only t h e  alniost 
cheinically pure ice, produced by freezing of inland lakes, 
deficient in chlorides etc. will bear transportation without 
crumbling and conserve thc glass-like hardness and trans- 
parency, which is an  indispensable condition of ice as an  ar- 
ticle of coiisuinption and of luxury. 

Any physicist, familiar with the use of B u n s e n ' s  ice 
calorimeter, will also, like the author, be familiar with the 
capriciousness of this instrument. B u n s  e n  prescribes,. that  
the calorimeter should be placed in a big vessel filled with 
el2tirely pure snow. Although I have had abundant quantities 
of the purest snow a t  my disposal, I do not hesitate to de- 
clare, having tricd during a whole winter to obtain reliable 
results with the original arrangement of the inventor, tha t  
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t h e  instrument would be impracticable to me, without the 
improvement devised by S c h u l l e r  and W a r t h a ,  viz. to im- 
merse the calorimeter in a vessel containing ice and pure 
water a t  0". Still the advantage of this arrangement is not 
t o  prevent variations in  the position of the mercury index of 
the instrument, but  to make them quite regular. 

The variations are declared by some physicists to depend 
upon the vacillations of the atmospherid pressure, which 
lowers or raises the melting point of the ice, but  I dare say 
from long experience, that  the movement of the mercury 
column is in  some way influenced by the temperature of the 
air in the room, but is  wliolly independent of the barometric 
variations. The real cause of the unsteadiness of the index 
seems to me to lie in the impurities absorbed by the water, 
which has been kept boiling for almost an  hour in the glass 
reservoir by the filling of the instrument. Thus the ice will 
be exactly in the same condition as the sample I1 in thc 
above tables, viz. it will possess no uhoZuteZy $zed v o h n e  just 
below its melting point. The specific volume of the ice in thc 
instrument will thus correspond to somc point of the sloping 
branch of the curve 11, see plate 22, between - 0 " . 0 5  and 0". Now 
suppose the water in the external vessel to be either a little 
purer than that of the calorimeter or vice versa. In  the 
former case its temperature, i. e. its melting point will be 
situated a few thousandths of a centigrade higher, and the 
volume of the ice in  the calorimeter will move downwards 
o n  the branch of the curve in  the attempt to gain the tem- 
perature of the surrounding medium. Then the index will 
move slowly backwards, in the other case the coordinate of 
specific volume of the ice will move upwards on the sloping 
branch, and the index of the scale-tube will march forward. 
I think we could diminish this inconvenience by filling the 
scrupulously cleansed calorimeter with repeatedly distilled 
water and by confining the boiling operation to the least pos- 
sible time. 

I n  studying the phenomena of the movement of glaciers, 
we of course must acknowledge the powerful action of pres- 
sure, but  we will do well also to bear in mind, that  a n  increase 
of pressure, equal to the weight of a vertical column of icc 
of 400 feet, is required only in ordcr to makc the melting 

1 Still I cannot dispute the  possibility of the hypothesis upheld by my 
former companion, Professor R ' i l son ,  viz. tlmt the contraction of the glass 
reservoir inrty have fionietlling to (10 with these variations. 
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point of the ice sink 0 O . 1 0  C below zero, while the preseiice of 
a minimal quantity of impurity [the influence of which can 
iiot be ignored in that part of the glacier, which is in contact 
with the rocky ground and the de‘bris separated froin it by 
erosion] is sufficient, to lower tlie nieltiiig point considerably 
and inake the ice soften aiid shrink in volume long before. 
f t  must, in short, be taken into consideration, that every kind 
of ice in nature becomes plastic and tough i lz  the vicinity of its 
melting point. 

I nes t  proceeded to the determination of the volumes of 
the liquid water [sample I].* These nunibcrs [see table I, B] are 
graphically represented by the red line in plate 23. The curve 
is traced under the assuinptioii of 

q = 0.00017905 
g = 0.00002754.  

It mill give the reader an opportunity of coinpariiig the 
performance of the new dilatometer with .the results obtained 
formerly by inenns of other methods. 

CHAPTElZ 4. 

On ice and water of little saltness. 

Froiii the reasons given in chapter 1, p g e s  250-253, I have 
ventured to draw the coiiclusion, that the ice of the Siberian 
sea is forriiecl to a great part by the frcezing of the brackish 

With this restriction I think we may safely adopt tho glacier theory 
of R c i i d u  or Forbes .  Sonic important observations inade on glaciers will 
thereby be explained in the most l ia lurd manner, viz. the relatively rapid 
progress of the ice iuasses in suiiiincrtiine ant1 the birth of the glacier rein- 

nants, which, according to cye-witnesses, takes place most frequently in hot 
weather. P c t z 11 o l d  t in the work ttlready alluded to in  this chapter cites 
some observations concerning this subject by I-Iugi, A g a s s i z ,  V o g t  a. 0. 
111 every case the brealriiig up of a rift in the glacier was observed on some 
very hot summer day. Tlie rift was a t  first oiily n few inches deep, but 
gradually increasctl, and the bursting of tlie ice was accompunied by a sharp 
crack, like a pelcton fire. Froin the behavior of the ice rej~resented on plate 
23 \ire niiglit just expect such effects t o  tttke plncci. The nppcr layer of tlic ice 
:kt first expands very regularly uiidcr tlie influcncc of tlic siininier heat. but, 
as its teiiiperaturc appronchcs tlir melting point, suddenly begins to contract 
its volume enormously. This c a u ~ r s  a hard strain upon its surface, whicli 
onds with tlie breaking np of fissures ancl remnants. 

-_ - 

19 
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water of little saltness, which is abundantly expanded over the 
arctic sea from the zstuaries of the great Siberian rivers. I 
therefore considered it a question of importance to examine 
the behavior of ice, which has been formed under similar con- 
ditions. Among the material collected by the Vega expedition 
and forwarded to me, there was however no samples of water 
formed by melting of real arctic ice. Still I deemed it in- 
dispensable to test the properties of such ice, which really 
had existed us ice in the sea and therefore tried by the kind 
assistance of Captain M a l m b e r g ,  Director of the Swedish 
Nautical Meteorological Bureau, t.o obtain samples of sea ice 
from several places of the Baltic and likewise from the coast 
of Bohusllin. Minute instructions, enjoining the necessary pre- 
cautions to be taken in  collecting the ice, were issued from 
the Bureau to the functionaries of the pilot office, and every 
sample was accompanied by a report. The specimen chosen 
for the first of the following experiments was collected in Fe- 
bruary or  March 1880 in the midst of the Baltic sea just  out- 
side the harbor of Wisby. After the termination of the experi- 
ment, the specific gravity, the latent heat and the percentage 
of chlorine were ascertnincd iiiiinediately iiz the same quufitity 
of water, zul~ich had been employed i% the clilatonzeter. The water 
quantity was just  sufficient for these purposes. But for the 
chlorine determination the saniple was found to  be scanty. 
I therefore made another titration with a greater quantit,y of 
the original ice-water. 

0" 
+4 

Original sample. Ice-water IV. 

spec. gr. at  n C ............... -- 1.00080 

p. c. of c1 .......................... 0.016 0.014 

I consider this specimen of icc to bc a good representative 
of that kind of arctic ice, which is commonly called bay-ice. 
A sample of such ice, which I found myself in July 1882 in  
Danes Gat at Spitzbergen, contained 0.014 % chlorine. Another 
sample from the Ice-fiord contained 0.010 % C1. But the mani- 
fold gradation in the saltness of tlie polar ice, mhercof thc 
reader will get an  idca by a. glance at  the tables in the nes t  
chapter, forbids us to rely csclnsively on  conclusions drawn 
from the examination of a single specimen. Besides, the perr 
centage of clilorine is no adequate criterium of the chemical 
constitution of ice [although it is a good standard of compari- 
$011 for seawater], on  account of the cheniical metamorphosis, 
which gradually takes place in the ice. Thcrefore I chose for 
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tlie next series of deterininations another specimen of ice-water 
from the sea-ice in I<&tegatt, obtained'in December 1SSl at 
Mars trand. 

When the outer layer of the frozen ice in the dilatometer 
is thawed, in order to get the solid cylindre surrounded by B 
rind of mercury (see the discription of this operation 011 page 
263 and fig. 2 on plate l), one or  two cc. of water are ordinarily 
expelled through the capillary. In this case the water was 
found to be of an extremely bitter salt taste. The original 
ice-water had thus separated in two parts of different chemical 
constituents. The remaining quantity of ice in  the dilato- 
meter was naturally deficient in saltness relatively to tlie ice 
formed at first. After tlie close of tlie experiment, the melted 
ice-water of the dilatometer was examined as usual with 
regard to its latent heat, i ts  percentage of chlorine and specific 
gravity. The water of sample V was found to  possess: 

Original sample. Ire-\\nter V. 
0" + 4" spec. gr. at - C ....................... l . o i i o  1.0053 

p. c. of c1. .................................... 0.727 0.273. 

The important question of the latent heat of the ice-water will 
be discussed in tlie last chapter. 

Finally I repeated exactly the same series of operations 
and ineasuremeuts with a r e d  specimen of salt water from 
the deeper strata of the Siberian sea, in  order to study the 
formation of ice from real ocean water. T'he ice, which had 
formed a t  first in tlie instrument, on superficial thawing, gave 
off a few cc. of a very concentrated solution of bitter taste. 

Origiiinl sample. Io -wntrr VI. 
0" spec. gr. at p C ........................ 1 . 0 2 7 8  1.0094 . 

p. c. of c1. ........... .................... 1.91 0.649.  

'rhe numerical results of the deterininations on tlic samples 
IV, V, VI are recorded in tables IV, V, VI nncl are graphi- 
cally represented on plate 21 (tlie volunics of the ice) and on 
plate 23 (the vol. of t h o  waters). In tlie calculation of the 1 7 0 1 -  

unies I have started froin the assumption 
q = 0.00017905 
g = 0.00002765 

to avoid unnecessary complication. All tile numbers given 
ill *)his chapter refer to sliecial kinds of sea-ice and caniiot 
bc considered to be fixed constants of nature, like the r o l -  
umes of pure ice and p ~ i r c  water, which must be calculated 
mitli the utmost accuracy attaiiinble in the prescl~t state of 
physical science. 
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T a b l e  IV. Ice from 
Specific gravity at --" c = 1.00030 + 4O 

A. Ice. 
L = 51.1922 cc at 0' C 

- Q = 7.5584 )> - 0 O . g  C 
W, = 40.1024 )> )) 0" C (water) 
q =o.o0017go~ [Regn.] 
g =o.o00027j3 

Lg = 0.0014144 Qq = 0.0013533 Lg - Qq = + o.ooo061 I 

rota1 expansion of 
I cc. water 

a t  00 

............... 
- 0.000200 

- 0.000160 
+ 0.0001 79 

0.000114 

0.000078 

0.0003 I 5 
0.000316 

0.0001~8 

0.000134 

0.0002g8 

0.0001 54 

to c 
corr. 

- oO.90 
- 1O.60 
- 2O.60 
- 4O.60 
- 5O.60 
- 6O.60 
- 7'20 
- gO.20 
- I I 0 . 2 O  

- 1 3 O . 2 0  

- 14'.20 

- 16O.20 
- 150.20 

__ 

Coeff. of expans. 
unit. x cc. water 

at o' 

............... 
- 0.000286 
- 0.000160 
f 0.000089 

O.OOOI 14 

0.000134 
0.00013 I 

0.0001 57 
0.000158 

0.000 I 5 8 

0.000149 

0.0001 54 

Scale-tube 

............... 
- 0.000031 

+ 0.001541 

mm. corr. 

............... 
+ o.ooooo58 

- 0.0001007 

............ 
- 35.00 
- 28.12 
+ 30.62 

19.50 
23.00 

13.51 
51.24 
54.16 
54.41 
26.53 
27.15 
27.06 

_- 

- OO.9 

- 6".2 

- 16O.2 - } 

............ 
+ 4.00 

264.06 

cc. corr. 
_. 

............ 
0:008092 
0.006501 
0.007079 
0.004510 
0.005317 
0.003123 
0.01 1847 
0.012522 
0.01 2580 

0.006133 
0.006277 
0.006256 

D e t e r  in i 11 a t  i o 11 s o f  c o n  t r o 1 

............ 
0.000924 

0.061052 

Volume a t  to C 
of I cc. water 

at oo 

I .088132 

I ,088494 
1.088314 
1.088200 
1.088066 
I .0879S7 
1.087689 

1 .os 73 74 
I .08 705 7 

1.088333 

1.086903 
I ,086745 
1.086587 
__ 

I .088132 
1.088101 

1.086591 

Total change of voluiiie by liquefaction at -oO".yo C = 3,5314 
Calculated for I cc. of the water 
Volume of I cc. water at on as ice at -0".90 C 

cc. 
r= 0.088059 cc. 
= 1.088132 cc. 
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the Baltic (Wisby). 
percentage of chlorine = 0.014. 

B. Water. 
L = 51.1922 cc at oo C 
Q1 = 11.0898 n on 
W, = 40.1024 j )  )) 0' 

. q = 0.00017gog \Rep . ]  
g = 0.00002753 

Lg = 0.0014144 Qq = 0.0019856 Lg - Qq = - 0.000571 I 

t" c 
corr. 

_ ~ _  
- 4O.00 
- 3O.00 
- 2°.00 

- o".go 
- zO.OO) 

O I  + I O . 0 0  

-+ 2 O . 0 0  

+ 3O.00 
+ 4O.00 
+ 5 O . 0 0  

+ G".oo 

+ 7*.00 
+ S O . 0 0  

+ g".oo 
+ loo.oo 
+ I I 0 . 0 O  

+ 12°.00 

+ 13".00 
+ 14".00 

+ 15°.00 

0 

loo.oo 
1 =jo.0o 

Scale-tube 

mni. corr. 

............ 
- 20.06 
- 16.70 

- 23.60 

7.40 
4 70 

- 1.40 

+ 0.90 
3 20 
7.00 

8.80 
10.80 
13.20 
15JO 
18.77 
20.40 

23.02 

25.39 
27.92 

. . . . . . . . , . . . 
- 
- 

._.......... 
45.60 

161.10 

cc. corr. 
. .. ___- ~ 

............ 
0.00463 8 
0.003861 

0.005456 
0.001 7 I I 
0.001086 

............ 

0.000323 
0.000208 

0.000739 
0.00 I 6 I 8 
0.002034 
O.O02+j7 
0.003052 
0.003 5 I4 

0.004339 
0.0047 16 
0.005322 
0 005870 
0.00645 5 

'otal expansion o 
I cc. water 

ilt 00 
~~ . .~~ ~ ___ ~. ~ 

............... 
- o.ooo13o 
- 0.0001 I O  

............... 
- O . O O O ~ ~ ~  

- 0.000056 
- 0.000041 
- 0.000022 

- 0.00000g 
+ 0.000004 

o.ooooz6 

0.000036 
0.000048 
0.000062 
0.000073 
0.000094 
o.oo0103 
0.0001 I8 
0.0001 32 
0.000 146 

Coeff. of expans. 
unit. I cc. water 

a t  00 
-___ 

............... 
- 0.000130 
- 0.0001 I O  

....,.......... 
- 0.000082 

- 0.000056 
- 0.000041 
- 0.000022 
- 0.00000g 
+ 0 . ~ 0 0 4  

o ooooz6 
0.000036 
0.00004S 
0.000062 

0.000073 
0.000094 
0.0001 03 
0.OOOI I8 
o.ooor32 
0.000146 

I> e t  e r in i n  n t i o n s  o f  c o 11 t r o 1 

*........... 
0.01273 

0.03724 

............... ............... 
0.0001 2 I I 0:000012 

0.000717 0.000047 

Volume at to C 
of I cc. wnter 

at 00 
_____ 

I .000405 
1.000275 
1.000164 
I .000074 

I .oooooo 

0,999943 
0.999901 
0,999879 
0.999870 
0.999874 
0.999900 
0.999937 
0.999985 
I .00004 7 
1.0001 20 

1.000214 

1.000435 
I ,000568 

I .OO03 I7 

I .OO0715 

I .oooooo 
I .OOOI 21 

I .0007 I 7 
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Table V., Ice from 
Specific gravity (ice-water) at 
A. Ice. 

L = 49.1840 cc at 0" C 

= 1.00534 

Q = 11.5978 )) )) - 2".2 C 
W, = 34.9040 )) )) on C (water) 
q = o.ooor7gog [Kegn.] 
g = 0.00002753 

Lg = 0.001 3 5 89 Qq = 0.00~0765 Lg -- Qq = -- 0.0007 I 76 

to c 
con. 

- 2O.20 
- 3O.20 
- 4'20 
- 5 ' 2 0  
- 6 O . 2 0  

- 7'20 
- 8".20 

- 9O.20 
- I O 0 . 2 0  

- - . 1 I0 .20  

- 12°.20 

- 13'.20 
- 14'.20 
- 15'20 
- 16".20 

- 2 O . 2 0  

- 12°.20 

- 
Scale-tube (Total expansion of 

mm. con. 

............ 
- 586.87 

- 343.94 
- 175.92 
- 106.00 
- 81.90 

- 49.97 
- 33.37 
_- 21 .04 
- 10.05 

4.93 + 0.98 
3.95 
7.20 

9.56 

- 

__ 

............ I 
-1415 I 

The change in thc 
- 2 O . 2 0  C and - OO.39 C.  

I cc. water 

- 1 ' at 00 cc. corr. 

I ............ 
0.13569 
0,07952 
0.04067 

0.018936 
0.02450 

0.01 1553 
0.007715 
0.004864 
0.002323 

0.000226 
0.00085 8 
0.001 6G4 

0.001139 

0.0022 I O  

- 

............... 
- 0.003907 
- 0.00229S 
- 0.001 186 
- O.OOOj22 

- 0.000;63 
- 0.0003 5 I 
- 0.00024 I 

- 0.000087 
- 0,0001 59 

- 0.000053 
- 0.000014 
+ 0.000005 

0.000027 
0.000043 
-- 

Coeff. of expans. 
unit. I cc. water 

at 0' 
-___- 

............... 
- 0.003907 
- 0.002298 
-0.001186 
- 0.000722 

- 0.000563 
- 0.00035 I 
- 0.00024 I 

- 0.000087 

- 0.000014 
+ 0.000005 

0.000027 

- 0.000159 

- 0.000053 

0.000043 

D e t e r m i n a t i o n  o f  c o n t r o l  
............ ............... ............... 
0.327 I 6 - 0.009558 -- o.ooog55 

Volume at to C 
of I cc. water 

at o0 
.___ ____- 

I .076784 
1.080691 
I .082990 
I .os41 76 
I .OS4898 
1.085461 
I .085812 

1.086053 
1.086212 
1.086299 
1.086352 
1.086366 
I .os6361 
1.086334 
1.086291 
__ 

1.076784 
I ,086342 

volume by the liquefaction of the ice was determined between 

Total change of volume between - 2 O . z  C S: - oO.39 C = 2.67985 
Calculated for I cc. of the water 
Volume of I cc. of water at ob as ice at  - 2 O . 2  C 
Increase of volume of the water, if soliclif. at - 2 O . 2  C 

cc. 
= 0.076772 cc. 
= 1.076784 cc. 
= 0.076650 cc. 
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Ka ttega t t (Marstrand). 
percentage of chlorine (ice-water) -- 0.273. 

B. Water. 
L ="49.1840 cc at 0' C 
Q1 = 14.2800 9 )) oo C 

' w, = 34.9040 )) ), 0' c 
q = 0.00017go5 [Regn.] 
g =0.00002753 

I 

1 Lg = 0.0013589 Qq = 0.0025568 

to c 
corr. 

._ -___ 

- 8O.40 

- 6 .40 
- 71.40 

- 5O.40 
- 4O.40 

- 3O.40 
- o0.1o> 

- 2".40\ 

- 2O.401 
- 1".40/ 
- O O . 1 0  + 0".90 

- o".roj 

- O0.I0\ + I0.90/ 
- o".ro\ + 2 O . 2 7 1  
- o0.1o\ + za.90j 
- oa.ro\ + 3O.901 + 4O.90 + 5O.90 

+ 7".w 

+ 9z.90 - 0 .IO\ + 9O.901 

+ 6O.90 

+ 8O.90 

+ 10".90 + 11".9o + 12".9o + '3O.90 + '4O.90 

- oo.ro\ 

- o0.1o\ + 14°.90/ 

- 6O.401 

-. 
Soale-tube 

mm. corr. 
___- 

- 23.45 
- 21.65 
- 17.75 
- 14.73 

- 31.34 
9.41 

- 10.46 

- 6.38 

- 0.58 
+ 1.88 

2.0s 

6.51 

- 

............ 

12.93 
8.91 

I 1.78 
13.02 
15.12 
17.41 
19.10 
98.27 
21.60 
22.70 
24.90 
26.20 
28.17 

- 62.42 

+ 221.84 

cc. corr. 

0.005420 
0.005004 

0.003405 
0.007246 
0.002 I7 5 

0.004103 

0.002418 

0.001461 

............ 
0.000134 
0.000434 

0.000480 

0.001505 

0.002989 
0.002060 
0.002723 
0.003010 

0.003495 
0.00402 5 
0.004416 
0.022759 
0.004994 

0.0051 57 
0.006057 
0.006513 

0.005249 

otal expansion of 
I cc. water 

at oo 
_______ ______ _. 

- 0.000189 
- o.ooor77 
-0,0001~1 
- 0.000129 
-- 0.000358 
-- 0.000096 
- o.OoO155 

- 0.00007G 

-- 0.000038 
-- 0.000056 

- 0.000067 

............... 

- 0.000059 

- 0.0000~ I 

+ 0.000024 
0.000043 
0.0000~ I 
o.ooooG 5 
0.000081 
0.000092 
0.000308 
0,000 I08 
O.OOOI 16 
0.000130 

0.000152 
0,000 I39 

Coeff. of expans. 
unit. I cc. water 

at 0" 

- 
~ - _  

- o 000189 
- 0.000177 
- 0 0001~1 
- 0.0001 29 
- o.oooo81 
- 0.000096 
- 0.000064 

-- o.ao0076 

- 0.00003S 
- 0.00002s 

.,. ........... 

- 0.00002s 

- o.oo0019 

- 0.000013 

+ 0.000024 

0.0000~ 1 
0.000065 
0.00008 I 
0.000092 
0.000030 

0.000108 
O.OOOI 16 
o.ooor3o 

o.ooor52 

0.000043 

0.0001 39 

1) e t  e r in i n a t i o 11 s o f  c o 11 t r 01 

- 0.000634 - 0.000099 

0.05 I419 + 0.000960 -I- O . O O O O ~ ~  
o'or4499 I I 

Volume a t  to C 
of I cc. water 

at 00 

I .OOI 008 
1.000818 
I ,000641 
Loo0489 
1.000358 
1.0002g1 

1.000155 

I .00007S 
I .000002 

0.999963 
0.999945 

0.999934 

0.999942 

0.999950 

I .OOO@ 1 b 
I ,000070 
I .OOOI 36 
I .oooz I 7  

I .000~'0 

I .0004 I 8 
r.-s34 
I .000665 
I .000804 
I.OOog57 

0.99397: 

I .000309 

I .000634 

I .000960 
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T a b l e  VI. Ocean water (arctic) 7604' Lat. 
Specific gravity (ice-water) at --" + 4 O  = 1.mg40 

A. Ice. 
L = 51.19'22 cc. at oq C 
Q := 16.6967 cc. at -4O.4 C 

\VI = 32.042 
q = o.ooo1~go5 [Iiegn.] 
g =O.oooO2753 

cc. at  0" C (water) 

Lg = 0.0014144 Qq = 0.00~9895 Lg - Qq - 0.001575 I 

t o  c 
corr. 

__-- 
- 4O.40 
- e . 4 0  

- SO.20 
- 9-20 
- I 0 * . 2 0  

- I1°.20 
- IZ0.20 

- 13*.20 
- 14'.20 
- 1 5 ~ 2 0  
- 16O.20 
- 17O.20 
- IS6.2O 

- 190.20 

- f . 2 6  

- 

- 10O.2 
- 16".2 

Scale-tube 

rnm. corr. 

............ 
- 396.20 

- 134.14 
- 103.6s 

- 75.14 
- 54.43 
- 40.46 
- 26.24 

- 13.66 
- 6.78 
- 4.86 

+ 0.97 
2.92 

5.83 

- 21.47 

- 

............ 
-- 113.50 

cc. corr. 

.............. 
0.091604 
0.03 IO1 4 

0.023995 
0.01 7375 
0.012584 

0.009354 
0.006066 
0.004964 
0.003 I58 
0.001 567 
0.001 I 23 
0.000224 

0.000675 
0.001347 
- 

- 
rota1 expansion of 

I cc. nnter 
at 00 

___ .... -~ 
............... 
- 0.002g57 
- o.001025 
- 0.000795 
- 0.000589 
- 0.000440 
- 0.000339 
- 0.000237 
- 0.000202 

- 0.000146 
- 0.000096 
- 0.000085 
- 0.000043 
- 0.000029 

- 0.00000s 

- 

Coeffic. of exp. 
unit:  I cc. water 

at 00 
_ _  . ~ ~ _  - 

............... 
- 0.001478 
- 0 000854 

- 0.000589 
- 0.000795 

- 0.000440. 
- 0.000339 
-- 0.000237 
- 0.000202 
- 0.000146 
- 0.000096 
- 0.000085 
- 0.000043 
- 0.000029 

- 0.000008 

D e t e r m i n a t i o n  o f  c o n t r o l  
............... ............... ............... I 

0.026235 - 0.001 105 - 0.000184 I 

Volume a t  to 
of I cc. water 

at 00 

___-___ 

1.076845 

I .OS0828 

I .081 624 
1.082213 
1.082653 

1.083230 

I .083578 
1.083675 
1.083760 

I .079802 

I .os2993 

1.083432 

I .083804 
1.083833 
I .Os3841 
- 

1.082653 
1.083758 

The change in the voluine by the liquefaction of the ice was deterniinecl at - 4'4 C. 
Total change of volume at -4O.4 C = 2.45353 

, Calculated for I cc. of the water = 0.076597 
Volume of I cc. of water at oo as ice at - 4O.4 C = 1.076845 



116009' Long. E. G. Depth 59 Metres. 
percentage of chlorine (ice-water) = 0.649. 

B. Water. 
L = 51.1922 cc. at 0" C 
Q1 = 19.J502 )J 9 9 )) 

W, = 32.0420 B )) P 

q = o.ooo17gog [liegn.] 
g = 0.00002753 

1 Lg = 0.0014144 Qq = 0.0034288 Lg - Qq == - 0.0020144 

t o  c 
corr. 

-___ - 
- 8".40\ 
- 0".60f 
- 8O.40 
- 6 O . 4 0  

- 4O.40 
- 3O.40 
- z9.40 
- 1O.40 
- oO.60 

- oO.40 

- 0".60\ 
+ 0".60/ 
- 0".60\ 
+ 2".60( 
- 0".60\ 

- 0".60\ 

- o".Go\ 

0 

+ 3O.651 

-I- 4O.85 I 

+ 5".4O.ol 

5 - oO.60 
+ 6".40 
- 0".60\ 

- oO.601 

+ I3O.401 

+ 9".481 

Scale-tube 

n1m. corr. 

- 42.83 
- 28.21 

- 13.80 
4.44 + 0.49 
'1.97 
3.46 

- 

...... ..... 
1.97 

............ 

7.21 

23.55 

36.40 

52.77 

62.22 

78.64 

144.61 

252.61 

cc. cow. 
_ _ _ _ ~ _  

0.009902 
0.006522 
0.003 I 90 
0.001026 
0.0001 13 
0.000455 
0.000799 
............ 
0.000455 
............ 

0.00 I 66 7 

0.005445 

0.0084 16 

O.OI220I  

0.014386 

0.01 8182 

0.03343 5 

0.058406 

'otal expansion c 

at 00 
I cc. Water 

____ 

- 0.000792 
-- 0.000329 
- 0.000225 

-- 0.000094 
- 0.000059 
.- 0.000048 
- 0.000037 
. . . . . . . I . . . . . . .  

- 0.000007 

............... 

-- 0.0000z3 

-- 0.0000zg 

-- 0.000004 

+ 0.0000j8 

0.000071 

0.0001 27 

0.000418 

0.000942 

Coeffic. of exp. 
unit: I cc. water 

a t  0" 
_____ 

- 0.000010 

- 0.000164 
- 0 .ooOI  I2 

- 0.000094 
- 0.000059 
- 0.000048 
- 0.000037 
............... 
- 0.000022 

............... 

- 0.00001 9 

- 0.000009 

- 0.000001 

+ 0.000007 

0.00001 I 

0.0000 I 8  

0.00004 I 

0.000067 

Volume a t  tu 
of I cc. water 

at 0 0  

~ -~ 

I .000804 
I .000803 

I .000248 
1.000473 

I .OOO I 53 
I .000094 
1,000045 
1 .OOOOI 2 

I .000007 

I.000000 . 

0.999988 

0.93'9982 

I .000007 

I .0000~0 

1.ooooS3 

I ,000 I 39 

1.000427 

1.000954 
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We must now t ry  to get an idea of the bearing of the 
above results 1 on the phenomena, which really take place in 
the arctic sea. On plate 21 we will find representations of the 
most prominent"'kinds of polar ice. I have ventured to estab- 
lish the following types of ice, partly from their manner of 
formation, partly from the reseinblance in their cheinical coin- 
jjosition shown by titration. We inay understand the red line 
111 approximately to  designate the volumes of fresh water-ice, 
as  for exainple the glacier-ice. The changes in the volume of 
such ice %re inost uniform and regular, and therefore the ice- 
blocks and icebergs arriving froin the ice fiords of Greenland 
mill conserve their form and size longer than any other kind 
of ice, in spite of tbe abrupt changes of atmospheric tempera- 
ture, which the icebergs must be exposed to,  incoinparably 
inore than all other kinds of ice. This'ice wiII survive the 
niouldering process, which incessantly frets upon such ice as 
contains a minimal quantity of salt, even at  low temperatures, 
and will succumb only to the influence of a warmer atmos- 
phere or to the corrosion of the warin water of the Atlantic 
upon its base. But we may see from the abruptly sloping 
branch of curve 111, that just in the vicinity of the melting 
point destruction rapidly approaches the solid framework of 
the ice-colosses ; an  extremely littlc variation in  temperature 
will cause expansions or contractions in the mass, which may 
suffice to carve out a'nd split the gigantic structures into 
fantastical shapes. 

The Curve IV will give us  R representation of the vol- 
umes of old 71ny-ice and of the freshly formed ice of brackish 
water .[see page 308 c !  3091. Also the ice of the torosses or 
I I U ~ ~ ~ O C ~ I S ,  which has been long exposed to the air, belongs to 
this type (see the titrations on page 305 by N o r d e n s k i i j l d ,  
P a l a n d e r ,  A l i n q v i s t  a. 0. on  samples of toross-ice). Accord- 
ing to the analytical determination on  page 307 the constitu- 
tion of sample V accords well with that of the ~ B Z U  bay-ice, 
which successively formed during the winter a t  the coast of 
Pitlekaj. The titrations by N o r d e n s k i i i l d  a. 0. indicate a 
percentage of chloriiic of about 0.17.. in such ice. We may 
,therefore consider V to represcnt the type of ice, which in 
the winter covers the bays and fiords of the arctic sea. In 
the sample VI we meet with an exact counterfeit? of that 

* Owing to the system of observation, adopted in  the experinieiital 
series V, B and VI, B, the arrangement of the aumbers enumerated in the 
tt%bl@s is somewhat different froin the usiml. 

3 According to its manxier of forliiation (sce page 291). 
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kind of'ice, which is formed directly by the freezing of the 
watcr of the open ocean, before it has been subject to the 
thawing influence of the weather in  the spring or of the arctic 
su in mer. 

The reports of arctic explorers, who h a w  passed winters 
i n  the inidst of the polar ice, abound in  descriptions of the 
terrors caused by the pressure of the pack-ice. A ship, fettered 
for the winter within b e  boundarics of the pack-ice of the 
open sea, secms to be dooincd to ultimate destruction. The 
danger of the situation lies in  thc ,incessantly renewed rifts 
i n  the ice: ,The ice is broken up and limed together again 
into new combinations of the dc'bris by the united efforts of 
the winds and sea-currents, as well as by the influence of the 
cold, which causes the ice to contract its voliime and thus 
gives birth to iiinuniernble rifts. By sudden faZ1 of teiqievaiure 
these rifts increase in number astoundingly. If tho siiorv is 
swept away in the spring, there will scarcely be found a 
squarc-meter, which is destitute of such rifts, . . . . . . 

If the pack-ice of the open spa possessed the property of 
regular expansion, which characterizes tho pure ice, it would 
be wholly incompr@iensible to us, how the rifts can be formed 
s o  nbuiidantly or givc birth to such pernicious effects. But 
a glance a t  the curve of volumes of sample V and VI mill 
give us a clue, how to cxplain the breaking up  of innumer- 
able rifts in  the ice by a, sziddeia f a l l  of teiit2)ernluve. 

Suppose the ice to have been forined by freezing of occan- 
water of ordinary saltness, then the variations of its volunies 
will bo approximately represented either by V or VI. A 
sudden fall of temperature only affects the upper layers of 
the ice, while that  part of the icc submerged into, or i n  con- 
tact with the water, retains thc constant temperatnro of its 
freezing point i. e. - 1" or - 2" C. lhroni the grapliic illustra- 
tion me see, that  iizstentl of being coizisacted by the cold the vol- 
time of the ice iiacreases eztraovdinarily. Between - 2" and --3" C 
ice of the type V will expand 0.0039, and betwecn -4O.4 and 
- GO.4 C ice of the saine kind as VI cxpands its voluine 0.002957. 
Such extraordinary variatioiis of volume, which are contrary 
to all fornicr notions of the bchavior of the ice, call not bc 
compared to the ordinary expansion or contraction by heat 
of sny  liquid or solid body, but  will only bear comparison 
with the changes of volume effected by temperature in  gaseous 
bodies. The effect will be a hard strain up011 the upper 

1 Tho followiiig drscriptioii is taken principally fro111 11'0 yprecht. 



300 P E T T E R S S O N ,  Oh- W A T E R  A N D  I C E .  - 
strata, which will tend to bend tlie ice upwards. Still the ice 
will not generally break, on account of its toughness, until 
the temperature has suiik below the point of inflection of tlie 
curves V or VI. Then the ice will begin to assume the pro- 
perties of a hard body and, being unable to resist the straiii 
on the upper strata any longer, will break u p  into innuiner- 
able rifts. The violence of the catastrophe amounces itseI f 
by sudden cracks, which by some Gitnesses have been coni- 
1)ared to  the explosions of' thunder or the report of a caiinoii. 
By externd pressure of the surrounding pack-ice the dislocated 
I'ieces will be piled up against each other, or  on each other, to 
those hummocks or torosses, so eloqucntly described by arctic 
travellers, which make sledging excursions over tlie ice a 
thing next to impossible and caused one of the inembers of 
the 1860 expedition of H a y e s  to stigmatize the difficnlty of 
penetrating farther to the north over the gigantic torosses of 
the ice of the polar basin thus:  xyou might as well try to  
cross tlic city of NewYork over the tops of the hoiises.~ 

I think . the  result of the 1)reseiit research can be briefly 
expressed thus : we must henceforth attribute the frequent 
ruptures of the sea icc and the heaping of its fragments into 
hummocks or torosses by pressure to an expansion instead of 
a coiztractioia of its volume. The sole cause of this pheno- 
inenon we have found to lie in the peculiar inodification of 
the physical properties of the solid water by a slight quantity 
of dissolved salt. We must of course acknowledge tlie fact, 
that sea-ice begins to contract its volume, like any other kind 
of ice, at a sufficiently low temperature, but it must be observed, 
that the coefficient of the regzrlar expansion of sen-ice is less 
than that of pure water and widely inferior to the great 
changes in  volume of tlie reverse order, which take place 
nearer to the melting point. 

We may also draw the conclusion fro111 the nuinericar 
data; that every kind of sea-ice is reinarkably inferior in vol- 
ume to fresh-mater ice and corisequently sinks deeper into the 
water. 

On plate 23 tlie reader mill find a graphic representation 
of the volumes of the ice-waters from sainples V and VI  a t  
different temperatures. The volumes of IV are recorded in 
table IV,B, but the curve belonging to this water could not bo 
traced on plate 23 with distinctness, because i t  would bc hardly 
discernible from the red line representing the volumes of pure 
water. The slight saltricss of sample IV (only 0.014 % of chlor- 
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ine) occasions no  great discrepancy in  the behavior of the 
liquid water IV from that of pure water. In the solid stfate 
however, the difference is very considerable. 

CHAPTER 5. 

Ghemical changes in the composition of water 
caused by freezing. 

From the preceding chapters tlie reader must have discov- 
ered tlie weighty iiifluence, whicli the saltiicss of' the ice, 
however slight it be, has upon its physical propertics. I hope, 
i t  will appenr from this expositioii, that thc coniposition of 
the sea-ice is a subject of such importance, that  it ought to 
attract the attention of the chemists as  well a s  tlie physicists 
more and more. For my part I confess, that  I write this 
chapter inore in  the hope of winning the intcrest of my 
readers for the following questions than from any hope I have 
of bcing able to give a conclusive aiiswcr to  them myself. 

Is  the salt a coPzsta9at c7tacl no,azal c o q o u e n t  of the sen-ice.? 
Mr. F. G u t b r i e  tricd to decide this question by artificial 
freezing of sea-water froiii Dover. Tlie icc, which formed 
freely from the sea-water, coiitsincd about 4/5 of t h o  usual 
percentage of salt, but a part  of it, which had been pressed 
between linen aiid flannel in a screw-press, was found to hold 
only 1/15.  Q u t h r i e  ol)serves, zthnt the almost undiminished 
saltness of tlie tinpressed ice is duc, as suggested by Dr. 
Rae ,  to tlie entanglement aiiiidst the icc-crystals of n brine 
richer in  solid constituents tlian tlie original mater itself. 
Such brinc, whirb is here squeezed o u t  in the press, drains 
in iinture down from the upper surface of the ice-floc by gra- 
vitation and also is replaced by osmic action by new sea- 
water, which again yields up fresh ice, so that, while new 
floes arc porous aiid salt, old ones a rc  more coinpact and 
lnticli fresher, as the traveller observed)>. All otlier observers, 
except Dr. B u c h n n a n ,  agree in  the opinion, that  the saltness 
of the sca-ice is due to the entanglement of salt brine in  the 
_ _ ~  

1 I'roc. It. 8. SSIV, p. 011. 
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network of the crystallized water, and that the brine is after- 
wards separated frorn the ice by the influence of variations of 
temperature. On the nature of this metamorphosis, two dif. 
ferent hypotheses have been propounded, which are diametri- 
cally dpposite to each other. Dr. W a l  k e r  1 believed, that t h e  
brine was squeezed out by the contraction of the ice b?j cold. 
I think the inipossibility of this hypothesis is sufficiently 
proved in the foregoing chapter. I n  fact, sea-ice, whicli con- 
tains any considerable part of its original saltness, is expand- 
ed instead of contracted by the cold. Professor N o r d e n -  
s k i o l d  and Dr. A l m q v i s t  are prone to conclude, from their 
observations during the winter 1578 a t  Pitlekaj, >that the in- 
cluded brine slowly frets its way t o  tlic! sttiface of the ice$oe, 
where it  vas found on several occasions as  a concentrated 
overfiow, which frequently deposited an  efflorescence 2 of crys- 
tal-needles consisting of an  aqueous double salt of NaCI 
and CaC12. For this metamorphosis of the salt ice a tempera- 
ture near the melting point is necessary, as the peculiar con- 
dition of the ice a t  those temperatures facilitates the penetra- 
tion of the bladders and drops of salt brine to the surface,), 

The general opinion thus seems to be, that the ice, even 
if it separates froni salt water, is chemically entireIy free from 
salt, although i t  may contain a slight quantity mechanically, 
which adheres to it as salt-crystals or salt-solution. Although 
combatted by a t  least one important authority, Dr. B u c h a n n n  
of the Challenger expedition, this opinion still predominates 
among the majority of natural philosophers. One reason a t  
least speaks strongly in its favour, viz. the changeable amount 
of salt, which is found in  the ice. To  those, who are prone 
to limit the dominion of Clkrnistry to only coinbiriations of 
fixed proportions, the sea-ice never will appear to be anything 
but  a mechanical mingling of crystallized water with an  in- 
significant quantity of sodium- and calciuinsalts etc. I have 
tried to do full justice to this point of view, just  because it 
is not iuy own. I do not pretend to see a well defined chemi- 
cal compound ill every bit of floating sea-ice, but I think 1 
can show, that a t  the formation of the ice of the ocean forces 
of quite another order, t h n  the mechaaical adhesion, are a t  
work to connect the salt with the ice. 

Of the 31' 
The efflorescence of salt crptals upon the  snrfizre of siewly frozen 

ice \vas observed also by \Vr:tngcl m d  i8 minutely described by  W e y -  
p r c c l i t  a. 0. 

1 i n t o  c k expedition 1857-59. 
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To begin with, i t  can be proved, that the freezing of sea- 
water involves a total revolution of its chemical constitution. 
Chemical analysis shows, that  the quantitative proportion of 
the constituents Ca, Mg, Nn, I<%, C1, HrS04 is other in ice 
than in sea water. 

It was believed formerly that the composition of the water 
did change from one part of the ocean to another, until F o  r- 
c h a m m  e r ,  by application of exact analytical methods, showed, 
that  the chemical constitution of sea-water is Izearhy the same 
over the whole earth. The relation of the chemical compo- 
nents of the salt of the ocean is according to F o r c h a i n m e r  
(if the amount of Chlorine is assumed = 100) 

CI Ca 0 nrKo s os Total amount of salt. 

100 2.99 1 1 . 0 3  11.88 181.1 

These nuinbers are on the whole confirmed by recci1.t investi- 
gations. Oiily with regard to the proportions of MgO and SO$ 
differences have been found, which arc however so slight, 
that the hydrographers are ~iiicertain, whether to attribute 
them to a r e d  unsteadiiiess in the composition of sea-water 
or to inevitable analytical errors. I will return to this remark- 
able circumstance later. 

Those, who support the co'tllmo~i tboory, that  sen-ice is i n  
itself wholly destitute of salt and 0111 y mechanically encloses 
a certain qaantity of unfrozen and concentrated sea-water, 
must confess, that me in this case ought to find by chemica1 
a i d y s i s  exactly the same proportion between C1, MgO, CaO, 
SO3 etc.. . i n  the ice and iu the brine as in the sea-water itself. 

I n  order t o  decide the question, I requested Mr. F o r s -  
be rg ,  the assistant teacher of analytic chemistry of the labors- 
tory, to undertakc a coinplete quantitative analysis of the fol- 
lowing six -water-samples. d? 1-4 I chosc out of the collec- 
tions of the Vcga, so as to rcprcseiit the constitution of the 
Siberian sca-water a t  different depths and of different specific 
gravity. 35 5 & G are samples of unfrozen brine collected by 
tbe Vega-explorers on the surface of the ice during cold 
minter days. 1 feel bound on this occasion t o  express lily 
sincere gratitude to Mr. Fo r sbe rg  for his skilful assistance. 
Tlie psrticulars of the analyses, the ~iiethods etc. will be 
treated in noxt paper, which is specially devoted to the hydro. 
graphy of the Siberian sea. The nuiiibers of this table repre- 
sent the proportions of the coiistituents if chlorine is = 100 



304 P B T T G R S S O N ,  O N  1VAZ'fill A N D  1CX. 

~ ~~~ - 
liquid brine 1.1259 

from crystals 1.1749 1 (snow?) I J brine separated 

I 

Table I. Sea-waters. 

TI- 
_~______ .. -.~ . -~ .. - 

-30' roo 3.52 14.52 1.14 2 . 1 1  62.32 

-32'1 i. IOO 4.48 19.801 1.67 1.87 58.84 
'd 

This shows, that the brine, which is eliminated fsoiu newly 
formed sea-ice, can riot be regarded as concentrated sea-water, 
since i t  has a totally differed c3Lenzical coniposition. The freezing 
of sea-water consequently must involve some chemical process, 
which alters thc proportions of its constituents. I deemed it 
necessary to study the proportions of some of tho chemical 
components of ' the  sea-ice, in order to get a clearer idea of 
this matter. . Uiihappily for my purpose, the Vega-expedition 
l i d  not brought home any sainples of nielted ice. I therc- 
fore tested several specimens of sea-ice from Kattegntt, the 
Baltic and froin Spitzbergen. 

After a consultation with Prof. N o r d c n s k i o l d  I resolved to ask 
permission of the government to accompany the Swedish inetcorologicR1 
expedition of last year  t o  Spitzbergen. Being commissioned by the R. Acn- 
tleniy of Sciences, I visited the coast of Spitxbergen in July and August 
last year on board of 11. M5 ship Urd and, thanks to  the kind aid of the 
commancler o f  the expedition, Captain Pa lander  af Vega ,  was able t C J  
procure ample specimens of arctic ice o f  difYercnf, origin. My experiments 
with this material being far from terminated, I can here give only a part 
of the results concerning the chemical constitution of sea-ice. 
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l___-l__--_ 

__ --. - _-_____I____ __- 
Marstrand ......... .... ...................... 

Cloven cliff 1 ................................. 

Magdaleiin Bay )) ............................... 
Ice-fiord )) glacial ice (floating) ....... 

................................. 

> >  ............. ..... 

Table 3. Sea-ice. 

__ --___ 
0.727 . % 100 12.80 
0.0145 % I00 14.97 
o.0020 % zoo 43.65 
o o o ~ y $  100 43.67 
0.0014 7; IOO 62.S 
0.0010 % 100 76.6: I 

1 c e-w a t e r f r o  rn percentage of 1 CI j chlorine (titr.). (=:roo) s 0.1 
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lowing table together with some titratioiis on samples of sea- 
ice from other localities. 

All numbers in the two follo-wing tables denote gravlzmes 
of chlorine in 100 cc. of t 7~e  -1iigtcid. The titrations signed V 
are executed by members of the Vega-expedition. [The others 
are signed : P = Pettersson. L = Larsson. E = Ekendahl. F = 
Forsberg.] ))ROSSOI)) is the denomination used by N o r d  en-  
s k i  old  on crystallized conibinations of sea-salt with ice. 

- 

Salt brines, snow, "Rossol", crystals, etc. 
= 
Temper8 

ture of 
the air. 

c. 
I__ -___. 

- 11 

- 16 

- 

- 

- 38' 

- 33" 

Water inundating the ice. The tem 
perature had been still lower (- 20' 
C) during the day ............................. 

))Ross01 ) (salt snow). The temperature 
of the sample was found - l G o  c..... 

A specimen of hard snow from a coni 
pact layer, 1 c.m. thick ..................... 

Samples of snow on the ice, which had 
been moistened previously by bver 
flowing water from fissures in the ice 

D:0 d:0 ............ 
"Rossol)), beautifully crystallized needles 

[the crystals were up to 4 c.m. each 
and did not seem to be hexagonal] as 
efflorescences on a snow drift, which 
liacl been penetrated by inundating 
water Gom remnants in the ice. Two 
samples were taken 
I carefully selected sample of crystal 

needles.. ........................................ 

Salt brine, ' which had remained unfrozen 
on the ice in - 33O C since the 23'h 
of Febr: ............................................. 

Brine, intermingled with snow but un- 
frozen.. ................................................. 

I1 moist snow and crystals ............... 

- 
C1 in  

jrammes 

_ _ _ _ ~  

1.44E 

0.955 

0.58:: 

0.854 
1.163 

4.726 
7.978 

5.673 

0.622 

' Thefie samples \vere afterward8 qunntitatively analysed by Mr. Fors- 
berg,  see table 2 of this chapter. 
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? 
3 

Tempcm- 
ture of 
the air. 1 Date. 1 

? 
? 

I c. ' __ 

April 22 - 15' 
6r. 2 3  I to 

- 20" 

Theicefloe was 7 5  c m .  thiclc,greenish 
and of homogeneous structure. The 
layer of compact snow on its sur- 
face possessed an amount of 0 . 5 8 5  
of c1. 

The ice-floe was I 15 c.m. thick ...... 
......................................................... 
......................................................... 
......................................................... 
Thickness of the ice = 120 c.m. Its 

undermost part was very loose 
and porous. 

......................................................... 

0 . 4 3 2  V 
0 . 1 3 4  v 
0.111 V 
0 . 1 8 2  v 

0.214 V 
0 . 1 4 2  V 
0 . 1 7 5 V  
0 . 1 3 3 V  

0 .086  v 
0.086 v 
0.119  v 
0 .011  v 

-- 
I 

Physical conditions oP the sample, etc. 

____-___ - 

flakes taken from the surface of newly- 
Hexagonal crystals resembling snow 

frozen ice .......................................... 
))Ross01 a in needles .............................. 
a slight quantity of ))Rossol)) collected 

on the ice .......................................... 

1 
C1 in  

grammes. 

3 .163  
3.091 

6 .  I84  

3 . 7 7  

I t  is interesting to follow the increasing concentration of 
the overflowing waters a d  brines with the winter cold. We 
know, that  such brines have been used at several localities of 
the Siberian coast in the .fabrication of salt. 1 From the ana- 
lyses in table 2, of this chapter, me see, that this niethod of 
fabrication has its drawbacks (at least theoretically). By con- 
centration by cold the proportion of sodium is diminished 
and the amouiit of magnesium increased in the brine. 

Ice formed during the winter 1878-79. 
-- 
'he sample ~ a i  
rken ,, centim 
'om tho surPact 
>P the ice-floe. 

0 c.m. 
4 )) 

26 
'2-75 )) 

0 )? 

3 5  >) 

7 5  
115  )) 

0 )) 

4 0  )) 

80  )) 

'120 )) 

Ice-floc formed by freezing oP tho m a  water 
during the winter. 

Physical conditions of the sample, ete. 

1 soumisc L la cong6lation I'eau de mer fournit de la glace pure, et In. 
pertie rest& liqnide se concentre. On finit par avoir une eau trbs chargbe, 
dont on achbve la concentration dans des chaudibres. On obtient ainsi un 
B e l  impure.. . (Xxtrait from Wiirtz' Dictionnairc de Chimie.) 
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.__l_l_- 

Dntc. 

June 1 

- 
Febr. 28 

'he sample wa 
ikeo )) ceutim 
.om the surlac 
>f the ice-Hoe. 

one side 
the midst 
the other 

side 

the top 

the surfact 

- 

>) > 

Ice-Hoe formed by freezing OP the sea-mater 
during the winter. 

Plrpieal conditions of the sample. elc. 

Samples from a block of ice, which 
had been left standing on the deck 
of the Vega from lat of March until 
lSt of June, when it partly melted. 

Ice-sample taken from a toross, which 
had been formed of newly frozen ice 
by the screwing of the pack-ice in 
November to a height of 6-7 metres 

C1 in 
:rammos. 

___ 

0.060 
0.062 

0.045 
- 

0.035 
0.063 
0.069 

From these and similar observations N o r  d e n  s ki 6 1 d 
-drew the conclusions : 

that  the saltness is greatest in the upper layers of the 
ice-floes and gradudly changes its place, from the inner part 
of the ice, until it reaches the surface; 

that the rise of temperature in spring or summer is the 
chief cause of this metamorphosis. 

It can hardly be denied, that the saltness somehow or 
other has the power of penetrating through the mass of the 
ice t o  its surface,  and that this is effected, not by any con- 
traction of the mass of the ice by cold, but by the thawing 
process, which, as we have seen beforc, commences in the 
sea-ice far below its melting p i n t .  Therefore the age of the 
sea-ice has a decided iiifluence on its chemical constitution. 
This will be seen more clearly froin the following titrations 
on ice-samples froin old sea-ice. 

Old sea-ice. 

C1 in 
grammes. 

Plrpioal coiiditions of the samplc, etc. Date. 1 Locality. ILL- 
1) 1 8 0.001 0 
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Drinking water obtained from a great 
blue ice-block ................................. 

Date. 

0.0025 

Locality. 

Pitlekaj 

>> 

)) . 
_- 

The Baltic 
Danes Gat 
Spitzberger 
Cloven cliff 
Spitzberger 
Magd. Bay 
3yitzljerger 
The Icefiord 
Spitzbergeu 

V 
I V  

V 

I L  
- 

grammes. I'iiysical conditions oP the sample, etc. 

... 
1-8- __ __ 

0.014G E 1 I 0 .0145  1 E Old bay-ice ... : ................................ I 
} Ice from the polar drift-current ... 

0.0014 E c 10.0014 I E I Glacier ice floating upon the sea 

Most of the above sainples are ropresentatives of the last 
stage of the metamorphosis of the sea-ice. Ice of this kiiid 
shows, according to the aiialyses in table 2, of this chapter, 
quite another proportion between its chemical coiistituents 
than sea-water. The amount of sulpliates has increased eiior- 
tnously in proportion to the chlorides. Therefore we inust con- 
clude, that sulpliates of sodium aiid calcium will be carried 
far away from the arctic ocean by the drift-ice. This fact 
gives us the clue to tlie observations already mentioned, that  
the perceiitage of sulpliuric acid in the sea-water is  slightly 
variable. By Forc1~ai i i1ncr  aiid recently by Mr. S c h m e l c k , l  
]lydrograplier of the Norwegian espeditioli 1876-78, it was 
:Lscertaincd, that the maximum amount of sulphuric acid in 
tho sea between Greenland and Norway is found south of f7ie 
polar cirde. 2 To this fact we must also attribute the observa- 
tioiis of Mr. Sc l in ie lck  and of Prof. E k m a i i ,  that tlie per- -_ 

Nyt Magazin for iUat~lrvidenskaberne 1870. It is very remarkable, 
that Schmelck  did not find any increase of the percentage of S O n  in that 
part of the sea crossed by the great ice-current at the eastern coast of 
(;reenland. Tliis shows, that the sca-ice does not part with its sulphates 
before it is entirely liquefied. 

2 In this part of the ocean, wliicli is swept by the Gulf-stream, the last 
products of the original decomposition of tlie arctic sea-water by freezing 
can still be discovered by chemical analysis, altho~lgh these traces most 
Probably have twice crossed the Atlantic. 
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centage of sulphuric acid is greater at the surface of the sea thaw 
at tlte bottom 

I think the theory ))on salt solutions and attached water) 
published in 1875 by Prof. G u t h r i e  will best account for the 
observations enumerated above. Prof. G u t h  r i e  found, that 
every diluted salt solution, on being cooled sufficiently, yields 
up  ice, until its temperature reaclies a certain point peculiar 
to the salt, when it solidifies as a whole, maintaining through- 
out that constant temperature. The proportion of water 
relatively to the salt in  these ))cryohydrates> is ordinarily 
very large and makes the molecular formulac: given to these 
combinations appear somewhat exuberant to the chemist. 
This must have induced a short-sighted critic to overlook the  
importance of the discovery of Mr. G u t h r i e ,  which still 
affords the only starting-point for an acceptable theory of the 
origin of the sea-ice. 

>Bearing in mind the existence of tlie cryohydrates, cer- 
tainly of sulphate of magnesium and doubtless also of chloride 
of calcium (?), a t  temperatures not far below 0" C, n rapid fall 
of temperature may be accompanied by more complex pheno- 
mena of gelation; for i f  the ice be-quickly removed from a 
large inass of water by freezing, the resulting brine inay easily 
be so enriched, as to throw out one or more cryohydrates, 
which thus perpetuate iiz situ a definite amount of saline 
matter..  . . . The saltness of n, floe depends not only upon its 
age but also upon the rapidity, with which it was at  first 
formed and upon the lowest temperature, to which it has 
subsequently been exposed.) 

We mill leave the question of the appropriate cheinical 
formula of the cryoliydrntes aside and listen to some simple 
facts, told us by Prof. G u t h r i e ,  about the freezing points and 
the chemical composition of some of the cryohydrates, which 
can possibly arise from the freezing of sea-water. 

solidifies at Tho ciyoliydrate of contains 

Na c1 76.39 % water -22" C 

Mg SO, 7 8 . 1 4  % - 50.0 c 
Na2 SO4 95.45 % b - OO.7 c 

ICn c1 80.00 5% 8 - 1 1 O . 4  C 
Ca CI? 72.00 % )i - 3 7 O . O  

According to this table we ought to ex lmt ,  that the cryo- 
hydrate of NarrSo4 

4.55 % of Na2SOs + 95.45 % of 1320 
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would be among the first t o  separate from the cooled sea-water 
already at  -V.7 C. This agrees well with the table 1, of this 
chapter, which shows, that of all tlie constituents of the sea- 
water the brines are most deficient in  Na20 and SOa. The 
percentage of sulpliuric acid in ocean water is about 0 . 2 2 2 3  

(calculated as SOS). Suppose all this to combine with its equi- 
valent of NazO and freeze out as R cryohydrate in tlie ratio 

[0.3954 % NazO‘SO? + 8.3947 % I120] + 91.3 ... % aq. 

then 8.69 % of tlie frozen sea-ice ought to consist of the solid 
cryohydrate of Na2SOa instead of pure ice with a few drops 
of concentrated brine, as is ordinarily assunied. It would be 
impossible to  explain, how an amount of 0.3054 % of foreign 
matter could so essentially modify the physical properties of 
the ice, as is seen in the foregoing chapters, if  tlie substance 
was included in the ice as solid crystals or as adhering drops 
of brine, but we will have no difficulty to  admit, that the 
presence of 8.69 % of a solid cryohydrate, which physically 
and chemically is a different body from tlie pure ice, can 
modify its properties considerably. Moreover this solid has 
its melting point at -0O.7 C. Consequently it will endure in  
the solid state as long as tlie ice itself. Other cryohydrates, 
as for example MgS04, MgCl., CaCls, NaC1, which arise at 

. lower temperatures, will consequently melt again long before 
the rest of the ice. Therefore every rise of temperature mill 
proiiiote the metamorphosis of the ice extraordinarily. The 
cryohydrates of the chlorides mill liquefy and escape, if any 
chance is left t o  them. This is realized by the abnormal 
contraction of the sea-ice by the fall of toinporature, which 
causes a strain and a bending on its surface, which finally 
ends with its bursting and breaking up into remnants and 
fissures. Wlien the teiiiperature rises again, the liquefied 

(e r yo11 y d ra t e) 1 (ice) 

______ 

1 The rcader will of coursc perceive, that  I do not inean to say, that 
the sulpliuric acid of the sea-water freezes out a t  once as a cryohydrate at 
- 0.O7 etc. but that  I only wish to give an idea of the whole, very compli- 
cated, process by the chosen example. 

2 The uppermost layer of tho ico, having acquired the temperature of 
the air, will begin to  assume the properties of a Iiard body and contvact its 
volzme (wliile the nes t  layers, to  whicli the atmosplieric cold penetrates 
more slowly, is still ex1mztling) and consequently breaks up into innumer- 
able rifts. I n  short I believe, that the regula?. expalision or contraction 
seldoiu causes any violcnt dislocation of the ice. Such effects are due to 
the great abi ior~znl  changes of volume, wliich take place in fresh-mater ice, 
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cryohydrates will escape to the surface of the ice through 
these channels and engender those unfrozen brines, which 
attracted the attention of N o r d e n s  k i o l d  and his followers. 

The sea-ice is certainly no homogeneous body. I would 
compare it to a crystalline rock, for example a granite, which 
contains a number of different crystallized combinations. 
Every one of the constituents: the feldspar, the mica, the 
siIicia is liabIe'to decomposition in its olyn peculiar tiay. The 
products of this decornpositioii escape in the form of aqeous 
solutions, until the remainder, which can not be decomposed 
any more in situ, is mechanically carried off as clay and sand 
with the glaciers or with the water of the rivers to give birth 
to new geological forinations. Thus the crystallized constitu- 
ents of the sea-ice, one by one, are attacked by decomposition, 
even before the arctic summer has broken the ties, which bind 
the ice-floe to its birth-place. The rest, which can not be 
attained by metamorphosis in these high latitudes, viz. the 
pure ice and the most perdurable cryohydrales, is caught by 
the mechanical force of the ice-current, which carries the skel- 
etons of the polar ice back to southern latitudes to unite 
again with the warmer parts of the ocean. 

CHAPTER 6. 

On the latent heat of fresh and salt water, 
conclusions. 

Pure water. 

The latent heat of pure water below zero is, as aIready 
mentioned, theoretically calculated by P e r s o n .  From my ex- 
perimental verification I of his 'formula the following tabIe is 
cited: 

when the temperature approaches the melting-point, and in  sea-ice by fall 
of temperature (see the illustrations on plate 21 & 22). 

The following table is reproduced here, because the subject is of 
essential importance to the description of the physical properties of pure 
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~ ~ p :  

1 

2 

3 
4 
5 

Weight of 
the water 

___I 

3.23095 

5.4814 
3.5088 
2.5630 

1.3027 

\ 
nitial temp 
of freezing 

c 

- 2O.80 
- 4O.995 
- 6 O . 2 8  

- 6 O . 5 0  

- 6".62 

Heat calc. 

water 
for I gr. 

77.85 
76.75 
76.11 
76.00 

Tab le  I. 
_. 

--____. 

t 

1 

-- 
Developed 

heat in 
calories 

251.09 

99.79 
416.27 
266.79 

194.77 

= 
Heat deve 
loped by 

I gr. wate 

77.71 
76.60 
75.94 
76.03 
75.99 

Weight of the nierctiry of the caloriiiieter in exp. I Sr 2 

D:o in 3, 4 B 5 ..................................................... 3862.607 D 

Weight of the iron vessel B stirrer 
Weight of the mercury of the thermometer .................. 25.04. ,> 

D 2.05 Y Weight n 3 glass )) - ................. 

3899.114 

45.017 

gr. 

........................... 

Spec. heat of the mercury at oo ................................ 0.033266. 

Salt water. 

Iinmediately after the close of the volumetric experiments 
the latent heat was determined of the water-samples IV, V c% 
VI. In  the following table I give also n description of some 
determinations 011 a watersample taken by Mr. T o r n  o e  froin 
the surface of the arctic sea, south-east of Jan Mayn, 68'32' 
Lat. @26' Long. W. G., and kindly forwarded to me, and of 
fresh water from the surface, formed by the melting of tlie 
sea-ice at  Pitleknj. 

T a b l e  2. 
0" 

WVatersample Locality Spec. gravity $.40 C1 % salt in :& 

I' (sea-water) Jan Mayii 1 . 0 2 8 2  1 . 9 2 7  3.59 

VI (ice-water) Siberian sea 1.0090 0.649 - 

IV d : b  Baltic 1.0009 - 0.014 - 
v a:o Kattegatt 1.0059 0.27s - 

J .  Pitleknj 1 .000 . .  0 .00 . .  - 

water. Moreover I have hitherto only published these results i n  the Swedislr 
language (Ofvcrsigt K. V. A. Fbrli. 1878) and especially wish to correct an 
inadvertencc in tlic description of exp. 2, where an erroneous number, reln- 
ting to  an unsuccessful experiment, was inserted in  the  original insteati of' 
the right one [ l . s 0 2 7  grainmes of water]. 
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Water 
sample 

Weight of 
water in gr 

_-- 
209.6 

192.9 

331.4 
302.1 

199.8 

_ _ _  
Thermal 

constant of 
the entire 
system in 

calor. 

137.02 

136.84 

134.99 
139.53 

133.59 

136.99 
134.49 

140.70 

-- 
286 

271 

364 
344 
206 

It strikes us a t  

/ 
1 
j 
1 
{ 

IV 

Initial 
temperature 

C 

- 9O.00 

- 8O.35 
-- 7O.31 

- 6O.77 

- 7 O . 7 8  

- 5O.81 
- 5'46 

- 6O.49 

3.9736 

3.74545 
4.8761 

4.5972 

;::::: 
4.0949 
3.93'3 

-- 
Final 

temperature 
corr. 
c ____ -__ 

- f . 4 7  

- 4O.855 

- 6O.94 

- 4O.605 
- 6O.285 
- 3".685 

- 3O.55 
- 3'22 

D e v e l o p e d  h e a t  

calculated 
found in' pr. sail + 

aqua 1 
calor: 

-- 
found pr 

the water 
1 gr. of 

52.7 
51.5 
67.9 

65.7 
72.5 
70.0 

75.6 
76.6 

mce, that the latent heat, developed by 
the  freezing of sea-water, is extruordi9aarily iiaferior to  that of 
pure watcrr. We further observe, that  the law of P e r s o n  has  
no application t o  sea-water. Its latent heat seeins t o  be greater 
at lower temperatures than nearer to  i ts  melting-point. Un- 
happily the ratio of this alteration of the latent heat cannot 
be determined with the same exactness as in pure water, on 
account of the slowness of the freezing process in salt water. 
Still I think much can be done by further experitnents in this 
way, for the present i t  will suffice to call attention to  the fact, 
tha t  water of the sample TT at -7O.78 showed a latent heat 
of 72.5 csl. and a t  - 6 O . 4 9  oiily 70.0 cal. etc. 

Froin these observations the following conclusions are 
inevitable: 

I. Any theory, which considers the salt of the sea-ice to 
be mochaiiioally included as crystallized salt, must be false. 
For in this case we ought to have found for the developed 
heat the values of coluinii 7 instead of those in colutnn 6. 

11. Any theory, which ascribes tlie saltness to adhering 
drops of liquid, concentrated brine, will prove insufficient. 

Sea-water seems to be divided by freezing into three parts:' 
ice, solid cryohydrates and liquid b r i m  containing dissolrTed 
salts. The relative proportion of Chese components 'depends 
upon the freezing temperature. By llie freezing of sea-water 
in nature, the salt brine for the most part separates froin the 
ice and iningles with the adjacent unfrozen water. This was 
no t  the case in  my experiments. The brine remained in the 

* The slight amount of lieat, which ought to be developed by the sup- 
posed crystallisation of the salt, is not taken into account here. 
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spiral (see p. 269) together with the frozen substance. Thereby 
we may in some degree account for tlie extreinely low latent 
heat of the watersamples I' (ocean-water from Jan M a p ) ,  but 
the difficulty still remains to account for the deficiency in 
latent heat of the following water-samples VI, V, IV, which 
were obtained by melting of sea-ice and consequently o d y  ozcght 
t o  contain such constituents as are capable of solidijicatioga. From 
sample VI, which was formed by freezing of sea-water, the 
liquid brine had been separated previously (see p. 291). We 
must, however, admit as probable, that even in t,hese cases 
(VI & V) a diminutive part of the sample was lrept from 
freezing, until lower temperatures, a s  a concentrated brine, 
from the fact, that tlie lateiit heat a s  well as the volume of 
the frozen substance (see idate 21, V I  & V) Qiacreased as the 
freezing temperature sunk. But as an explaiiatioii it is in- 
sufficient. It does not hold good in case of saniple IV, which 
is certainly solidified entirely a t  --,SI C, and also in V & 
VI the discrepancy of the latent heat calculated and found is 
sufficiently great to authorize tlie conclusion, that : 

111. The latent lieat of ice is diminished, if i t  separates 
from salt water and in  coinbiiiatioii with some part  of the 
salt. We could form an idea. as t o  tlie causes of the low 
latent heat developed by VI  & V at  - @  or -So C by sup- 
posing, that  the formula of the depression of the latent lieat 
with the freezing temperature given by C 1 a u s i u s and P e r s o n 

0.5 . . . . 
docs not hold good for such ice, on account of i ts  spec. heat 
in the solid and liquid state c and c1 being different from 
that of pure ice. 

dr - 
clt 
-_ -  

___- 

Everybody must admit, that  the latent heat devdopad by 
the freezing of the sea-water has the greatest influence 011 the 
coiiditions of t h o  arctic oceans and on the cliiiiate of arctic 
countries. It will be important tlien to observe, that  tbe 
latent heat, which is developed immediately by the solidifica- 
tion of ocean-water, is ver.y inferior t o  that of fresh water, 
but that  the freezing process, f rom a thermic point of view, 
is not entirely concluded with the solidification of the sea- 
water. On further sinking of the temperatuye, still unfrozen 
cryohydra tes will be solidified and develop heat, until the 
lvliole inass of the ice-floe, a t  sufficiently  lo^ temperature, is a 
solid rock of crystallized matter. At the rise of teiiilmature 
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these substances will melt, one by one, and absorb heat in 
so doing. Thus the thermal processes in the mass of the ice- 
floes will to a certain degree counteract the influence of the 
sudden variations in temperature of the atmosphere. 

I have already mentioned the fact, that  I found during 
my dilatometric researches, that pure ice did assume the tem- 
perature of the mercury-bath surprisingly soon, and that the 
case was quite reversed, when I operated with ice containing 
any amount of salt, especially a t  those temperatures, where i t  
upon cooling showed an abnorinal expansion of volume. I 
can not decide, whether sea-ice is really sl worse conductor of 
heat than pure ice, or if this behavior is due to the thermal 
processes just  alliided to, having 110 quantitative ineasure- 
inents to judge from, but I consider, that  the sea-ice will be- 
have in nature just  as i t  did, when tested in  iny apparatus, 
viz. very slowly propagate thermic impulses from without. 

There is every reason to believe, that  the formation of 
ice in  that part of the arctic ocean north of Europc even 
in winter-time is limited to very high latitudes. I n  winter as 
well as in summer a mighty stream of warm water sets in 
between Scotland and Iceland sweeping the coast of Norway 
(which is entirely free of ice) and spreading its waters tinto 
the coasts of Spitzbergen and Novaya Zemlya. Thereby the 
freezing of the arctic ocean is prevented and delayed, until 
very high latitudes. We know, that the old polar-ice is trans- 
ported along the enstorn shore of Greenland and America 
to relatively low latitudes, where it melts by the coinbined 
influence of :L mariner atmosphere and a warmer sea. Thus the 
melting of the sea-ice and the freezing of the sea-mater are 
processes of reverse order, which take place at  widely distant 
latitudes. The solar heat stored up in  the ice by its lique- 
faction a t  low latitudes is developed spin a t  70" or 80" Lat. N. 
by the latent heat of the freezing sea-water. Its effects will 
naturally not consist in any raising of the temperature of the  
sea, but indirectly i t  will counteract .the heaping of great ice 
masses north of Europe, because : 

,Water can not freeze to ice, even a t  its freezing point, if 
i t  can not transfer its latent heat to a colder medium,) [Ed- 
lund] .  

The inAueIlce of the Gulf-stream on the climate of Europe 
is said to be a theme ilearly worn out, but I think the influence 
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of the Zntenf henf of its water is well-nigh overlooked. The 
influence of its temperature being a few degrees above zero is 
of little consequence conipared to the quantity of solnr energy 
stored u p  in its water as latent heat, which is made useful 
by freezing. Moreover the warm temperature of its water is 
reduced considerably during its course by the influence of the 
atmosphere, but the latent heat is a reserved capitol, v~hicli 
can not l x  expended before the esact inoinent of freezing. 

East  of Newfoundland, at 45" or 47" Lat. N., tlie arctic 
current in spring and early in suinnier pours great illasses of 
polar ice into the midst of the Gulf-stream. Another battle- 
field of the warm and cold Atlantic currents is, according to 
P e t e r m a n n ,  I r m i i i g e r 2  a. 0, the sea east of Iceland and 
west of Beereii Island. In each of these places masses of 
drift-ice are ineltod a t  the cost of tho solnr cnergy stored up 

Der Golfstrom, llitth. 1870. 
LL Die Teinperntnr iiii Nijrdl. Atl. Mrrr rtc.. l4it th.  1870. 



318 P E T T E R S S O N ,  Oh' W A T E R  A N D  I C E .  

in the water of the warm Atlantic stream. We can therefore 
safely imagine the following cycle to take place. 

Suppose a quantity of ice, say 1 kgr, to melt a t  45" Lat. 
N. and the issuing water to be transported with the Atlantic 
current up to the western coast of Spitzbergeri, where it at 
last solidifies by the influence of the winter cold and is after- 
wards brought back again with the arctic current to 45" Lat., 
there to melt once more in the heated water of the Gulf-stream. 

If the latent heat absorbed by the melting of 1 kgr. of 
ice, a t  45" Lat., was identically equal to the amount of heat 
set free by the freezing of the seawater, at 75" or 80" Lat., the 
whole result of the imaginary process, chosen as example, 
would be a transport of about 79.2 Calories from the 45"' 
to the SOth parallel. I n  this case the transport of the heat 
must be performed by some external force, due either to the 
trade winds or to the abundant supply of river water to the 
Mexican Gulf, which causes the niveau of the water there to 
stand higher than in the arctic sea. 1 

We know from the foregoing, that  the ice, which arrives 
so far to the south as to 45" Lat., is relatively pure and only 
contains a very little amount of salt, consisting principally of 
chlorides and sulphates. The latent heat absorbed at.its mel- 
ting (= Q,) therefore must be a trifle Zess than 79 .25  Calories. 
If the water of the ocean did not contain any salt, we might 
expect a n  identically great amount of heat to be developed 
by the freezing of 1 kgr. of water at  80" Lat., provided that 
i t  was not over-cooled before freezing. 

By the saltness of the ocean the character of the process 
is essentially changecl. The latent heat (= R) developed a t  
the freezing of salt water is, as will be seen from the second 
table of this chapter, very inferior to that of fresh water. 
Even if we do not take into account the diminution of tho 
latent heat caused by the dissolved salt (which is however 
very considerable), we must admit, that:  

R -< Q,, 
because the maximum temperature [T = - 2" C or - 1 O . 9  C] 
of freezing ocean-water is considerably lower than the melting 

1 The difference of level a t  the equator and a t  the pole ought to  be 
about 2 metres, according to  C o 1 d i n g  [Skand. Nat. Forskare-Sallsk. Mote 
1863, Bilnga D] and G u l d h e r g  [Polyt. Tidskrift, 3, 18721. 

A s  a thernionieter immersed in  a mixture of snow and sea-water, 
d i c h  is comtantly stirred, indicates - 1O.8 C, we may regard this as the 
upper limit of the  freezing- and the nether limit of tlic melting-temperatures 
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temperature [TI = - 0". . .  CJ of nearIy pure ice. Water ea12 
izot absorb OY develop the same quantity of latent heat at two dq- 
ferent tenaperntures. Besides, the presence of' salt in  freezing 
water has the property of diminishing its latent heat, a t  least 
if the solidification, as always in  nature, takes place a few 
degrees below zero. 2 or 3 p . ~ .  of salt dissolved in pure 
water has the same depressing influence on its latent heat 
and likewise on its freezing temperature as  an increase of 
pressure amounting to some hundreds of atmospheres. . 

From these premises we c,an draw the following conclu- 
sions : 

1. In  the iniagined example a complete cycZe2 of heat 
takes place. The quantity of ice (= 1 kgrm), which was sup- 
posed to melt in the warin water of the Gulf-stream, is also 
supposed to  return to its original point of depart, in  its initial 
state of pure or nearly pure ice. 

2. Meanwhile i t  nndergoes the €allowing transformations : 
i t  melts a t  - 0". . [absolute -temperature T = 273"]. 

9. Thereby i t  absorbs the latent heat Q,. T 
it mingles with the  surrounding ocean- 

water and thereby absorbs heat, q l .  

- . . . . . . . . . . .  

92 . . . . . . . . . . .  E 

of sea-water. But in those parts of the ocean, where a real wheltiiig of sea- 
ice talres place, tlie temperature ~zcvcv si& so low. Tliat part of the ice, 
which is first liqneficd, forms a stratum of fresh water around the ice-floe 
wherein the rest of the ice liquefies at its ordinary melting point. Very 
ofton the fresh or diluted sea-water in tlic vicinity of melting ice is found 
to  be of surprisingly high temperature. The lowest temperature observed 
on the bank of New-Foundland during 6 years was - 0 O . o  R, tlie mean tem- 
perature was + 3O.01 R. [I'roceedings of R. S. 1869. 3 3.1 On the other 
liand the temperature of f reczhq  sea-water has never been found to be 
higher than tlie ordinary freezing point of the water. SCC the observations 
of S c o r e s b y  1810-1817 and thosc of the Vega-expcdition in  Sept. 1878 a. 0. 

I consider this rescrvatioii to be necessary, because the temperatures 
of the freezing expcriments, enumerated in table 3 of this chapter, do 
not exceed the limits - 9" C and -- 3" C. Having no experiments to rely 
upon a t  lower or higher temperatures, I do not wish to extend the rule  
beyond tlie dominions of experience. 

2 I n  order to prepare the application of C a r n o t ' s  theorem to the ex- 
ample in  question, I denote the quantities of lieat absorbed or developed 
by the water at every oue of tliesc secondary changes by B q .  and in the  
case of'ice by DrD. The corresponding absolute temperatures are T, T,, 

.. . . T a . .  . T', TI,. 
[.die Aequivalenzwertlicr of C1 aus ius] .  

Thus we may form the quotients 5 ,  ,E.. 8 ,  5 etc.: 
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it receives and gives out heat to the at- 
mosphere, the surrounding water, etc.. . by ra- 
diation and convection, q?, q3, 

it separates from the surrounding water 
a t  - 2" C [abs. temp. T' = 2711 by freezing as 
ice + solid cryohydrates, thereby developing 
the latent heat R . . . . . . . . . . . . . . . . . . . . . . .  

the ice receives and imparts lieat to the 
atmosphere etc.. . rl,  r2, - rl 1 2  

3. The algebraic sum of the fractions: 

- CIl 9 3  . . . . . . . . . . .  Tz ' Tn * * * 

R 
F~ 

T1'1 qy * . . . . . . . . . . . . . . .  

since the ice is supposed to return to its initial state. We 
can not evaluate all these quantities, but we nevertheless can 
form an idea of the' character of the whole cycle from the 
head members 

the  influence of which must be predominatiiig. If we leaye 
ql r1 r2 

etc.. . we conclude from the fact, that  

that  the result of the melting and freezing of sea-ice is two- 
fold, viz: 

a qbantity of heat, R, is transported as thermic eriergy 
from one part of the ocean (where the melting takes place) to 
another '  (where the. water freezes again) ; 

another quantity of heat caiz simultaneously be trans- 
formed into mechanic energy. If we assume T = -@. . .  C 
and T'= - 1O.9, the quantity of heat avaiZab7e for mechanic 
effect would be 

Q -- - 0 . 5 5 .  . Cal. for every kgr. of ice. 

We must expect i t  to  be .fw less in  reality. That part of the 
available energy, which is really transformed into work, is 
surely too siizall to influence the experimental measurements. 
Exact calculus is impossible a t  present, because we do  not 
know the exact value of the quantities T, R, ql,  q 2 . .  . etc.. . 

aside the secondary changes, represented by ~7 "T2 * .  * T. , 

Q > R and T > T', 

T -- Ti _. 

T 

I Some unfrozen cryohydratcs will also be enclosed in the new sea-ice, 
which afterwards solidify and melt as the temperature falls or rises. The 
thermic influence of these processes will on the whole nentralize each other. 
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The numbers found in the experiments TT 95 VI of table 2 of 
this chapter can not be substituted for R, because these deter- 
minations were executed at  temperatures 6 or 7 degrees lo.u.er 
than T' and the latent heat is calculated for 1 kgr. of /he snIt 
zuntev exavrined, without deduction for that part, which must be 
enclosed as unfrozen brine, in case the temperature at the free- 
zing was so high as T'. Besides we have hitherto supposed 
the whole. process to be a reguhv cycle, where every alteration 
represented by the fractions 3 ,  T 9.. TI . F,  pT * "  , is rmewible. 
From this there will in reality be found to be several excep- 
tions, since inanp phenomena connected with the freezing of 
sea-water, the overcooling etc. . + are not of reversible nature, 
find the evaporation, which constantly takes place from the 
water and the ice, gives rise to a series of thermodynamic 
processes, which doubtlessly are of influence upon the move- 
ment of the ocean, but fall entirely beyond the reach of the 
present discussion. 

'Nevertheless it seems probable from the general outlines 
of the phenomenon, which I have endeavoured t o  sketch in  
the foregoing, that  the transport of the warm water acrosR 
the ocean to high latitudes need not to  be attributed solely 
to  external forces, siiice f?te ineltiizg and Jreeaiizg of sea-ice i s  
f o u ~ 7  f o  invo7ve the possibilif?y qf ci transfornaa fioiz of tlrermic energy 
into niccltunnic force, 

If we admit the possibility that by the peculiar conditions, 
under which the melting and freezing of sen-water takes place, 
n certain quantity of solar heat is made useful foy mechanic 
purposes, it can not be difficult to understand Iioza the melting 
u f  ice in sea water can give rise to  an ocean current. Professor 
Ekman i n  his paper upon the  origin of currents * has proved 
that  this must be the effect of the melting, as follows: 

Suppose a bit of pure ice, which swims fvee7y in salt water, 
t o  melt and the liquefied ice to retain its former place, then 
the level of the fresh water will stand 7righrr than the sur- 
rounding sea, on account of the greater spec. volume of the 
fresh water. This makes it expand above the surface of the 
salt water. Pure ice, molting in pure water, occasions no 
current, because its spec. T-olurne is equal to that of the sur- 
rounding fluid. - - - 'If w pursue the sub,ject further, m i  

find, that t h o  sea-water in  the moment, of freezing must perform 
a certain amount of work ,  by raising a part of the ice above the 

- 

__ 
Gfvers. K. T'. A. Forb. 1876. X:o 7 .  

21 
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level ,of  the sea, contrary to the action of gravitation. This 
amount of work, which must be executed a t  the cost of the 
latent heat< developed by the water [because i t  is the immediate 
consequence of its freezing], is stored up  in  the ice and can 
not be expended before the moment of melting, when it is 
transformed into actual energy or vis viva of the water par- 
ticles, derived - froin the higher level of the ice-water relatively 
to that of the surrounding sea, which, as E k m a n  justly 
observed, must occasion a surface current. 1 The ice, which the 

By the freezing of the water the surface of the ice-floc is lifted the distance ~ I C  rontrnry 
to the action of the gravitation [and of courae also to  the atliiosplieric pressure]. hh is  the 
niveau of the ice-water after melting. The difference, be cctuwq the surface-current. At the 
ineltimg of ice in  fresh water be iq = I ) .  

arctic current forces into the angle between the Ainerican 
continent and the powerful stream froin the Mexican Gulf, 
must, when melted, spread over the ocean in north-easterly 
direction. The rotation of the earth exercises upon this cur- 
rent a directing, but nowhere a n  impelling force. ?. We are 
accustomed to ascribe the movements of the currents of the 
atmosphere and the ocean to the solar heat. True; but  solar 
heat can not be transformed into mechanic energy without the 
conditions of the second principle of thermodynamics being 
fulfilled. The cycle of  heat performed by the fseezing and 
melting of ice is of a different nature froin the cyclc of free 
heat in the water caused by radiation and refrigeration, 

1 At the freezing of fvesh water, as for example rivers, lakes e tc . .  . 
one part of tlie latent lieat is likewise transformed into work, which iS 
again changed into lieat at the melting of the ice, withozrt giving rise t o  
any mechanic effects, or motion of the water, currents etc. 

See G u l d b c r g :  Tlieoricn for vandets og luftens strSmllinger pan 
jordens overflnde, Polytekn. Tidsskr. 1872. 
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1) because the heat, which passes over from T to l” is latent, 
and 

2) because i ts  influence is localized to those parts of the ocean, 
where the arctic current pours its ice-masses into the warm 
stream. 

It has long since attracted the attention of hydrographers, 
that  the Gulf-stream iizcwuses considerably after every com- 
bat with the arctic current, although the temperature of 
its water diminishes. According to Mr. F i n d l a y  1 and Dr. 
C a r p e n t e r  2 the original stream from the Gulf of Mexico 
and the Florida strait can hardly bo recognized in the great 
Atlantic current, which sweeps the coasts of Europe. A glance 
at  the maps in the Geogr. Mitth. of P e  t e r ni a n n  representing 
the Gulf-strearn in summer and winter convinces us a t  once of 
the remarkable influence of the seasons upon its course. In  
winter, when the supply of cold water from the arctic current 
is reduced to its minimum, the water of the Gulf-stream is  
litnited to a narrower space than in summer. C o l d i n g  has’ 
called special attention to the fact, that the Gulf-stream takes 
a more northerly direction, whenever the influence of the 
arctic current diminishes. Thus i t  mty be possible, that  it 
retiches farther to the East in winter, wheii it is unimpaired 
by the arctic ice-masses, than in summer. This would be the 
only plausible esplanation of the observations cited by Mid- 
d e n d o r f f 4  and P e t e r r n n n n ,  5 nccorcling to which the minter 
climate of the northern part of Novaya Zemlya and’the Tai- 
inur peninsula is milder than that of Siberia. For, as 1 
intend to shorn in the next papcr from the observations of 
the Vega-expedition, there is scarcely to be found, from a 
hydrographic point of view, any direct signs of the influence 
of the warm water of the Gulf-stream upon the sea nortli of 
the Taimur peninsula and Cape Tchel.~uskin in siiinnier time. 

1 l’rocced. i?. U. 8. 

3 1.  c.  

XiII. 
Oceaii circiilation, Coiitciiip. Review, 1x76. 

Der Golfstrom, Geogr. Mitth. 1870. 
Der Crolfstroin ostwilrts voin Sorcikop, Geogr. Nitt l i .  1571. 
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Introductory remarks. 

During the voyage of the Vega along the Siberian coast 
great attentioil .was paid to the hydrographic constitution of 
the sea. Beside the regular observations a t  midnight, 4 & 8 
am. ,  noon, 4 & 8 p.rn., of the temperature and deiisity of the 
water at tlie surface, mliich are registered in the meteorological 
journal, a serial deep-sounding mas made at  least once R day 
by means of the isolating apparatus invented by Profcssor F. 
L. E k m a n .  This instruinent is too well known by professional 
experimeiiters and students of liydrography to need any de- 
scription here. For a shallow sea, like the Siberian (the depth 
of which nowhere exceeds 200 metres), wihh very variable 
water-strata, it is indeed unequalled. Immediately after the 
isolated capsule, containing a saiiiple of water froni a certain 
depth had been hauled on board, the temperature of the water 
was determined with a thermometer 1 and its density with an  
nreoineter manufactured by .k d e r  m an.  

Lieutenant G. Bove  of the R. Italiaii Navy had the nian- 
ageinent of the hydrographic operation s during the expedition. 
I have calculated the following results from his annotatioiis 
in the hydrographic journal of the Vega. 

The observations are regularly registered in the journal 
from the departure of the Vega froiii Yugor Schar, tlie southern 
entrance to the ICara Sea, on the lSt August, 1878, until the 
arrival a t  Koljutcliin bay on the 23'd Sept., about 119' from 
the Behring strait. During the wiiiter some observations 
conceriiing the temperature of the sea-water, the thickness of 
tlie ice etc.. . were made by various members of the expedi- 
tion. Some of these observations I have discussed in the 
preceding paper. The regular series of hydrographic annota- 
__ -- 

I This instrument is graduated iii */,e of a centigrade, althougll 
can be easily estinistecl hy the observer. It is of very elaborate ~ o r k m a i i -  
Ship :Ind possesses the remarkable adrantage of an n11iiost Steady point of 
m-0,  like iiiost of the  A d  eriiia n tliermometers. 
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tions commenced again on July 241h, 1870, at Port Clarence 
and was continued during the cruise of the Vega in tho 
Betiring Sea until August 7t". 

The available material for scientific investigation con- 
sisted of: 

1). A coiiiplete series of observations regarding the teni- 
perature and specific gravity of sea-water from different depths. 

2). Arinotations concerning the percentage of cliloririe in 
samples of water and ice found by titration on board the ship. 
As far as regards the samples of ice water these titrations are 
recorded in chapter 5 of the preceding paper. According to 
the annotations tliese determinations seem to have been 
executed by N o r d e n s k i B l d ,  P a l a n d e r ,  A l i i i q v i s t  and 
other members of the expedition. 

3). A collection of about 30 water-samples 1 sealed u p  
in flasks of 250 cc. each. Among these I found 4 specimens 
of melted rossol and of very concentrated brines collected on 
cold winter days from theo surface of ice-floes. 

4) The thermometer (Aderman) and o m  of the areoiiieters 
(also by Aderman) eiiiployed in the hydrographic measure- 
ments (for waters of the spec. gravity from 1 . 0 ~ 9 0  to 1.0150). 

It must be obvious to the reader that our discussion of 
the hydrographic conformation of the Siberian sea must be 
based principally on the observations 1). I n  order to calculate 
the percentage of salt in the waters from their spec. gravity 
the latter must be referred to one coniinon standard of tem- 
perature. 

The advantage of choosing the point of' 0" C for this pur- 
pose is so great, that I dare say, that every calculus based 
upon an other principle, instead of simplifying the matter, 
ivould prove to be an  unnecessary complication. 

I n  the sixth column of the following tables I, 11, I11 & I V  
the temperatures of the water-samples iia situ are recorded. We 
may see from this, that  2ero is  the natural point of coinparison, 
aye, almost the arithmetical mean of these numbers, the greater 
part of the temperatures being situated :I few degrees above 
or below 0" C. Tlie only exccption is due to the warm water 
of slight specijc weight from the surface, especially in the vici- 
nity of the rivers. A few metres lower the usual temperature 
of the water, from -2" to + 1" or + 2" C, prevails almost 

Tlie original iiuiiiber, wliich was far greater, was reduced t o  this, 
every flask being rejected, which was not anthentically signed or hermetic- 
ally closed. 
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unexceptionally. I therefore, as already . mentioned in the 
foregoing, consider 0" theoretically and practically to be the 
natural starting-point of all volunietric experiments connected 
with urciic hydrography. Consequently I intend to refer the 
observed numbers of specific gravity to  the common standard 
__ C, notwitl&andiiag the cozonieter tuns nc l jded  coiafol.?lcctb7y t o  + 4" 
anotlher, via C. 

The practical advantages will best be seen from the fol- 
lowing example. 

Suppose the areometer to have tittained its equilibrium 
in the water. Then the weight of the instrument is counter- 
balanced by the weight of the displacecl volume of witer - 
therefore i t  sinks in the fluid to a certain mark and not, 
further. I n  order to obtain satisfactory results the glass body 
of the areometer must have the tempcrature of the fluid. 
Only in the case of the dilatation of the fluid being equal to 
that of the glass it wou-Id be immaterial to our purpose, at 
what temperature the measurement was performed, and the 
readings of the areometer could be used without any correc- 
tions whatever. The coefficient of dilatation of sea-water, as 
may be seen from the tables nnd plates of the foregoing 
paper, is highly dependant upon its amount of salt and like- 
wise upon its temperature. At + 1:i" C and + 17O.5 C, the 
points, to which ordinarily nreometric me:tsurements ikre 
referred, the difference of the expansion of sea-water and of 
glass is very great and nccessitntes careful corrections, but 
a t  temperatures not exceeding :L few degrees on either side of 
0" C we inay totally dispense with every correction depending 
on the temperature and still obtain nuinbers representing the 
specific gravity of the water with correctness in the fourth 
decimal. 

The areometer used on  the Vega and afterwards forwarded 
for my inspection was graduated so as to allom observations 
of 0.00oi of the specific gravity. For .  thc present problem 
Of flydrography this npprosimatioii is  quite sufficient, because 
i t  enables us to calculate the saltness of the mater unto 0.01 yb. 

I The following applicntioii of tlte principle of Arc l i i i i i edcs  conlcl 
easily be disguised in x inore inntliemntical garb. The admntnge, howerei 
of more generalized formula: would not iii the eycs of the author conipeiisate 
for the loss of a plain lunniier of clenioiistmtioii, intelligible to every Student 
of hydrography. 

0" 

+ 15" 
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Suppose a glass vessel A measuring exactly 1 cc. to be 
immersed in  sea-water of l .ozso  sp. gravity ($1) at  0". The 
weight of tlie vessel and likewise of the displaced voluine of 
water must be exactly 

1.0280 gr. 
If we substitute sea-water of 1.02;s sp. gr. instead of tlie 
original liquid, the weight of the displaced water (supposiiig 
the temperature constant and the iiistruiiient to occupy its 
former position), wliich teiids to lift the vessel, is also 1 . 0 2 7 9  

gr. instead of 1 . 0 2 8 0  gr. 
0.0001 gr. 

inakes A sink to the next inark ,,6), on its scale, where i t  
attains a new state of equilibrium. 

The difference 

Now we could produce ex- 
actly the same effect, by raising 
the temperature of vessel and 
liquid simultaneously. The di- 
latation of 1 cc. of glass for 
every centigrade is 

fJ = 0.00002753 
(see the preceding paper). 

Consequently the volume of A 
at  + 1" C is 

The volume of sea-water, which 
is displaced by A at + 1" C weighs 

if x denotes the volunie of 1 cc. 
of sea-watcr (of 0" C) at  + 1" C. 
This weiglit, which tends to lift 
the instrument, is inferior to the 

1.00002753 CC. 

1 
~.00002;53 x 1.0280 ; 

weight o f A  (= 1 . 0 2 ~ 0  gr.) if z 1.00002753. The difference 
L o z s o  1.0~80 

1.0280 - 1.00002753 7 - --T- (X - 1.00002753) 

makes the vessel A sink deeper in the fluid. By equalling 
this quantity to the weight 0.00oi gr., TThich is necessary in 
order to produce an  appreciable effect, i.e. make the instru- 
nieiit sink to the next mark, we may form an idea 8 s  to tlic 
influence exercised by tlie temperature, a t  which the areo- 
metric experiiiien t is performed, upon the  exactness of the 
specific gravity 
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1 . 0 2 8 0  
0.0001 = 7 (Z - 1 . 0 0 0 0 2 7 5 4 )  

II: = 1 . 0 0 0 1 2 4  

tlhat is: only in case the coefficient of expansion of the water 
was = O . o o o 1 2 4  or greater, would the rise of temperature froin 
0" to + lo C have any perceptible influence on  the areometric 
deterniination of the spec. gravity. Bccording to E k m a n  s 
deterniinations, which are graphically represented in plate 
23, the volume a t  + I" of 1 cc. of the sea-water in  question 
is about 

X = l.OOOOG0 

Ilie coefficient of expansion betmeen 0" and + 1" C being less 
than 0 . o o o o s ~ .  We would therefore obtain with our instrument 
precisely the same result at + 1" C as a t  zero, and the nuin- 
ber found at + 1" C can be used indiscriininately to denote 
the specific gravity a t  0". Pursuing this calculus further we 
h i d ,  that  we need not apply any correction on account of 
the  temperature to 
water of 1.0280 spec. gr. froin a few degrees below 0" to f 8" C 

> >)1.0110 )> )) ;> 0" . . . . . . . . . . . .  to +5" c 
:) )) 1.0090 1) )) )) 0" . . . . . . . . . . .  to + 9 " . 5 C .  

I h v e  test8ed the t ruth of this experimentally with the Vega 
nreonieter and 3 snniples of sea-water of different spec. gravity 
1.02819,  1 . 0 2 5 4 8  and 1,01703 and found, that the instrument floats 
quite immovablg in these waters between the aforesaid limits 
of tcmperature. 

We may infer froin this, tlint the freezing point of water 
theoretically and practically is the best adapted starting- 
point for areometric measureinelits of the specific gravity of 
all kinds of sen-water, as the instruntent in fhe vicinify of zero 
i s  fyeed ,fi*oiw fl ie clisttirbing influeuce of vai*iaiioizs of tcntpci*atzci*e. 
If experiinenting a few degrees above or below zero, as was 
usudly  the case on board the Vega, we need not mind the 
temperature a t  all, 1 the readings on the scale of the areoni- 
eters denote without corrections the true specific gravity at 
0 0" C: - provided the instrument was originally adjusted 
t o  these standards of temperature. Otherwise, as in the case + 16" of t he  Voga areometer, which is graduated at  - + C, a special 
correction is necessary, which can only be supplied by experi- 
ment. For the nuinbcrs representing the specific gravity 

or  

Not wen to kccp it constant1 
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between 1 . 0 2 ~ 0  and 1.0150 this was tolerably easy, because the 
areometer was at  iny disposal, but for the numbers of lower 
spec. weight, the case looked somewhat doubtful, as the instru- 
ment had been lost during the voyage. 

From the collection of the Vega I selected 3 hermeticalIy 
sealed water-samples, the specific weight of which had been 
tested during the expedition with the areoineters. By means 
of the Sprengel pycnometer I ascertained their spec. gravity 

0" a t  o C. 
+ 4  

Spec. gr. Spec. gravity 
Date. Depth. Terip. (nreonicter). (bpi engel pycii.). Diff 

0' 
+4 

1878 6 &  7 Sept. 12 31. - l".? C 1 . 0 ~ ~  1 . 0 2 4 4 0  a t  --T C 0.oooso 
1878 25 AUg. 14 > f 2 O . 3  C 1.0146 1.01487 J ) ) 0 . 0 0 0 2 7  

1878 26 Aug. 5 ) f 1O.s C 1 . 0 1 0 4  1 . 0 1 0 4 0  ) )) ) 0. 
I nes t  proceeded to  the examination of the areometer. I 

prepared 2 samples of salt-water by diluting sea-water from 
I3eeren Island of l.0~829 sp. gr. with distilled water. oTlie third 
miiple is ii solution of S ( r  CZ i n  water used by Mr. A d  e r in a n  

c: as standard by tlie determiiiations of the point 1.0150 at 
on  his areoineters. The spec. weight of the solutions was 
:iscertained on  the same occasion with tlie Sprengel pycno- 
meter a t  o C. 

+ 16" 

0" 
+4 

The result of tlie comparison was 

Spec. gr. 'pet'. Frarity 
'l'eml>. (areometer). (Sprongel p y L i i . ) .  Diff. 

-0O.66 c: 1.0250 1 . 0 2 5 4 8  a t  --e 0.00048 

+ 03.11 c l . U l S 2  1.018G2 ) ' ) 0 . 0 0 0 4 2  

+ 2 O . 1  c l . 0 1 ; ~  1 . 0 1 6 0 3  ,) > ) 0.00023 

0" 
+ 4  

The corrections, which caii be dednced from both series 
of experiments, agree tolerably well. I n  order to supply the 
numbers still wanting, I mace some determinations wit11 the 
standard areometer of Mr. A d e r  man ,  which had served as 
controlling iiistrunient i n  the fabrication of t h o  Vcgn areo- 
meters, tliereby assistwl by ~ r .  K ( t c r i n a n  1iiinself. Tile fol- 
lowing table of corrections is constructed by means of these 
experiments. 

In orller to obtain the true specific weights a t  --Y C from 
the areometric determinations registered in  tlie Vega journal, 
I have added 

0" 
+ s  



-2 0 . 0 0 0 ~  to the obs. nuiii1)ers of 81). weiglit, which are higher tlinn 1.0236 
0 5 r: 0 . 0 0 0 5  Y )i 3 )I ) I n  Y froin 1.0236 to 1.oz00 
s > g  0.0004 > >, , >  2 1.0200 Y 1.0180 

O .s 0.0003 3 >, u B > ,> 1, )v 1.0180 D 1.0lGO 

y r  0.000s 3 I. z , >  n 1 . 0 1 6 0  x 1.0140 
> *  . 1.0140 P 1.0104 

:- 
g z: g 0.0002 ii y * 

>3 , D >> 1.0104 D 1.0~~00 ysp O 7  0. 2 

The greatest discrepancy between the corrections (= 0.oooie) 
is a t  1 . 0 2 4 0  and I think the computed spec. weights can be 
considered to  be true within 0.oooe. Tliis ambiguity causes 
an  uncertainty of 0.02 p. C. in the calculated amount of salt. 
These corrections, however, are strictly applicable only in 
case the original observation was made within those limits of 
temperature, where the correction from the temperature of the 
water-sample iia situ io  - C is less than 0 .ooo i  aiid conse- 
queiitly can be omitted. The observations taken on board 
the Vega geiierally fulfill this condition, with tlie exception of 
tlie deterniiiiations in the winter months, which mere executed 
in the cabin at a temperature of about + lo" or + 11" C .  I 
have recorcied these observations without any corrections at 
all. I-Iappily the titrations of chlorine executed on board tho 
Vega are sufficieiit to give one an idea of the saltness of these 
water-samples. 

From the reduced spec. weights at +T '" c the percentage 
of salt in the water-samples is computed by nieaiis of the 
coefficient 123.8. I deduced this number from the analyses of 

0" + 4" 

the following 4 watei*-sainples. 
- 

Date 
1878. 

-- - ~ 

lug. 2c 

lug. 25 

lug. 31 

kpt.  5 

- - 
Depth 
neters. 

I 2 8  

22 

I 1  

7 

1.803 3.463 7L 
1.799 3.044 76 
1.796 I gri :4 
1.814 1.384 7; 
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The Kara Sea. 

Ten years have scarcely elapsed since tlie I<ara Sea was 
opeiied anew to the investigations of science as ~vell  as to 
traffic and trade by the expeditions of N o r d e n s k i o l d  in  1875 
Cpr; 1876. In  order to ensure the interests and lessen the risks 
of the Siberian trade, nothing could be inore desirable than ti 
thorough kiiowledge of the hydrographic conformation of the 
ice and the water-strata of this sea. I hope, that  the present 
paper will contribute to prove the importance of further in- 
vestigations o n  this subject. For, as I will try to shorn in 
tlie following, there are reasons to suppose, that  tlie possihil- 
i ty of safe navigation iu  tliis sea depends not only upon the 
inere changes of wind and wcather or upon the influence of a 
warmer or colder summer, but also upon the conformation of' 
its deeper strata. Little as we know at present of this subject, 
we can not fail t o  recognize the prevailing difference in salt- 
ness and teinperature between the upper and lo,wer layers of 
the Kara Fea as tlic most characteristic feature of its hydro- 
graphic constitution. I n  tlie sumincr nionths a thin layer of 
warm and relatively fresh matcr covers the surface of the 
I<ara Sea, while a few metres below there is found a stratum 
of salt water, cooled unto (and in  some cases even l q p z d )  its 
freezing point. I have already ,Illuded to this fact in  the 
introductory chapter of the foregoing paper. 

I n  the eastern and northern parts of the Kara Sea this 
difference is greatest 011 account of the inasses of fresh and 
warm water emerging from the mtuarics  of the Obi and 
Yenisei rivers. On tlic hydrographic map [plate 241 I I I R V O  
inserted some temper,ztures observed by Captain M a c k ,  one 
of the first explorers of the 1 h - a  Sea in  1871, showing that 
the influence of these rivers still prevails at the latitudes of 
Cape Nassau and the Oranie Islanrls. According to M a c k ,  
J o h  a n i i e s  e n  a. 0. the water liere is so fresh as to be almost 
drinkable, wlienever the sen is calm and unruffled by tempest, 
which however soon niinglcs the water of tlie thin superficial 
stratum with the ice-cold water from below. As for the eastern 
part  of the sea, I can refer to the observations of the Vega- 
expedition from the loth to tlic l B t h  of August, 1878. The tem- 
perature of the surface, which w a s  + 8" or + 9" at Port  Dick- 
son, gradually diminislied and at last sunk below 0" C north 
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of the Taiinur bay, a t  77" Lat. N. At the bottom, however, the 
temperature was found - 1" C iintnediately north of Port  
Dickson. On the sections 111, I\', V we can trace the isotherm 
of - 0 O . 5  C, which continually rises, until it reaches the sur- 
face of the sea a few niiles enst of Cape Tcheljuskin. Thus 
the I h r a  Sea north and east of the rivers Obi and Yenisei is 
covered by a layer of almost fresh flowing water, whicli a t  
73" 30' Lat. occupies the entire depth of the sen. (about 20 metres), 
froin the surface to the bottoni showing a temperature of + 6" 
to + 9" C, and then becomes gradually thinner and colder as 
it spreads wider to the north. I n  the highest latitudes ever 
reached by ship in  the I h r n  Sen its original character of :I 
fresh water stream is still well recognizable. This stream 
contains the united water-masses of the  Obi and the Yenisej. 
On section I1 me c:m trace the influence of each river sepa- 
ratrely in the temperature of tlie surface, which shows two 
inasima, one at 7 i j O . 3 0  Long. E. G.' [the Obi-streamj = + (7.8 C, 
the other south of Port  Dickson [the Ycnisei-stroam] = + P . 9  C. 
A close scrutiny of the numbers on  the i m p  reveals to u s  
the fact, that  each current deviates considerably to the east, 
an observation, which, as x7e mill see further below, is equally 
npplicable t o  d l  rivers of Siberia. 

1 These concliisions, \yhich I will t ry  to prow subbequently froiii the 
observations of the Vega-espeditioii, arc nlrcady foresliado~ved in tlic pro- 
gramii of tlic expedition, presented in .July, 1877, by Prof~ssor Xordens l i i ( i l t 1  
to H..N. the King [see:  Vegas f:ird ltring -hien och Enropa, pagc 11 of the 
SI\ edish rdition]. 

D&2t\vCell Port  Dickson and tlie Beli-Island a iniglity current of fresli 
n ater flows in  northerly direction A a  the infirrencc of tlie earth's rotation 
at these latitudes upon cnrrents moving in  the  direction of the  mcridian is  
very ronsidemblc i t  must iiiipart an enstcrlg direction to  the flo\ving water. 
Thcreforc the river-water from the Obi--Yenisci niust flo\v as an isolated 
strean1 aIong the Taimur co:ist CIS for as Cape T'cheljnskixi, \\ llere it becomes 
free t o  spread farther to  the north-east or east. ,It 74" Lat. N, in calm 
weather, I have obscrvetl a teniperaturc of + 9 ' 4  C of the water north of 
the embouchure of the Yenisei [1it1' Aug. 1875j a n d  + 8" C north of the 
Obi River [IOt1' Aug. that year]. AH rrsn:~l this strc:m from the soi~tli givcs 
rise tQ a11 iindorrnrreut of cold water, which by teinpcsts inixcs with the 
superficial ltiycr and mnkes i ts  temper;iture sink. Likewise it engenders :I 

cold icy sidewise current a t  the surfttce in  thc opposite direction, \vliic11, 011 

.~ccount of tlie earth's rotation, takes a. westerly dircctioll slid niakcs its 
way be twen Cape Trlieljuslcin and thc north point of Novaya Zemlya 
towarcls the cast side of that island. This is probably the ciinsc of tlie 
heaping of the drift-ice a t  this coast i n  s~ini~ner.  According to  my 0 ~ 1 1  

experience and to thc  unanimons statcrnent of tlic mews of the Norneginn 
whaling ships this ice melts away in antuinn coinplcteIy., 
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The influence of the Yenisei river announces itself still 
more clearly by the diminishing saltness of the water. On 
both sides of the S i b i r i a k o f f  island the saltness was found 
to be only 0.49 11. c. while the sea-water a few miles further 
to the west, which consists of the outflow from the Gulf of 
Obi, contains three times as much. I n  accordance with this 
fact we find, that also in the North, at 74.30 Lat., the saltness 
increases and the temperature diminishes the more we ap- 
proach the west side of the I iara  Sea and vice versa. See 
section XI, which is based upon the observations from 1875 
together with those from 1878. The fresh aud warm water 
from the Yenisei thus surging up to the east against the 
T a i ~ i ~ u r  coast riaturally makes the level of the sea stand 
higher in suninier a t  this shore, on account of the higher 
temperature and greater spec. volume of the water. This 
difference of niveau, together with the reaction from the coast 
upon tlie flowing water, h k e s  its uppermost luyws take a 
westerly direction towards Novaya Zemlya, where its influence 
is felt by the diminution of the saltness" and the ineltiiig of' 
the ice-floes, formed during winter in this part  of the sea. 
The  melting of the ice, mliich requires an  iiicessant supply 
of marm water, can not liowerer be completed before late in 
the sunimer, in August or Septeinber, when the current from 
the river system of the Obi mid Yenisei has liad due time to 
develop its full vigor and direct all the resources of solar 
heat stored u p  in  its waters to  :i successful1 attack upon the  
ice of the western basin oftlle I iara  Sea. lJiitil then the warm 
water ciirrent, instead of clearing the sea from ice and open- 
ing n:ivigable water, will have the contrary effect, viz. to 
barricade the eastern entrance to the 11Iatochkin Schnr by 
pressing the rest of the pttclr ice against tlie coast of Nornyn 
Zernlya. 

The intensity of the surface current, ,just spolien of, is 
sufficiently attested by the fact, that  the yacht Proven, be- 
longing to tlle first Swedish 'expedition in 1875, on its return 
from Port Dicltson, the 21t1' August, w:is driven from its course 
from 74" 0' ],at. 71" 0' Long. to i6" 14' Lat. GS"45' Long., i. e. 
more than one degme northward mid two degrces westward 

* Tlic pressare of wliic41 i b  not, likc that of tlic deeper ones. equilibrated 

2 l'lle saltiiess a t  tlie surface in  this part of tIie sea varies betiveer1 
by tlie adjacent a-atcr strata and eoiistqucntly itlust overflow. 

2.80 p. e. and 3.04 p. c. (see the map, plate 24). 
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by the * stream, in spite of a heavy gale from N and NNW 
blowing the whole day. 1 

According to the observations of Captain J o h a n n e s e n  2 

i n  1870, one part of the stream takes a southerly direction 
along the coast of Novaya Zemlya, while another part  seems 
t o  round the northern point of that island and penetrate 
further into the arctic sea. 

sNacli Johannesen treffen an  den1 nordostlichsten Elide 
voii Nowaja Semlii zwei Striimungeii zusamiiien, voii denen 
die eine von Westen kommt, der ganzeii West- und Nordkuste 
des Landes folgend, eine Fortsetzung des Golfstromes, die 
andere von Suden, eine Fortsetzuiig der Gewrlisser des Obi 
und Jenissei., 

As already mentioned, there begins to appear immediately 
north of Port Dickson and the 74th parallel a  lap^ of cold 
and salt water a t  the bottom of the sen beneath the warin and . 
fresh river-mater a t  its surface. This is proved sufficiently 
by the deep-souiidings in  section XI [on plate 261. I consider 
this cold stratum to be a n  influx of water froin the arctic 
ocean 4 caused by the mechanical reaction of the surface water 
h a  iizotioia up011 tbe deeper layers. 

The principle of this phenomenon is discussed in the 
paper upon the general causes of the ocean-currents, by Prof. 
li'. L. E l t i n a n ,  mho S~IOWS, that  every river, mhich flows into 
the sea, gives rise to an under-current of sea-water directed 
towards its embouchure. If there is 110 bank at  the inouth 
of tlie river, ~vhicli stops the intercourse of the deeper strata, 
the salt v7ater from the ocean also penetrates into the bed of 
the river. Mr. Ekman has ininutely studied a very reinark- 
able example of this kind of under-current, which occurs in 
the GBta-Elf a t  Gothenburg. 

))I+xe an under-current of salt watcr from the Kattegntt 
onters tlie Elfsborg-fiord towards tho mouth of the river, where 
the salter water rises higher and ne:wcr to the surface the 
more the stream approaches the embouchure of the river, SO 

See tlic report of Dr. K j e l l r n a i i  in  the description of the Swedish 
expedition in 1875 to the Senisei river [Bill. IC. V. A. I-landl. 13. 4 N:o 11. 

>Die Erschliessiiig cines Thcils tlcs niirdl. Eisineercs in 1870>, Pe t  P 1'- 

l l in l i i i  , Mittli. 1870, sec also: Rnpitiiii Joliniiiicseii's l~mf:il~rung 17. Noivnja 
Scmlii iin Soininor 1870, ibid. 

3 Tlic original map (maliuscrilit) of Ca1)tniii J o h n n n e s e n ' s  rogwe,  
on which tho  tlirection of tltis stream is marIred out, is in thc ~ i o s s e ~ s '  L . ' l O l l  

of Prof. Izo r (1 e n s  k i  iiltl. 
4 See tlic prograiniiic of tlic cspcdition by l S o r d c n s k i o l ( 1  1. C .  

22 
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that  for a certain depth the saltness appears to increase in 
the direction towards t,he latter. This under-current also 
penetrates into the bed of the river itself, where its saltness 
at  a given level now no longer increases; but  neither does i t  
decrease in any sensible degree in  the lowest strata. While 
the under-current thus proceeds at  the bottom of the river, it 
is constantly reduced in thickness; indeed its thickness at the 
innermost point, a t  which I could distinctly observe it, TWS 

less than two feet, as may be seen from the following special 
series taken on the 7th August, 18,500 ft. above the mouth: . Snltness in grnmmes on 1000 cc .  

Depth in foot. of the water. 

0 0 . 2 3  

6 0 . 3 5  
8 0.40 

10 4 . 3 3  

12 (bottom) 20.02.  

>The existcnce of the under-current was made visible by 
means of a sunken body, which mas moved by i t  in  a contrary 
direction to  that  of the upper-stream. The mater of the under- 
current was clear and cold, whereas that of the superficial 
stream was very muddy, a further proof that the under- 
current contiaually received fresh supplies from the fiord. Y 

The author then proceeds to show, that tho force, which 
urges the under-current of salt water from the Kattegatt 
towards the niouth of the G6ta Elf, a distance of a t  least 
12,000 metres, a i d  thence 5 to 6 kilometres up the river, 
simultaneously raising the niveau of the salt water stratuin, 
can not be ascribed to any difference of spec. gravity or  
hydrostatic prcssiire, etc.. . but is due to a dy~mnzic phedo- 
menon, which is caused solely by the vis viva of the surface 
current. H e  concIudes: 

>A river may therefore, as regards i ts  effect upon the sea- 
water at  its embouchure, be compared to  a pump. the piston 
of which tlirows out as much water as i t  sucks up froni 
behind; the force. that sets the pump-piston in motion, liere 
corresponds to the rivw-waters’ vis viva. B 

This of coiirse does riot refer to the fresh river-water itself. which 
by its kinetic energy sets the whole systcin of currents in inotion, but to 
that  part of the salt water, mhicli by adhesion or diffusion bccoines inter- 
mingled with the river-water inside or outside its embouchure and, partaking 
of i ts  motion, is spread fiirther over the surface of the sen. This water 
naturally requires to be supplietl by sea. ~ a t e r  either from the sick 01’ from 
below. Hence the under-current. 
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We must expect, that the united water-masses of the rivers 
Obi and Yenisei by their outflow into the sea must give rise 
to a whole system of >reaction-currents)) of salt water from 
the sides and from below. The question naturally arises, 
whether there is to be found any influx of cold arctic sea- 
water in the bed of the Yenisei river, similar to that observed 
by E k m a n  in the Gota-Elf a t  Gothenburg. 

A deep-sounding, made the 24tb August, 1876, in the Yenisei 
river a t  Korepovskoi, has settled this question. 

S a l t 1  1n p. c. +l 'O 
Spec. mclgilt a t  -2- C.' + 16' Depth i n  metres. 

0 1.0001 0.01 

3.56 1.0001 ' 0.01 
7.12 1.0001 0.01 

10.68 1 . 0 0 0 1  0.01 ' 

16.02 not salter than the above samples. 

If me may judge from this example, the entrance of an  
under-current of arctic water into the Yenisei seems to be 
cut off by the shallowness of the water a t  its embouchure. 

Instead, we have positive proofs of the existence of side- 
ciwreiats, caused by the influence of the flowing river-water 
from the Obi and Yenisei upon the adjacent ocean-water. I n  
the section I 013 plate 24 is represented tlie constitution of 
the I h r a  Sea along the course of the Vega according to the 
deep-soundings registered in the journal from the let August, 
the day of departure from the Yugor Sellar, until the 4t" Aug. 
a t  8 o'clock a .  m., when she roundccl tlie north-western point 
of the Beli-Ostrow island. The observations from the 2"" 
Aug. 8 p. in. to the Fa Aug. 8 p. m. are of special interest as 
sho~ving, that  a stream of frcsh and warm river-water emerges 
from the Malygin strait, ploughing a furrow in the surround- 
ing deeper strata of sea-water, which is surged up on both 
sides as banks of cold and salt water - doubtlessly by the 
sidewise reaction of the flowing warm water upon the adjacent 
layers. By its influence the cold and salt mater [temperature 
- 2" or - 1 O . 8 ,  saltness = 3.44 p. C ] ,  which originally belongs 
to a far deeper stratum of the sea, as we may see from the 
foregoing deep-soundings in the section, is lifted nearer to  the 
surface to a level, which water of this kind never reaches 
any The natural conse- 

1 Tile clcterminatioas of tlie sp. w. ~ i i d  saltness are made by F. L. 
E k m a 11. 

where else in the whole Iiara Sea. 



340 P E T T E l I S S O h ' ,  S I B E R I A N  S E A .  
-- -- 

quence of this is also to  be seen in  the graphic illustration 
on section I, viz. that the ice at the surface is prevented 
from melting by the vicinity of the ice-cold water a score of 
metres below. Jus t  a t  those places indicated in section I, 
where the isothermal lines of - 2" and - 1 O . 8  rise from the 
deep to within 20 metres from the surface, the .Vega encoun- 
tered vast ice-floes, I n  his report t o  Dr. O s c a r  D i c k s o n  
Nordenskiold writes : 

,I had long indulged in  the hope of reporting, that we 
had arrived a t  the Yenisei without meeting with a' single 
block of ice. At our arrival a t  the latitudes of Beli Ostrow, 
however, waves and wind died away in a manner, which 
unmistakably indicated the presence of ice. Subsequently we 
encountered vast floes of drift ice, which, however, were suffi- 
ciently scattered and corroded not to  put any serious obstacles 
to the progress of our ship. East  of the Beli-Ostrow island 
we found the sea entirely free from ice,. 

tion of the following sections [f. ex. 
, that almost in  every place, wli'ere 

the ships journal tells us of an  encounter with the ice, there 
is  a marked tendency in the cold-water isotherms to rise 
towards the surface. I n  the following I intend to return once 
more to this fact. 

P e t e r m a n n ,  endeavouring to trace thgisotherms of the 
surface water of the Kara Sea for July and August. from the 
Norwegian observations in 1870, stated the fact, that  the 
middle part of the sea between Novaya Zemlya, and the Beli 
Ostrow island has the lowest temperature and is frequently 
covered with ice in  summer. This observation lias bcen con- 
firmed by every expedition of later years. 

,Die Norwegischen Beobachtungen weisen hier fur die 
Monate Juli und August in den meisten Theilen des Meeres 
eine durchschnittliche Temperatur zwischen 2" und 4" auf, 
ganz besonders im sudwestlichen und nordostlichen Theile, 
dazwischen in der Mitte des Meeres zeigt sich eine Stelle 
unter 2", in ilirer Mitte einc noch goringere, unter 0" Llnd bis 
- 00.8. . . . .B Es erinnert dies an den Schmelzprocess des 
Winterekes unserer Teiche auf denen zuletzt iiur noch i a  der 
Mitte eine Eisscheibe ubrig bleibt. )) 
-___ 

Vega-expeditionens vetenskspliga iakttagelser, Vol. 1, page 12. 
Geogr. Mitth. 1871. Die Erschlicssung eines Tlleiles des nordl. Eis. 

meeres, 1870. 
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The voyage of N o r d e n s k i i j l d  with the Yiner in  1876 
gives a good example of the usual condition of this part of 
the Kara Sea in  the summer. After entering the Kara Sea by 
the Matochkin strait the ship was obliged to  take a semi-circular 
route to the southward, in order to avoid the stil1,uninelted 
ice-floes in the midst of the sea, and reached the open sea 
north of the Beli Ostrow island after a struggle of some days 
with the ice west and south-west of this island. 

From the observations of the Vega-expedition, which had 
the good luck of crossing the Kara Sea without any serious 
hindrance from the ice, we see (section I), that the temperature 
at the surface sunk and the saltness increased on approaching 
the middle of the sea, where the iso-saline curve indicating 
3.03 p. c. of salt rose to the surface. I consider this surging 
up of cold and salt water from below, in the midst of t4e 
Kara Sea, to be due to the sidewise action of the great current 
froin the Obi and Yenisei upon the adjacent.water, just as 
the relatively little stream from the Malygiii strait makes the 
cold water rise like a bank on both sides, as shown in section 
I. This cold water naturally prevents the melting of the ice 
or delays i t  until very late in  the summer. 

Besides, i f  we consider the salt water a t  the bottom of the 
deep western basin of the Kara Sea along the coast of Novaya 
Zemlya [see the profile of the bottom in sect. I & XI] to be 
an  indraught of arctic water from the Siberian sea - which 
is by no iiieaiis improbable, since the fauna of this part of the 
sea is almost exclusively of arctic origin - we must admit, 
that  the deeper layers of this water ought, by its own motion, 
to be surged up around the banks in  the midst of the Kara 
Sea between the 73'd and the 74th parallel. Great masses of 
foundered ice-blocks are frequently heaped up on these banks, 
which therefore have been mistaken for real islands by some 
explorers. 

Reside the Vega-observations there are a few previous 
deep-soundings made in 1875 and 1876 by N o r d e n s k i o l d  
and K j e l l m a n  in the deep basin of the Kara Sea along the 
coast 'of Novaya Zemlye and the Waigatch $land, which are 
of great importance as showing, that  the conforination of the 
deep water-strata is left completely undisturbed from one 
year to the other by the influence of tlie temporary changes 
of tha climate, the seasons, the winds etc., which affect the 
upper layers. 
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(1) . . . . Lat. 75" 14'; Long. GS"10' (22" Aug. 1875). 
Dcpth. Temp. 

0 m. -t 5 O . 2  C [I<jellman] 
222 in. - I O . 4  C 2 

(2) . . . . . Lat. 7V40'; Long. 650 C2Vh A u ~ .  18751. 
Depth. Temp. 

0 m. + f O . 4  C [Kjellinan] 
107 m. - 1 O . 8  c >i 

(3) . . . . Lat. 75" 30'; Long. 64" 40' [24th Aug. 18751. 

3.07 p. C. [anal. by Ekman]. 
Depth. Sfiltncss 

0 in. 
107 in. 3.41 p. c. [ )> )> 1. 

(4) . . . . . Lat. 73"34'; Long. 58" [31th Aug. 18753. 
Depth: Temp. 

0 r n .  + P . 9  C: [I<jellinan] 
4 4 . 5  m. - 1O.4 C 
98 in. - I O . 7  C >, 

(5) . . . . Lnt. 70'35; Long. 61'42' [7th Aug. 18761. 
Depth. Snltness. 

0 in. 2 . 6 7  p. c. [anal. by Eknlan] 

'7.1 in. 3.03 x 2' > >, >> 

3.5 117. 2.66  1 2 > > 

8.0 in. 3.?G >, >> >, >> 

35.6 in. 3.33 >, i > 1 

107 ID. 3 . 4 2  0 2 >, >i ;, 

(6) . . . . . Lat. 70" 10'; Long. 61" [?" Aug. 18751 
Depth. Snltuess. 

0 m. 2.73 p. C .  [anal. by E ~ I I X U ~ ]  
107 m. 3 .19  :i :> > >, i 

(7) . . . . Lat. 70" 22'; Long. 61" 10' [P Aug. 18751. 
Depth. Temp. 

0 in. + 3".0 C [I<jcllmaii) 
1 7 . 8  m. + w.0 )I 

53.4 111. - 10.5 )i P 

106.8 in. - 10.9 ) 

178 ni. - 1 O . n  ) >> 
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__.____ ___ 

o metres 

17.8 z 

53.4 

!78 z 

ro6.8 n 

(8) . . . . . Lat. 70'56'; Long. 63" [4th Aug. 18751. 
Depth. Saltness [Ekman]. Temp '[Kjellmanl. 

0 m. 2 . 9 8  p. c. -t- 4O.2 c 
26.7 in. 3 . 2 3  > )J - 10.1 c 
63.3 In. 3 . 2 8  2 )) - 10.8 c 

115.7 xn. 3 . 3 2  )) )> - 1".7 c 
160.2 .m. - lo.? c 

Some of these observations from 1875 '65 1876 were taken 
nearly a t  the same place as those of the Vega-expedition in 
1878. 

____ 

+ 3O.9 C 

+o".g C 

- l O . 5  C 
- 1O.9 C 
-1I".gC 

1875, 3'" Aug. 

o m. 

26.7 in. 

115.7 111. 

160.2 111. 

___ 
+ 4'2 C 

- 1 O . Y  C 

- 1O.7 C 
- 1 O . 7  C 

1876, 7'h Aug. 

,at. 70~35'; Long. 6 1 ~ 4 2  
- 

Depth. 1 Saltness. 
--__ __ 

35.6 3.33 ? 

I 
06.8 n 3.42 > 

1878, 1'' Aug. 

Lnt. 70' 22'; Long. 61" 42' 

Saltness. 
____ 

2.91 p. c. 

2.96 = ,  

3.46 = 

-- 
remyeratiire 
_____ ____ 
+ 5 O . I  c 

+ oO.3 C 

- 1 O . 6  C 

It may bo worth observing, tlmt in 1875 as well as in 
1878, which was by far the iuost favorable for navigation, the 
cold and salt \vatel*, represented by the iso-saline of 3 p. c., 
was found a t  n greater d is tmce  from the snrface than in  1876, 
the most unfavorable year of the three. 

~ 

1875, 4"' August. - 
Lat. 70" 55' ;  Long. 63' 

Snluiess. 
_.. .. .... ~ 

2.98 p. c. 

3.23 11. C. 

3.32 11. c. 

1878, 2''" August. 
__ 

Lat. 71 '3 ' ;  Long. 63'46' 

Depth. ] Temperature. -- ___ 
+ 4O.1 C 

50 in. - 10.9 c 
115 111. 1O.g c 

Saltness. 
__._ -. 

3.03 11. c. 
3.17 p. c. 

3.45 1). c. 
3.49 .p. c. 
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Thus the constitution of the water in the deeper strata. 
and a t  the bottom was found to be alniost unchanged in 1876, 
76 & 78, and yet we know that, from a nautic point of view, 
the condition of the Kara Sea was very different i n  1876 from 
in 1875 or 1878. 

I next wish to call attention to the iinportnnt fact, that  
the same constitution of the deeper water-strata with regard 
to saltness and tcmperature also prevails in that part  of the 
Barentz Sea west of the Waigatch and Novayn Zernlya, as may 
be seen from the following observations by the Swedish expe- 
dition, 1875, and the Holland, 1881. 

Western entrance to the Matochkin strait ;  1 P  July 1875. 
Dcptli Tcmpcratnrc. Saltnew [nnnl. by Ekman] 

0 rn. -I- P.1 c. 3 . 0 3  13. C. 
23 111. + P.9 c 
36 m. (bottom) -- 3 . 3 8  p. C. 

Ibicl. Lat. 73'5'; Long. 52"14'; August 1581. 
Depth. Teinpernture. 

0 111. + 3 O . o  c1 [Holland expedition] 
64 111. (bottom) - @ . 4  c' > > 

Barentz Sea, west of Besimannaya Bay, Lat. 72"43'; Long. 
52"; 3Oth June 1875,. 

0 111. + @ . e  C: 3 . 2 7  p. c. 
Ilrptl1. Temperature.  S n l t n c s  [ m a l .  by Ckiiinn]. 

- -_ 17.8 111. - 1 O . 4  c 
36.G 111. - 1 O . O  c -- 
63.4 111. - I O . 7  c: 
89 111. (bottom) -- :3.42 p. e. 

-- 

Barentz Sea, Lat. 70'49'; Long. 50'47'; 2Gtb July 1881. 
Depth Tempcratore. 

0 111. - 00 .8  c1 [Hollancl expedition] 
120 in. (bottom) - 1O.4 C: 2 >> 

Soiiie i d e s  farther to the south-west a very different 

Barentz Sea, Lat. 70"80'; Long. 4cJ041'; 2Dt" 1881. 

result \va s obtained 

Deptli. Tempcraturc. 

0 in. + 5 0 . 7  C [I-Iolland expedition] 
'36 m. (bottom) 4- 3 O . 8  c i )  , 
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I 
As may be seen froin the hydrographic map [plate 241 a 

chaiiiiel of deep water extends along the west side of the 
Waigatch island and the southern part  of Novaya Zenilya, 
containing a t  its bottom water of about tlie same saltness and 
temperature a s  the deep western basin of the I h r n  Sea. The 
question naturally arises, i f  there be any communication be- 
tween the cold and salt water a t  tlie bottom of the sea, east 
and west of the Novayn Zeirilya and Waigatch islands. The 
only way, i n  which this iiiight take place would be through 
the I h r a  strait, since the Yugor Shnr is not deep enough to 
:dlow any intercourse between the deeper strata. Besides, 
direct observations shorn, that tlie water at  the bottoni of the 
Yugor strait has a temperature above zero. 

Yugor Sliar 2ud August 1575 
I1cpth. Temperaturc. Snltne% [nnnl by Ekniuul. 

0 111. + 40.8 c 2 . 6 6  p. c. 

35 111. (bottom) + 00.13 C 3 . 2 4  p. c. 
5 .3  111. -t lo.? c _- 

In want of direct deterniiiiations of tlie saltness and tein- 
perature of tlie bottom-strata in the ICara strait, I cnii only 
try to settle this qnestion by referring to the discovery of 
L u t k e ,  1 that  a stream of cold water is flowing constantly 
from the Ihra  strait northward along the western coast of 
Novizya Zenilya. 1\4idclendorff writes: ‘L 

:)An die Westkiistc Novaja Semlii’s p rd l t  der Golfstroni 
nicht unmittclbar an, soiiderii er wird von den1 Lando durcli 
eineti beisl)ielsweise GO nautische Meilcii breiten Kustenstreif 
kalten Wassers (wir beobachteten 60.1, bis dol/.) geschieclen, 
~v e 1 ch e s e i 11 e r ti e fen Th a1 f LI r ch e iiii hl e ere sgr u t i  cl e en t s 1 ) r i c 11 t , 
von der wcnigstens die Siiclbalfte Nownja Seinla’s umgiirtet 
wircl. \) 

Strange to say, the Vega-observntions froin the 2gth ant1 
SOth July, 1878, sceni to bear out quite a n  opposite result. In 
the following table the observations of the Vega-expedition 
from the 25th July, the day of departure from Mngerce, until 
tlie 30th July, wlieii she anchored a t  Chabarova in the Yugor 
strait, are enumerated. 

. - -_ 

I \‘icrmnligc b i s e  tlurcli &is ncirtlliche Eisiiiecr. 
2 Der Golf-stro~n ostwirts vain Nordltap, Gcogr. IvIitth. 1851. At tllc 

western side of this deepwater c11anncl, M i d d e n  dor f  found the tcinperu- 
lure a t  the bottom to  be + 0 O . s ;  nt the eastern (at Iiostin Sellar) = + Y . 1  R. 
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Tab le  I. 

Hydrographic observations during the first part of the  
voyage, from Norway to  the Yugor Shar, 2 P  July to l"August, 
1878. 
- 
Time of 
the day. 
-~ .. .~ 

8 1). in. 
o a. nl. 
4 a. 111. 
8 a. 111. 

noon 
4 13. In. 
s 1'. I l l .  

0 a. 111. 

4 a. 111. 
S a. in.  

4 11. n1. 

8 13. 111. 

o a. m. 
4 a. ni. 
8 a. In. 

noon 
1 1'. I l l .  

3 a. 111. 

1 a. in. 
s a. 111. 

noon 
f 1'. 111. 

3 1'. I l l .  

> a. in. 
+ a. 111. 
3 a. 111. 

noon 
p. m. 

a. m. 
1 a. 111. 

! a. 111. 
noon 
[ 1'. 111. 

) a. in. 

I a. Ill. 
noon 

110011 

3 1'. 111. 

< 1). 111. 

i 1'. 111. 

! a. In. 

hf: 
71" 3' 

71" I I '  

71° 9' 

71" 16' 
71' 14' 

71" 12' 

71' 15' 
71' IS' 
71° 22' 

71" 24' 
71'28' 
71' 30' 
719 33, 
71° 34' 
71'36' 
71°37, 
71° 35' 
7 1 °  37, 
71°33' 
71" 14' 
70" 57' 
7on 43' 
70' 32' 

70" 20' 
70" 9' 
70° 3' 
69" 5 I' 
69" 46' - .  

69" 35' 

Tm' 
26" 41' 
28- 6' 
2 9 O  40 
3 1 °  12' 

34= 33' 
35O 51' 

38" 54' 
40* 
41° 9' 
42" 6' 
43O 30' 
44O 50' 
45O 56' 
47O I '  
48' 12' 

50' 6' 
51'36' 
5z0 13' 
52" 45' 
53O 7' 
54O 13' 
55" 24' 

57O IO' 

59O 7' 

q - 0  1' 
33 

37' 26' 

56" 27' 

58" 16' 

61" 36' 

- ___ 
Depth 
Metre! 
. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 
Temp. 

c. 
____ 

+ 6 O . t  + 7 O . 2  + 7O.4 + 7 O . n  

+ 6".€ 
+ 5 O . 6  + 5O.4 + 5O.5 + 5 O . 8  + 6 O . z  + 5O.S + 5O.8 
-t 5 O . 2  + 4O.7 + 4O.S + 4O.5 + 5O.2 + 5 O . 4  + 5O.3 + 6O.4 + 7 O . 4  + 9-.4 + 7O.2 + 7 O . 6  + S O . 2  + 7O.5 + 6O.4 + 6O.4 

+ 5 O . 8  + 4O.8 + 5 O . 2  + 4n.4 + GO.4 + 7O.O + 4 O . 8  + 4 O . 6  + 4O.8 + 6O.o 

+ 6 O . 8  

+ 6O.c 

+ 6O.o 

- - 
pee. grz 
observec 
__ _- 
1.027~ 
1.027~ 
I .028( 

I ,0265 
1.0265 
1.027: 
1.026t 

1.027~ 

I .oz6E 
1.027€ 
I .OZ7C 

1 . 0 2 7 ~  

I .0270 
I ,0268 
1.0264 
I .0266 
1.0266 
1.0260 
1.0258 

I ,0240 
I .0240 
I ,023 j 
1.0229 
I ,0230 

1.0218 
1.0246 
I ,0240 
1.0243 
1.0250 

1.025 I 

1.02 53 

I .o24G 
1.02jo 

1.0260 
1.0260 

I .0250 

1.0274 

1.0274 

I .0245 

1.0255 

1.0255 

tpec. gra 
cd: to 1 + ___ ___ 
1.0275 
1 .0275  

I .02S5 
1.0273 
1.0273 

1.0271 

10275 

1.0277 

I .0279 

1.0279 
I .027 3 
I.028I 

1,0275 

1.0275 

1.0275 

1.0273 
1.0269 
1.0271 

1.0271 
1.0265 
I .0259 
1.0250 
I .0245 
1.0245 
1.0240 
I .0234 

1.0223 
1.0251 
1.0245 
1.0248 
1.0255 
1.0256 
1.0258 
1.0260 
1.0251 

I ,0265 
1.0265 
I .0260 
1.0255 

1.0235 

1.0235 

-- 
p. c. of 

salt. 
__- 

3.40 
3.40 
3.52 
3.38 
3.38 
3.43 
3.35 
3.45 
3.40 
3.45 
3.38 
3.48 
3.40 
3.40 
3.40 
3.38 
3.33 
3.35 
3.35 
3.28 
3.20 
3.09 
3.03 
3.03 
2.97 
2.83 
2.90 
2.76 
3.10 
3.03 
3.07 
3.15 
3.16 
3.18 
3.21 

3.10 
2.90 
3.28 
3.28 
3.21 
3.15 
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On the map [plate 241 we can follow the variations of tein- 
perature still more easily. From the  description of M i  d d e n  - 
d o  r f f  we ought to h a r e  expected, that the Vega, after a traverse 
of some dags tlirough the Barentz sea iii relatively ~ a r i i i  water, 
would have encountered n broad stripe of cold water GO or 
'70 nautic niiles from the coast of Novaya Zeiiilya. Instead 
the temperature rose from + 4.6 C to + 9 O . 8  and + 60.4 during 
the voyage along tlie coast of Novaya Zeiiilya and Wajgatch 
on the 2gth aiid 30th July. 

It is quite iiiipossible in this cgse t o  ascribe the liigli teni- 
peratures of this part of the sea to the illfluenee of tlie Gulf- 
stream, as hficldendorff  is prone to  do, Because the numbers 
registered in  the journal on the 2geh and 30t" July are l~igher 
than the tcnipcrature of the western 1m-t of the Barentz sea. 
Besides, we see from tlie table, f h n f  f k e  saltaess qf fhe  wccter di- 
minishes as i ts i e iqm-afz tm iizcwnses. This effect can certainly 
not be due to  the Gulf-stream. 

The iiiost plausible explanation seenis to be, that the warm 
water at  the surface is due to tlie outflow from the Russjaii 
rivers, esl)ecially the Petchora, hogether with the creeks and 
rivulets 011 Novnya Zenilya 

We can gain an idea as to the  powei-f~il influence of thc 
waters from the Petchora upon the surrounding sea from 
s o a e  observations of the I-Iollaiid expcditioii in  1881. 

.Immediately north of the Tiiiiaii coast, at  69"G' Lat. N. 
550 11' Long. on the 31th J ~ i l y  1581, the tempernture of the 
water a t  the surface was + P . 0  C [spcc. m i g h t  = 1.01551 and  a 
little farther to  the north, Lat. G9" 23', Loiig. 54" 50' (the fol- 
lowing day), i t  was found = + 9 O . i  c f  [spec. weight = l . o i o o ] .  

But thc  outflow froiii tlic Pctcliorn, likc that of rirers iii 
general, does not extend its n.nrming iiiflueiicc to tlie lower 
strata. The Holland cxpeditioii found the teliiperature a t  the 
bottom 011 the banks outsidc the mouth  of the Petcliora 2 

= + 00.5 C (depth = 9 in.) mid = - o".s 'C (depth = 29 m.). 
Wc caii trace the warming aiid diluting effect of the 

outflow from the Petchora, and adjacent rivers a t  the coast, 

and Waigatch. 
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upon the sea to the north and especially to the east. Accord- 
ing to the Norwegian observations in July, August and Sep- 
tember, 1870, the sea-water along the west coast of Wajgatch 
and also in the south-eastern part of the Kara Sea had a brow12 
colozcr micZ possessed a18 exceediiagly high tewtpernfzire (+ 9" C 
to f 11" C). This superficial layer of warm water together 
with the frequent rain-fall and the thunder-storms, which often 
occur here in su~iinier, inust have the effect of accelerating 
the melting of the ice and the opening of the southern en- 
trances of the Kara Sea to navigation. Ordinarily the Yugor 
strait seeins to be inore free from ice than the Kara strait. 
The cause of this can be twofold: 

1) The Yugor strait, is, according to its situation, inore 
exposed to the influence of the river water from the coast; 

2) There is no under-current of cold water a t  tlie bottom 
of this strait, which could tend to neutralize the heat of the 
superficial stratum of warn] water. 

The high temperature of the sea, found by the Vega- 
expedition the 2gth and 30'." of July, 1878, inay thus be due t o  
a superficial layer of warm water, which occasionally over- 
Aows the cold water emerging froni the Kara strait. A single 
deep-sounding mould have sufficed to settle t,liis question ! 

Froin the Matochkin strait we have discrepant statements. :'* 

see the map: >Die Temperaturvcrli~~ltiiisse iiii ICarisclien Akere im 
Sonimer 1870.~ Geogr. Nitt11. 1871. 

I n  thc Pugor Shar tlie surface cnrreiit chaiiges its direction with 
the winds and the  tides. According to the st:rtbments of Swetlisli and 
Rorwegian travellers the same observation is  clue :ilso to the Ilm-a strait. 
I<rusenstern, however, in  7 860 aiid Sbidoroff iii  18W found that the water 
in  this strait flowed steadily from west to east. 

Russisclie Ro~d~~olar-~orschuiigen 1869 h 1870. Gcogr. Mittli. 1870. 
Tlie Swedish cxprdition in  1875 found: 

Wcsteril entrance to the I+IatocliBiii, Niddle part of the strait, 
13th July. . 8'" &apt. 

Depth. 'I'einperuturo. I)epth. Temperature. 
0 in. + G O . 1  c 0 111. + G".o c 

21.3 In. + 4 O . 2  c 12.4 111. + 5 O . 5  c 
23.1 l?i. + 4 O . 2  c 

From tlicse observations N o  rtl c 11 s k i  d l  d concludcd (in accordance with 
fornier investigators), ,,that a warni stream, probably a branch of tlie Gulf- 
streaui, fills the entire depth of this boiind,>. In the report of the Holland 
expedition in  1881, however, we read the following lines (page 63) .  iwjj 
iiameii eene tcmperatuurwaarneiniiig op versclii~~eiide diepten [in the Ma- 
tochkin strait near the hut of Rosmyslow]. Wi j  kregen dnannede gelieel 
nndere uitkomsten clan N o r d e n s k i o l d  in  1875 aaii bord van P r B ~ e n  
gevonden hnd. Op den bodein (37 yaam) was de teniperatur nu - O".D, 013 
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It seem3 probable that tlie direction of the upper- and under- 
current in this strait is variable aiid depends upon causes, 
which highIy require repeated investigation. 

The investigation of tlie conditions of the Kara Sea and 
adjacent parts of the arctic ocean is of course a very compli- 
cated problem to the nietereologists a s  well a s  to the hydro- 
graphers. The climate of the north Asiatic continent in winter 
is  excessively cold and even the sudden change of temperature 
in  tlie suininer months, witnessed by the rise of the June and 
,July isotherms, ~ v o ~ i l d  be insufficient to break the icy bound- 
aries o f ,  the sea, if tho warin water froin the Siberian rivers 
.did not conduce to the same effect. Therefore tlie condit,ion 
.of the Kara Sea in August and September, the  only season 
adapted for navigation, must to  a great part  be dependent 
upon the aiiiount of sunshine and rain-fall bestowed in the 
course of spring and summer upon countries far away froin 
the Yalinal and Taiinur coasts. 

Moreover the effect of the heat of thc rirer-water upon 
the sen is limited to its surfacc, where it is absorbed in the 
inelting of the ice. From a few metres beneath the ice to 
the bottom, there is an  indraught of salt water from the arctic 
sea north of Siberia, mliicli is sufficiently cold [-- 1O.3 unto 
- 1 O . 7  or - 1 O . 9  C] to prevent the inelting of t.he ice and even 
t o  make tho inundating superficial stratum of brackish water 
give up ice, if it does not constantly receive fresh six~)ply 
from the rivers. 

An excellent illustration of this statement is the curious 
experiment ineiitioncd by Norde i i sk i i j ld  in liis work ))Vegas 
ftird kring Asicii och Europas. If n vessel filled with water 
from the surface of the Kara Sea is iniinersed deeper iiito thc 
sea, then the water in the vessel soon freczes into ice. 

Moreover N o r  d e n s k i 6 1 d asserts that the brackish water 
at the surfacc acts like poison upon most part of the animals 
living below. 

The inechanic reaction of the flowing water ninkes the 
cold water below risc nearer to the surface in some parts of 
the I h a  Sen, ZUJH’CJL accorditzgly w e  foiiizrl to bo 9now imprnrtirnblc 
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to ~aauigution tWait otlweoise. This circumstance alone& is suf- 
ficient to make a hydrographic survey of the Kara Sea highly 
desirable; for in spite of the changeable condition of the 
upper strata, these is every reason to expect that  the confor- 
ination of the deeper layers uill be found to be far more 
constant and regular. 

Another circumstance, which must exert the greatest 
influence upon the condition of the Kara Sea in  summer is 
the direction of the ttiiiads. By sozctlt,eria ttihacls the super ficiaI 
layer of warm water, flowing from the rivers northwards, 
which contkns the necessary amount of heat for the lique- 
faction of the ice, must be accelerated a n d  spread further t o  
the north o r  north-east over the arctic sea and thus with- 
drawn from acting upon the ice. On the other hand we can 
infer, that  winds from the north or north-east niust have the 
effect of retaining the greatest part of the flowing water within 
the limits of the Kara Sea. 

It can be proved that the main direction of the winds in 
August during the years most favorable to  navigation was N 
and NNE. 

I n  1870, August and September, the I h r a  Sea was found 
almost free from ice, with the aforesaid exception of the rnidclle 
part of the sea between Novaya Zeinlya and the Yalinnl pen- 
ninsula. Froni the.l th of August until the $It1’ September Cap- 
tain J o  h n n n  e s e n  cruised in the northern parts of’ the sea 
without meeting with any hinderancc from the ice. 

,Bis zur nordiistlichen Kiiste von Nowajn Seinl3i hatte 
das Meer eine braune und griine Farbe bewnlirt, hier wurde 
es blau. Am Lande fandeii sich einzeliie ltleiiie Eisstreifen, 

* Although a special liydrographic survey of tlic Kara- and the Barentz 
Sea woiild give iiiost useful and intcrcstiiig results, I think, that  freqnentIy 
repeated deep-soundings in  the course of a series of years ought to give a 
still more valuable and generalized account of the  hydrographic conformation 
of this part of the  ocean, as we might thereby perliaps get a cuc to  the periodic 
urcriatiolzs in the state of this sen. As thore is 110 hopc of getting a specid 
cxpcdition started cvcry year for scicntific piirposcs, I tliink thc  best thing 
for tile prescnt would l?c to  entrust an  isolating deep-wntcr-bottlc of IC k 111 an’s 
111oc1e1, with thc  neccssa~p iiistrrictio~is for USC, t(J tlic carc of thc captain o r  
navigating officer of crery coiiimercinl &xiner bonnd for tlie Yciiisei, \vho 
is  willing to  take the trouble. The price of tlic instrument is moderate 
(& 10 or there-abouts), i t  requires no special arrangements and performs 
admirably. 

Jiapitaii Johanncscn’s Umfahrung von Nowaja Senilii in Sept .  1870. 
Geogr. JIitth. 1871. 

North, east part of Nornyn Zemlya, bctwecn Cape Mauritius and Cape 
Vlissingher. 

___ -- - 
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tuelche warscheiizlicl~ V O N  de?& iaordostlicheit zcizd ~ziirdbicl~eia Windeia, 
die deia guizieiz August hiiad~rcla geweht lmtteit, herbeige fiihrt seiii 
mochten. x 

The following extract from the meteorological j ouriial of 
the Nordensltiiild expedition in 1875 will give ail idea of the 
prevailing direction of the minds in August that year, which 
was, as is well remembered, uncom~nonly favorable for navi- 
ga ti o n. 

I n  calculating the following results 1 have left out of 
coiisideratioii all observations, wherein tlie force of tlie mind 
is denoted by the nunibers 1, 2 & 3 of the scale, because 1 
consider such minds to be too feeble to exert any remarkable 
influence upon ocean-currents. 

From the lth August until the 3'd Sept., the wind blew: 
from NTV during 8 hours with an average strength of 9 

) N ) 36 ) > >  > 7 ) 7  
) NNE ) 40 ) ) >> > > ') 5 
) NE ) 4 )  > >  > ) )) 4 
> S W  x 12 ) ) >  > ) ) e  
) SSW ) 8 )  > )  , > Y G  
) WSTV ) 4 . )  > >  ) > ) 5  
> SE ) 8 )  > )  3 > ) 5. 
The following traiisuint is taken from the observations of 

the Vega-expedition, lbt to 1P Aug., 1878. 
wind from N during 24 liours with an average strength of 5 

) , "I3 > 4 )  > >  ) 3 5 
> ) NE ) 4 )  ) >  >) B 5  
P ) E N E  > 1 G  9 > '> ) >) x 5  
> ) NW )) 8 )  > )) n > >) 6 

> E ,> 3 >) > 1) >) 3 )) s. 
Still there is a reniarkable jteiii to the above rule in the 

following circunistance. The aforesaid winds from N and NE, 
although highly effcctive in clearing the mciiu p i r f  of tlie Karn 
Sea from ice, may still be a hindraiicc to iiavigatioii by drifting 
the remainder of the ice towards the shore of Waigatch and 
thereby closing the Knra- and the Yugor strait until late in 
sunliner. N o r d e n s k i i j l d  ascribes the delay caused by the 
icc, 011 his second voyage to the Yenisei in 1876 with the 
Ynier, to the cold meather and the prevailing unfavorablc 
winds from E and NE. But we can o n  the other side ascribe 

f Vegas ftird Bring Asicii och Enropa, Swedish Edition, page 16. 
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to the influence of the same winds from N and NE tlie fact, 
that  the Ymer, on her return from the Yenisei the lst Sep- 
tember, crossed the whole I h r a  Sea from Port  Dickson to the 
Matotchkin Shar and even made ZL long detour to the North 
up  to, 75"30' Lat. without meeting with any obstruction from 
the ice. 

In the following table are registered all observ a t' ions con- 
cerning the temperature, saltness and spec. gravity of the sea- 
water a t  various depths, which were made during the traverse 
of the Kara Sea from the 1'' to the 20th of August, 1878. Of' 
the chlorine titrations one part is made on board the Vega 
by various inembers of the expedition. The numbers thus 
obtained are signed ))V)). Another part (denoted by ))PD) is 
made by the author on water-samples from the collections of 
the expedition. On the hydrographic maps [plates 24, 25, 261 
the results of the investigation is graphically represented by 
means of the sections I-XI. These sections, which show the 
depth of the sea and the conformation of its deeper mater- 
strata, correspond exactly to the track of the Vega represented 
by the black line on tlie map. Neither tlie tables nor the 
illaps need any further explanation. Every date, which is 
necessary in order to initiate the reader into the hydrographic 
state of the sea, can easily be found either in the tables I, 11, 
I11 & I V  or by a comparison of the map and the sections. 
My sole object has been to arrange the matter in a inanner 
adapted to study and inspection. The graphic illustrations 
as well as the description on the foregoing pages apply strictly 
to the actual state of things a t  the time of observation i. e. 
August ck September, 1878. I ani well aware, that  the  conditions 
of all parts of the Siberian ocean and the Ihra  Sea most of all 
are  liable to great variations from one year to another. This 
is especially the case with the conformation of the upper 
strata, therefore the teinperatures mid sp. weights observed in 
the water at the surface nre of far less iinportaiice than the 
observations from the deeper layers. 

I . . . Nous gouremcimcs alors, coinme I'ann6c pnssEe, au Cap &lid- 
dendorff. La mer &nit tl'abord critih?inent exenipte de glace; cc ne f u t  
qu'en arrivnnt tout prbs de la cote oricntalc de la Nouvcllc-Zemble, liar 
75" 30' T&. X. qnc noiis apcr(.itmes 1111 lianc de glace rongbe, qui s'6tciidait 
le long (le In cBte vers IC fifatotclllrin. . . . Si cn quittnnt le port Dickson, 
nom Qtions allbs dirertement nu Mntotrhkin cii tloublant I'ile Blnnrlie, 
nous n'aurions certainement pas rencontrd 1111 seul gla(.on. [Expbditions 
Subdoises de 1876 n u  1'6nis6iI. Rapport de M. le profemcur Kortlenskicild 

3f.M. Oscar Dickson et Alcxnndre Silhkkoff'. 
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Table  2.  

Hydrographic observations during the second part of the 
voyage, from the Yugor Shttr [let Aug. 18781 to  Cape Tchel- 
juskin [2Ot" Aug. 18781. See the map, plate 24, sections I, 11, 
I11 & IV. 
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the day. 1 E. G. 1 
4 a. 111. 
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noon 
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0 

0 

0 

0 
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0 
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- 0O.I 
- o O . 6  
- OO.2 

- 0O.Z 

- oO.4 + 0O.o 

- IO.4 
- IO.2 
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I 
1.0224 1 0 ~ 2 9  
1.0225 1.0230 
1.0228 1.0233 
1.0226 1.0231 
1.0226 1.0231 
1.0232 1.0237 
1.02;5 1.0230 
1.0259 1.0264 
1.0274 1.0279 

w 
8 

2, 
2 
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c .. 
5 .  
P 
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__ __ 

2.83 
2.84 
2.88 
2.86 
2.86 
2.93 
2.84 
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The temperatures found at  tlie deep-sounding, Bug. 2nd, 8 
o'clock a. m.) [=- 1" .o C a t  50 ni. and -0O.9 C at  115 m. 
below the surface] are very remarkable, especially if compared 
with the results obtained 4 hours later a t  similar depths 
[=--.2'.4 C at  50 in. and -2O.o C at 122 m.]. I t  is indeed 
very strange, that  the temperature u t  ihe bottom should change 
so much within so short a distance, although the chemical 
and physical properties of the water, represented by its saltness 
and spec. gravity, remains almost identically the same. It 
has occurred to me, that this anomaly uiny be explained as 
a n  error of annotation and that the real numbers ought to 
be -2O.o C (instead of - 1 O . o  C )  and - 1 O . 9  C (instead of 
-0O.s C) since this seems to be the normal teiiiperature of 
the Icara Sea so deep below tlie surfslce. We can see froin 
the following that the spec. weights 1.oe7s - 1 . 0 2 ~ 2  (saltness 
3 . 4 5  c !  3 . 4 9  p. c.) has never been observed in the Siberian Sea 
except in  water of the temperature - 1O.4 C to  - 2 O . 4  C. It 
must be observed, however, that there is 110 ambiguousness 
in the ciphers of the manuscript journal, which warrants my 
s~qqiosition. 

The Siberian Sea. 

The whole distanco from the Taiinur peninsula to  Long's 
strait, was before the voyage of the Vega almost a ninw iw 
cogmituiit to hydrograph y. I n  want of reliable facts, from which 
we might judge of the real condition of this sea, we are wont 
to attach a great deal of hypothetical assumption to the subject. 

T ~ U S  f. ex. the question, whether the Gulf-stream pene- 
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trates into the Kara and Siberian Sea or not, has been much 
deb’itted. P e t e r m a i i n  and M i d d e n d o r f f  are prone to assert 
that  the warm water of the Gulf-stream is spread beyond 
Novaya Zemlya and the Taimur peninsula to the longitudes 
of Cape Yakan and even to Behring strait. The remarkably 
mild climate even in winter of the northern parts of these 
countries compared to the rest of the North-Asiatic continent 
makes this hypothesis by n o  means unacceptable. 

H e d  e n  s t r o i n 2  during his voyage to the Siberian Islands, 
and W r a n g e l ,  2 on his sledging expeditions on the frozen sea 
found, that  the sea-ice became thinner and more corroded, 
the more they proceeded northmard, until i t  finally gave way 
to open water ,)the polynia), extending northward beyond 
eyesight. - Although a similar phenomenon has been observed 
occasionally almost everywhere along the coast of the arctic 
sea in  winter [f. ex. in Smith’s Sound, in  Austria Sound nt 
Franz Joseph Land, at Spitzbergen, Novaya Zemlya etc.. .] and 
has ordinarily been found to be limited to shor’t spaces of the 
ocean, the zpolynim is often regsrded  as the southern part 
of a polar sea, unfrozcii even in wintcr, which is kept open 
by a branch of tho  Gulf-stream undermining the arctic drift- 
ice current etc.. . 

Lately Lieutenant H o v g a a r d ,  one of the members of the 
Vega-expedition, has propounded the hypothesis of the existence 
of two polar continents north of Siberia, separated froni each 
other by a sound at the longitude cjf Cape Tcheljuskin, opening 
from the Siberian Sea straightway into the polar basin. 

I fear that  the results of the Vega-cxpedition will not 
contribute much to solve the mystery of tlicse questions. We 
can not reasonably expect, that the observations of a single 
expedition will reveal to us all the secrets of the iinmensc 
ocean, which borders on the Siberian coast. 

As for the polar continents north of Siberia, there is 
scarcely to be found anything in the hydrographic observa- 
tions of the Vega, which could tend to corroborate the liypo- 
thesis of Mr. H o v g a a r d .  According to his theory the Frnnz 
Joseph archipelago would extend. eastward to the longitude 
of Cape Tcheljuskin and be ‘connected with the Taimur and 
Yalinal peninsula by a submarine plateau. Consequently the 

1 M i d d e n d o r f f :  Der Golfstrom Sstlich vom Nordkap. Geogr. Rlitth. 1Si’l. 
2 W r a n g e l :  lleise 1:ings der Kordktiste voii fiibirien see also: Erinnn’s 

rR~clsisches Arcliiva, rol. S S I V ,  1865. 
Petermanil :  Der Golfstrom, Gcogr. Blitth. 1870, page 229-230. 
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deep basin in  the western part of the Kara Sen along the 
coast of Novaya Zemlya ought to be entirely separated fmnz 
the deep sea east of Cape Tc’cheljzcskilz, from which a deep channel 
is supposed to extend between the aforesaid continents to the 
vicinity of the north pole. It is true, that  the depth of the 
sea increases abruptly iininediately east of Cape Tchsljuskin, 
but  we can see from section V (plate 24) that a little more 
to the east it decreases again to  about GO metres, the same 
depth, which was found at the Taiinur coast a few iniles north- 
west of Actinia Bay [see section IV]. Moreover, the tenipera- 
ture and the saltness of the mater a t  the bottom of the sea 
east of Cape Tcheljuskin [t = - 1 O . 4  C or 1O.2 C, saltness 
=3.45 p. e.] is czlinost identical with that of the deeper strata 
of the western basin of the Icara Sea [t = - l O . 8  C, saltness 

sea north of the Obi and Yenisei to  be formed by the deposits 
from these rivers as to be a submarine plateau connecting 
thc northern part of Asia with an unbnoir~n continent. 

But, if there is very Iittle in the Vega observations to 
strengthen the hypothesis of Mr. I - Iovgaard ,  there is on the 
other hand nothing, which is absolutely contradictory to it,  
so we must be content to hope, that this question will be 
settled soon in a satisfactory manner by the Dijmphna-expedition. 

The opinion, that the >polynia>) of the Siberian Sea is a 
branch of an open arctic ocean, unfrozen even in minter, has 
receivcd an irreparable shock by the experiences of the 
Jeannette-expedition. Still there is full evidence froni the 
Vega observations of the fact, first, observed by W r a n g e l ,  
that  the ice of the Siberian Sea breaks up partly on several 
occasions in  the course of every winter. The 3lSt December, 
1878, Lieutenant Bove  inndc an excursion to a large clearing 
in the ice, which had formed in the course of the previous 
day. He found the temperature of the water to be - 2 O  C ,  
which proves that the open wntor was not due to any nielting 

- - 3.49 p. c.] .  We could as well fancy t’he bottom of the shallow 

1 ,111 &re sei o sette occasioni c seniprcchi! spirarono tempestc dal 
sad-est o dal stid-ovest, aprironsi bacini a1 nord dclla posizione della Vega., 
. , . . ,Era  un vastissiino baciiio che si perdevn verso l’est e verso il nord, 
mentrechb all’ovest era limitato dn alto catenc di  hi~mmoclcs~ . . . . .rRIon- 
tainnio su cli una colliiin cli ghiaccio per avere uiia piii chiam idea del baciiio 
d’acqua che avevamo in cospetto; inn niiche dnll’nllto di quell’osservatorio 
lion poteninlo vedere i liniiti cli qiielln piccola Polqnia~ . . . . BTroramino 
la temlxratnm dell’ncqun a - 2“‘ e diversi scaiiclagli ci cliedero ‘1111 ’altezza 
d i  fontlo di 24 a 26 nictri. 

Giacoi i io  Bove: Mpedizione Artica Bvedese 1878-79. 
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of the ice caused by a warm under-current et;. . , but solely 
to the mechanical force of a violent tempest from the south 
which had blown during 10 or 11 hours the day before. 

The only point on the route of the Vega, where we could 
expect to trace the influence of the Gulf-stream - I'f there 
really should exist anything worthy of that name in the Sibe- 
rian ocean -- undisturbed by the effluvia from the rivers, 
is  the sea north and east of Cape Tcheljuskin. The observa- 
tions on the 19, 20, 21, 22nd August (see section V on plate 
24) are somewhat scanty, but will nevertheless furnish a 
reply to the question, as f a r  as regards the acttcal colzdilions of 
the sea at thut scaso+a of the year. 

We are wont to  attach the idea of a relatively warn1 and 
salt surface-current of clear bluish coloured water with tho 
name of the Gulf-stream. None of these characteristics are 
applicable to the sea, which borders on the northest point of 
Asia. I ts  maximum saltness at the surface was 2 . 9 3  p. e. I ts  
temperature varied from 4- p . 8  C to - 0O.8 C and the colour Of 
its water was green. Now it is a well-proved truth, that the 
last out-parts of the warm Atlantic water to the north must 
not always be sought for at the surface. In very high latitudes 
the isotherms of the warm water often take the shape of 
closed curves, showing that the warm surface stream has 
been partially inundated by arctic water, which contains less 
of salt and therefore, notwithstanding its lower temperature, 
can be lighter than the Atlantic water between certain limits 
of temperature. Thus, to cite one example of many, Professor 
M o h n  , the leader of the Norwegian North-Atlantic expedition, 
discovered an isolated warin spot in  the sea west of Spitz- 
bergen at  about 79"--80" Lat. N. But the results of the deep- 
soundings on the 2lSt and 22nd August [section V] convinces 
us, that there exists no such phenomenon here. 

From a few metres below the surface and unto the bottom 
the temperature of the water was -1O.2 to -1O.4 C. But if 
there is no trace to  be found of a warm current of Atlantic 
water north o€ Cape Tcheljuskin in summer, it IIZCUJ still be  
possible, that such a current exists there in 'winter. 1 

See the last page of the preceding paper. P e t  e rman i i  has tried t o  
find a connection between the direction of the  ocean-currents in  winter along 
the north-eastern coast of Siberia and that  of the Gulf-stream. >Der Golf- 
strom, Mitth. 1870. ~Bernerkenswerth ist eine Thatsache in den Stroniungs- 
Beobachtungen TVr a n  g e l  s in  Nordost-Sibirien. Bekanntlich gehen dort die 
StrBmungen im Frulijahr und Somnier nach Westen, im Herbst und Winter 
nach Osten, in der Richttcizg des Golfstro?rws.. 
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The iiuinbers [pointed with blue] in sections IV, V & VI, 
which represent the saltness in p. c .  of the surface-water, reveal 
to us another very important fact, viz. that the great fresh-water 
ctcrreizt of the Kara Sea, derived from the Obi and Yeizisei rivers, 
does not reach farther eastward tham p u p  l'chel&skiiz. The diluted 
water a t  the surface, north of the Taimur peninsula, is of course 
due to an admixture of river-water, but this water does not 
belong to the Obi and Yenisei, but to the great Siberian river- 
system east of the Taimur land. For in case the fresh- 
water current froin the Kara Sen, reached beyond the Taimur 
peninsula, we ought to find the saltness of its water continu- 
ally iiacreusitag along its whole course. Instead, it reaches its 
nzaxi:.imum at Cape Tchcljtd%ia. The following series is the result 
of the regular observations of the saltness of the water a t  the 
surface between Port Actinia and the Chatanga Bay (see see-- 
tious IV, V, VI  on plate 24 & 25) 

- 

1.98 1'. C.; 2.54 p. C.; 1.01 p. c.; 1.20 p. C. ;  2.26 13. C.; 2.44 p. C.; 
Actinia Boy. 'I'ainiur Bay. 

2.65 p. e.; 2.79 p. e.; 2.88 p. e.; 2.93 p. c.; 2.84 p. c.; 2.83 p. e.; 

2.73 p. c.; 2.76 11. e.;  2.71 p. c.; 2.80 13. e.; 2.82 p. e.; 2.78 p. c . ;  

2.81 p. e.; 2.77 p. e.; 2.73 p. c.; 2.74 p. c.; 2.73 1). c.; 2.75 13. e . ;  

2.73 p. e.; 2.64 p. C . ;  2.40 p. e.; 2.31 p. e.; 1.43 p. c.; 1.36 1). c. 

etc. . . 
This fact is the more remarkable as we might rather 

anticipate the contrary. It can be seen most unmistakably 
from the sect8ioiis VII, VIII, IX that the currents from the 
rivers Chatanga, Olonek, Anabara, Lena, Indigirka, Kolyma 
etc.. . are always deviating to the east; coiisequently we should 
e.xpect that the upper-current of the Kara Sea, after rounding 
the northern and eastern capes of the Taimur coast, would 
penetrate into the Siberian Sea. From the other side there 
is no current of river-water along the east side of the Taimur 
land, which could directly neutralize the former. Froiii section 
VI  we see, that the outflow from the Chatanga bay takes an  
easterly and southerly direction. Towards the north it is 
limited by a ))wallx of relatively cold and salt water. I think 
the problein can be explained as follows: The average niveau 
of the Siberian Sea, east of the Taimur peninsula, is raised by 

C R ~ C  Tcheljoskin. 

Bast po in t  of 
the Taiiiiur Lnnil. 

Chatnnga Bay. 
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the abundant supply of fresh water from the rivers in  summer 
almost as much as  that of the Kara Sea; consequently there 
is  no tendency on either side to  encroach upon the other, 

The sections VI-IX on plate 25, which represent the 
conformation of the sea along the course of the Vega, also 
give a transverse section of 'the fresh-water currents from the 
rivers outside the river-mouths. 

A closer inspection of the temperature, the saltness and 
likewise of the change of colour in  tbe water shows that the 
main mass of the river-water is invariably found at  a consid- 
erable distance to the east of the mouth of the river, from 
which it originates. If we choose for example the section VII, 
which represents the state of the sea outside the mouths of 
the Anabara, the Lena and the J a m  rivers, we find that the 
head mass of the fresh water froin the Lena flows between 
the 13Ot" and the 13Gt" degree Long. E. G., i. e. Slongitudinal 
degrees east of the embouchure of the river. Rere the saltness 
at the surface sunk to only 0 . 4 9  or 0.91 p. c. and the water 
was clay-coloured. A similar reinark is due also to the waters 
emerging from the Anabara and Jana-rivers. 

At some distance l o  the west of the ~varni and frcsli river- 
water there will invariably also be found a layer of cold salt 
water a t  the bottom of the sea. This is, as already mentioned, 
an indraught of arctic water from the north, caused by the 
mechanic reaction of the outflow of the rivers. 

The same influence of the earths rotation, which forces 
the upper-current to take a n  easterly direction, also directs 
the under-current to tlie west. The existence of such an 
under-current of salt water, cooled unto its freezing-point, 
explains to  us the strange phenomenon, .that the oxpedition 
very often Lad to struggle with pack-ice o r  foundered ice-floes 
i n  the iminediate vicinity of the warin river-water, as  for ex. 
east of the Chatanga bay and the Lena delta. I n  such places 
vast masses of drifting ice-floes or massive foundered iceblocks 
were found in  the midst of almost fresh flowing river-wat& 
of relatively high temperature. The warin water could only 
attack tho superficial layers of the ice, which as a rule were 
found to be much corroded, while its bulk was protected from 
melting by the cold water a t  the base. Lieutenant B o v e  

* sLingzia di .yh&zccio. - Ln corrente del Kntanga nvevn nccunlul~t0, 
lungo il suo margine, una. longa e coinpattn lingua cli vecchi ghiacci tm i 
quali passammo Con q d c h e  clifficolth e coil gra.ri pericoli per il tiinone c 
1'eIica.r - - - 



VEGA-EXPEDITIONENS VETENSKAPLICA A IIBEYh”.  363 

has drawn special attention to the frequent occurence of ice 
masses in  those parts of the sea, which we should expect to 
be most free of ice, although he seems not to have appreciated 
the real cause of the phenomenon. 

Another remarkable phenomenon, ~v11ich certainly must 
b e  due to the influence of the cold water-stratum below, was 
observed 011 the evening of the 30th August. N o r d e n s k i o l d  
writes : 

))The temperature of the water near the surface varied 
betwcen + 1” and + ~ O . G  C, tlie temperature of the air was 
found + 1 O . s  to + l O . 8  C. Notwithst(anding both air and water 
had a teniperature higher than o”, ice began to appear a t  tbe 
surface of the sea (which was quite calm and unruffled) in 
the shape of needles or  a thin film of frozen water. Several 
times before I had witnessecl the forination of ice in the arctic 
sea, when the temperature of the air was above zero. In this 
case, when the temperature of the upper water-stratum was 
also above zero, the formation of the ice clearly must depend 
upon R radiation of heat either upwards to the air or down- 
wards to the cool water-stratum at  tlie b0ttom.x 

I think the most plausible explanation of the phenomenon 
is :  that the undermost layer of the fresh-water a t  the surface 
of the sea, being cooled below its freezing point [=-0”.76 C 
corresponding to the spec. weight = l . o i i o ] ,  gave up ice, which 
o n  account of its higher spec. volume rose to the surface of 
the calm sea and thus iiinde tlie impression upon the spectators 
of n spontaneous forniation of ice-crystals from the surface- 

Very intdresting is  the dcscription of the encounter of the Vega with 
icc in  the  niidst of the  waters of tlic Lena rircr i n  the afternoon of the 
28*” August. Froni the  map (plate 26) and tlie section T’II the render will 
get an idea of the  situation. 

PIncontyo rli nihouo yhinccio. - Funinio anclie costretti a farlo da11’ 
appnrire di  alcuni pezxi di ghiaccio clie per la loro natura indicarnno clie 
lion s i  erano staccati d s  niolto tempo dal banco principale. Ed i n  fatti 
verso le 2, il gliiaccio coinincib a spesseggiare, cd nlle 4 poni. divennc tanto 
denso, da obbligarci ad avanaare lcntaniente e con continuo nianeggio di 
timone. 

>In p~ese/azrc del ghiaccio ~ Z C S S ‘ I L ~  sensibile cnazbianzento avviene nella 
t c i n p e m t w n  c colom tEelle a c p c .  - Contrariamento a quanto ci ora sin qui 
accnduto, l’approssimarsi del. gliiaccio no11 f u  annuncinto da alcun sensibile 
cambiamento di temperatura e di  scolornniento dcll’ acquit; In temperaturn 
(tell’ acqux alla superficie cd a qualrhc inetro di profonditxi si inantenne a1 
ctisoprn dc’ + 3” ed il colore continub acl essere di un ginllo terreo, le quali 
cose indiravano che non ernvnnio ancora usciti dall’ cstuario della Lena* . . . 

[Spedixione artica Gvedcse, G. Bo re.] 
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water. Unhappily there exists, as may be seen from the table, 
no deepsounding from this place. 

From Cape Irkaipij [on the 12th Sept.] to the arrival at  
Pitlekaj [on the 28th Sept.] the temperature of the sea was 
found to be at  its freezing point and the progress of the 
expedition was accompanied with a continual struggle against 
the ice. The deep-soundings from this part of. the voyage a r e  
represented on  diagram X. 

The depths of the sea are not expressly mentioned in the 
tables 1-4, because tlze necessary information ea11 be got most 
easily from the hydrographic maps. The nature of the sea- 
bottoni 2 is registered j i i  Dr. S t u x b e r g ' s  paper: >Evertebrat- 
faunan i Sibiriens ishaf,>, Vega-expeditionens vetenskapliga 
iakttagelser, I. Some minor discrepancies between the anno- 
tations in  the meteorologic and the hydrographic journal 
regarding the localities, from which the saniples were taken, 
the spec. gravity of the sea-water at  the surface, the depths 
and the occurrence of ice etc. . . I have tried to remove by 
comparison with the log-book of the ship, the reports*of Prof. 
N o r  d en  s k i  6 1 cl , the Italian description of the Vega-voyage 
by Mr. B o v e  etc. . . 

Vegas fard kring A s h  och Europa, page 406 (Swdi sh  edition). 
2 Regarding the colour of the water of the Siberian Sea I wish to  caII 

attention to an important investigation entitled: sTda couleur des eaux.p, 
recently published by Professor W. S p r i n g ,  from wliicli I borrow the fol- 
lowing lines, which will be found to have a direct application on the obser- 
vations of the Vega-expedition (see the maps, plate 24 & 26). 

)On sait que l'argile ou le silicate d'aluminium, sans &re soluble clans 
l'eau, dans l'ncception propre du mot, forme cependant avec clle une pseudo- 
solution: de l'enu d'un fleuve, roulant sur un limon gras, argileux, nc clevient 
jamais coniplktenient linipide par le repos. L'argile, sans &re dissoute, e s t  
comae emulsionn6e clans le liquicle. Msis si Yon vient B ajouter B, l'eau 
une solution d'un sel, du chlorure de sodiuin, par exeinplc, alors le silicate 
d'aluminium se prbcipitera rapidement. On observe ce fait, sur une kchell@ 
h o r n i e  & l'embouchure des grands fleuves . . . . . Le sel hiite la prbcipitation 
d u  silicate d'nluminium, dont In pr6scmce dans l'eau, sous l a  forme de 
precipit6 naissant, contribue a t 4  tle'veloppenaeizt de  In coztlezcr vevte des caux. n 
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Table  3. 
Hydrographic observations during the  third part of the 

voyage, froin Cape Tcheljuskin (21St Aug.) to  Pitlekaj (29-30 
Sept. 1878) see the inap, plate 25, sections P-X. - - 
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3 40 
2.71 

2.50 
2.82 
2.75 
2.81 

2.77 
2.73 
2.73 
2.74 
2.52 
1.95 
3.19 
3.35 
3.36 
3.44 
2.77 
3.14 
3.77 

2.76 
2.76 
3.30 
3.46 
2.30 
2.73 
2.68 
2.64 
2.40 
2.3 I 
1.43 
2.40 
3.01 
1.50 

1.52 

I 36 
1.3' 

c __ 
~ 

2.75 



366 P E Y ' T E R S S O N ,  S Z B E R J A N  SEA.  

Time o 
the day 

noon 
4 P. n' 

8 p. m 
o a. m 
4 a. m. 
8 a. m 

noon 
4 P. m 
8 p, in. 

o a. m. 
4 a. m 
8 a. m. 
noon 

4 P. m. 
7 p. in, 

5 p. 111. 

3 a. in. 
1 a. in, 
3 a. in. 

noon 
1 P. m. 
3 p. m. 
I a. m. 

a. m. 
% a. ni. 

noon 
I. P. m. 
i p. m. 

1 p. m. 

= 

Lat. 

73O 58' 

73O 44' 
73O 4 I '  

73O 46' 
73O 48' 
73O 48' 
73O 47' 

73O 45' 
73O 45' 
73" 40' 

73O 40' 
73O 29' 
734 39' 
73O 47' 
73O 49, 
73O 50' 

73O 50' 
73O 44' 
73O 49' 
74O 9' 

74O 15' 
74O 0' 

73-= 53' 
73O 53' 
73" 46' 
74O 3' 

74O 5' 
7 3 O  54' 
73O 53' 

73O 49' 

Long. 
E. G .  

I 13O 12 

I I3O 53 
I 14' 56 

115'40 
116" 38 
118" 1 

I 1 9 ~  13 

I zoo 22 

12I0 27 

122" 15 

123' I O  

123' 5 
I 2 2 O  54 
123'' 26 
124' 50 
126" o 

126" 7 
r27O 37 
r z 8 O  5 0  
t30' 20 

[3Z0 0' 

[33O 32' 
r34O 47' 
r35" 20' 
134= 46' 
3s0 35' 

36" 18' 

38" 0' 

37" 28' 

38" 30' 

- - 
R 
P, 

a 
3 
'p 

a- _. 

p _ _  - 

( 

I 

I' 

( 

C 
I 

1 1  

C 

< 
C 

C 

c 
1: 

C 

C 

C 

L 

5 
C 

C 

C 

C 

C 

C 

IC 
20 

C 

0 

0 

0 

IO 
22 

0 

0 
0 

0 

0 

0 

I 2  

24 
0 

0 

0 

IO 
20 

0 

2 
Co B 

? $  
c - - 
a 

___ - 
+ 4O. + 3 O . t  + 2O.'  

+ so.$ + so.( + 4O.1 + 2 O . t  + 3O.C + 3 O . :  + 3O.f + 2 O . f  

- 1 O . C  

+ I O . 5  

+ Io.: 
+ I".I 

+ 1 O . f  

+ 0 O . L  + 3".f + 3 O . r  + 3 O . 1  + 2 O . t  + 3 O . 2  + 2O.8 
+ o'..5 

+ 2O.6 
+ 29.4 
+ 4O.2 + 4O.4 + 4O.4 + 3O.8 + 3 O . 2  + 2O.O + ' O . 4  + OO.4 + OO.2 

+ I O . 2  

- oO.4 
t r O . 4  
t OO.7 
t 'O.4 + I O . 2  

- o".q 
+ 1O.O 

0 

- I O . 2  

0 

-- - 
Ul 

0 -  
BP 
z m  1;: 
p. 9. 

B __ - 
1.01 3. 

1.0141 
1.0121 

1.010' 

I . O I Z (  

I . O I I (  

1 .015 .  

1.014~ 
I .013: 
I .oogc 
I .m7: 
I .or 7! 
I .020: 
I .009 I 

I .009$ 
I . 0 I I C  

I.OI0I 

I .OI I !  

I .008c 
1.009: 
I .009: 
1.010; 

1.0135 
I .OI 75 
I . 0 2 2 t  

I .or zc 

1.0134 
I.OIOc 

I .005$ 

I .004c 
I .004c 
I .oogc 
I .oo41 
I .0042 
I .oo4€ 
I .006c 
I .006~ 

1.0118 

1.0128 

1.0128 

1.0116 
1.0117 

1.0165 

1.0074 

1.0112 

t.0110 

- 
ti-, - ; 
-ol 0, 5 
o $ 1  

80 .  
I- a !  
.o 

1.0135 

1.0144 
1.010: 

1.0125 

1.0122 

1.0121 

1.0154 
r.0147 
r.0141 
I .0090 
1.0072 
1.0181 

1.0091 
1.0098 

1.0104 
1.0117 
I .0080 

I .0092 

1.0109 

1.0141 
1.0182 

1.0231 
I .or 36 

1.0210 

1.0112 

1.0095 

I .OI 22 

I .OIO0  

1.0058 

I ,0040 
I ,0040 
I .0050 

I .0041 
I ,0042 
1.0046 
1.0060 
I ,0060 
1.0074 
1 .0120  

1.0130 
1.0114 
1.0130 
1.0118 
1.0119 
1.0168 
1.0112 

v 
2 
E 
s 
ID 

p 

1.03 P 

0.84 V 
1.06 P 

0.71 I? 
0.82 I?. 

1.39 v. 

~ 8 6  V. 
r.38 V. 

,.8I v. 

- - 
E' 
U a 2 - - 
1.67 
1.50 
r .84 
1.28 
1.50 
1.49 
1.90 
1.80 
I .72 

0.88 
2.24 
2.60 
1.11 
1.19 
I .38 
1.28 

1.45 
0.75 
1.12 

1.16 
1.31 
1.48 
1.74 
2.25 

2.86 
I .66 
r.23 
0.74 
0.49 
0.49 
0.62 
0.50 
0.52 
0.57 
0.76 
0.76 
0.91 
I .48 
1.61 
I .38 
1.58 
I .46 
I .47 
2.08 
I .36 

1.10 



VEGA-EXPEDITIONENS VETENSXAPLIGA ARBE'TEN. 367 

- 
Time o 
the day 

__ - 
o a. In 

4 a. In 

8 a. In 

noon 
4 p. 111 
8 p. m 

4 a in, 
8 a. in 

0 a. rn 

no011 

4 11. 111. 

8 p. m. 
D a. m. 
4 a. ni. 
8 a. ni. 

noon 
1. p. In. 
5 p. m. 

3 p. 111. 

1 a. 117. 

i a. in. 
3 a. m. 
noon 
I [J. I l l .  

I. P. m. 
% p. m. 
) a. in. 
1 a. IN. 

5 a. m. 

I. p. in. 
I 11. m. 
) a. in. 
c a. 111. 

11oo11 

- 
Lat. 

73- 43' 
73" 42' 
73O 43' 

73O 40' 
73" 22' 

73O 2# 

7Z0 57' 
7 2 O  59' 
73O 4' 

73O 9' 
73O 5' 

73O 0' 

7 2 O  55' 
7 2 O  55' 
72' 40' 

7 2 O  33' 

7 2 O  20' 

72" 15' 

7 2 O  3' 
71° 53' 
71" 44' 

71'38' 

72' 30' 

71'40' 

71'33' 
71' 22' 

71' 15' 
71° 7' 

Po 37' 
70' 52' 

70' 30' 
70' 31 
70' 24' 
70" 22 

= 

Long. 
E. G .  

I39O 35 
139O 57 
140" 41 

140" 16 
139O 32 
139' 40 
140' 37 
141' 26 
142" 40 

143" 20 
144' 20 

145'40 
146" 43 
I47O 35 
148" 40  

150° 0 

1 5 2 O  18 
153' 30' 

153' 18' 
154' 6' 
155' 6' 
I 56" I 5' 
157' 11' 

157" 25' 

157" 55' 

I59O 45' 
I 58" 4 8  

I 60" I 8' 
161" 0' 
161" 25' 

162" 13' 
I 63" I 2' 

163' 40' 
163' 4s' 

- - 
B 
'E! 

5 .  
v 

2 
_I w - - 
0 
0 

0 

4 
S 
0 

0 

0 
0 

0 

0 

8 
16 
0 

0 

7 
14 
0 

0 

0 

0 

6 
I 2  

0 

0 

0 
IO 
2 0  

0 

0 
0 
0 

0 

0 

IO 

20 
0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

-- - 
2 

" B  " 2  
5 

+ r".t 
+ 2 O . C  

+ 2 O . t  

+ 2 O . t  + 2 O . t  

+ 2 O . t  

+ 1 O . C  + I".( 
+ 2 O . C  + 1 O . C  

+ o".E 
+ 0O.I 
+ IO.2 

+ 2 O . t  

+ Io.? 
+ 3O.6 + 3O.2 + 3O.4 + 3O.2 

- 0 O . a  + 4O.O + I O . 4  + oO.6 

- oO.6 

+ oO.8 
+ oO.6 
+ 1O.6 

- 3  

_I_ _- 

0 

- oO.4 

0 

0 

+ I O . 0  

+ 2O.O 

+ 1 - 3  
J)- I O . 0  

- I O . 0  

f. 1O.6 + I O . 0  

$- rO.6 
- OO.8 

- OO.2 

$- 0O.I 
0 

- oO.4 
- 1O.O 

- I O . 2  

- - 
[I) 

o x  
= ?  

a 5. 
d 

E ,  
4 -  o f (  

-_- __ 

1.0112 

I.0IIC 

1 . 0 1 1 ~  

1 . 0 1 1 ~  

1 . O I I t  

I .012C 

I . 0 I I C  

1.01 IC 
I .or 4c 
1.oroE 

1.014~ 
1.0145 
1.0114 

1.010g 

1.0121 

I .0 I IC 

1.0144 
1.010g 

I .0083 
I .0082 
I .oogz 
1 . 0 1 5 1  

1.0172 

I .ooga 
1.0161 
I .or 65 
1 .or 95 

1.0165 
1.0ISO 

1.0182 
1.012g 
1 . 0 1 1 s  

I or25 
1.01gS 
1.0130 

I ,0202 

1.0120 

1.0134 
1.0135 
1.0142 
I.0151 
1.0165 
1.0142 
r.0142 
1.0142 
[.or63 

- 
,I -0 - f 
ol s *' 
c) 

- a  
s g q  

2 "- 
1.01 14 
1 . 0 1 1 0  

I .or 20 

1.0121 

I .OI 22 

1.011s 

1.0112 

1.0112 

1.0142 

1.0123 

1.0148 
1.0116 
I .or07 

1.0146 
1.0107 

I .0083 
I .m82 
I .oogz 

1.0110 

1.0143 

1.0112 

1.0153 
1.0175 
I .oogo 
1.0164 
1.0168 
I .or gg 
1.0207 

1.0168 
I .or 84 
1.0186 
1.0131 

\ 

1.0120 

1.0122 

1.0127 

1.0132 
1.0136 

1.0202 

1.0137 
1.0145 
1.0153 
1.0168 
1.0144 
1.0144 
1.0144 
1.0166 

- 
_I_ 

w 
4 

4 
B 
p - 

1.84 V 

1.76 P 
L.00 v 

- I_ 

[I) 

5' 

9 
V 

2 
__ - 
1.38 
I .36 
I .4s 
1.49 
1.50 

1.43 
1.36 
1.36 
1.72 

1.34 
1 .52  

1.77 
1.83 
1.41 
1.33 
1.38 
I .so 
1.3' 

I .02 

I .or 
1 .12  

1.89 
1.16 

2.04 
2.07 
2.46 
2.56 

2.29 
2.31 

1.59 
I .48 
1.50 
1.56 
2.49 
1.61 
I .66 
1.67 
1.77 
1.87 
2.09 
1.76 
1.76 
1.73 
2.05 

I . I O  

2.10 



368 P E  7'1'EX SSO N ,  S I B  E I1 I A N S EA.  

- 
Time of 
the day. 

8 a. in. 
noon 

4 p. m. 
8 p. m. 
o a. m. 
4 a. in. 
8 a. ni. 
noon 

4 p. ni. 
8 1'. m. 
o a. m. 

4 a. m. 
8 a. m. 
noon 

4 1'. m. 
8 p. ni. 
0 a. 111. 

4 a. 111. 
8 a. m. 
noon 

4 p. ni. 
8 p. m. 
o a. in. 
4 a. EL 
8 a. in. 
noon 

4 11. in. 
8 p. m. 

o a. m. 
4 a. 111. 
8 a. m. 
noon 

4 11. m. 
8 1). m. 
o a. m. 
4 a. m. 
8 a. m. 
noon 

4 p. in. 

Lat. 

70° 2 7' 
70' 16' 
70' 2' 

69" 52' 

69" 42' 
69" 3 8  
69" 40' 

70' 12' 

70' 14' 

69" 45' 

70° 4' 

70' 8' 
70° 5' 
70° 5' 
70' I' 

69" 58' 
69' 56' 

69" 56' 
69" 58' 
69" 56' 
69" 51' 

69" 32' 
69" 30' 
69" 27' 
69" 25' 
69" 22' 

69" :9, 

> 

> 

E 

> 

D 

> 

> 

Y 

69" 26' 
69" 26' 

Long. 
E. G.  

163O 59' 
163O 35' 
163" 16' 
163' 20' 
1 6 4 ~  21' 

165' 15' 
166" 20' 
I 67O I 7' 
I 68" I 0' 
169" 30' 
170' 17' 

170° 32' 
171" 20' 

1 7 2 ~  7' 
I 72' 48' 
173" 22' 

174O 27' 

174' 56' 
1 7 5 ~  28' 

176" IO' 

176" 41' 
177O 8' 
r77O 41' 
177' 26' 
177' 14' 

177'38' 
177' 20' 

I) 

> 

)i 

LI 

>> 

P 

> 

Y 

177'30' 
177O 30' 

- - ra z 

3 
0 a 
L 

0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

I 2  

22 

z 
1 
I. 

- 

32 
0 

0 
0 

0 

0 

0 

I 2  

25 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

5 
I O  

0 

0 

0 

0 

0 

0 
0 

0 
0 
0 

0 

-- 
z 

Pg 
5 

"0 u 

____ ___ 
- I O . 0  

- 0".6 
- oO.6 + 3 O . 5  + 3 O . 5  + 1O.O 

+ 2O.O 
+ l O . 0  

+ oO.6 
- oO.4 
- oO.9 
- I O . 2  

- I O . 2  

- 1 O . 3  

- oO.9 
+ 2 O . 6  

+ 2O.O 

+ 1".6 
+ I O . 0  

- 1 O . 3  

- I O . 0  

- oO.9 
+ oO.6 
- oO.3 
- oO.8 
+ O O . 2  

- 0".6 
- I O . 0  

- I O . 2  

- I O . 0  

- o O . 8  
- oO.9 
- 1O.4 
- 10.3 

- I O . 2  

- 1".4 
- I O . 6  

- I".E 

- I O . 2  

- 1 0 . 5  

- I O . 5  

- 1 O . G  

- I O . 6  

- I " , G  
- 1 O . 4  

- 1 O . 4  

- -- 
m 

O X  8.0 
E a  s a  a 5 .  
9 

1.0170 
1.0165 
1.0184 
1.0120 

I .0099 
1.0122 

I .OI 53 
I .0200 

1.0210 

I .0234 
I .0232 
1.0238 
1.0242 
1.0252 

I .0232 

1.0181 

1.0192 
1.0207 

1.0241 

I .0250 

1.0225 

1.0235 

1.0250 

1.0246 
I ,0250 

1.0238 
1.0242 

I ,0238 
I .0232 

I .0220 

I .0244 

I .0239 

I .0243 

I .0233 
I .0243 
1.0237 
I .0243 
I .0237 
I .0237 
I .0237 
I ,0236 
I .0230 

1.0238 

I .0230 

1.0232 

1.0237 

- 
;I Co II pv 

1% 8 $ 

c; 5 ;  
2 o w  B a  

o-___ 
I .0174 
1.0168 
1.0188 
1.0122 

1.0099 
1.0124 
1.0155 

I .0205 

1.0215 

I .0239 
1.0237 
I .0243 
I .0247 
1.0257 
1.0237 
1.0185 
1.0196 

I 0225 

I .0246 

1.0212 

I .0249 
1.0255 

I .0230 

I ,0240 
1.0244 
1.0255 

I .025 I 

1.0255 

I .0243 
I .0247 
1.0248 

I 0237 
I .023S 
I .0248 
1.0242 
1.0248 
1.0242 

1.0242 
I ,0242 

1.0241 

I .0243 

I .0235 
I .0243 
1.0242 
1.0235 
1.0237 

w ; 
z 
0, 
p 

1.61 P. 
1.68 1'. 
r.69 P. 
1.72 P. 

,.69 P. 
.70 1'. 
1.74 1'. 

- - 
$ 

; 
5' 

<.e 

- 
c - ___ 

2.15 
2.09 
2.34 
I .48 
0.97 
1 . 5 0  

I .93 
2.53 
2.66 
2.95 
2.93 
3.01 
3.06 
3.18 
2.93 
2.29 

2.37 
2.62 
2.78 
3.04 
3.08 
3.15 
2.84 
2.97 
3.02 
3.15 
3.10 
3.15 
3.01 
3.05 
3.07 
3.01 
2.93 
2.94 
3.07 
3.00 
3.07 
3 00 
3 .oo 
3.00 

2.98 
2.91 
3.01 
3.00 
2.91 
2.93 



- - 
Date 
1878 

- __ 

ept. IC 
E I1 

u I 2  

,, '3 

p 1 4  

I 5  

li 16 

- - 
Time o 

the day 

__ 
~ 

S p. in 
o a. m 
4 a. m 
S a. in 
noon 

4 1'. m 
8 1). m 

o a. m 
4 a. ni 
8 a. In 
noon 

4 P. m 

o a. m 
4 a. in 
8 a. m. 

4 11. In 
8 1'. m 
o a. m. 
4 a. m 
8 a. m. 

s 1'. 111 

110011 

noon 
1. 11. in. 
3 11. ni. 
3 a. m. 
1 a. In. 
3 a. 111. 
noon 

1. p. 111. 
3 13. m. 
3 a. 111. 

1. a. In. 

3 a. m. 

noon 
1 11. m. 
3 1). in. 

Lat. 

__. 

69' 26' 
> 

2 

69" 22' 

69" IO' 

69" 8' 
69' 3' 

69' 3' 
69O 3' 
69" 0' 

6s" 55'  
68" 55' 

Y 

>> 

1 

> 

, 
> 

a 

u 

Y 

D 

3 

9 

>> 

, 
n 

I 

a 

Y 

- 9  

_.- 

I.01,g. 

E. G.  

I 7 7 O  30' 

178" 12' 

I 78" 5s' 
178" 48' 

D 

179' 28' 

179' 28' 

179" 28' 
ISO" IO' 

180" 52' 

I So" 40' 

. 
u 

3 

V 

9 

x 

x, 

, 
u 

> 
Y 

, 
, 
n 

u 

% 

x, 

P 

- - 
F 
10, 

a 
3 
0 

r -. 

n yi - - 

0 

0 

0 

0 

0 

0 

0 

5 
I O  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f 
4 
6 
8 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 
I O  

0 

0 

0 

- 
8 

Gj 
-0 a 

C a 
___ -- 
- 1O.2 
-- 1".4 
- 1".6 
- 1*.3 
- 0 O . S  

- O".S 

- I O . 3  

- IO.3 
-- 1 O . 2  

- 1O.4 
- IO.4 
- 1O.O 

- I O . 2  

- IO.2 
-- 1O.O 
- I O . 0  

- I O . 0  

- I O . 2  

- I".O 

- 1".2 

__ 1 O . I  

- 1 O . 2  

- IO.3 
- 1 O . 2  

- 1".2 

- 1 O . 2  

- I O . 1  

- IO.3 
- IO3 
- I O 2  

- I O . 2  

- 1 O . 2  

- 10.4 
- 1"4 
- 1O.4 
- 1".4 
- IO.4 
- I O . 3  

- I".O 

-- I O . 2  

- I O . 2  

- 1 O . 2  

- '".3 
- I O . 2  

- I O . 2  

- 1 O . 2  

- - 
cn a 

%: 

P 9. 

!h 
0 s  

7 
- - 
I .024 I 

I .0242 
I .0233 

1.0232 
I .0230 

I ,0232 
I .0232 

I , 0232  

1.0232 
I .0225 

!.0233 
I ,0229 

1 . 0 2 1 ~  

I ,0225 
1.0226 

I .0229 
I ,0233 
I ,0230 
I ,0230 

I .0230 
I .0230 

1.0230 
1.0229 
1.0230 

I .0236 
I .0230 

I .OZjO 

1.02;o 
I . O Z j 0  

I ,0230 

I ,0230 

1.0225 

1.0230 
I .0230 

1.0230 
I .0230 

1.0230 
1.0235 

I .0230 
1.0232 
1.0232 

I .0245 

I .0243 

I . 0 2 2 0  

1.0234 

1.0233 

= 
II av 

c. e ;  
0, 

b 
0" 'j $ 
n - 
1.0246 
I .OZ47 

I .023s 

1.0250 

I 0237 
I .0235 

I .0237 
I ,0237 
1.0248 
1 0 2 3 7  

I .0230 
I .0238 

1.0225 

1.021s 

1.0230 
1.023 I 

I .0234 
1.02;s 

I . O Z j 5  

1.0235 

I .0237 

1.0234 

1.0235 
1.0235 
I .0235 

1.0234 
I .0235 

1.0239 
I ,0241 
10235 
I ,0235 
I .0235 

1.0235 
1.0235 

I .0235 

I ,0230 
I .0235 
1.0235 
1.0235 

I .0235 

I .0237 
1.0235 
I .0240 

I ,0235 

1.0237 
1.0237 

0 

3 " 
0, 
2 

1.63 1'. 
1.64 1'. 
1.66 P. 

= 
P - 
c 

5' 
P 
0 

n - - 
3 J34 
3.05 
2.94 
3.09 
2.93 
2.91 
2.93 
2.93 
3.07 
2.93 
2.93 
2.84 
2.94 
2.89 
2.75 
2 70 
2.84 
2 85 
2.59 
2.94 
2.91 
2.91 
2.91 
2.91 
2.91 
a59 
2.91 
2 95 
2.95 
2.91 
2.91 
2.91 
2.91 
291 
2.91 
2.84 
291 
2.91 
2.91 
2.91 

2.93 
2.96 
2 97 
2.91 
2 93 
2.93 

24 
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4 a. m. 
8 a. m. 
noon 

4 11. m. 
8 1'. m. 
o a. m. 
4 a. m. 
8 a. m. 
noon 

4 1'. m. 
8 1'. m. 

g: 
v+ 
B 
1- - 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

- OO.4 1.0093 I 
- 01.4 1.0097 
- o".o 1.0089 
- oq.z 1.0091 

- 0".8 1.0092 

- 0O.Z 1.0095 

- 0".8 1.0095 
- 0".8 1.0095 
- 0'3 1.0095 
- o O . 8  1.0096 
- o'.S 1.0096 

I .oog3 
1.0097 
I 0089 
I 0091 
1009.5 
I .009z 
I .0095 
1.0095 
I .0095 
I ,0096 
I .0096 

__- 

Winter-observations at Pitlekaj. 

1.r3 
1.17 
1.17 
1.17 
1.1s 
1.1s 

Some of these observations, which concern the saltness of 
the ice, the efflorescence of Kosso1 salt arid the appearance of 
salt brines on the surface of the ice-floes are discussed in  tho 
foregoing paper. In the following table are eiiuiiierated some 
determinations of the temperature and spec. gravity of tho 
sea-water beneath the ice. * The titrations. were made on 
board tlie ship. 

i 

___ _-- - 
I The thic 

The following t 
(page 44'3, Swedish edition): 

of the ice was measured once or twice every iiiontli, 
t is taken from *Vcgas filrd kring Asieii ocli Eiiroi~ar 

Dec. lst ............ 50 ceiitiiiietres May 1'' . . . . . .  154 cciitiinctres 
II 15"' , .. 162 x 

June .......... 154 3 

D ........... 120 D . . . . . . . . .  > 

March 15* ... 3 

. 128 B ' 

18"' . . . . .  - 
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Froin the 28t'' Febr. 1879 regular areometric determinations 
of the spec. gravity of the water-samples and  titrations of Cl 
were made simultaneously wit11 the temperature observations. 

- 

- 
Time of 
the day. 

___ 
n O O l l  

I O  n. I l l .  

2 p. 111. 

2 a. m. 

to n. in. 

9 a. 111. 

==!== 
U 
'E: 
7- -. 
3 
D 
D A __ 
0 

2 

4.4 
6 
8 

10 

0 
2 

4 
6 
S 

1 0  

0 

2 

4 
6 
S 

I O  

0 

2 

4 
6 
8 

10 

0 

5 
1 0  

0 

4 
6 
8 

I O  

0 

3 
6 

1 0  

- 
5 2  
< z  $ 2  - 2  
" 0  1 

- I O . 5  

n 3  

____- 

-- 1 O . 7  

- 1 O . 8  

- I".9 
- 2 O . j  

-- 1O.9 
- 2"o 

- 2O.6 
- 2".4 
- Z1.O 

- 2O.O 

- I".S 
- I".S 
- 2I.o 
- 2O.O 

- 2O.Z 

- 2O.O 

- 2O.O 

- 2".8 
- 3O.o 
- 2O.4 
- 2O.O 

- 2O.4 
- 1".6 
- 1".8 
- 1".4 
- 2O.O 

- 2 O . I  

- 2O.O 

- 1 O . 8  

- 1O.O 

- 2 O . 3  

- I O . 5  

- I O . 4  

- 1 O . j  

S ~ K C .  gravity 

1 b s e r v e d 

-- - 

I ,0220 

1.0221 

I 0 2 2 2  

1.0228 

1.0225 

1 0 2 2 0  

1.022 I 

1.0221 

1.0223 
1.0224 

1.0227 
1.0217 

1.0208 

1.0225 

1.0226 
1.0225 
1.0229 
1.0227 
1.0223 
I .0223 

1.0224 

1.0226 

The titrations, which were 

at C. 
_ _  

+ SO.6 
t 8".6 
+ 9".0 + 8".6 
+- 9O.o 

+ 1on.0 

+ ro'.6 
f roO.6 + 1 0 O . 4  + 10".4 

t 7O.8 
t 7O.2 

t S O . 2  

f 8O.2 

t 8".5 +- V .8  
t 8O.3 
t S".3 

t I2O.O 

t 12".2 

+ 12".4 

t 11".6 

_I_ ?. '9 s m  ; g  
. 4  

p i -  
s o  

En u 
~ 

16.6 

16.6 

1 6 3  

16.6 
I 7.0 
17.0 
17.4 
17.5 

17.1  
17.1 
17.3 
17.3 
15.4 

16.3 
15.5 
I 6.8 
16.; 
14.7 
15.5 
16.6 
16.6 

16.6 
16.5 
16.7 
16.6 
16.4 
16.6 
16.8 
16.9 

=!===!= 

1. C. or c1 

- I. 

1.62 

I .67 
1.70 
1.72 

1.67 
I .67 
1.70 
1.70 
1.70 

I .60 
1.51 

1.67 

1.51 

I .63 

I .63 
1.61 
1.64 
I .62 
1.61 
I 62 
I .64 
I .65 

P. c.  of 
salt. 

- 

2.92 
3.01 
3.01 
3.06 
3 00 

3.01 
3.01 
3.06 
3.06 
3.06 

2-39 
2.72 8 

2.72 

2.93 

2.93 
2.90 
2.94 
2.92 
2.90 
2.92 
2.95 
2.96 

executed in the cabin by 
la i i ip~ig~i t  are of co'urse only approximately exact. Still tlieg 
bear out n u  important and unexpectgd result,, viz. that tho 
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water beneath the ice was for the most part cooled below its 
normal freezing point [- 1 O . 5  to - I".? C]. From the increasing 
thickness of the ice-floes we must infer, that  the sea-water 
below was constantly giving up  ice. Consequently we ought 
to expect, that  its temperature would remain precisely at  the 
normal freezing-point during the whole time. Although I am 
acquainted with many similar observations froin previous 
deep-soundings in arctic seas, I can find no plaiisible explana- 
tion for the strange fact, that  water, which is in contact with 
ice, can be over-cooled at the same time. From a physical 
point of view such ternperattires as f. ex. -Y.8 C or - 30.0 C 
in  water, which does not contain morc than 2 . 7 2  p, c. of salt 
and has a spec. woight of not more than 1.0217 - 1 . 0 2 ~  or 
thereabouts must be considered as abnormal. 

The lowest temperatures hitherto observed in  the ocean 
are those found in  Baffin Bay [ t = - - T . s  C;  depth=1478 
metres ( P a r r y ) ,  and t =-3O.7 C ;  depth = 1243 metres ( R o s s  
& S a b i n e )  and west of Spitzbergen, 1873, by the Swedish 
expedition [t = - 3O.z C ; depth = 142 nietres] and (in the sainc 
year) by Mr. L e i g h  S m i t h  [t = --.I C;  depth = 1006 metres]. 
The numbers in the above tablcs, taken froin the observations 
in  the winter 1878-79 at  Pitlekaj, do not range among the 
lowest submarine temperatures ever observed, but are, however, 
still more remarkable by the circumstance, that  the cold layer 
was found only a few metres below the surface. The low 
temperatures observed in  the sea east and west of Greenland 
belonged to  a stratum of water 140 to 1000 metres beneath 
the surface, wliich was exposed to  an enorn~ous pressure. 
The rate, a t  which the freezing point of salt water decreases 
under the influence of pressure, is a t  present totally unknown 
to us. I t  might therefore be possible that the water of -5@ C 

We ought by no means a pviori to apply thc formula found by J .  
T h o m s o n  (Transact. It. S. E. T. XVI) for the  deprcssion of' the freeaing- 
point of purc water also to sea-water. The niistakes, which have arisen 
froin confounding the propcrtics of sea-water arid fresh tvatey, or  sea-ice with 
fresh-water-ice, a re  too nunieroiis and flagrant not to  impress tlir necessity 
of experimental investigation. I n  the sainc way, as  the majority of liydro- 
graphers 30 or 40 years ago took for granted, that the  maximum dcnsity of 
sca-water was at + 4" C, like that of frcslr water, and that tlie sea from it 
thousand inetrcs from tlie fiurfacc to  tlic bottom had a constant tcmpera- 
ture etc , science has  hitherto tacitly supposed, that the clilntation, the chcm- 
ical composition and the  latent h a t  of sca-ice was eqnal or dwzost oqacal 
to  that of fresh-water-ice. Jn the precetling papcr I hnvc trictl to  show up 
the  fallacy of them asbuinptions. 
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was not over-cooled, but was kept liquid by t,he influence of 
the pressure, but in the case f. ex. of the observations from 
the  14th April 1879 at  Pitlekaj we can not well resort to this 
explanation. 

From the commencement of June the thickness of the ice 
began to  diminish and the temperature of the sea-water in- 
creased. The following table contains the last deep-soundings 
made at  Pitlekaj. 

June 25. 

T I  a. 111. 
_._ ~- - 

+ oO.9 C 
- oO.4 C 
- oO.9 C 
- 1 O . 4  C 

July I.  

IO a.  m. 
- __ 

~ - _- 
+ OO.2 c 

o c  
- OO.2 c 
- I O . 2  C 

Joly 7 (IO a. m.) 

Temperature. C .  of CI. P. c. of salt. 
- L - 

Water-analyses. 
I choose this opportunity to mention briefly the results 

of some quantitative analyses on sainples of sea-water taken 
froin various localities and from different depths of the Siberian 
Ocean. A t  niy request Mr. F o r s b e r g ,  assistant teacher of 
chemical analysis a t  the laboratory of the university of Stock- 
liolin, undertook these determinations. The experimental 
methods for the determiiiation of the constituent parts of' 
sea-wtiter : sodiuiii, potassium, lime, magnesium etc. . . are too 
well known to need any descriytioii here. Some practical 
precautions in the  analytical operations have been recoinmend- 
s d  lately by experienced chemists and hydrographers, such 
as  Prof. E k m a n 1  and Mr. Schine lck .  Mr. F o r s b e r g  
agreed with my opinion, that .the experimental proceeding ought 
to be conducted strictly in accordance with these principles, 
i n  order to iuake the investigation of the Siberian Ocean con- 
formable to the previous researches 011 the water of the 
North-Atlantic, the Rnttegatt and the Baltic. Suffice it then 
to  say, tliat the amount of 

1) Lime  vas weighed as CnO, obtained by calcination of 

1 Om Imfsvattnet utmcd BohubIfinskn. kusten. I<. 1'. A:s H. Bd 9. N:o 4. 
2 Norwegian North-Atlnnt. exped. 187G-78. 
n According to  iiiy own opinion it would be far better to  calculate the 

:mount of h'a, Kn, IIg, Ca, SO,, Cl contained in  1000 cc. of the sea-water 
[at 0" C ] ,  but as the usual iiietliod i s :  to represent cinpirically the composi- 

- 

IS. 
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the  oxalate after doubly repeated precipitation with oxalate 
of ammonium. 

2) hlagnesia was weighed a s  i\ilgz0~PrLO3. 
3) Sulphuric acid [calculated as SO:j] was determined a s  

BaOz SO2. 
4) Potassium [calculated as I<a2 01 was deterinined as 

Kat C1, Pt CIt. 
5 )  Sodium [calculated as Na20] was determined as WaCl 

[from the difference between the sum of chlorides [ICaClf NaCI) 
and KaCI]. 

6) Chlorine + l3romine was determined by titration with 
silver nitrate [by the author]. 

Sea-waters (Siberian ocean). 

I I 1- 

70' 14' 170' 17' 
73'59' 113" 12' 

73' 05' 144" 40' 

_.____________ 

Salt brines and crystals found upon the ice. 

cry5tals of \tiow collected 0.1802 1 5.3812 1.9080 1 0.4323 0.1617 1 9.636 

8.2247 , 1.9168 04646 0.1508 13.198 

liquid intermingled with 

at -32' C 

liquid inundating the ice 

snow). 

The proportions of the constituents relatively to chlorine 
(= 100) are represented in the tables 1 cG, 2 in the Eith Chapter 
of the preceding paper. The chemical composition of the 
water from the different strata of the Siberian Ocean is - 

tion of sea-water by its percentage of Kayo, Na.8, JIgO, CaO, GI, SOs, I felt 
bound to obey the general rule, of which I, however, can not approve, although 
it is supported by eminent authorities. 011 the other liand I have purposely 
abstained from the inanner of vatiowl coniputation usually adopted in water- 
analysis, viz. to groupe together tlie basic and acid or halogen radicals into 
definite saline conipounds: Na C1, MgSO,, etc. . . which depends upoil hypo- 
thetical assuniptioris not sufficiently warranted by facts. 1 think that  the 
discrepancies in  the hydrographical measures and nietliods could best be  
removed by international agreement. 
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100. 
brine free from cryitals) 

liquid brine w t h  crystnlj, 
bl lO\V ? 

(snow') I 
} loo 

contrary to what might be expected - not more variable 
than in  the Atlantic. 

3.52 I 14.52  

4.48 1 19.80 

Sea-waters (Siberian ocean). 

1.14 2.11 

1.67 1.87 

Brines. 

62.32 

55.84 

In the waters froin the North-Atlaiitic Mr. Scl i inel  ck  
found the following proportions. 

The amount of SOs and CaO relatively to C1 in the upper 
layers of the Siberian sen is g m i t e r  than in the Atlantic. 
The cause of tliis is twofold, 17iz. the admixture of river-water 
and the chemical plienoinena accompanying the freezing and 
melting of sea-ice. 

Hydrographic observations in the Behring Sea. 

The following table contains the results of the deep- 
soundings in  the Behring Sea. The results obtained during 
the voyage from Port  Claroiico on the American coast to 
Konyam Bay on  the Asiatic side of the strait are graphically 
represeiitcd on section XII, plate 26. 
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--. 

Time of 

the day. 

_. - __ 

noon 

o a. in. 

8 1J. 111. 

o a. rn. 

4 a. m. 

8 a. in. 

noon 

Q 1'. 111. 

3 1'. in. 

3 a. m. 

1 a. m. 

I 1'. 111. 

a. 111. 

T a b l e  4. 

Long. 

V. G. Lat. 

r- -- ~ 

POI t Clarence 

W 

65' 13' 

65' 8' 

65O 3' 

6 5 O  12' 

65- 9' 

65O 5' 

G j "  I' 

64' 57' 

G4> 49' 
( lion) 

54O 49' 

;49 30' 

I 66" 43 

167O 59 

168" 50 

169" 7 

169" 47 

170" 23 

170' 5s  

'71"  35' 

172" 58' 
lx l ) )  

172) 37' 

1 7 1 '  43' 

- __ 

Depth 

~- _ _ ~  - 

0 

7 

7 

4 
8 

0 

0 

I 2  

0 

13 
27 
40 

'5 
30 
55 

59 

0 

0 

0 

20 

40 
60 

IG 

32 
50 

16 
32 
52 

0 

0 

0 

I 2  

24 
36 

6 

'7 

3 0  
Go 
SS 

0 

I 1  

0 

0 

- 
2 

p; 

5 

+ II".E 

+ 10=.2 + 6 O . 4  + IIO.C 
+ 10O.5; 
+ 8 O . 8  + f . 4  

+ 5 O . 8  

+ 2".S 
+ 2*.0 

+ IO.5 

+ 2=.2  + 3 O . 3  + IO.9 + 4".8 

+ 2 O . 7  + 2O.4 + 1-43 

+ 2O.O 

+ 2 O . 0  

+ 2O.2 

+ 2 O . 3  + 3O.O 

+ 0".4 + O'.S + S9.O 

- 0".3 
- IO.4 

? 

? 

- 

+ 6".E 

+ .G".5 

+ 2 O . 6  

+ 5 O . 2  

+ oO.8 

+ jO.6 

+ 1".6 

+ z'.G 

0 

- o".G 
-t- 6O.3 
- 0'.8 
- 0".4 
- OO.2 

+ I O . 2  

- 
Cn 

0 -  g ?  a $  
P 5. 
G 

1.0140 

____ 

1.0194 
1 . 0 1 2 0  

1.01go 
1.0191 
1.0206 
1.0223 

I .0244 
1.0247 

1.0248 
I ,0248 
I ,0240 

I ,0242 
I ,0238 

I . 0 2 5 0  

1.0238 
1.0240 
I .0242 

1.0252 

1.0239 

1.0255 

1.0253 
1.0253 

I ,0253 
1.0252 
1.0252 
1.0252 

1.0252 
1.0216 
1.0250 
I ,0250 

1.0250 

I.0100 

I .0230 
I .0240 
I .024S 
1.0130 

1.0235 
r.ozg8 
1.022s 

1.0234 

- -- + &I+, _I .E 

blf 'd 2 
r: E: 
9 z ;  
+ g ?  

n_- - 

1.0143 
1.019s 
I 0 1 2 2  

1.0194 
1.0195 
1.0211 
1.0228 

1.0249 
1.02j2 

1.0253 
1.0253 

1.0245 
1.0244 
I 0246 

I .0260 

10243 
1.0246 
I .024G 

1.0243 

I .0255 

1.0257 

I .0258 
1.0258 
I 0258 

10257 
I ,0257 

1.0257 

1.0257 
1.0221 

1.0255 

1.0255 
1.0255 

1.0100 

I .0235 
I .0245 
1.0253 
I 0232 
1 0 2 3 9  
1.0239 
1.0243 
I ,0233 

- -- 
vi c 

r . p  
F ;  

-. 
1 

.- __ 

1.77 
2.45 
1.50 

2.40 
2.41 
2.61 
2.82 

2.08 

3.11 

3.13 
3.13 
3.03 
3.02 
3.04 
3.01 
3.22 
3.15 
3.01 

3.01 - 3.04 

. 3.1s 
3 '9 
3.19 
3.19 
3.  IS 
3.18 
3.18 
3.18 
3.73  
3.15 
3.15 
3.15 
I .23 

2.91 
3.03 
3.13 
I .63 
2.96 
2.96 
3.01 
2.55 
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~ _ _ _ _  L 

4 p. m. 

- 
Date 

I 1879. 

Aug. I 

2 4  

3 5  

I> G 

8 7  60" 20' 

Time of 
the day. 

____ 

8 a. m. 64O48' 
(St. Lnu 

4 1'. 111. 63' 16' 

- 
Long. 
V. G. 

____I 

171' 25' 
:ncc Is1 ) 

17S0 2' 

I 76" 39' 

179" 43' 

'79" 32' 

- - 
Depth 

IO 

21 

44 
0 

5 

16 

30 
Go 
90 

10 

0 

0 

65 
IO0 

0 

50 

' 5 3  

50 

'70 

IO0 

0 

I O 0  

- 
2 

r;$ 
W 
E 
F. 

a 

+ OO.2 

+ oO.6 
+ l O . 2  + 5 O . 4  

+ 5O.4 
4- S O 4  + 5O.4 + 6".0 
- OO.2 

- 0"s 
-k oO.8 + 6 O . 5  + OO.4 + I O . 2  

+ v . 2  
- I O . 2  + 1 O . 5  
4- 2O.5 

4- 2".4 
-k 2 O . O  

+ 2 O . 2  

- 

w 13 
g : :  $4 
m e ,  
p. 5 .  

Q 

I ,0240 
1.0242 

1.0236 
1.0243 

I .0235 
1.0236 
I .0238 
I .0243 
1.0244 
I .0249 
1.0252 

I .0244 
I .0249 
I .0259 
1.0238 

r.ozg1 
I .0249 

I .0254 

1.0254 
I .0254 
10254 

- 
v) 
L 

0 6  
6' 

" 2  

3.03 
3.05 
3.07 
2.98 

2.97 
2.90 
3.01 
3.07 
3.08 
3.14 
3.18 
3.08 
3.14 
3.26 
3.03 
3.14 
3.17 
3.20 

3.20 
3.20 
3.20 

The most intcresting observ:*,,oiis are those from the 27' 
& 28'" J u l s  1579. The section XI1 o n  plate 26 represents the 
constitution of the sea a few miles south of Behying strait. 
In Mr. Bove 's  description of the Vega-expedition the reader 
will find a diagram representing the temperatwes at  different 
depths in  this strait. They seem to bear out  that a current of 
warm water from the Pacific flows iiito the Siberian Sea, along 
the Aiiiericaii coast, while a cold current of arctic water passes 
in the contrary direction along t,he Asiatic side of' the strait. 
The above table as well as section XI1 shows, that tho tem- 
perature of the water is much higher at the Ainerican side, 
but neither the temperature nor the saltness of the mater at 
the Asiatic side seems to  warrant the coiicl~isioii, that  it 
should belong Jo a cold sfveain from the nl-ctic ocean. The 
sea-currents 011 both sides of the Belir'iiig strait are far from 
sufficiently explored yet,  and the Vega-expedition could do 
very little to this purpose. Previous observatio 



asserts that., ac 
water in  autu 

warmer brancli takes its way along the eastern coast of the 
Rehring strait. 
- __ - - - 

ations from the 

*The water is warniest toward the American sideL The highest temperature 
(co~n~iienceiiient of Sept.) is 48" F. and the lowest about 30" F. . , . The 
unifvrniity of tlic teniperatures from top to bottom does away with the idea 
of a sub-surface currelit froiii the ~ r c t i c  ocean carrying cold wator eouthwarrLz 
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