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Zusammenfassung 

Auf Empfehlung von IAPSO und SCOR sollen in Zukunft SI-Einheiten 

auch in der Ozeanographie benutzt werden. Die Empfehlungen dazu 

findet man in: 

IAPSO Publication Scientifique No. 31 

SUN Report 

December 1979 

IUGG Publications Office 

39ter, rue Gay-Lussac, 75005 Paris 

Der Bericht ist in der IfM-Bibliothek vorhanden. Um die Anpas­

sung an das SI-Einheitensystem für deutsch-sprachige Ozeane­

graphen zu erleichtern, wird im folgenden einen Auszug aus dem 

SUN Report mit Ergänzungen und deutschen Begriffen gegeben. Der 

hier vorgelegte Text ist im Interesse einer leichten Lesbarkeit 

gegenüber dem Original gekürzt. Der Leser findet weitere Ein­

zelangaben in der Reproduktion der Seiten 19 bis 55 des SUN 

Reports, die als Anlage beigefügt sind. 

Abstract 

The future use of SI units in oceanography was recommended by 

IAPSO and SCOR. The recommendations are summarized in: 

IAPSO Publication Scientifique No. 31 

SUN Report 

December 1979 

IUGG Publications Office 

39ter, rue Gay-Lussac, 75005 Paris 

The report is available in the IfM library. In order to facili­

tate the introduction of the SI units in the German oceanographic 

community, an extract from the SUN report is given, including 

some additional remarks and the German names. The text presented 

here was shortened with respect to the original to facilitate an 

easy access to the subject. The reader will find more details in 

the attached reproduction of pages 19 to 55 of the SUN Report. 



1. Definition der Einheiten 
definition of units 
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SI = Systeme International d'Unites. 
Beschlossen auf Sitzungen der Conference Generale des Poids 
et Mesures (CGPM) zwischen 1948 und 1975. 

Die SI-Grundeinheiten bilden ein kohärentes System, d.h. 
abgeleitete Größen bzw. Einheiten der abgeleiteten Größen 
entstehen durch Multiplikation von Potenzen der Größen bzw. 
Einheiten ohne Zusatzfaktor. 

Das SI-System enthält 7 Grundeinheiten und 2 ergänzende Einheiten: 

SI-Grundeinheiten 
SI base units 

Größe 
quantity 

Länge 
length 

Masse 
mass 

Zeit 
time 

Elektrischer Strom 
electric current 

Thermodynamische Temperatur 
thermodynamic temperature 

Stoffmenge 
amount of substance 

Lichtstärke 
luminous intensity 

SI - ergänzende Einheiten 
SI supplementary units 

Größe 
quantity 

Ebener Winkel 
plane angle 

Raumwinkel 
solid angle 

Einheit 
unit 

Meter 
metre 

Kilogramm 
kilogram 

Sekunde 
secend 

Ampere 
ampere 

Kelvin 
kelvin 

Mol 
mole 

Candela 
candela 

Einheit 
unit 

Radi an 
radian 

Steradian 
steradian 

Symbol 
symbol 

m 

kg 

s 

A 

K 

mol 

cd 

Symbol 
symbol 

rad 

sr 
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Beispiele von SI-abgeleiteten Größen, Bezeichnungen abgeleitet 
aus Grundeinheiten 

Examples of SI derived units expressed in terms of base units 

Größe 
quantity 

Fläche 
area 

Volumen 
volume 

Geschwindigkeit 
speed, velocity 

Beschleunigung 
acceleration 

~vellenzahl 

wave number 

Dichte 
density, mass density 

Stromdichte 
current density 

magnetische Feldstärke 
magnetic field strength 

Bezeichnung 
name 

Quadratmeter 
square metre 

Kubikmeter 
cubic metre 

Meter pro Sekunde 
metre per secend 

Meter pro Sekunde-Quadrat 
metre per secend squared 

1 pro Meter 
1 per metre 

Kilogramm pro Kubikmeter 
kilogram per cubic metre 

Ampere pro Quadratmeter 
ampere per square metre 

Ampere pro Meter 
ampere per metre 

Stoffmengen-Konzentration Mol pro Kubikmeter 
amount-of-substance male per cubic metre 
concentration 

Spezifisches Volumen 
specific volume 

Leuchtdichte 
luminance 

Kubikmeter pro Kilogramm 
cubic metre per kilogram 

Candela pro Quadratmeter 
candela per square metre 

Symbol 
symbol 

m2 

m/s 

m;s2 

kg/m3 

A/m 

mol/m3 

m3/kg 

cd/m2 
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SI-abgeleitete Größen mit besonderen Bezeichnungen 
SI derived units wit.l! special nares 

In anderen 
Größe Bezeichnung S}'mbol Einheiten In Si-Einheiten 
guantitiy ncrne s~bol in other uni ts in SI units 
Frequenz Hertz Hz -1 s 
frequency hertz 
Kraft Newton N m•kg• s-2 
force newton 
Druck, Spannung Pascal Pa N/m2 m-1. kg· s-2 
pressure, stress pascal 
Energie, Arbeit, ,Joule J N•m m2• kg• s-2 
Wärmerre nge 

energy, work, joule 
quantity of heat 

Leistung, Strahlenfluß Watt w J/s rrl2•kg• s-3 
pcwer, radiant flux watt 
Elektrizitätsmenge Coulanb c s•A 
elektrische Ladung 

quantitiy of electricity, coolanb 
electric charge 

Spannung, Volt V W/A m2• kg• s-3.A-l 
elektrisches Potential, 
Potentialdifferenz, 
elektromotorische Kraft 

electric potential, volt 
potential difference, 
electramotive force 

Kapazität Farad F C/V m-2. kg-1. 5 4.A2 
capacitance farad 
Elektrischer Widerstand aun 0 V/A m2• kg• s-3.A-2 
electric resistance ohm 
Lei tfäh igke i t Siemens s A/V m-2.kg-1. 53.A2 
condlctance sianens 
Magnetischer Fluß W9ber Vb V•s m2• kg• s-2.A-l 
magnetic flux weber 

Magnetische Fluß- Tesla T Vb/rrf k.g• s-2.A-l 
dichte, Induktion 

magnetic flux density tesla 

Induktivität Henry H Vb/A m2• k.g• s-2.A -2 
inductance henry 
Celsiu~mperatur Grad Celsius °C K 
Celsius temperature degree Celsius 

Lichtstrom IJJrnen lm cd•sr 
luninous flux lumen 

Beleuchtungstärke IJJX lx lm/rrf m- 2·cd• sr 
illuminance lux 

Aktivität Be<XJuerel Bq 
_, 

s ~ 

activity beaJuerel 

Energiedosis Gray Gj J/kg m2. s-2 

absorbed dose gray 
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Beispiele von SI-abgeleiteten Größen, Bezeichnung abgeleitet aus 
besonderer und SI-Einheit 

Examples of SI derived units expressed by means of an association 
of special names and base units 

Größe 
quantity 

Dynamische Viskosität 
dynamic viscosity 

Drehmoment 
moment of force 

Oberflächenspannung 

surface tension 

'V~ärmeflußdichte, 
Strahlungsflußdichte 

heat flux density, 
irradiance 

Wärmekapazität 
Entropie 

heat capacity, 
entropy 

Spezif. \iärmekapazität 
spezif. Entropie 

specific heat capacity, 
specific entropy 

Wärmeleitfähigkeit 

thermal conductivity 

elektrische Feldstärke 

electric field strength 

elektrische Ladungs­
dichte 

electric charge density 

Perrneab il i tä t 

permeability 

molare Energie 
molar energy 

Bezeichnung Symbol 
name symbol 

Pascalsekunde Pa•s 
pascal second 

Newton meter N•m 
metre newton 

Newton pro 
Meter N/m 
newton per 
metre 

·Hatt pro 
Quadratmeter 
watt per 
square metre 

Joule pro 
Kelvin 
joule per 
kelvin 

Joule pro 
Kilogramm 
u. Kelvin 
joule per 
kilogram 
kelvin 

Watt pro 
Meter und 
Kelvin 
watt per 
metre kelvin 

Volt pro 
Meter 
volt per 
metre 

Coulomb pro 
Kubikmeter 
coulomb per 
cubic metre 

Henry pro 
Meter 
henry per 
metre 

J/K 

J/(kg•K) 

V/rn 

H/m 

Joule pro Mol J/mol 
joule per mole 

In SI-Einheiten 
in SI units 
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Zusätzlich zu SI benutzte Einheiten 
Units in use with the SI 

Größe 
quanti ty 

Zeit 
time 

Ebener Winkel 
plane angle, arc 

Masse 
mass 

Bezeichnung 
narne 

Minute 
minute 

Stunde 
hour 

Tag 
day 

Grad 
degree 

Minute 
minute 

Sekunde 
second 

Tonne 
tonne 

atomare 
Masse­
einheit 
unified 
atomic 
mass 

Symbol 
symbol 

min 

h 

d 

" 

t 

u 

In SI-Einheiten 
in SI units 

1 min = 60 s 

1 h = 3 600 s 

1 d = 86 400 s 

10 = ('11'/180) rad 

1' :::: ('11'/10 800) 

l" :::: {'11'/648 000) 

1 t = 103 kg 

rad 

rad 

l u "' 1. 660 57 x ro-27 
(annähernd) 

Einheiten, die zeitweise mit SI benutzt werden dürfen 
Units that rnay be temporarily used tagether with SI 

Größe 
quantity 

Länge 
length 

Druck 
pressure 

Schwerebeschleu-
nigung 

Bezeichnung 
unit 

Seemeile 
nautical mile 

Bar 
bar 

Gal 

acceleration of gal 
free fall 

Aktivität 
activi ty 

Curie 
curie 

Symbol 
symbol 

bar 

Gal 

Ci 

In SI-Einheiten 
in Si units 

l Seemeile = 1 852 m 
(exakt) 

1 bar = 105 Pa 
(exakt) 

1 Ga! = lo-2 m·s-2 

1 Ci = 3.7x1olO Bq 
= 3.7xlol0 s-1 

kg 
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Einheiten, von deren Benutzung dringend abgeraten wird 
Units whose use is strongly discouraged 

Größe 
quantity 

Länge 
length 

Fläche 
area 

Volumen 
volume 

Kraft 
force 

Druck 
pressure 

Geschwin­
digkeit 
velocity 

Bezeichnung 
name 

Mikron 
micron 

Hektar 
hectare 

Liter 
litre 

Kilopond 
kilogram-force 

Atmosphäre 
atmosphere, 
standard 
a trnosphere 

Torr 
torr 

mm Quecksilber 
conventional 
mm of mercury 

Knoten 
knot 

Symbol 
s;tmbol 

p 

ha 

1 

kp 
kgf 

atm 

rnrnHg 

Geopotential 
geopotential 

dynamisches Meter -
dynamic metre 

Energie 
energy 

Kalorie 
calorie 

Magnetische Gamma 
Flußdichte, 
Induktion 

magnetic flux gamma 
density 

cal 

y 

In SI-Einheiten 
in SI-units 

1 p = 1 pm = 10-6 

1 ha = 104 m2 

1 1 = 1 dm3 = lo-3 

1 kp = 9.806 65 N 

1 atm = 101 325 Pa 
exakt 

m 

m3 

1 Torr = (101 325/760) Pa 
"" 133.322 387 Pa 

(annähernd) 

1 rnrnHg 
= 133.322 387 Pa 

1 Knoten 
= (1 852/3 600) m/s 

"' 0.514 m/s 
(annähernd) 

1 dyn~misches Meter 
.. 10 m2·s-2 

(annähernd) 

1 ca1 = 4.186 8 J 

1 y = lo-9 T 



2. Umwandlung von Einheiten 
unit conversion 

Multiplikation von Faktoren 

Multiply factors 

Beispiel: 
p = 100 dbar in SI-Einheiten? 
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Größe 
Einheit 

quantity 
unit 

12. = .E__.dbar.bar _ 100 .1 10 s = 106 
Pa croar Dar Pa - TO • 

100 dbar = 106 Pa = 1 HPa 

und 

and 

Einheit 
Einheit 

unit 
unit 

3. Überschriften in Tabellen, Bezeichnung von Diagramm-Koordinaten 
heading of tables, labelling of graphs 

Größe quantit;t 
Einheit unit 

Beispiel: 

040 

100 

2.00 

300 

400 

500 

r.;m 

4. Schriftzeichen 
Pr1nt1ng 

2D 

Dezimalpunkt im englischen Text. 
Dezimalkomma im deutschen Text. 

Keine zusätzlichen (Tausender-)Zeichen. 
Abstand nach je 3 Ziffern vorn Dezimalpunkt. 

Zahlen und Einheiten: Senkrechte Schrift. 
Größen, Symbole: Kursivschrift. 

tfG 
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s. Dezimale Vielfache und Teile von SI-Einheiten 
Dec1mal multiples and sub-multiples of SI units 

Faktor Vorsilbe Symbol Faktor Vorsilbe 
factor .erefix s:tmbol factor prefix 

lol8 exa E 10-l deci 

1015 peta p 10-2 centi 

1012 tera T 10-3 milli 

109 giga G 10-6 micro 

106 mega r1 10-9 nano 

10 3 kilo k lo-12 pico 

10 2 hecto h lo-15 femto 

101 deca da lo-18 atto 

6. Besondere Empfehlungen für die Ozeanographie 
Specific recommendations for oceanography 

Temperatur 
temperature 

Thermodynamische Temperatur 
thermodynamic temperature 

Celsius-Temperatur 
Celsius temperature 

Potentielle Temperatur 
potential temperature 

Temperaturintervall, 
Temperaturdifferenz 
interval of temperature, 
difference of temperature 

T/K 

t:..T, t'it, t:..e, t:..e 
in K oder oc 

Symbol 
syrnbol 

d 

c 

m 

J.l 

n 

p 

f 

a 

Falls Celsius-Temperatur und Zeit im gleichen Text vorkommen, muß 
für die Zeit t verwendet werden. Eindeutige Bezeichnungen ergeben 
sich stets mit: 

Thermodynamische Temperatur 
Celsius-Temperatur 
Potentielle Temperatur 
Zeit 

T/K 
6/°C 
0/oC 

t/s 



Salzgehalt 
salinity 
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Die Bezeichnungen °joo, ppm, ppM, ppb sollen nicht mehr 
benutzt werden, stattdessen: 

Der Faktor 103 wird wie eine Einheit benutzt, der Salzgehalt 
wird mit einem kleinen s oder großen S bezeichnet. 

Beispiel: 

S X 103 = 35.000 

oder 

s = 35.ooo x lo-3 

Chlorinität 
chlorinity 

cl x 103 oder cl•l03 

Druck 
pressure 

Gesamtdruck p/Pa, p/MPa 
total pressure 

Wasserdruck (ohne Atmosphärendruck) p/MPa 
sea pressure (excess over atmospheric pressure) 

Beispiel: 

Wassertiefe = 100 m 
entspricht etwa: 
Wasserdruck = 100 dbar = 1 MPa 
1 Atmosphäre ~ 101 325 Pa 



Dichte und abgeleitete Größen 
density and derived quantities 
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Nur noch dimensionsbehaftete Größen verwenden, nicht rela­
tive Dichte. 

Also: p/kg·m-3 

Größenordnung: 103 kg·m-3 

Reihenfolge der Zustandsgrößen ist vorgeschrieben: 

p(s,e,p) 

Die Zustandsgrößen sollten wie hier in Klammern, nicht als 
Index geschrieben werden. Angabe ohne Einheiten zulässig. 
Einheiten sollten hinzugefügt werden, wenn Mehrdeutigkeit 
möglich ist. 

Spezifisches Volumen 
specific volume 

Kehrwert der Dichte: 

a/m3•kg-l oder v/m3•kg-l 

Größenordnung: l0-3m3•kg-l 

Anomalie des spezifischen Volumens 
specific volume anomaly, steric anomaly 

ö = a- ao mit a = spezif. Volumen der Meerwasserprobe 
ao = spezif. Volumen der Referenzwasserprobe 

(im Text zu definieren) 

Thermostere Anomalie 
thermosteric anomaly 

~(s,t) = a(s,t,p=O) - a 0 (5°,t 0 ,p=O) mit p = Wasserdruck 

a 

Angabe in SI-Einheiten: 

(p-103)/kg·m- 3 



- 12 -

Geopotential 

Alle Begriffe mit "dynamisch" und das Symbol D sollen 
nicht mehr verwendet werden, stattdessen: 

dynamische Tiefe 
dynamic height 

Anomalie der dynamischen Tiefe 
dynamic height anomaly 

Differenz der dynamischen Tiefen 
dynamic height difference 

Niveaufläche 
equipotential surface 

dynamische Topographie der 
Meeresoberfläche 
bezogen auf lOOOdbar-Fläche 
dynamic topography at the 
sea surface 
relative to 1000 dbar surface 

Geopotential 
geopotential 

Anomalie des Geopotentials 
geopotential anomaly 

Geopotential-Differenz 
geopotential difference 

Äquipotentialfläche 
equipotential surface 

(Topographie der) Anomalien 
des Geopotentials 
bezogen auf die lOMPa-Fläche 
(topography of) 
geopotential anomaly 
at the sea surface 
relative to 10-MPa surface 

Einheit des Geopotentials: m2;s2 = J/kg 

1 dynamisches Meter • 10 ·m2s-2 
(annähernd) 



III ~ SI tJNI'l'S 1 SYHBOLS AKD PREFIXES 
DERIVEO ANO COMPOUND UNITS - BASIC RULE:S 

SCXU: NON-SI UNITS 

1.- INTROOUC'riON 

In 1948 the 9th conf6rence Gintrale des Poids et 

Mesures (CGP~), by its Resolution 6, instructed the 
Co=it6 International des Poids et Hesures (CIPM) "to 
study the establishment of a complete set of rules for 
units of measurement ; to find out for this purpose, by 
official enquiry, the opinion prevailins in scientific, 
technical and educational circles in all countries ; 
and to make recommendations on the establishment of a 
praotioaZ ayatem of unit~ of measurement suitable for 
adoption by all si'ijnatories to the f.letre Convention" • 

:rn ·• _.1,ts -: present :form the International System of 
onits has been 9radu_~lly _set, up byseven Conf~rences G6n6-

rales (9th to 15th) ~1at met between 1948 and 1975. 

In its Resolution 7, the 9th CGPM already set the 

9eneral rules of writing the symbols of units. In its 
Resolution 6 the 10th CGPM (1954) adopted six out of 
the seven present base units (matre, kilogram, second, 
ampere, degree Kelvin, that became later on kelvin, and 

c:andela} 1 symbols o! ·these units were atated in 
Resolution 12 of the 11th CGPM in 1960. This Con!erence 
aoreover adopted the names and symbols of the prefixes 
tbat help to make ~ultiples and submultiples o! units. 

lt also adopted two su~plementary units with their 
symbols as well as a list of about thirty derived units. 

The seventh base unit, the mole1 cogether with its symbol, 
was adopted in 1971 (14th CGPM) and the list of prefixes 
was completed by the 12th and 15th CGPM (1964 and 1975). 

Noroenclature.- According to Resolution 12 of the 11th CGPM 
a) the new system of units rnust be internationally 

referred to as "Systeme Int.ern•tion•l d 'llni tesw. 1 

bl its internationally agreed abbreviation is "SI". 

The International System of Units (SI) contains the 7 
base units, the two supplementary units, the derived units, 
the Symbols of all these units, the prefixes and their 
symbo~s. Multiples of these units, made up with these pre­
fixes, do not properly belong to the International System. 
Prefixes used with the International System are wsr prefi.xesw. 

The base units, the supplementary units and the derived 
units a:re called wsr uniu". These SI units form a coherent set. 

of uni.t.s."' 

The multiples of S! units formed by means of SI prefixes 
do not beleng to the coherent system. These multiples of 
units, that are not derived units, can be referred to as 

"COI!lpound uni es•, an expression used in the International 
Standards ISO 31/0 (s] and IS0/1000 (91. The use of such units 
is, of course, permitted. 

Choice of the base units.- The choice of the seven base units 
and subsequently the division of SI units into three classes 
base units, supplementary units and derived units, 1s 
somewhat arbitrary,in sofaras it is not unequivocally set 
by physics. 

Ideally, the definition of a base unit should be such 
that this unit rernaina physically independent from all the 
other base units, but the choice that was made does not fully 

• The different Resolutions o! CGPM that brou9ht ahout the settin9 up 
ot Sl, as wall as the definitions of tha base and supplement&ry units, 
ean b4t J!ound in a booklet pu.blished by t:.he BIPM (1) • 
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meet this requirement. The definition of the arnpere, 

for inatanee, refera to the ~etre and the newton. 
The mole and the candela also are not physically 

independent from other quantities. 

By convention,the seven present base :units ~ay be 
reiarded and used as dimensionally independent from eaeh 
other. 

On the other hand the supplementary units (the 

radian and the steradian) can be regarded either as base 
units or as derived units (dimensionless). When regarded 
as base units, they also are far fr~ being independent 
from the seven other base units. 

2.- SI UNITS 

2. 1 • - SI Jue tln.i t.r ~ Delin:f.t.ions 1nd Symbols 

Table l 

SI •••• tln.f. es 

Quantity Na.me Syrobol 

bngth ~etre !11 

mass l<ilogra.m kg 

tiJne 1econd s 

electric current a:rrtpere A 

thermodyna.mic temperature kelvin K 

&meunt of aubstance mole mol 

luminous intenaity candela cd 

Unit of lenqth (metreJ 

:'he lD~ttre i.a tb• lengti! eqt~1l to J 650 763. 73 wavelenvtns 

in vacuum of th• r•diltion corre•;onding to th• transition b~ttween 

tbe lenl• 2p
10 

end Sd
5 

ol ehe Jtrl!pton ~ 16 atom. 

This definition was legalized by the llth CCPI! 

(1960). 

The old international prototype is still kept at 
the BIP!1 under the conditions specified by the 
lst CGPl-1 ( 1889). 

Onit of mass (kiloqram) 

Ths ki~Dgram i1 1quat tc ths mas• cf th• interna­
tic"a~ protctyps of th1 kitogram kept •1~ l~B9~ 

at tha BIP!i. 

It ie the only cas• unit who1e n&me includes a 
prefix for hiatorical reasons. 

Unit of time (second) 

Originally tha unit of time, the second, was 
defined as the fraction l/86 400 of the rnean solar day. 
A more precise definition based on the tropic. year 
was given in 1960. 

Considering that a very precise definition of the 
unit of time is indispensable for the needs of 
advanced metrology, the 13th CGPM (1967) decided to 
replace the definition of the secend by the following 

Th• ssoo"d ~~ th• durat~on of 9 lBZ SJl 7?0 p•r~ods 

of tha rad~at~on corrsspond~ng to tha transit~on b1twa•n 

th• two hyparf~n• t•v•t• of th• gro~nd stat• of th• 
Oals~um-133 atom. 

Unit of electric current (a~pere) 

After the unit called "international" introduced 
in 1893 and the definition of the ~international 
&mpere" in 1908, the 9th CGP~l ( l948) adopted the 

follow1ng def1nition for the unit of electric current, 

the a:npere : 
The ampere is eh•· ccnstane current which, if maint•ined in 

t~ straight parallel -~nductors o! infinite length, of negligible 

ci..rcular cross-section, and pl•ced 1 metre aput in vacuum, wowd 

..... 
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lftltlilca betw~Hln tha condUC'tor• a Iore• eqw.l te> 2 x ! 0 • 7 n•weon 

pu Ntza o/l~ytll. 

Cnit o! ther.modrnamic t.mperature (kelvin) 

~he definition of the unit of ther=odynamic tempera­

tyze was i1ven in •ub•tance by the 10th CaPM (l9S4l which 
••lected the trifl• point o! water •• !undamental tixed 
point and aaaiqned to it the temperature 273.16 K by 

c!efinition. The 13th CGPM (1967) adopted the name kelvin 

(and the •ymbol Xl inatead of Kdeqree ~elvin" (symbol 'Kl 

and c!efintld. the unit of theX'll!odynU~ic te:mperature u 

tollowe. 

ll'l'la J:eJ.1"t.!t J.e t:ha kactirm .l/213. J6 P.f t.~• r:JIUIIK>dyn1.11da 

c..-at\Q'• ol u. v..t.;Je JPC.I.M: or .. tN. 

~he •~ CGJM al1o decided that th• unit kelvin and 
1~1 a~ol l ahould oe uae~ to expr••• an interval or a 
4ifterenea o! t.mparat~a. 

N:ote l.- :t:1 14AUJ.cl\ to tr.tt thermod~c tapan.tu::a (~1 1'l • 

Ufl"l8411! i:1 Jtdv:I.Aa, w.a LI ÜIIO -d.a o~ Cahiu• t-=P•,;:at\.lra 

C..,abol t) lle.l1M4 l:ly tll4t ~tJ.on 

t • r- :
0 

whar• r 0 • l73.1S ~ l:ly 6efi:lit1Cn. fba ~t "4•;r•• o.laiua• 11 

~~q~».l to t.1» \Ul.it "kalvi:l*, };!ut. •d.air .. Celliu•• .l.l • ap.c:i.U n.a.ma 

1.n place of •Jt!ÜY:!.A" fo:- upnuiru; Celtiua tap-ratura. A ~·­

n.tUI'e 1-at.e:-n.l. or a Celd.UI t.amparatwa 4i!tuence eL!I l::>4 u;prnuä 

J.:s 441grHt CtltiWI u wt.ll u 1:1 hlvil!a. 

'l'hu., t.ha the.r:IIOdl'nu1ic temparature o! the tJ:iph 
point cf water 11 %73,16 l vh1ch CQ:Ttlponda tc the Cel­
liu• te=pe.::&tun cf O.Ol'C. 

)Iot• 2, • ~ &'11014 cotllutcu:1 l>atvec •tJ.a•• w •celtiua t.c:par&· 

t\11'1", llctb Jyllboli&..S lr:f .tr the llo~kl.Ai Qrollp p:'op<l.,. ( .. • VI.1j1) 

t.M alt.ern&UVI ~1 f (lOWU C&M theta) !or ClldUI t.UIIj)VI.til:n, 

t alw)'ll r~~~~&ilWiq t.M W~1qut l}'llll:l01 e~f tJ.ae. '!!'hua, vn.n timt Lll4 

C:.l1iua tllllplntun both appur .1.J:I tht - tut, wt 1hall uM t 

tor ~ &n6 I !or temp4ratura. 

At the preaant time and in practical u1e, tamperatures 
are viven 1n the International Practical Tepperature Scale 
ct 1968 (LIIIended edit1on 1975), CIPTS-68). LlO]. 

Unit of arnount of substance (rnole) 

Tha moZa ia tha amount of substanoa of a 1ystam 

whioh containa aa manv aramantarv entities aa thara ara 
atoma in 0.012 ki~ogram of carbon~l2. 

lr'ha11 tha moZa i11 ua•d, tha •Z•me11tarv antitia• must 

b• tpaaifitä and maw be atoma, molao~Zat, ian1, 
ataot~ona, oth•r partiote11, or apacifiad groupa of euoh 
partioZu. 

Thil de!init.l.on, adopted by the Hth CGPH (1971), 

epecifiea at the s&roe tim4 the nature of the quantity 
whoae unit ia the mole. 

'I'hua : 

1 mole of HgCl has a m.ass equal to ~36.0~ x 10::" 3 kg. 

1 mole o! a mixture containing 2/3 mole of H
2 

and 

1/3 mole of 02 hu a mau equal to 12.0 l 0 3 gratr.s. 

All units auch as the "gram-atom", •gram-molecule•, 
•gra.m-equivalent•, ,.gram-ioo" !~d "'r.t'D~-::c;:rm1J.l.a.. a.re 

®soletä:. 

'I'hua we must u.y 

1 mole of kl: and not l "gram-atom" of AI:. 

Unit of luminous intensity (candela) 

The old units of l~inous intensity were replace~ 
in l946 by the "ne~r candle". This decision was adopted 

·':ly the Cii'M in 1946. The 9th CGPM (1946) ratified the 

iecision o! the CIP~i and gave a new international name, 

c&n4•i•·, to the unit of lurninous intensity. 'l'he text 



of th• definition ot the candela, ~s amended by the 
llth CGPll HU7~, :read$ : 

~•• aan41%4 i• th• %wmi~aus ~nt•n•it~. ix th• parpandi­
OKlcr d~r•aticn; of a •~rfaa• ~1 1/600 COC ~~uar• M•trs 
of « htaok bod~ at th• t•~p•raturt of fr••atng ptattn~m 
w~4•~ o pr•••wr• of lOl ~~S n•wton• p•r 1qua~• m1tr1. 

the Confirenee Gtnf:rale has not yet classified 
-~~ft Uft1t• of th• International Syat~ un4«r either 
-. •• unita or d•r1vad unita. These Sl unit• are as•i9n•d 
to the aeoond claaa called •aupplement&ry unita•, _and 
•Y h l'eczu4e4 ..S.ther u l:iue \miu or •• de:rived units 

?or the time beinq thia elasa contain• only two. 
puraly 9•~•tr1ca1. units r the SI uni~ ot plane an9l•, 
the radian1 an4 ~ SI unit of aolid angle. the 

at.era4tan. 'l'h••• UlüU were adopted by the llth CGPt-i 
(1t601. 

'hble 2 

Sl •~ppt•~•~~~v vnit• 
Quant1ty 

plane anczl• 
toU4 &Jl9le 

SI unit 

:n.dian 
ateuc!ian 

fh• ~G4san i• i~• p%a~• 4ng1• b•tw••n two ~adii of 
c circrl• vi'ltoh·ow$ ~11 on tJJ• tti'l'oVo111/l'l'lno• cn cr,.e •qwat 

~~ t•ntt~ tc th• 't'ad~~~. 

r~• •••,.crdicrn i• t~• •oti4 G"g1• whitth, ha~i"4 it• 

Pt'l'$•: ln *~' o1nt'l'• of c lph•r•~ out• off cn cr•a af 
tA• twrfa~• of *~' •ph•r• ·~ua' to thct of c •qv4r• with 
•t411 of t•nv~h 1qval to th• 't'crdtw• o! th• lphl't't. 

Derived units are expressed algebraically in terms of 
t>ase uni ts hy !nC'ans of the roathel!latical synibols o.f rnul tipli­
aation an(i division. Several derJ.ve.d unita have heen g-iv•n 

special names and syrohols which roay th.ms*lves be used to 

express other ~erived unlts in a silnple!.' way than in terP 

of the base units. 

Derived units may there!ore be clA$S~fiea under three 
headinga. Some of th~ are given in Tablea 3, 4 and 5. 

&U~~>Plu .ot St d•:dvf/ld unit:.t •"'vr«:.ts-.4 ln tt~nu 

of hlt:.t• ~mits 

Quantity 

&rea 

volwn• 
•peec, velocity 

a.cceleration 
wav• nl.l:IIÜ)er 

denaity, mass densitY 
current density 
magnetic field atrength 
amount-of-substance 
concenttation 

spt~cific voluzne 
l\U!linance 

SI unit 

-
squar111 metre 

cu:hic metre 

m•tre per secend 
metre per secend squa.red 

1 per metre 
kilogram per cub1c metre 

i&lllpere per squa.re metre 

ampere per metre 

1110le- per e1.1b.Lc JMtre 

cubic metre per kilogr~ 
candela per square metre 

$ymbcl 

m2 

nt3 

14/$ 

m/•2 
m~l 

kq/m~ 

A!mZ 
A/m 

mol;m3 

m3tx9 
cdfm2 



Table 4 

Sl der1ved units witr. special n/UfJSS 

guantit:z: SI unit 
NiJJIIfl S!iJIIbol expressi.on 

.i.n term.s ot 

--- 2~1,[ !:i[!~~~ 

frequeney hertz Hz 
foree newton N 

pressure,stress paseal Pa N/m2 
energy,work, joule J N.m 
quanu ty of h.eat 

power, radiant 
flux 

watt w J/s 

quantity of coulomb c 
el.ectricity, 
electric c:harge 

electrie poten- volt V W/A 
Ual, potential 
differenc:e,elee-
tromotive forc:e 

c:apaettance farad F C/V 

eleetrie ohlll n V/A 
resist&nee 

eonduetanee siemens s A/V 
maqnetic flWc weber Wb v •• 
maqnetic flux tesla T Wb/m2 
density 
C!'. induetion 

maqnftique} 
inductanc:e henry H Wb/A 
Celsius tempe- deqree •c 
rature (&) Celsius 

luminous flux lumen 1m 

Uluminanee lux lx lm;m2 

aetivity (of a becque- Bq 
radionuelide) rel 

absort:>ed dose, qray Gy J/kq 
specific energy 
1mparted,kerma, 
absorbed dose 
index 

!:.Jtprt•.s.s.i.on .. 
~:: term.s o! 
sr base units 
s-1 
r.l.kq •• -2 
~-l.kq.s-2 

m2.kg.s·2 

m2.kc;.s·3 

s.A 

m·2. kc;-1. s4 .A2 

1112,Jtq, 1 -3,A-2 

111-2.kq·l, 1 3 ,A2 

1112,Jtq, 1 -2.A-l 
kq • s·2 .A-l 

c:d.sr(b) 
m·2 .cd, sr (b) 

··1 
111 2, 1 -2 

<al See paqe 23· 
(b)In this expression the steradian (sr) 11 treated as a base unit. 

Table S 

Cxaeple.s o! SI dar~vad un.i.ts axpre.s.sed bv eeans o! an aeeociatton 

ot spacJel n•••• and ba.se unite 

Q!!!ntd.ti SI un1t 

Natlle sv•bol expreee1on in 
taree ot sr 
baee untts 

dynamte v1scos1ty pasc:al sec:ond Pa.s m· 1.kc;.a - 1 

1110111ent of forc:e metre newton N.111 1112 .kc; •• -2 

surfaee tansion nevton per metre N/111 kc; •• -2 

h.eat flux density, watt per square W/1112 kq •• -3 
1rrad1ance metre 

Nlat c:apacity, joule per J/J m:z.kc;.s-z.Jt-1 
entropy kelvin 

specific heat c:apa- joule per J/ (Jtq.J) lll:z •• -2,.,.-1 
c:tty, speetftc lctloc;na 
entropy kelvtn 

the~ eonducti• watt per metre W/ (II,J) -3 -1 m.kq.a .J 
vtty kelv1n 

eleetric field volt per matre V/111 -3 -1 111.kc;.a .A 
st.ren9th 

eleet.rtc charqe coulolllb per C/1113 -l 111 .a.A 
density cubic metre 

pe.caittiv1ty !arad per metr• F/111 .-3 ,kq-1. 1 4 .A2 
-2 -2 permeability henry per metre H/111 111.1tc;.s .A 

1110lar enerqy joule per mole J/1101 m2.1cq.a-2.mo1-1 

.... 

..,J 

I 



3.• DSClMM. MUL'l'IPt.ZS AHD SUB-Mtlt.TIPU:S OF SI l.l'NITS 

IX rre11~•• are ~•e4 to form dec~l multiples and aub­
.W.t.it»l.•• o! SI unita. 'l:'he l:ht of the prefixes and their 

-~l• is qiven in 'fable 6. 

'fable 6 

sr J1AfJ.;c•• 

hc:O:r l!!tJ.!. ~ ~ f.!!!.a !el. 

lo11 ex.a !! 10-1 deci d 

l0l5 ,.t. p 10-% centi. e 

10l2 tua '1' 10- 3 ailli 111 

10' g-iq& G 
10_, :t~~icro J,l 

10' -~· 
M 

10_, nano n 

lol kilo k 10- 12 pico p 

10Z hecto h 10-u !emto t 

101 d•c• d& 10-u atto .. 

we saw earlier that units fo~ed by uae of these prefixes 

4o not belonq to the coner•nt sy.tem. 

4.- IECOMMZNOA'l'IONS FOR USING SI UHI'l'S AND SI PR.EFIXES 

The gen•ral principle ruling the vriting of unit •ymbols 
h&d already been adopted by the 9th CGPM (l9C8), namely : 

Roman (upright) type, in general lower caae, is used 
for 1,mhol1 of units 1 however if the symbols are derived 
froa pro~r names, capit&l roman type 11 ~••d (for the !irat 

letter). 

Thesesymbolsare not followed by a fullstop (period). 
The unit symbols da not change in the plur&l. 

for exa.mple metre 
seconä 
hertz 
5 lll 

!iz 

but not 5 ma 

The International Organization !or Standardization (ISO} 

ha• isaued ll.ddit1on.al r,ecommendat1ons -.,tth the aiJl:! of securing 

u.n1formi ty in the use o! uni ts, in particular those o! tha 

International System Csee International Standards ISO 31/0-1974 

[!3] ot Tech.n1cal Com.mittee ISO/TC12 "Qua.ntities, units, symbols, 
convers1on factors and conversion tables•). 

According to these recaro:t~~endationa 

{a) The product of two or more units may be indicated in any 
o! the following ways, noting it is essential to use either a 

space or a point to separate the unit;s,. 

!or example N ·m, N .m, N :t11 or N .x m , 

(b} A solidus (oblique stroke, /), a horizontal 11ne, or 

negative powers may be used to express a derived unit formed 
fro= two others by division, J 

for exa:mple 

..... 
CO 



Ce) The aoli!ua auat not be ~epeated on the aaae line unless 
ambi9uity ia avoided by parentheaea. In complieated eaaes. 
negative powers ahould be uaed, 

tor exaaple a;a2 or a.a-2 but not m/s/s 
m.kg/(a3~) • m.kq.a-3 .A 

ISO alao recommenda the following rules for the uae of SI 

prefixea t 

Ca) P~efix aymbola are printed in lower eaae roman (upright) 
type without apaeing between the prefix aymbol and the unit 
ayabol. 

(b} A eombination of prefix and aymbe\ for a unit is regarded 
aa a aingle ayabol whieh mAY be raiaed to a power without the 
uae of bracketa, 

for exuaple 1 cm2 alvaya meana (0.01 m)2 and never 0.01 m2 

(C) Compound prefiXea, formed by the juxtaposition of two or 
.ore SI prefixea, are not to be uaed, 

for e.xample 1 nm but not 1 m11m 

Finally, the folloving rulea coneerning the symbols and 
unita ahOul-! be obaerved : 

(&}The ayr.bol of a unit vhieh is not prec:eded by a numeric:al 
value ahould be replac:ed by the name of the unit vritten in full. 
For example, ve muat vrite : •the unit of mass is the kilogram•, 
but not •the unit of maas ia the kg•. 

(b) The assoc:iation of aymbols and names of units to form the 
aymbol of a derived unit is discouraged. 

The symbol of a derived or cornpour.d unit must be regarded 
as a single term and should not be split. 

I'or e.xa.mple to express an amount•of-substance concentration 
we write: 

c(KCl) • 0.12 mol;dm3 

and not c • 0. 12 rtol KCl/dm3, 

the unit ~l/dm3 bein~ a single term and the 
term (KCl) qualifying the quantity and not 
the unit. 

5.- UNI'l'S OUTSIDE THE INTERNATIONAL SYSTEM (SI) 

In principle, only the units belonging to the SI are to be 

used to express the results of physical measurements. 

BOwever, the Comitf International des Poids et Mesures (CIPM} 

agreed (1969) that certain units outside the SI, either for 
their practical importance or because of force of habit, 

may be uaed with the SI or temporarily ~intained. 

Combination of some of these units vith SI units in order 
to form compound units should be uaed only in very limited caaes • 

The units outside the SI are divided into three categories : 

1 - units used with the SI : 

units that may be t~porarily used together with the SI 

3 - those to be strongly disc:ouraged. 

The three following tables present the units of each of the 
above categories. They are modelled on those eorresponding to 
the BIPM brochure on the SI, adapt1ng them to physieal oceano­
qraphy. These tables are followed by explanationa and, when need 
be, comments made by the Working Group. 



,f. J • • !hl{ts i.ll 1111!1 Wjth the SI 

~h••• unita &re qrouped in tha following Table 7 

'l'al:ile 7 

QU!!flti un.tt Slj,lllbCJ. V•llltl i.n SI vnil: 

~,tae<l) ll!inute min l min • 60 • 
hOIJ% h l h • 60 min • 3 600 • 

day d l d • 85 400 • 

pl«ne anvle, deqree l • • {-,/180) rad 
ue !2) minute l 

, • (l/60). - (.,/10 800) rad 

aecorui l • .. (l/60) I • (11'/648 000) rad 

.111&11 tonne (3) t l t • lOJ kg 

uni11ed \l l u • l.660 Si x l0-27 kg 
atomic: approximataly 
m&as unit 

(4) 

!!·• Although tha litre i• mentioned in the BIPM brochure on 
the S.I. as baing a unit in uae with the sr unita (except to 
express the results o! high preciaion meaaur~entsl, the Wor­
xinq Group pre!era not to reoommend it! use. The litre will 
there!ore be mentioned in Table 9 concerning unitt whose use 

ia not advisable. 

lll For the cther unita ot t~, ••• the ~ at the end of 

Table 9, 

( 2) 
For fractions ot angles or arcs smaller than the seeond, 

the decimal fractions ot the secend may be ~aed. 

!he value of a plane angle or arc can be expreaaed in the 
following diffe~ent forms 

a) s•J8'16.4" 

b) s• + 38' + 16.4" 
c) s• 38.274' 
d) 338.214' 

Fo~ d) which conaitts in reducing the axpres1ion of the 
angle to a decirnal nurober of minutel ia particularly suitable 
for calculating distances on nautical charts, because 1' o! 
latitude representa approximately 1 nautical mile. 

Decimal values ot deg~eea and seconds are scarcely 
used. 

(3) In s=e ~nglish-~pe~kin~ t i h i w ~ a ~ coun r es, t is un t is called 
"metric ton•. 

(
4

) The unified atomic ma1a unit is equal to the fraction l/12 

of the mass of an atom o! the nuclide 12c. Its value, in kilo­
gram, is obtained experimentally. 



ao.. of theae unita are grouped in the followinq Table 8. 

length nautical 
mile {l) 

preaaure bar 

acceleration gal {2) 
of fne fall 

activity of curie (3) 
radionuelic!ea 

'l'able 8 

bar 

Gal 

Ci 

V.l111 :n SI unit 

1 nautieal mile • 1 852 m 
exactly 

l bar • lOS Pa axactly 

1 Gal • 10·2 m.a-2 

l Ci • 3.7 x 1010 Bq 
• 3.7 x 1010 a-l 

!!·· Although the knot, heetare, atmoaphere are mentioned in the 
BIPM broehure on the SI aa bcing tamporarily accepted with tke 
SI unita, the Werking Group prefera not to reoommend their uae. 
Theae unita will be ~ntioned therefore in Table 9 concerning 
thoae un1ta whoae uee 1& di1couraged. 

(l) Thi& conventional value waa adopted by the Tirat Interna­
tional Hydrographie Conference, Monaco, 1929, under the name 
•International nautieal mile•. 

<2l The g&l ia a apecial unit uaed in geo4eay and geophya1c• 
to expreaa the acceleration du& to gravity 

C3} The curie 11 a apeeial unit u1ed in nuclear physics to 
express activity of radionuelides. 

5.3.- Units who•• u•e is •tronglv. di•courag~ 

Aa regarda Wlits outside the SI whi h 
h c are not incll.lded in 

t • Ta~lea 7 and 8,it ia preferable to avoid them and to uae 
1natea4 unita of the SI. Some of the 
following Table 9. •• unita are liated in the 

'l'able 9 

~ ~ 

mieron ( l) ,1.1 ( l} 

area hectare ha 
volume l1tre (2) l 
forc:e ltilogram-forte ltgf 

atmoaphera, 
standard 

at.m 

atmoaphere · 
(3) 

torr (4) 

conventional m:lll!i 
llLi ll ime tre 
of mereury 

(5} 

Velocity krlot (6) 

geopotential dyn&mic matre 

Val11e in Sl 11nit 

l ha • l04 m2 

l l • l dml. lo-3 ml 

l kgf • 9.806 65 N 

l &tm. lOl 325 Pa 
axaetly 

l torr • (lOl 325/760) Pa 
• 133.322 368 Pa 

approxiJDately 
l mmHq • I 

• l3.59S l X 9.806 65 Pa 
• 133.322 387 Pa 

l knot • (l 852/3 
• 0.514 m/s 

600) m/a 

approxilllately 

l dyna.mi~ metre • 
• 10 111 .a-2 

approximately 



Qv.utUtw .!!!!.ll sw•bol VAl II• in SI un.it 

en•rtY calorie (7) cal 1 cal • 4.186 8 J 

!2ACJfteUc flwc 9&1111114 y l y • lo-9 T 
4ena1~ 
tF. 1 ~~euon 
upltiquel 

(lJ fhia unit an4 ita syabol, "'wen withdrawn from SI by the 
13th CGPM, Resolution 7, in 1967. For the same unit of length, 
tbe nue and ayabol are now •aicrot~~etre• and •lllll•. 

CZ) see the following aection 5.3.1 •Abandonment of the litre•. 

(3) It is recommended that •atandard atmoaphere• or •atmoaphere• 

sbould no longer be uaed aa preaaure unit. This tera could be 
retained to represent the atandard value of 101 325 Pa. It ia 
very convenient for example to aay that certain data have been 
reduced to the presaure of •one atmoaphere (101 325 Pa)•. 

<•> we may take ; 1 torr • 1 =m&g • 133.322 4 Pa. 

<51 This unit (aymbol m=sg, not mm Hg) ia a convenient unit 
when uaing a mercury barometer to read a preaaure. However it 

ia reco11111ended that the final reaulta are qiven in paacals. 

(6) ~he knot repreaenta the Velocity of water flow covering 

1 nautical aile per hour. 

C7 l The numerical value ia qiven for International Table 

Calorie. 

~.- To the three units of tLme given in Table 7 the units 
week, month, year and century can be added, but they have no 
precise definitions. Their use should, as far as possible, 
be avoided, but could be convenient in certain circumstances, 
e.g. to measure geological durations. 

Month and year have not been given symbols by the CGPM, 

but ISO h~s attributed to year the symbol "a• (neither "y" nor 
"yr"}. For greater precision, this symbol could be followed by 
a subscript which specifies the kind of year concerned, 

for example : "atrop" for a tropic year. 

1 •trop • 365.242 20 d approximately 

In general if unit(s) such as week, month, century are 
to be used in a text, it is recommended not to use symbols 
but rather the full name(s) of this/these unit(s), or 
abbreviation(a) stated in the text. 

S • 3 .1. Abandonment of the -11 tre" for sc.t•nti.fic t.:ses 

FOr a long time (1901-1964) the litre was defined~a• 
the volume occupied by 1 kilogram of water at its max~l 
density, i.e., ~bout 0.999 97 dml. 

This definition, which created two units of volume 1 

the litre and the cub1c dectmetre, ot very close but not 

strictly ·~~l values, was very inconvenient, especially for 
precise measurements, because of the risks of confusion 
between thea. 



Resolution 6 of the 12th CGPM, (1964), put an end to this 
situation by rescindinq this definition and by deciding that 
the litre would thereafter be considered as synonymous ~ith 
the cubic decimetre. 

Th1s Resolution ends with the recommendat1on that the 

word litre should not be used any lonqer to express results of 
hi9h prec1sion measurements of volWM. 

When high preeision ia required, particularly in physical 
oee•nography, there ia now a risk of confusion between data 
referring to the 11tre before and after the ehanqe of definition. 
This risk of confusion will disappear if only the cubic deei­

metre is used, its def1nit1on havinq the advantaqe of beinq 
perfectly clear. 

IV.- NUMERICAL VALUES OF PHYSICAL QUANTITIES 

Let us recall the equations (6) and (7) (see I.3) which 

serve to express the measure of a physical quantity Q in terms 

of the unit u chosen : 

(6) , Q/u • q 

(7) 0 • q.u 

q being the numerical value. 

Equation (7} is the one most frequently used e.g. 

l • 5. 7 cm 

The second member, 5. 7 cm, represents the mNsur• or value 

of the quantity l expressed with the centimetre as unit and 

S. 7 the nUMr.ic.l value of this quantity. 

A distinetion must therefore be made between the valu• 

of a quantity and its n-edcal Wllue, these two terms having 

different meanings. 

Frequently, the numerical.value appears in the form of a 
number multiplied by a power (positive or negative) of ten ; 

e.q. : 

• • 1. 318 X 10-3 kq 

The spaces left between the different elements of the 

equation should be observed. 

1\,) 
w 
I 



%n aection I.l, ve have already dealt with equation (6) 
wtUch establ1ahes an equality between th.e numerical value q 

af\4 1 ts aymbol Q/u. 

Aecordint to this equation, we should write 

1./Cfft • 5 • 7 

~ repreaent the numerical value of a quantity Q by its 
ay.bol Q/u, ia • fairly recent practiee, and presents advanta-
9•• ~ of which we ahall indicate. 

1.- pnit . oonnniona .- loa an .,campie, _&j:J!IOspheric ·pressure 
CJbaerKetl .~n :a labor&t<Zry bf eean• of th..-llleJ:-<:~y -otarC~~Deter is 

ec;u.aL al.l cor!_ections haV.n~ been made, to : 

P • 748.95 IIDB9 

Let ua calculate the nWI'I•trical value of this pressure, 
firat in pascala and then in bars. We have : 

p/mmHq • 748.95 
mmft91P• • 133.322 387 
Pa/b&r • 1 X 10• 5 

we liWlY wx-1 te then : 

p/Pa • (P/IIIDH9) x (.-Bq/Pa) • 748.95 x 133.322 387 • 

• 0.991 Sll X 105 

P/bar• (.P/P&) x CPa/bar) • 0. 998 518 

2.• Eguat1ons betveen numerical valuea .- Let us eonsider the 

fonnula : 

p • f (t) 

iiving the mass ~ensity of a oo~y in terms of its t~~per~tur~. 

Ir. such a for:11ula, ~;sually esta.Olished by laooratory measure­

ments, the secend ~~~oer can take various forms, the most 

classical o~e bei~g polyno~!al i~ t o! ~eg:ee ~ : 

(12} P • • o + •l t + .a 2 :;2 + "3 e l + •••• 

~11 the ter=s of this equation have the dime~sion of a 

.!!lass density anc, consequently, each coe!t'icient •, h~s its 

own d~~ension, to calculate which req~ires a knowl;cge of ~~e 
~~its chosen. The choice of e, symbol for Celsius tempe~at~re, 

implies tha: t~e degree Celsius has been chosen as unit o! 

tempe~at~. The n~erical value o! •o qives in!o~~tion on 

the unit chosen !or mass density. ~.g., in the ease o! pure 

water, i! this n~~exic~l val~e is clcse :o 1000, ~~• unit is 

kilogram per cubic ~•tre. Let us s~:~se ~~~ chis is so i~ 

equation (l2). Weshall get 

~o' ~ 1 , o 2 , ••. being pure n~~ers. 

We obtain t:.l;.en the following e.-u•t.ion betvHn n;.;;;;:cr.ical values : 

-3 2 2 3 _J 
p/{llq..m ) • a

0 
• ~1t,rc • Cl2 t: ;•c + "'l rc- + ••• 

~his equation is dimensionally homoger.ous, all the te~ 

having t.'l.e dimension zero. All the units here a.re clearly incii­

cated and any cha.:'lge of unit becomes si:r.pler. 

Such a ~etatior., ~sini s~ols o! numerical value {Q/ul 

requires of course a strict observat~on of the rules established 

for printing and writing quar.tity end unit symbols, enebling us 

to di!ferentiate the quantity s~Jbols (in italicl frcm those of 
units (in roman type) • 

3.- The h~a~ing cf t&bles o! n~er~cal velues.- The follow~ng 

Table !0 reproduces a part of ~he resu!ts of the oeserva~io~s 

~~~· on 1962.08.20, aboar~ th~ "Co~ndant Robert Giraud", 

at t!l.e E:;dro;raFh!c Stz<;ior. r.• 315 ir. t."le I~c!.an Ocean. The 



three columns contain the respective numerical values o! the 
depth z expressed in metres, the Celsius ternperature and the 

aalinity, a dimensionless quantity syrnbolized here by IX 103 

i.e. the respective numerical values z;rn, t/"'C and , x 103 . rt 

ia natural, therefore, that these symbols head their respecti­

ve columns. This way of acting seems preferable to all others 

uaed in the paat, such as : .. z (m)" (which may aignify z multi­

plied by m), "l,m", eto .•. 

Table 10 

Bxtract of 4ata f~om & a~oqraphical 

ata'l:ion in the Indian Oce&.n 

a/m ef'"C .-x 103 · 

0 26.71 35.410 
20 26.72 35.390 

50 26.68 35.400 

100 20.07 35.254 

lSO 16.59 35.229 

:zoo l4 .25 35.183 

300 12.75 35.104 

500 10.27 34.951 

4.- The labellins of sra2hs .- Below, Fig. 1 represents the 

numerical values o! Celsius temperature t/"C in terms of depth 
expreased in meters, J/m. For the aarne reasons as for ~able 10, 
we place the symbol f/m on the vertical axis and t:/"C on the 

horizontal one. 

o4-;,.o ____ l.5._· ---....J:o"-------':s-~tj" c 

400 Fig. 1.- Ce.Uius te~·enture 
in terms of depth • t • hydr<-­
grapr~eal station 

V. - NUMBERS 

1.- Writing and printing of numbers - Numbers should be prin­
ted in U?right type. 

The decirnal sign between digits in a nurober should be a 

point on the line (.) in English texts a.nd a co:r:t!!la! in ·French 

texte ; never a centred dot (•) which could be used a.s a multi­
plication sign. 

When the dec~al sign is plac&Q before the first digit of 
a number, a xero should always be placed before the dec~al 
sign. E.g. : 

0.037 72 ' not • 037 72 

2.- Writing and printinq lonq nurnbers .- To facilitate the 
reading of long numhers, the digits may be grouped in threes 

about the ~ecimal siqn, but no point or comma ahould ever be 
uaed except !or the decimal aiqn. 

3 517.175 27 o. 001 37 



Yt.• SfZCIJ'IC JU:COMMENDATIONS FOR THE FIELD OF PHYSICAL SC:!::~CES 

OF TH!: OCEAN 

Thia chapter was w:1tten follow1nq eorreapondance bet~een 
\be meabers of the Wor~inq Group and distributed for comments 
~e;r tbe c!esiqn&tion of "p&pe;r 1• aonq many llllt.!l\bers of the 
tbYtical Oceancqraphic Cammunity. Ita atm is to examir.e the 
,ptc:Uie problas wbieh may uiu, in the application to the 
pr;iculu douin of the P!'tyaical Scienc~• of the Oeean, of the 
lt and related international atandard rules coneerning te~no­
lOfY an<! a~ols. 

Wehave received & great deal of comment on paper l, iollo~ 

we4 by lllL~Y &mandmenta. The succeedir.q veraions of thia paper are 
dat~ 1 February l976,· February U77, April 1977, April 19i8. 

Tbis lateet veraion h&s been incorporated, ae chapter VII, in the 
Oraft Repol't dated March lt79. 

Thia draft report was very widely distributed a=ong mambers 
of the Phyaical Oceanoqraphy Community, who were aaked to send 
their commenta no l&ter than 15 Auquat 1979. 

The recent meeting cf the Wor~inq Group (27-2~ August 1979) 

exam1ned the n~eroua cQaments received and made a qreat n~er 
of new amendmenta tc the Dr&ft Report. The present duly aoenced 
Draft Report, Par~ One, and in particular the followinq proposala 
will be aubmitted to the IAPSO for approval. 

i.• Tamperature.-

l.l.· Stmbol probl~e. The international Symbols for temperature 
are '!' for themodyn&lllic te;nperature and t for Celsius tempe:::ature 
[ 10). t 1s also the ~1que symbol of •ttme". Now, it eould happen 
that both Celsius temperature and ttoe are !ound in the sa=e text, 
or even in the same fo:mula. The Workin9 Group propoaes to attri­
bute to Celaiul temperature, in ac!dition tot a aecon4 ay:nbol B 

{lower cau tbta), t alway1 remainin9 the ~ique aym.bol of ti.ale. 
Thua, wben ti:IH and Celaiwt tcnperature both appear in the same 
taxt, we shall uae c: !or tillle an4 I for temperature. iolhen only 

ona of these quantities a?pea~ in a text, this quantity, whether 
time or Celsius temperatur~ will be represented by t. 

1.2.- Potential temperature.- In physical oceanography, this 
temperature i:i expressed in degreea Celsius only. !ie propose to 
attribute it the two symbols e (lo.,er case) and e (capital theta), 
the latter already used for tha same purpose by Sverdrup, Johnson 
3.nd Fleroing in "The Oceans". Potential thermodynaroic temperature 
does not seem to present afty interest, its differance from poten­
tial Celsius temperature being constant. 

T (potential) - e ., r
0 

"' 273.15 K 

1.3.- In the tablea of Quantities, Units and Symbolstobe 
pu.blish~Jd in the near future, that of Te.mperature will mention 
the following: 

~: quantity, recoil!!!ler.ded sro~ol(s) of the quantity, 
SI unit, symbols of this unit. 

Thermodynamic temperatura, T, kelvin, K 
Celsius t~~peratura, e, e, dagree Celsius, •c 
International Practical Kelvin tamperatuze T

68
, kelvin, K 

International Practical Celsius temperature, e
68

, degree 
Celsius, •c 
Interval, dif!erence o! temperature, At, AT, ~8, kelvin or 
degree Celsius, X or •c 

Potential (Celsius) tempe.rature, IJ I e, degree Celsius, •c 

1.4.- Note for example that in teroperature-salinity diagrams, 
where C~lsius temperature is used, T ~ust be replaced by e. 

2.- Chlorinity and Salinitx.- These are two dimensionlass quanti­
ties, the SymbOls of which are, respectively, Cl and s (and r.ot 

c l ' • and s ' •) • 

2.1.- Recornmendation. It 11 propo.sed that either • or s may be 
used as a symbol for salinity. 



4.a ... !fcol!l!!ndtt,l,QD• 'l'he symbol " '• ~ 1 the use of which is 
d~tco~aged by many sc~entific unions, should be abaneoned and 
~eplaced by 10"'3• 

Me should vrite : • • 35.25 x 10"'3 • 0.035 25, or 
• x 103 • 35.251 the latter representatior. being particularly 
~Qitable for heading tables and as labels on axes of qraphs. 

Bowever Profetter MON'l'OOMERY proposes that ~per mil• is a 
uteful equivalent for 10"'3 (etpecially in speechl but th1t opi­
aion 4oes not meet v1th the approval of the ujority of the 
1f0l'lcift9 Group. 

l.l.- At proposa4 for • '• •, it is reco=mended that the use in 
9eneral of symbolt sueh as •' • (•l~-2}, •ppm• (•l0-6) I •ppM" 
an4 •ppb• {• l0-9) thould be g1ven up and replaced by the factor 
10 ra1ted to the corresponding power. 

2.4.- l•ooo•al for a new defin1t1on of Chlorinity and Salinity.­
~ ccnform with the international rulet related to the SI1 thete 
quantitisl thould be defined as the ratio of two m&ttet.Moreo~er 
thtse mattes must both be referred to the suse unit. 

2.4.1.- !i222!!4 .. 4!f!~~$~2D .. 2! .. Sb~2tln~~Y· This 4efin1tion is 
the one qiven by J.P. JACOl\Sl!:N and M. J:NtmSEN (11) , alightly 
amended as follows : 

"'l'NN Cblorin.!.ty of a .. mpl• o;t ••• vater reprn~mu 

0.328 S2J 4 tiaea t.ba ratio of thc IDUS of pure refarenc:e 

ail~r. ·~Wicbtaai~r·, nec•aaary to precipitate the 

h&l.l.c2el conu.ineli in tNI aample, to thc uaa ot th.!..a aample". 

2.4.2.• I!DI!!!!! .. ~!H~H~~-~L!!ll~!!!!:_:)~!!S~J.::~S!! - The !irst 
definitionwas qiven in l90l by SÖR.ENSEN and KNUDSEN t12J • 

Salinity was de!ined as a conventional quantity axpressed in gr&ms 
per kiloqram. Provided it was changed to •kilogram per kilogram", 
this de!inition would have been suitable. A direct determination 
of th.it qo.~antity, as it is de!ined, was however di!!icult and time 
consuming and practically, this was obtained indirectly by chlori­
nity and later, by electrical eonductivity determination. 

When the salinOMeter has been set up, enablin9 salin1ty 
to be obtained by conductivity measurement both more quickly and 
with more precision, a second detinit1on waa adopted by the main 
International Orqan1zat1ons of Phytical Oceanography, accordinq 
to which the talinity ot a sea water sample equals a fifth order 
polynomial in R15 , thit last tymbol detiqnatinq the ratio of 
the electrical conduct1v1ty of the sample to that ot a reference 
sample havinq a salinity egual to JS x lo-J, both conduct1v1ty 
~••surements beinq made at 15•c end under a presaure of one 
1tanciard atmosphere [ ll} . 

In October 19661 the firtt edition of the International 
Oceanoqraphic Tablas was published jointly by UNESCO and the 
National Institute of Oceanoqraphy ot ereat Britain, Ln ~h1ch 
t&ble Ia presents a rapid calculation of s~linity in terma of 
the JIIHt~eö value .R

15
• 

Tha nav technique for datarmininq salinity, with the help 
ot the salinometer and the new table, haa been of qreat ~•rvice 
to oceanoqraphers by makini measurementa more ~onvenient and more 
preciae th&n betore. Howeve: the nev definit!qn of s&linity cn 
which ~t i&.based appeared inaccaptabla, not only becauae it 11 
not axpraated •• the ratio of tvo maaaaa, but, in addition, the 
•alinity intervenea in ita proper detinition, the refarence sea 
vater sample havinq a salinity of 35 x lg-3. 

2.4.3.- ~!~_S!!!n~~!29 .. 2f_§!!!n!SI .. : .. Et!~~!~!!_~!!!n!S~Ll21!­
Durinv its meetinqt,held raspeetiv.ly in May 1977 at Wooda Bole 
Oceanoqraphic Institution, O.S.A. (14), in September 1978 at 
~~sco ~s], and then at the ad hoc meetinq held dur1nq the 
XVIIth IOr~ Caneral Asaernbly, in Canberra, Auatralia, 
the Joint Panel on Oceanoqraphic Tablas and Standards (JPOTS) , 
sponsored by UNESCO, ICES, SCOP and IAPSO put torward a nev 
suitable definition !or Salinity based on the reaults of work 
carried out by certa1n of 1ts members on the relationship• 
between electrical conductivity, chlorinity, salinity and 
dens1ty o! 1ea vater. The Panel dist1nqu1shes betw.en two sliqhtly 

N 
-.! 
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different quantities: •Absolute Salinity• and •practical 
Sal1nity, 1978". The wording of the corresponding definitions, 

•• they wa• preaented by JPOTS and adopted by IAPSO, is as 
·follows: 

Absolute Selinity. ~l SA, 11 de!ined as the ratio of 

••• of 4ilso1vec! ute:rial in eea water to the IIlAS& of sea 
Vater. tn pretic:e this quantity c:annot be menured direetly, 

Aftd a praet~c:al eelinity ia 4efined for reportinq oceanoqra­

ptUc Un~tiona. 

1be •~tctical Saninity (or &alin1tyl, s~l S, 1• defined 

1n uns of tbe rat.io of tlle eleetric:al condueUvity of ehe 

1ea vater s~le at 1 a~sphere (101 32S Pal and 1s•c, 
to that of a pota .. iu. chlorida (JtCll solution ir. vhieh tbe 

-3 .... tJoaet.ion of JCCl 1• 32.435 6 x 10 , at the •ame pre111ure 

11114 tu~perature (InU:rnatic>nal Prac:tic:al 'h!IIP'tnture Seale, 
1968). Tbis retio K1 ~, define• prac:tic:el •alinity of the 

•MIPh, ac:cordino; to• 

• • o.ooa o 
0 

•t 0.169 2 

.2 • 25.385 1 

.3 • 14.094 l .. . -7.026 1 

•s • 2.108 1 

Supplementary State~ent 

The standard KCl solution has the same condu~tivity at lS'C 

and 1 Standard atmcsphere as seavater from the North Atlantic 

o! chlorinity 19.374 0 x 10- 3 and thus prcvides continuity with 

previous salinity scales. rt was from measurements made on this 

water, diluted ~ith distilled water or evaporatad by ~igbt, 

that the data qiving rise to the &bove definition of Salinity 

~ere obtained. Any oceanic vater havinq a precisely knovn 

conductivity ratio of near unity at lS'C and 1 atmosphere with 

t."le Standard }(Cl so1 ution is a secondary standard for avtn::yday 

calibration of oceanographic instruments. All sea~aters havinq 

the same conductivity ratio have the same practi~al salinity , 

and chlorinity is henceforth tobe reg&rded as a separate, 

independant vari&ble in describing the properties of seawater•. 

Equations enablinc to calculate the practica1 salinity 
value under all possible conditions, particularlv in terms of 
temperature (different of 15 "Cl and pressure, will be rublished 
aoon. 

The fact that practical salinity is not defined as the 
ratio of two masses should not arouse any criticism. Since this 
is a "practical" quantity, we have the right to choose the most 
convenient definition for it. 

3.- Pressure 

3.1.- In diseussing hydrostatic pressure, the word pressure may 
represent either the total pressure at a point in the ocean or 
its exeess over a~spheric pressure. In both cases the symbol p 

is commonly used . 

Tb avoid eon!usion the Werking Grcup p~oposes that the term 
"pressure" te reserved for total press~:.re and that the ter:n 
"sea pressure" be usee for the excess over atmospheric pre~sure. 

3.2.- Only the pascal and its decL~al multiples formed by means 
of SI prefixes should be used as pressure unit. For sea pressure 

the ~egapascal is reco~ended. 

'!he "bar• (see Table 8) and its decL"llal =:~ultiples, the dec~­
bar in particular, should be abandoned as socn as pcssible. 

The ·a~~osphe~e· er •standard atmcsphere• (see· Table 9), 
s~ol "a~·. should no longer be used as pressure un1t. 



Thia tera could, neverthelesa, be kept to represent the 
atand&rd presaure o! 101 325 Pa. This is very convenlent to state 
tor example th&t some data are related to this standard pressure. 

we should write, for instance : 

" P. representa the JII&Ximal density in terms o! temperature 
max 

of the water !ree o! dis1olved atmospheric gases uncer the stan-
dard preas~e of 101 325 Pa (one atandard atmosphereJ". 

t.- gensitx, •eecific gravity, •eecific volume 

4.1.- Tep;inology. In the past there has been some confusion in 
oceano9Taphic literatuze between the two quantities "density" 
(maas divided by volumel and "speeific gravity" (the ratio of the 
density of a sea watar s&mple tothat of a reference pure water). 
The "specific vol~" was often calculated too as the reciprocal 
a,ecific gravity. The English equivalent for the French word 
"4ensitf• was moreover "specific gravity•. 

To put an end to thiS confusion the Group recommends the 

following : 

a) denaux. IB" dtnlity, symbol P, aeaning mau divided by 

volume. Unit : kilogram per cubic metre, symbol kq/m3. 
Fnnch translation : maue volWiigue. 

b) [tlatiyt density, symbol d, dimensionless, meaninq the 
ratio of the denaity of a substance under stated physical 
conditiona to that of pure water at t•c, free of dissol­
ved atmosphtric qases, und-r a pressure of 101 325 Pa 
(one standerd atmosphere). 
Recommended rrench translation : denaitt relatiye. 

c) 1pectfic volume, symbols a, v, means the volume divided 

by the •••· 
• • 1/P (not a • 1/cf). 

unit : cubtc aetre per kilo9TIUII, symbol m
3 
/k9 

French tranalatton : volume massigue. 

4.2.- Aecommendations. 

4.2.1.- The Group recommends qiving up once and for all the con­
cept of relative density and uaing exclusively in the futu~e mass 

denait:t o! s'!a ·.-~a:e: '!;~:-essed pref'!n.l:!ly in ltiloqriU!ts per c'J.bic 

:a~=•· 

4.2.2.- For the =alculatio~ o! the =ass density ot sea water and 
1ts related ~ar~te:s, ~he Workinq ~roup reeor.mends t~at or.ly 
presau:e, not depth, be used. 

4.3.- Ngtatixn rules. :~e !ollowinq :ules proposed for ms1s 
density P should also be applied to specific vol~ a and other 

related parameters which will l:!e mentioned later (specific 
volume anomaly, the~steric anomaly}. 

.&.3.1.• The densi.ty :Jf sea water s~:!.es is not rout!.ne!.j• !:'.eas·;::~d, 

but is calculate~ f:x~ sali~ity, t~erature and pr'!ssur'! b? ~ans 

of empirical tablas and !ormulae. 

The s~ols and nu:erical values ot these 9arameta:s ~y be 

indicated in parentheses a!ter the s:r.nbol p in the compulscry 
order : s, e, 9· Sul:!scri?ts shoulc ::eferably not be ~ad. :~us, 
we should -rite : 

p(s, c,p) er 

ancl pre!erably not '3S.l2 x 10-3 , J.s2•c, 28.80 ~·-

Symbols and/or numarical values should be separated by 
ca=mas in tnqlish texts and by points in French t~s. 

ID this notation system, the ~• of the !ollowin~ units is 
stron~ly recommended : kilog:~ per cubic metre (kq.m-3) ~or 
density, degrees Celsi~ c•cl for te:~perature, meqapasc:als (~al 

for press~e. The factor lo-3 attac~ed to the salinity value coule 
be considered as t~e unit of this dimensionless quaneity. 

Provided that n~:ical values are written in ~he reca_~en­
ded order 1 .,e,p, ~~d &Xpressed only with the aforesaid units, 
these units need not be :ent~or.ed. ~~e factor lo-3 in the salini­
ty val~e is ~her~t::e ~a!wtee. 

For exa:!lple, we :nay write 

p(35.12 , 3.52 , 28.30) 



for e aal1n1ty of 0.035 12, temperature 3.~ •c and pressure 

21.10 MPa. 

4.3.2.• In cuea vhen one or more of the parameters ia or are 
conatant, it/tbey may be ~tted from the parentheses, the cons· 
tant val~e of the omitted parameter<sl being stated elaewhere ir. 
tbe taxt. The or4er of the remaining parametera should be main• 

tai.ud. 

Thua, we eho~ld write : 

p(s,e) , P(s,p) , p(e,p) , P(t) , etc ... 

In thia ahortened notation system, and when numerical values 
are involved, whenever there is a risk of ccnfuaion, it is advi­

t&ble to state the units ' 

p(35.28, 28,72 MP&). 

IAI~l·· The above rules for abbreviated notation are propo~ 
ae4 tor reaaons of aimplicity. Bowever, it is always prefer&ble 
to use the 1nte9ral repreeentation, mentioning all the units 
tnvolved, as vell •• the numerical value(sl and unit(a) corres· 
pondinq to conatant parameter(s). 

~~~~i·- aegarding mass density (and related parameters such 
as specific volume), pure water cannot always be considered as a 
aea water having a nil aalinity. The use of the above notation is 
recommended, but tor aea water only, never for pure water (for 

which • • OJ. 

4.3.3.· The maaa denaity corresponding to standard o: reference 
conditions may be represented by P~. 

4.4.~ ~~et!Y!!$!~-t!2t!!!~S!$!20 

4.4.1.- Specific Volume Ana.m&lf, ~rcposed sy.mbol 6 or l(s,c,p). 
Following a propoaal by Professor J'ont90I!IU'Y, •11e reeo=end 
•steric anomaly• as an alternative name. 

a • specific volume in situ of the given sample of sea water, 
a• • that of a re!erence sea water stated in the text. 

We recall that there are now two different reference sea 
water tablas eorresponding to: 

1) a••a(JS,O,,p), (Bjerknes, V.aSandstrC5m, J.W.-Dyna.mic 
meteorology and hydrography, Pt. I- Statics. carneqie Institution 
Washington, Pub. n• 88, 1910). 

2) o• • a(34.8S,t,,pl, (l~tthews, O.J.- Tablas for calculat!ng 
the specific volume of sea water under pressure.- Corenha~e: 

Conseil ,ermanent inte~ational ~ur l'exploration de la mer, 1938). 

4. 4. 2.- Tl':er.mosteric: anomaly, proposed symbol 1.1 or .1 (s, cl. This 
ter.m proposed by Professor Hcntgomery represents the ateric ano• 
maly,but with sea pressure aet equal to aero. 

S.- Geopote:~tial 

It 1s recommended that t!\e terminology "dyna.mic height" and 
"dyn&Diic: depth", the symbol D and the unit "dynamic: ?~•tre • be 

ab&ndoned ~,d only the words •geopotential", •geopotential di!fe• 
rence•, "equipotent1al surface" be used. 

The geopotential unit will be m2;a2 • J/kg without any 
particular name. 

6.- Special name for SI oceanoqraphic: units 

The Group agrees that to enc:ourage standardiza~icn of the 
seie:~tific spoken and written language, no unit of an oceanogra­
phie c:haraeter should :::-eeeive a speeial :'laJUe ~.:nfa.:uiliar to scien­
tists in cther diseiplines. Suc:h a name should first of al: be 
aanetioned by the Conf~rence Gln!rale des Poids et Mesures (Gene­
ral Confe:-e:~ce of Weights and ~leasures) and appear on the table 
of "SI units havi.:~g a speeial name" di.stributed by the Bureau 
International des Poids et Mesures. 

In aecordanee with these prineiplea, the Group voted a;ainst 
the ·..:se of the 'o'ords "sverdrup" and "lanc;ley" reeently propesed. 
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