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A spectral light absorption meter for measurements in the sea

Abstract—The light absorption coefficient
of a medium such as seawater is an inherent
optical property that can be determined in ab-
solute values by means of the uncalibrated in
situ light absorption meter described here.
The method is based on the assumptions that
the optical conditions remain steady within
the measuring period, that the horizontal di-
vergence of the vector equals zero, and that
the natural fluorescent light energy within the
visible part of the spectrum can be ignored.
The light absorption meter measures simul-
taneously the sum and the difference of the
scalar and vector irradiance.

Direct spectral in situ measurements of
absorption coefficients in the sea are few
compared with measurements of light scat-
tering and transmission. Accordingly, val-
ues of light absorption coefficients are often
obtained indirectly from measurements of
scattering and transmission. Other ap-
proaches to obtain absorption coefficients
are measurements of the vertical attenua-
tion coefficient of the downwelling irradi-
ance in the upper few meters at high solar
elevations (Jerlov 1961, 1968; Jerlov and
Nygard 1969; Hgjerslev 1973, 1974a,b) (for
lower solar elevations corrections are re-
quired) or approximate optical models only
valid in the near-asymptotic region (Tyler
et al. 1972).

There are two principal types of in situ
light absorption meters. The most common
one is equipped with a stabilized light
source producing a collimated beam (Bauer
et al. 1971; Gilbert et al. 1969). Such a
meter takes advantage of the pronounced
forward light scattering in seawater which,
together with the direct transmitted light,
impinges on a light receiving unit. It is
independent of the daylight conditions, to
a certain extent of the state of the sea, and
is in principle not limited to any depth.
However, in clear ocean waters it cannot
measure the absorption coefficients at the
most transparent wavelengths reliably be-
cause of its relatively short measuring path-
length.

The other type of absorption meter mea-
sures the scalar and vector irradiance as a

function of depth and wavelength (Hgjer-
slev 1973; Tyler 1961). Insertion of these
two parameters into Gershun’s (1936) equa-
tion allows straightforward calculation of
the absorption coefficient. This meter is
commonly restricted to measurements in
the upper 100 m of the sea, and stable sur-
face light conditions are necessary. The
method assumes that the divergence of the
horizontal vector irradiance equals zero
(Gershun 1936). Practically speaking, this
is always the case when the meter is away
from fixed boundaries (ship, bottom, etc.).
The underwater fluorescent light energy
formed by the shortwave part of the day-
light is always small compared with the
daylight energy at the same wavelength
and depth. Accordingly, determinations of
absorption coefficients in the wavelength
range 372-670 nm (the measuring range of
the light absorption meter) are practically
unaffected by the fluorescent properties of
natural seawater. The parameters mea-
sured by the spectral light absorption meter
are important in the theory of radiative
transfer (Hgjerslev 1972; Preisendorfer,
1959; Zaneveld and Pak 1972), including
effects of varying solar elevation on the
vertical transmission of daylight (Hgjerslev
1974a; Jerlov and Nygard 1969), optical
water mass classification (Jerlov 1968), and
photosynthetic studies (Hgjerslev 1973,
1974a; Smith and Wilson 1972). Finally,
rather accurate absorption values can be
obtained in clear ocean water because this
instrument is not confined to small measur-
ing distances.

For both types of absorption meters cali-
bration errors are inevitable and calibration
often cumbersome. As a consequence a
new spectral absorption meter, using day-
light but not requiring calibration, has been
designed and built.

To avoid confusion the light collectors
described below are named so that they
correspond to the quantity collected. The
light collectors are all assumed to be ideal,
which in practice is never the case. How-
ever, techniques concerning optimization of
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Fig. 1. Light collector appropriate for measure-
ments of the downwelling irradiance. Notation:
Ea-collector.

real light collectors will be excluded here
since they can be found elsewhere (e.g.
see Smith 1969). It suffices to say that
when dealing with measurements of the
downwelling light field at high to mod-
erately high solar elevations most light
collectors serve their purpose within an
acceptable degree of accuracy, but when
measuring the upwelling daylight optimal
collectors are desirable.

Figure 1 symbolizes the classical E4-col-
lector. (Notation is given in Table 1.) Re-
versed it becomes an E,-collector. Conse-
quently, an E-collector consists of two flat
collectors with opposite orientation.

Figure 2 depicts similarly the classical
E,-collector having the receiving flat col-
lector ds placed horizontally. Ideally, the
area of the spherical collector and the ratio
of the area of ds to that of the spherical col-
lector are both infinitesimal. Ignoring re-
flection, the light flux from the direction
(6, $) falling on the sphere is given by

dF = 7r? X L do, (1)

where r = radius of the sphere. The total
light flux from all direction is easily ob-
tained by integration:

F=m {4 L do=mr? X E,. (2)

From this it can be proved—as done in
many optical textbooks—that the receiving
collector ds obtains an irradiance propor-
tional to E,.

Figure 3 shows an E,-collector. The
hatched area refers to an infinite absolute
black horizontal plane at the same level as
ds. The light flux from the direction (4,
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Fig. 2. Light collector appropriate for measure-
ments of the scalar irradiance. Notation: E,-col-
lector.

¢) falling on the sphere can be given the
same expression as in Eq. 1, but integration
with respect to the polar angle 6 can be per-
formed only for the upper hemisphere.

Accordingly,
F=mar? (o L do =ar*> E,q. (3)

Inverted it becomes an E,,-collector.

Figure 4 shows a %(E,; + E4)-collector.
The horizontal black plane extends from the
equator of the sphere to infinity, and the
lower hemisphere is absolute black except
at the receiving flat collector ds. From ar-
guments similar to those above

dF = %7r?* L do + %mr* L cos 6 do, (4)
and
F:7TT2X1/2(EO,1+E(1). (5)

Inverted it becomes a %(E,,+ E,)-col-
lector.

Figure 5 shows a %(E, + E)-collector.
As in the case of the % (E,; + Eq4)-collector,
only the upper hemisphere is exposed to the
submarine light field but the infinite hori-
zontal black plane is removed. Again the
light fluxes collected are obtained from in-
tegration of Eq. 4 but now with the limits
of integration being 0° and 180°. Accord-
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Table 1. Definitions of terms used. The notation follows the recommendations of IAPSO (1964).
[The equation for Eu should read Eu = f+ L |cos 6] dw.]

L (z, 6, 9, )\)= radiance as a function of depth, polar- and

azimuthal angle and wavelength

Ed = /2n L cos 6 dw downwelling irradiance, where /2n dw
means integration over all solid angles

in the upper hemisphere

E = /—2n L cos 6 dw upwelling irradiance, where f—Zn dw
means integration over all solid angles

in the lower hemisphere

B = = — i i
E /4n L cos 6 dw Eh Eu vector irradiance
Eod = /Zn L dw downwelling scalar irradiance
EOu = /—Zn L dw upwelling scalar irradiance
B = f L dw scalar irradiance
o 4n
1 dE . . ..
KE =~ %3 vertical attenuation coefficient for

the vector irradiance (m—1)

vertical attenuation coefficient for

the scalar irradiance (m—1)

Other vertical attenuation coefficients are defined in a similar

way below:

1% -1
K, = - o (1
d Ed dz
dE
1 u -1
U N ()
u
c d(E +E) (m_1)
1 7  E4E dz
o
1 d(Eo_E) —1
K =-g3— — ()
o dz
a = absorption coefficient (m_1)
b = scattering coefficient (m_1)
c = a+ b attenuation coefficient (m_1)
E
R = EE irradiance reflectance

d
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Fig. 3. Light collector appropriate for measure-
ments of the downwelling scalar irradiance. Nota-
tion: E,s-collector.

ingly, F = mr? %(E, + E). When the %(E,
+ E)-collector is turned downward it be-
comes a %(E, - E)-collector.

Figure 6 illustrates two collectors often
termed as 2sr-collectors. The receiving col-
lector ds lies symmetrically in the equator
plane of the opalized sphere and the
hatched areas correspond to black surfaces.
Such collectors are incapable of measuring
any optical parameter in a well defined way
because the quantities they measure are
dependent on the radiance distribution.
This can be seen from the following argu-
ments: The radiance distribution L(z, 6,
¢) in water causes a certain radiance dis-
tribution L., (z, 6, ¢) on the innerside of
the hemispherical collector dependent on
its diffusing and reflecting properties. Un-
less L(z, 6, ¢) is a constant in the upper
hemisphere and zero in the lower, L(z, 6,
¢) # constant X Leq(z, 6, ¢) for all 6, ¢.
The irradiance on the receiving area ds
equals

J‘OQ,,- J‘(ﬂr/2 Lcol(z, 9, ¢)COS 6 do

1
# e fo" f™2 L(z, 6, ¢)cos 0 dw
constant

= E;/constant.

Similarly, it can be shown that the above
mentioned collector neither collects a quan-
tity proportional to E,; nor any other de-
fined parameter.

It is assumed that 1) the ocean is hori-
zontally stratified, 2) steady daylight con-
ditions prevail at the sea surface, and 3)
the underwater light is unpolarized. From
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Fig. 4. Light collector appropriate for measur-
ing a quantity proportional to the sum of the down-
welling scalar irradiance and the downwelling ir-
radiance. Notation: 14 (E.: + Ea)-collector.

these assumptions the classical equation of
radiative transfer at a fixed wavelength Ao
is derived (Table 2). Integration of Eq. 6
over all solid angles gives:

dE(Z, )\0>/dz :—a(z, )\())EO(Z, )\0)

+ 47 faon Eo(z A)
“f(z, /2, A, Ao)dA. (17)

It should be stressed that light absorption
is defined as transformation of light energy
forms into other energy like sensible heat,
fluorescence, and chemical energy.
According to the previous definition for
the vertical attenuation coefficient for the
vector irradiance Eq. 17 can be written:

~

™

Fig. 5. Light collector appropriate for measur-
ing a quantity proportional to the sum of the scalar
irradiance and the vector irradiance. Notation:
Y% (E, + E)-collector.
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Fig. 6. Two examples of commercial light col-
lectors that collect light in an ill defined way.

E(Z, )\0)

a(z, Ao) = Ka(z, /\o)m

A0

+ 47
Eu(z ho) Sa00 Eo(2, X)
(18)

< flz, w/2, A, o) dA.

Since a(z, Ao ) represents the true absorption
coefficient and Kgu(z, Ao) X E(z, Xo)/E.(z,
Xo), the measured absorption coefficient,
Eq. 18 can be written

atr\le_anleas:47T/Eo<z; )\0) f‘:(?() Eo(z, )\)
f(z, w/2, A, X) dA=0. (18a)

Accordingly, for all depths and wave-
lengths the true a(z, o) is always greater
than the measured a(z, Ag) when applying
the method described here.

As far as I know it has never been possi-
ble to demonstrate a significant difference
between diue and ameqs experimentally (e.g.
Hgjerslev 1973; 1974b) and in all optical
models only ame,s is treated (e.g. Tyler et
al. 1972). A significant difference between

Notes

Girne ANA Ameas is difficult to observe be-
cause: 1) Only daylight at wavelengths
less than say 450 nm can produce fluo-
rescent light of importance (Traganza
1969). This means that the upper limit in
Eq. 18 can be replaced by 450 nm. 2) In
clear ocean water where E,(z, A) is not
necessarily small for wavelengths less than
450 nm, f(z, /2, A, o) is extremely small
for all (A, Ap), minimizing the integral in
Eq. 18. 3) In turbid coastal waters E,(z,
A) decreases rapidly versus depth for A
<450 nm which makes E,(z, A) extremely
small from a few meters depth and below.
4) For the wavelength A, in the UV region,
integration is only performed over a small
wavelength interval minimizing the inte-
gral in Eq. 18. 5) For the wavelength A,
situated in the red part of the spectrum,
the integral attains its maximum. How-
ever, here the absorption coefficient is also
great, irrespective of the concentration of
suspended particles and dissolved organic
substances in natural seawater, which will
cause a relative error in the determination
of the absorption coefficient to become
small. 6) The light absorption meter mea-
sures only at wavelengths <670 nm, i.e. the
fluorescent light emission from chlorophyll
when excited by ultraviolet daylight can
never be observed.

Ignoring the last term in Eq. 17, Ger-
shun’s (1936) equation is obtained:

dE/dz = —aE,, (19)
which leads directly to
a= KEE/Eo (20)

Equation 20 shows that @ is completely de-
termined when the E—and E,—fields are
known. Practically, the absorption coeffi-
cient is calculated from the expression

L E(m) [E<zn71)]
Zn41 — Bn-1 Eo(zn) E(Z?HI) (21,

a(z,) =

where the z,s increase downward and are
equidistantly spaced. Snell’s law can be ap-
plied for the direct sun rays:

sin (90— h,)/sin 6, = n/n,, (22)
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Table 2. Derivation of the classical equation of radiative transfer.

oL(z, 6, @, XO)

cos © 37 =-c (2 7\0) L (2, 8 9 )\o)

+ L, (2 8 @ &) +F, (2, 44 1) (6)

where L* is the path function

Ly= /4“ B(z, 6, ¢, 0, @, )\O)L(Zr o, o', )\O)sin G’de'd?' (7)
and F, is the source function of fluorescent light at ho

F, = fommo (2, 1) £z, n/2, &, 1) Q. (8)

Eguation 6 can be proven from the following considerations:
The volume scattering function 8(z, 6, XO) is defined by the re—

lation (
I z, 8, A ) dx
Bz, 0, 1) = —2 e (9)
o Ev(z, XO) A dv

where dT_ . (z, 9, xo)dxo is the intensity of the light scattered
in the direction 6 from the incident beam, and Ev(z, Xo)dxo is
the irradiance at wavelength Xo on the volume element 4V at

depth z. The total scattering coefficient b is found by inte-
gration of 8(z, 6, KO) over all solid angless

oz, &) = j4n Bz, & A )dw. (10)

In case of isotropic scattering, equations 10 and 7 give:

Bz, 9, A,) = 7= oz, &) = B(zs 7/2, 1) (11)
and
L*(Zv 0, @ Xo) = EO(Zv )\0) B( 2z, T('/Zl )\O)' (12)

Since daylight acts like a broad spectral light source, emission
of fluorescent light energy takes place in the sea when excited

by the shortwave part of the daylight.
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Table 2. Continued.

A volume scattering function of fluorescent light

£z, 8, A xo) is introduced by the relation:

2
a°1 (zy 8, &, 1) ax
fluor*™? "1 "' "o o
hid 2] A =
(z) 8, & A )an, E (2, ») ar - av (13)
2 . . .
where d Ifluor(z' 0, X\, Xo)dko is the intensity of fluorescent

light at wavelength KO excited by daylight at wavelength A

and emitted in the direction 6 from the incident beam. E (z, \)d\

is thetaylight energy at wavelength A impinging upon the volume
element AV at the depth z. The total scattered intensity of fluo-
rescent light at wavelength )‘o in the direction © from the in-
cident beam is obtained from integration of equation 13 over all
wavelengths

dIfluOr(Zy 8, 7\0) = /O Ev(z, A) £(z, 6, A, )\O)d)\dv. (14)

Obviously, fluorescent light energy is scattered isotropically
which means that

£(z, 8, X &) = £(z, 7/2, Xy ) (15)
The source function of fluorescent light F, can now be derived
analogous to the derivation of the pathfunction I, in the case

of isotropic scattering - see equation 9 and 12:

Py =/ ) Eo(z, A) £(z, n/2, A, )\O)d)\- (16)

o
The scalar irradiance E%(z, A) can be measured by means of the
light absorption meter and the volume scattering function of
fluorescent light f(z, ﬂ/2, Ay AO) by aid of a conventional fluori-
meter (Parker 1968) measuring through 90° the excitation spectrum
at the emission wavelength XO of a water sample taken at depth z.
In practice it suffices to integrate the expression in equation

16 between 300 nm (lower limit of incoming daylight energy) and KO.
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where h, is the solar elevation in air, §, the
solar angle in water measured from zenith,
and n and n, are the refraction indices of
seawater and air.

Inserting the definitions for E and E, into
20 yields

fur L cos 6 de
_"411- L d(D

= Kg(z) {cos ) (23)

valid at all depths. The average function
(cos @) is approximately equal to cos 6, be-
cause of the strong forward scattering and
provided the depth is small and the solar
elevation is moderate to high.

Differentiating Eq. 19 once and rearrang-
ing gives

d In a/dz=(d In Kg/dz) + K, - Kz (24)

Equation 24 gives the relative variation of
a versus depth. The parameters Ky and K,
are determined from relative daylight mea-
surements. Since 23 approximately gives
the surface value of q, the vertical distribu-
tion of a can be obtained. Unfortunately,
this method is to some extent impractical.
From the definitions and Eq. 19,

a(z) = Kg(z)

K,+a
K=K Kg+a (@)
and
Ko = Ky =% (26)
KE—(I

Since Kz > a when b > 0, Eq. 26 states that
K., =0 implies K, =a. From 25 and 26 it

> >

can be seen that K; ZK‘ implies KEZ K,,
respectively. (27)

In the upper few meters of the ocean the
common situation is that the water is op-
tically homogeneous due to the strong mix-
ing, the ratio E : E, decreases with depth
(or Ky increases ), and K, > K, in the case
of visible daylight (Jerlov 1968; Hgjerslev
1973, 1974b). This leads to the inequalities

K.>Ki>Kp>Ki>K,>Ko,  (28)

when applying the definitions, Eq. 24, 25,
and 26. At great depths all the Ks become
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Fig. 7. The spectral light absorption meter con-
sisting of one %(E, 4 E)-collector (A) and one
1% (E, — E)-collector (B), for an upward orienta-
tion of the g-meter as depicted in the figure. The
color filters applied are double interference filters
(Schott und Genossen) having half-value widths
between 7.5 and 17 nm. The light sensitive de-
tectors are PIN diodes (UDT 500/UV; MWO 2948
United Detector Tech. Inc.). Determination of
depths is obtained by a pressure gauge (Bell and
Howell Ltd. Type 4-393-L102-01MO) having a
measuring range from the surface down to about
100-m depth. The numbers refer to: 1—opal-
flashed globe; 2—black shield; 3—receiving flat
opal-flashed collector; 4—diaphrams; 5—pin for
suspension of the meter; 6—color filter; 7—PIN
diode; 8—pressure gauge; 9—clamp.

the same, assuming optically homogeneous
water (Preisendorfer 1959; Zaneveld and
Pak 1972; Hgjerslev 1972).

The light absorption meter is shown in
Fig. 7. It measures the two quantities % ( E,
+ E)4 and %(E, - E)p simultaneously. The
index letters A and B refer to the two mea-
suring units, consisting of collector, dia-
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Fig. 8. The collecting properties of the light

collectors mounted on the spectral light absorption

meter when in water and illuminated by a parallel
beam of light. Both collectors had the same col-
lecting properties; furthermore no change in col-
lecting properties with wavelength in the range
370-670 nm could be observed.

phragm, interference filter, PIN diode, and
amplification system on deck. Explicitly,
the recorded signals can be expressed as

%[Eo(zo - AZA) + E(Za - AZA)]A
and
Y%[E(zo + Azg) — E(z, + Azg)]5,

where Az, and Azp are known constants
(see Fig. 7).

After one measuring series at wavelength
Ao the meter is taken up, inverted, and low-
ered again. This means that the recorded
signals now become %(E, + E)» and %(E,
~E)4. Two such lowerings thus give two
determinations of the absorption coefficient
in absolute values. This measuring tech-
nique has the advantages that no calibra-
tion of the absorption meter is necessary,
calibration factors between the measuring
units A and B are readily obtained, and
changes in the optical properties of the sea-
water, the surface irradiance, or both within
the measuring period are observed directly
by comparing the vertical distribution of
%(E, + E)4 and %(E, + E).

The two measuring units A and B can
also be calibrated in the laboratory so that
the same light flux impinging on the col-
lectors for the same angle of incidence re-
sults in the same signal reading. This cali-
bration is preferably performed in water to
avoid spectral determinations of immersion
coefficients.

1 10
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Fig. 9. Daylight measurements at 532 nm in
the Danish Sound, north of Ven (station 14).
Solar elevation: 33°.

Such a calibration makes one lowering
sufficient for an absolute determination of
a (Hgjerslev 1973) because Ky is obtained
from a relative measurement and the ex-
pression E : E, is a ratio (see Eq. 20).

Finally, it should be emphasized that the
present a-meter consists of two collectors in-
stead of the three used in other absorption
meters of the daylight type (Hgjerslev
1973; Tyler 1961).

The collecting properties of the collector
when in water are shown in Fig. 8. The
ideal collector would collect the light flux
corresponding to %(1 + cos 9).

In September 1974 a trial of the light ab-
sorption meter was made in the Danish
Sound north of Copenhagen, near Ven. It
was sunny weather with only a few clouds

Table 3. Daylight measurements in the Danish
Sound north of Ven, of the scalar and vector ir-
radiance at 532 nm. The surface light conditions
were ideal and the solar elevation about 33°. The
absorption coefficients versus depth calculated
from these irradiance measurements are presented

on the right side of the table.

(a), (a)
Depth (EO)A (E)A (EC)B (E)B _‘1‘ _f

(m) relative units relative units m o)
1 109 89.2 136 105 0.180 G.141
2 90.4 1.6 114 87.4 0.172 ¢.138
3 74.3 57.8 96.8 73.2 0.171 0.156
4 59.9  46.1 78.2 57.8 0.164 0.167
5 49.2  37.8 63.4 46.6 0.153 0.158
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Table 4. Calculated vertical attenuation coeffi-
cients and diffusivity (E : E.) of the underwater
light field as a function of depth. These parame-
ters were all obtained from measurements with
light collector A.
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Table 5. Calculated vertical attenuation coeffi-
cients and diffusivity (E : E,) of the underwater
light field as a function of depth. These parame-
ters were all obtained from measurements with

Deptn (Ko)y (Kg)y (K4), (€5),

[%]A [a/KEcos es]A

(m) =
m

1 0.818 . 1.055
0.187 0.220 0.201 0.130

2 0.792 1.022
0.196 0.214 0.204 0.147

3 0.778 1.004
0.215 0.226 0.220 0.173

4 0.770 0.993
0.197 0.199 0.198 0.174

5 0.991

0.768

so that almost stable light conditions pre-
vailed. The sea surface was rather calm but
with strong currents in the area. The water
belongs to coastal type 3 according to Jer-
lov’s optical classification of water masses
(Jerlov 1968). Accordingly, the maximum
transmission of daylight lies in the green
part of the spectrum and for the same rea-
son the measuring wavelength of 532 nm
was selected.

The measurements are presented in Fig.
9. %(E,+E), and %(E,-E)z are mea-
sured simultaneously as are %(E,-E)4
and %(E,+ E)p. All four parameters dis-
play small fluctuations in signal levels when
compared to usual downwelling irradiance

Deptn Ko)p (Kgly (K)p (Kx)g

o)

light collector B.
(_EOJB‘ (a/KEcos esJB

m)

1 0.772 0.996
0.176 0.183 0.180 ©.119

2 0.767 0.989
0.163 0.177 0.169 0.126

3 0.756 0.976
0.213 0.236 0.223 0.154

4 0.739 0.953
0.210 0.215 0.212 0.194

5 0.735 0.948

measurements. Figure 9 allows calculation
of the four parameters E,(z)4, E(2)4,
E,(z)g, and E(z)p (Table 3). This is suf-
ficient for calculation of the absorption co-
efficient and the vertical attenuation coeffi-
cients of scalar and vector irradiance
(Tables 3-5, Fig. 10). Figure 9 demon-
strates that the measuring unit B gives a
a signal 30% higher than A determined from
%(E,+E)s and %(E,+ E)s. The cali-
bration factor between A and B at 532 nm
should be derived from these two parame-
ters since shadows from the ship play an
insignificant role as long as the direct rays
of the sun are not screened out.

" The optical properties of the seawater

100 105 015 020 m
| L L | T 1 T T T T [ 7 T
(U)A .
- 4 . 1
» — 2
— —— -3
(a/KgcosBg) s
4 14
m
<4 -5
| T W T TURS DU N NN SN NN S SN N BN

Fig. 10.

Selected inherent and apparent optical properties versus depth at station 14.
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varied significantly during 5 min due to the
strong currents. Similar variation in the
light scattering coefficient was observed.
The variation in the light absorption coeffi-
cient was smaller below 3.5 m.

An approximate determination of the ab-
sorption coefficient according to Eq. 23
gives acceptable results. Finally, the ratio
E : E,=a: Kg decreases with depth, which
also should be expected (Jerlov 1968; Jer-
lov and Nygérd 1969; Hgjerslev 1972, 1973,
1974b).

Niels Hgjerslev

Institute of Physical Oceanography
University of Copenhagen
2200 Copenhagen, Denmark
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A freely falling probe for small-scale temperature gradients

Abstract—A light, simple, and fairly inex-
pensive hand-launched freely falling probe
for measuring temperature microstructure
was built. The circuitry operates under pres-
sure in a Freon environment; low-power inte-

* Financial support was provided by the Physi-
cal Oceanography Section of the National Science
Foundation under grants GA-23336 and DES74-
17968.

grated circuits are used as components. The
probe is assembled from plastic pipe and fit-
tings and recovered with monofilament fishing
line. Standard XBTs are adapted for use as
the data link. Noise levels of 2 x 10° °C
cm™ were achieved in signals recorded during
casts in the ocean and on inland waters. Por-
tions of the water column can be rapidly re-
sampled. The device can be operated from
any size vessel.



