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~ x w i o ~ r s  oicasjoii I forriieci 'I iiietliod of determining the 

litv of sea \vater by the aid of its electrical conductivitvg. 
r - 
I l le  ohject of tliis metlioci nras to obtaitl the greatest possible esacttiess, 

evcn wheii ~ i~ork i i lg  oil boarct a sliip at sea, Electrical coildnctive power 

Tvas, ;xt t l ~ a t  tilile (the \VOSIZ \\ras carried out iii 1893) the orily physical 

quantjtY, by the ~iieasuremeilt of whicii 311- hope miglit be eiitertaii~eii 

of gajriii~g greater accu~-acjl in the I-esults that bad, liitherto, beeri obtaiiied. 
, l ile ~iietlloil, u~idoubtedly, gives very ionsiderable exactitucle, brit, 

iieverthcless, sufitrs ir«ill the fault tliat, tile calculatioi: of tlie results 

cr:ives iolisidesably more tinic than is desirable, arid that tiiis failii~g cail- 

ncit be overcome by formiiig subsidiauy tables, of an!- reasoiiable coilipass, 

i11 cirder to i : i r r ~  out the caliulatioris. 

'file meti1oci is, t h ~ i s ,  not suitable for eiilployiiiei~t in cases \vhere it 

is iiecessar~7 to   li ake tlie gi-eatest possible riuinber of dccisions iii :r sliort 

time, atid r~lhelz, besides, il i.< desirable to calcts/n/e flte re.rrrl1.r oil  ilte :;/JO/. 

After tlirit W. FIall\\-iiclis liad, ~ u b s e ~ r i e i i t l ~ ~ ,  publisbed a rnetiio<i:'::', 

by wliiili the relative refi-nctory powei-s of two liquids o is l jg l~t ly  difkrerit 

optical density may be ii~easured with far greater accnsacy tllan was, 

fornierly, possible, I deemed it probable that, by ineasiiriiig the refraitory 

power of salt water, an iiiii-ease of esaititude miglit Se gaineii in dcter- 

inining tlie s;iliility, tiiis beirig a tliiiig so gre:itly iieecied in tlie stuii'j of 
r - 

Iiydrograplij-. I lie salinity, as iiicasiireci by refraction, also clen~aiids 

ccx~sicierable tiiiie in  ca lc~ i l a t in~  the result-s, but, iii this iiistanie, tlie tirne 

iiiay he reciuced to a miriiiilui-ii tlie preparation of subsidiary tables 

of sniall coiiipass. \\Theil I had ai1 opportunity of esplaiiliiig my vjews 

on  tliis poitit to Dr. Hjort, who diirillg a series of years iias con- 

itricteii the investigatioils it1 tilis couiitry, I \vas requested by hirn to woi-IZ 

out the ii-ietl~oii in detail. anil, besides, to see if it could be snitably 
- - 
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eniployed. In April 1836, I, tlierefore, iliade a series of iavestigatioils of 

tliis subject, ~vli ich I sliall cieal witli belo\ir. 

Tlie Hall\racli ciifl-erential prism is forilled of a rectang~ilrir parallel- 

opipedic glass vessel, ciividcd iiito two portions by a partitioii. Fig. r ,  

shen.s the prisn-i as seen from above. Accorcliiig to I-Iall~vacli's statement 

it is sufiicieiit ii- the plates 4 R sild C D are oil perpcnciicular parallel 

glasses. Tlie t ~ v o  half portioils or  the vcssel, ilos I n i d  2 'Ire to be 

filled I-espectirely witli pure mnter and sea Tv'iter. 

'I'lie r.1~7~ wl-iicl~, in pure \\ 'Iter. wotild fall per- 

pellciiciilai-117 or1 plate A 13. aiici tliereby glailee a!oiig 

tlie p,~~-titiori C D, are ileai-ly trassmitted to the sea 

water, 'iild leave the pris111 as pardlel rays whicii 

form a decided aiigle (t<) \lirit11 tlie partitioii. It is 

easy to see t h ~ t  all the I - ~ J ~ s ,  wwhli, otherwise, enter- 

the pxtitioii 'it ai: angle of iilcidence less tlian yoo, 

will le'ive the prism in directions ~vliich, witli the 

partition, forn1 aiigles gredter tl-iaii rc ITTIieil the 

brolteil l~i1-iiilo~is f~iscicle is seei-i tllrougli die refracto- 

meter telescope, it is clear tliat the rays which, iii 

the field of visioil, correspoild to the smallest angle 

rc,  vill appear '1s a sharp straight line, parallel to 

the partitioii, foriiliilg the bou i lda r~  of tlie l~i111i- 
Fig. I .  

iious fascicle. 

Tlie double angle 2 rc is to be measureci accoi-ding to Hall~vach's 

metliod, by first adjustiiig tlie reticule oil tlie said straiglit liiled boundary 

of the broken 1~11ii1io~is fasciclc, and tlieil, after liaving cl-iailged sea 

water for pure water. and pure mater for sea water, repeatiiig the ad- 

justing process. 

111 order to avoid changiilg the sea water and pure water, I have 

had the prisms arranged so tliat both the plates A B arid E F  are made 

of parallel glasses, 2nd that bot11 of these are fised perpendicularly to tlie 

plailo-parallel partitiori. Tlie prisiii is tlius quite sy~lletrical, and it mat- 

ters not tlii-ough mhich of the plates A B aild E F the liglit eilters or 

leaves the prism. Wlieil the light enters at C, with glailciilg islcidence, it 

will clearly leave the prism ill tlie directioil s s. 011 the otlier hand, if it en- 

ters at D, it will leave the prism ill the direction aa .  T h e  tnlo directions 

s s and 0 o clearly forill, the one witli tlie otl-ier, an aiigle of r8o0-2 u. 



111 order tliat the liglit iiiay, alteriiately, be let i11 througii tlie o n e  

oi- otliei- plate, the eiitire refraetometer is coiistr~icted so as to turil o11 

its base, by \rliicii the observer is eiinbled to finci the aiigle 180'~-2 r( 01- 

z(( i11 a very short time ~vit l io~lt  Iiaviiig to chaiige the liquicls. 

In  order to avoid tlie oiie reading oil tlie divicled circle, tlie refr~icto- 

~iietei- is provideci  vitl li a screw oil \vliiili tlie telescope rests x\-lieii the 

readiag is of the right v:ilue for tlie leaviiig position. 'Thus, at the first 

:xdj~istriieiit, tiie telescope stancis iii a lised position, so tliat tlie aiigle wliich 

corresponds to tlie refi-actory iiides is foriiieci betweeii tlie telescope alid 

the partitioil i11 s~ic11 a Kay tliat, by t~iriiiiig tlic prisiii, tliis acijnsts itself 

to the fised telescope. 

1% accordii~g to Professor I-Iiortdalil's proposiil, oiie selcits I SoO as 

the perinnileiit seading value i11 tiie positioii of egress, tlleii, oil ~iiaking 

tlie second adjustmeiit, rifter turiiirig tlie telescope from I $o0-2 r < >  olle tvill 

be ahle, slearly, to i-ead of]' at over tlie aiigle 2 ri. 

It is uiiiiecessary to give a cletaileci desci-iptioii of tile i-eii-actoiiieter, 

:is subsequeiit esperieiice lias slie~vii tilat tlie instrumeiit eniployed j11 this 

iristaiice, ~\~I)icli \vas iiot, however, ciesigiiecl for sea water, cari be recoii- 

structeci for tlie pnrpose, i11 siich a iiiaiiiier tlint it gains, coiisiderably, 

in utility, ivitliont losiiig ailytliiilg iil accuracy. 

111 order to carry out esperiiiieiits, Dr. Hjort frirnislied iiie ti it li 7 

saiiiples of seli \vater taliec fro111 tlie opeii sea. Oiie of tliese (No. j), 

in order to obtniii \vatel- of the greatest lirio~vn s;iliility, Tvas leit to evapo- 

rate i11 nn opeii saucer for tlie right. Tlie speciiic gravity of these 3 

samples lyas obtained by ineaiic of Spreiigel's Py1;iioinetei-, aiid uiicler the 

obscrvatioii of all possible precautioiiary nieasures. 'The arnoulit of salt 

coiitaiiied iii tlie samples nas coillputed from tlieir specific \veigllt, nccoi.- 

ciiiig to tlie folloming iortiiula: 

Fl-o111 tliese ; saiiiples, 8 otliei- salt watci- saiiiples wei-e foriiiecl by bleii- 

cliiig tlieiii \vitli lised quaritities of distilled water, alle1 their strengtli \vas tlius 

very accuratei>- knowil. Altogetlier there wei-e, therefore; I I salt water 

samples, fl-otii \vhicli tlie comparative observations in 'rable I, \vere prepareei. 

Shoulcl the observations, subsequeiltly, i11 practice, give good I-esults, tliey 

'7 Sec,  Nyt  iv1;igaziii for  ' I ; i t~ i i . r i i i e i~s i t i~ i~e~i~e  34, pp. i; j -2 jh. 'i'lle saliilit? is here 
givcii i11 tlioiisaiiiitlis. 



inust, clearl~., be carried out in the tempcrat~ire of tileir- surroundings, 

that is to say, mitli vnrying tet~ipercitures from olle tilile to tlie otties. 

iMy observatioiis l-iaci, tlierefore, to iilclude, iiot oilly tlie ii~easusenieiit ot 

strong and weali refractory pomlei-s of salt water, but also the nieascisemcnt 

of the same sea  ater' er's refractor!- polvers at differeiit teinperatures, iii orilei- 

to obtairi the ineans for caiculatit~g the necessary coi-rectioiis for teti1l)crli- 

ture. Observatioris, wliich i~iclilded salinity varyiiig frotl~ I o. I q t,> 3 6.02 O/oct, 

and teniperatures v:irying from -/- 5O.9 to ~ 1 0 . i ~  \vill be fooulici ioiiilinseii 

ill Table I (all tliat is 1iecess:irJ. fos the expl:iuation o i  tlie t1i.o last 

colnliii~s ill tl-iat rable .ivill be giveil below). All ineasnreilleilts are given 

in degrees Celsius (ceiltigrade), anil tile angles of cieflection liave been 

obtait~eci ~incier sodiuni liglit. 

TabIe I. 

Sea Water I, p =33.86, 
7.1 i 33.8-C 
r. - 1 / . I  i .8:i 

i 8.1 .86 
S.6 86 

! 7.(< Hi 
I 8.2 SP 
! 8.9 80 , 
i 10.9 84 1 
i 
l 10.0 47 ~ 
i 1.1.0 83 1 

14.0 77 i 
14.1 84 i 

i 
l 14.3 83 i 

1.4.8 
17.4 
17.6 87 
17.8 

l 
92 i 

1i:i Sfi ~ 
17.6 

l 18.1 
IS.3 SD 
18.7 

IT l 
91 i 

21.1 i 
21.1 79 1 
21.:3 s2 
21 ..'> S l  



Sea Water 11, p =34.64. 
.)4.li2 

( i l  
68 
68 
(;.l 
65 
6G 
(i6 
65 
70 
(i!) 
7 1  
m - 
I <> 

6-1 
66 
67 
fis 
6 l 
60 
13 
6,5 
54 
t) i 

(i0 
64 

Sea Water 111, p = 31.96. 

Sea Water IV, p=33.oo 

Sea Water V, p=36.02. 
11.0 35.98 0.04 
11.4 36.02 00 
17.8 U o ( i2 
18.C) 03 - 0 1  



Angle of , Tomperature 

I l Salinttg Diffbreilce 
Deflectioii (calciilatecl ) 

Sea Water VI; p =  29.97. 

Sea Water V11, p =25.02. 

-20.02 Sea Water V111, p -  
1 1 0  24j.4 17.2 10.98 0 06 

W.3 1 17 (i 96 06 

Sea Water 1X, p = 10.14. 
8" 7'. 5 l i 4  , 1u.16 ; - 0.02 

7l.1 j 17.7 , l 16 i 01 

'4s is known, the refractoi-y inciiccs of tlle sea natei- ionceriied. 

are calciilatecl ~ l i c o ~ d i n g  to tlie forrnul<i 

in whicli cc is the measured angle of deflectioil at the cllaisge of light 

froill wates to sea iuater in 1Iall~vacl-i'~ diflireiltial prism, 2nd n the rela- 

tive refractory index iii respect :o pure water, and i i o  the pure miitei-'s 

refractory indes ill respect to air, T h e  giveil observatioils allow of cal- 

culating l l o ~ v  tlie [fou~id ;:ingles of deflection (refractory illdiees) are de- 

~ a d e i ~ t  o11 tlie srreiigth of the salt i11 the sea Tvatet- coileerned, ancl 

011 tlie temperature tinder ~v~l ic l i  .the ineasui-ement \vas made. As the 

calculation does iiot preseiit any special diflic~~lties, I fiild it uisi~ecessar- 

to repeat, Iiere, the steps i11 it, and confine rilyself, vvritliout ~ririgitlg for- 

ward aily furtl-ier grounds, to repeating the fonnu lz  whichj ionforn?ably, 

express tlse stated subordinatt: conditions. 



t t 111 this 11 - auid s respectively, cieilote thc i-elativc refl-actoi-y 
t t ' 

indices, and relative specific weight of salt water at t0 c, in relatioil 

to pure Tvater of the same temperature, ancf p tl-ie strengt11 of the 
i 

salt in thousaildths. In calculatislg s Ekmail's S'lbles. coslcerniilg the 
t '  

e ~ ~ ~ a n s i o i ~  of sea water (Kgl. Sveilska Veteslslia~~sakades~liei?s Handlingar 

1870-I), togetiler witli 1<osettis1 Tables concersling pure Kater (1,alidolt 

Borstt~eiri, 1st drift. 34)) have been ernployed. 

Tile above mentioned formul~i-, are, slatui-:illy, not suitable in prac- 

tice whesl resrilts have to be quicltly stated, ~ i n d  tliat \\;itli the least possibie 

trouble. I have therefore frail~ed Tables 11 arid 111, of which tlie former 

gives tlie saliiiity is1 thousaild parts, clirectl!; espresseci b?~  the angle of 

deflection at 170 .5  celsius, asld the other, the correctioil, in tlio~isnrldtl~s of 

saliriity, wliicli is to be used for deviations fro171 tile ilorinal temperatrire 

( 1 7 . ~ 5  Cels.). T h e  use of the Tables is very simple, and needs n o  

esplanation, 



Table 11. 
'The coiiilectioi~ betweeii Double Angles of Deilectiori b\ rnerins of t l i ~  

Sodirim 1,ight i11 Differeiltial Prisms, ,iccording to H,illnacl~s, anci the 
Saliilit\ of Sea \Vater at 17 ( l .  j Celsius. 



i
 

w
 

1:
 
- 

2
 

5
 

s
 

5
 

O
bs

ci
\c

tl
 

"-
 

\p
pi

o\
ri

li
<

~
te

 
C?
 

C
/
,
 
o:
 
+

 IC
 
O

 
C

L
~

 3
 ,
-
 G

 
G

 
cr
, 
u
?
 
+

 r
3
 3

 
m

 O
 
+

 1
0

 6
 U

; 
O

 
+
. 

L\; 
T

 
G

 
î
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B!. tlie aici of Tables I1 arid 111, tlie tliird col~ii~ii is  iii Table I, liave 

been crilculated. T h e  true strength of salt, as fouiid by its specific 

gravity, or by bleilding it with pure water, is, ill the said table, given 

above, at tlie lieaci of the row of observations \x,hicli refer to tlie salt 

water sample coilceriied. Tlie Dii-Yerei~ce between the tilus giveil true 

salinity, and tlie salinity calculated from tlie angles of deflectioii, are to 

be fouiid iii the 4th coLniiiii of 'rable I. 
As the observatioi-is are soti~ernllat iluii1erous (y?), and that, in order 

to satisfy so maily observatioi~s in respect to the above given equntioils, 

otie can but comi~ la i~d  tlie use of 3 - three - coiistatlts, it is tliereb!- 

evident that, tlie 4th coluiiiii i11 Table I ,  is a very good test of \\;liat the 

iiiethod can do iii the m y  of esactitude. Great errors, esceedii~g 0.07"0~, 

oiily occur 4 tiines, arid iii gq, out of 73 observatioiis, the error is less 

tliaii o.oy@/oo. T h e  average of ei-ror is o . o ~ 7 ~ / o o .  It may be rei~larlieci 

that I have been less favourably situated tliail olle ~vorlciiig ulider ilatural 

coiiditioi~s, as I lyas obliged to inake tlie observations at tile teii~peratui-e 

iiecessary for the solution of r l i j r  task, and iiot in tliat of tlie sLirrouii- 

dings. From tliis, it may be regaided as proved that, the inethod allo~vs 

of very coilsiderable accuracy. T h e  completiot~ of :in observatioti der~-iai)ds 

but a ten7 lilomenis. 

Correspoiidiiig observatioiis, and calc~ilating tables can, ilatul-ally, be 

eniployed in detertiliiling the streilgth of [otlier resolveiits (for iiistance 

Titratioil so l~i t io i~s ,  and might be of import:i~ice in orctir~ary clien~ical 

laboratory practice. 

I<ristiaiiia, February 1qoo. 


