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Method and Apparatus for Measuring the Mineralization
of Labelled Compounds in Seawater*

Humitake SEKI**

Abstract: A method with new apparatus convenient for the trapping of *CO: from minerali-
zation of labelled compounds by microorganisms in seawater was deviced for oceanographic

purpose on board.

1. Introduction

The use of radioactive compounds is definitely
requisite for the studies on the kinetics of
heterotrophic activities. The measurement of
net assimilation of dissolved organic matter by
microorganisms in seawater with the use of
radioactive substrates was originally undertaken
by PARSONS and STRICKLAND (1962) and
developed later by others (e.g., WRIGHT and
HoOBBIE, 1966).

On the other hand, the measurement of
mineralization of dissolved organic matter by
microorganisms is also necessary in order to
study microbial gross assimilation in seawater
(e.g., HOBBIE and CRAWFORD, 1969). Although
some apparates for the trapping of MCOs from
mineralization have been deviced and wused
successfully in laboratories ashore (KADOTA
et al., 1966; HOBBIE and CRAWFORD, 1969:
HARRISON et al., 1971), no convenient appara-
tus has been used for the oceanographic purpose
on board where the laboratory rolls and pitches
and the space for RI experiments is usually
very limited.

An apparatus for the measurement of micro-
bial mineralization in seawater was deviced and
successfully used aboard the research vessel
Hakuho-maru of the University of Tokyo
during Leg KH-71-3 Expedition in 1971 organ-
ized by Professor A. HATTORI (SEKI et al.,
1972).

2. Method and Apparatus
After 200 m/ of each seawater sample with

* Received January 10, 1972
** Ocean Research Institute, University of Tokyo,
Minami-dai 1-15-1, Nakano-ku, Tokyo, Japan

(

the addition of 4 uCi radioactive substrate has
been incubated microbiologically in a 250 m/
wide mouth bottle with a glass stopper, micro-
bial activity of the sample is stopped by the
addition of mercury chloride with final con-
centration of 107* mole. The glass stopper of
the incubation bottle is then replaced by the
rubber stopper (A in Fig. 1), which is a part
of the apparatus for trapping “CO;. The sea-
water sample (B in Fig. 1) is allowed to acidify
by the addition of 10m! of 9 N H:SO, from a

Fig. 1. A unit of the apparatus.
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2 La mer, Tome 10, N° 1 (1972)

column (C in Fig. 1). The CO; evolved by
acidifying the sample is forced to bubble out
by squeezing a rubber bulb (D in Fig. 1), in
order to be transferred through bubbling into
5ml of the solution of 1:2 mixture of ethanola-
mine : ethylene glycol monomethyl ether in a
vial for liquid scientillation counting (E in Fig.
1). The vial is connected with a soda lime
tube (F in Fig. 1) for monitoring the untrapped
“COs,, although more than 99 9% of the total
#COq in each seawater sample have been shown
to be trapped into only one vial. Continuous
bubbling for 5 minutes has been shown to be
sufficient for transferring *COs completely from
the seawater sample to the solution for scintil-

lation counting. The vial is sealed with a
screw cap immediately after the bubbling, and
then taken back to RI laboratory ashore. Four
units of the apparatus could be efficiently used
in parallel at the same time during the expedi-

Fig. 2. A set of the apparatus.

tion (Fig. 2).

Into each vial is added 15 m/ of the scintil-
lation solvent having a 1:2 mixture of ethylene
glycol monoethyl ether in toluene, containing
6 g/liter PPO (Nuclear Chicago, 1966). Then
the radioactivity in each vial can be counted by

a liquid scintillation counter (Beckman Model
LS-100 ete.).
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Contribution of Sorption Process to the Precipitation
Mechanism of Metal Elements in Sea Water (II)*

Noburu TAKEMATSU**

Abstract: Sorption experiments of Zn, Mn, Fe and Co for clays, pelagic sediments, manganese
nodules, manganese dioxide and hydrated ferric oxide were carried out to evaluate the contri-
bution of sorption process to the precipitation mechanism of metal elements in sea water.

Distribution coefficients for pelagic sediments are larger than those for clays, being about
two orders of magnitude larger in manganese and cobalt.

To investigate the cause of this difference, another series of experiments were carried
out for sediments treated with HoO; and EDTA. Distribution coefficients for the sediments
treated with these reagents were nearly equal to those for clays. Therefore, the large distri-
bution coefficients for pelagic sediments may be attributed to solid phases which are decomposed
by hydrogen peroxide and EDTA treatments.

To ascertain this assumption, distribution coefficients for manganese nodules, commercial
manganese dioxide and hydrated ferric oxide were measured. As these particulate materials
are different in particle size from clays, it is a question to compare the absolute values, but
the distribution coefficients of manganese and cobalt were three or four figures larger than
those for clays. And when zinc is taken as reference, manganese nodule sorbs more manganese
and cobalt than hydrated ferric oxide.

From the above results, it may be concluded that the sorption of those elements on deep
sea sediment is controlled by the readily soluble phases with H;O: and EDTA treatments
rather than by silicate minerals, and that the concentration of these elements in sea water
is regulated by manganese nodule and iron compounds.

between the residence time and the ratio of the
saturated concentration of minor elements to
the observed concentration in sea water. If the
concentration of minor elements is regulated
by sorption process, there may be a better
correlation between the residence time and the
reciprocal of distribution coefficient.

On the other hand, SILLEN (1963, 1967a and
1967b) discussed the present composition of sea
water on the assumption that sea water would
be in equilibrium with sediments. According
to his estimation, the equilibrium concentrations

1. Introduction

It has been said that sea water is under-
saturated with respect to most of minor metal
elements, while these elements are concentrated
in deep sea sediments comparing with igneous
rocks.

KRAUSKOPF (1956) measured the solubility
of thirteen minor elements in sea water by
laboratory experiments, and showed that sea
water was greatly undersaturated with respect
to all of these elements investigated. He also

carried out sorption experiments of these

of Fe and Mn are respectively a few and several
orders of magnitude lower than those observed
in sea water. The equilibrium concentrations of
Co and Pb, however, are comparable to those
observed in sea water, when their solid solu-

elements on various particulate materials, and
reported that the concentration of minor ele-
ments in sea water is controlled by their sorp-
tion on particulate matters in sea water.
Based on Krauskopf’s data, GOLDBERG (1965)

stated that there was a reasonable correlation

* Received January 12, 1972
** The Institute of Physical and Chemical Research

tions such as (Fe, Co)OOH and (Mn, Pb)O;
are taken into consideration.

In any case, the first step of reactions occurring
in the ocean will be the sorption of elements

( 3)
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on particulate materials.

Recently, distribution coefficients of radio-
active elements for sediments have been reported
in relation to the behavior of radioactive
elements discharged into the coastal sea (TEM-
PLETON and PRESTON, 1966; JEFFERIES, 1968).
GANGULY et al. (1970) performed sorption
experiments of Zn, Mn and Co on an air dried
and fresh sediment, and reported that distri-
bution coefficients of Mn and Co for the fresh
sediment are one or two figures larger than
those for the air dried sediment. KOSHY et al.
(1969) obtained distribution coefficients of Mn,
Co, Zn, Y and Cu for humic acid extracted
from a near-shore sediment. TAKEMATSU and
SASAKI (1970) measured distribution coefficients
of Zn and Sr for clays, and stated that a con-
siderable part of Zn in marine sediment is
attributed to the sorption process.

In this study, distribution coefficients of Zn,
Mn, Fe and Co for clays, deep sea sediments,
manganese nodules, manganese dioxide and
hydrated ferric oxide were measured to evaluate
the contribution of sorption process to the
precipitation mechanism of metal elements in
sea water.

2. Method of experiment

One milliliter of a radioactive isotope solution
containing a suitable amount of carrier is added
to 100 ml of filtered sea water (1,000m/ in
cases of manganese nodule and manganese
dioxide).

Half-life, chemical form and carrier content
of isotope used are shown in Table 1. The
concentration of carrier is equivalent to that in
sea water.

After pH adjustment with 0.1 N NaOH solu-

tion, the solution is allowed to stand for two
days with intermittent shaking. 5m/ of the
solution is pipeted out to measure counts in
the initial solution. Thereafter, a suitable
amount of a sorbent is added to the solution,
and intermittent shaking and pH adjustment
are repeated until an equilibrium state is reached
(for more than a month). As manganese
nodule and manganese dioxide adhere to the
wall of a polyethylene flask, the suspension is
stirred with a nylon brush. The effect of the
nylon brush was negligible. After the super-
natant activity of the suspension becomes
constant, 50 m/ of the suspension is centrifuged
at 5,000 rpm and 5.0m/ of the supernatant is
withdrawn. Activities of the supernatant and
the initial sea water are measured at the same
time on a scintillation counter and distribution
coefficient is calculated from both of these. To
check the sorption on the wall of apparatus
used and the precipitation with the formation
of colloid, blank tests were made with the
same procedure except that sorbents had not
been added. Sorption experiments were carried
out at pH 7.8 or 8.0. Sorbents used are kaoli-
nite, montmorillonite, two deep sea sediments,
two manganese nodules, commercial manganese
dioxide (hexagonal) and hydrated ferric oxide.

Table 1. Half-lives, chemical forms and carrier
contents of isotopes used in sorption experi-

ments.
. . Chemical Total carrier
) Isotope  Half-life form Ceg/D
557Zn 245d ZnCl, 10
%4 Mn 291d MnCl, 2
*Fe 45d FeCls 10
%Co 5.27y CoCl; 0.1

Table 2. Description of deep sea sediments and manganese nodules used in sorption experiments.

Sample Location Depth Date of collection Notes on sample
o ’
Sed-1 Al 5,800 m 1970-4-28 dark brown clay
o /
Sed-2 léllgo (1)(7) g,\l;‘lf 5,200 m 1970-5-11 dark brown clay
- 44°30'N flat nodule without core, equal to
MN-1 170°25' E 1,300 m K-1 in OKADA and SHIMA (1970)
MN-2 09°16.7'N 5,900 m 1968-1-12 clay core, equal to N-2 in OKADA

179°19. 6'W

and SHIMA (1970)

Sed: sediment, MN: manganese nodule

49
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A description of deep sea sediments and man-
ganese nodules is given in Table 2.

Clay minerals were purified by levigation and
converted into sodium form by passing through
a sodium form Dowex 50 W-X8 column (SLA-
BAUGH, 1954).

Deep sea sediments were washed several
times with deionized water and dried at 110°C.
A part of each sediment was treated with
H;0: in the presence of 0.05 N HC! to remove
organic matter (GANAPATHY et al., 1968). As
deep sea sediments contain manganese dioxide
which is a decomposition catalyser of hydrogen
peroxide, it could not be known whether the
removal of organic matter was complete or not,
but the losses in weight of Sed-1 and Sed-2
were found to be 9.6% and 17.8 %, respec-
tively. Also, a part of each sediment was
treated with EDTA to remove the readily
soluble phases such as manganese oxide and
apatite completely, leaving the rest of the
minerals as intact as possible (GOLDBERG and
ARRHENIUS, 1958). The sediments treated
with EDTA were washed several times with
0.1 N NH,OH to remove EDTA. The losses
in weight of Sed-1 and Sed-2 were 2.0 % and
7.8 %, respectively.

Manganese nodules and manganese dioxide
were powdered in an agate mortar so that the
particle size may be unifom as much as possible,
and dried at 110°C.

Hydrated ferric oxide was prepared by adding
a suitable amount of ferric chloride solution to
filtered sea water containing a radioactive iso-
tope and adjusting the pH of the solution.

The amount of sorbents is determined by a
preliminary experiment so that the activity in
in the supernatant after attaining an equilibrium
state is one half of the total one in the initial
sea water as possible to measure the sorbed
amount of element precisely without changing
the activity in the supernatant extremely. In
cases of manganese nodules and manganese
dioxide, however, some of the activities in the
supernatants in the equilibrium states were
lower than one tenth of the total ones in the
suspension, since at least 0.01 g// of the sorbent
was needed to measure the distribution coefficient
without a wide scattering.

($2]

3. Results and discussion

The ratio of the activity in the supernatant
after attaining the equilibrium state to the one
in the initial solution in blank tests is shown
in Table 3. The ratio for iron is excessively
small, and this may be attributed to the for-
mation of colloid in sea water. Therefore, the
distribution coefficient of iron is not for a
sorption process but for an aggregation process,
and varies with the concentration of carrier.

Distribution coefficients for clays and deep
in Table 4. The
range of scattering of the distribution coefficient
is different in each element and sorbent. That
for clays is within a factor 2. On the other
hand, that for deep sea sediments is wider and
as wide as a factor 5 in case of cobalt which
the greatest The values
shown in Table 4 are the averages of five
sorption experiments.

Making a comparison between clays, the
distribution coefficients for montmorillonite are
several times larger than those for kaolinite in
This is attributed
to the difference in their ion-exchange capacities
rather than that in their particle sizes. The
distribution coefficients decrease in the order of
Zn > Co » Mn, and this may be ascribed to the
difference of chemical forms of the elements in

sea sediments are shown

shows

scattering.

zinc, manganese and cobalt.

Table 3.
reaching an equilibrium state to those in the
initial solution in blank tests (in per cent).

Ratio of counts in the supernatant after

pH 7.8 pH 8.0
Zn 95 % 93 %
Mn 94 % 90 %
Fe 43 % 32 %
Co 97 % 95 %
Table 4. Distribution coefficients for clays
and deep sea sediments (pH 8.0).
Zn Mn Fe Co
Clays
Kaolinite 1x10® 3x10' 1x10* 2x10°
Montmorillonite 7x10* 2x10* 2x10* 1x10°
Deep sea sediments
Sed-1 6x10° 4x10° 7x10* 1x10°
Sed-2 9x10° 1x10* 2x10° 2x10°
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Table 5. Distribution coefficients for the sedi-
ments treated with H:O: and EDTA (pH 7.8).

Zn Mn Fe Co
Sed-1 4,800 2,000 69,000 40,000
Sed-1 H,O, 1, 800 34 23,000 170
Sed-1 EDTA 2, 500 92 18,000 30
Sed-2 10,000 12,000 130,000 170,000
Sed-2 HzO: 6, 000 260 20,000 480
Sed-2 EDTA 2,700 100 17,000 26
Kaolinite 940 13 14,000 300

Montmorillonite 5, 500 250 15,000 1, 000

Sed-1 H:0;: Sed-1 treated with H:Os,
Sed-1 EDTA: Sed-1 treated with EDTA.

sea water (CHESTER, 1965; SILLEN, 1963).

It is clearly recognized in Table 4 that the
distribution coefficients for deep sea sediments
are much larger than those for clays. In case
of Sed-2, for example, distribution coefficients
are larger than those for montmorillonite fifty
times in manganese, ten times in iron and two
hundred times in cobalt.

To investigate the cause of this difference,
another sorption experiments were carried out
for the sediments treated with H2O2 and EDTA.

The results are shown in Table 5. The
sediment treated with HO. has very small
distribution coefficients, and a marked tendency
is seen in manganese and cobalt. GANAPATHY
et al. (1968) measured distribution coefficients
of Zn, Mn and Co for a coastal sediment air-
dried and treated with H2Og, and stated that
the distribution coefficients for the sediment
treated with HzOz were much smaller than those
for the air-dried sediment, and that this differ-
ence could be attributed to organic matters in
the sediment. In case of deep sea sediments,
however, the distribution coefficients of Zn, Mn
and Co only for organic matters in sediments
are not more than 150, because the organic
matter content in deep sea sediments is less
than 1% and the distribution coefficients of
Zn, Mn and Co for humic acid extracted from
a marine sediment are 13,000, 11,000 and 12,000,
respectively, according to KOSHY et al. (1969).
Considering from the above estimation and
losses in weight of sediments treated with HzOs,
the difference in distribution coefficient between
treated and untreated sediments may be largely

Table 6. Distribution coefficients for manganese
dioxide, manganese nodule and hydrated ferric

oxide.
Zn Mn Fe Co

MnO: 5x10* 1x10% 1x10° 2x10°
MN-1 2x10°  7x10° 2x10° 1x10°
MN-2 1x15° 2x10° 1x10° 4x10°
Fe;03-nH0

pH7.38 4%x10° 8x10° 3x10° 7x10*

pH 8.0 6x10° 2x10* 5x10° 1x10°

attributed to phases which are decomposed by
a hydrogen peroxide treatment.

Distribution coefficients of respective elements
for Sed-1 and Sed-2 treated with EDTA are
almost the same and are between the values
for kaolinite and montmorillonite, except cobalt.
The difference in the distribution coefficient
between treated and untreated sediments may
be chiefly due to micro-manganese nodule in
sediments.

To acertain this assumption, distribution co-
efficients were measured for commercial manga-
nese dioxide, two manganese nodules and hy-
drated ferric oxide.

The averages of distribution coefficients in
five sorption experiments are shown in Table 6.

In cases of manganese nodules and manganese
dioxide, the scattering of distribution coefficients
is considerably large and reaches a factor 10
in manganese. As for the factors of scattering,
changes of specific activity with dissolution of
manganese nodules, differences in particle size
and effects of micro-organisms are considered,
but more detailed experiments especialy on the
effects of micro-organisms are necessary to be
GANGULY et al. (1970) reported that
distribution coefficients of Mn and Co for a
fresh sediment are one or two figures larger
than those for the air-dried sediment, and in
the author’s another sorption experiments for
a fresh coastal sediment with and without
chloroform as a preservative, the distribution
coefficients of Mn and Co in the absence of a
preservative are one or two orders of magnitude
larger than those in the presence of a preserv-
ative. Although there are many factors to be
considered, it is evident that manganese nodule
and manganese dioxide sorb minor elements

made.

(6)
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Table 7. Estimated concentration of elements
sorbed on the deep sea sediment.

Zn Mn Fe Co
Distribution
coefficient 8,000 7,000 100,000 100,000
Concentration in
sea water
(ug/D@ 10 2 10 0.1

Calculated concen-
tration sorbed on
the sediment (ppm) 80 14 1,000 10

Concentration in
the deep sediment
(ppm) 1300 4,800(¢) 50,000(c) 100¢c>

(a) GOLDBERG (1965); (b) WEDEPOHL (1960);
(c) CrONAN (1969)

exceedingly.

In case of hydrated ferric oxide, sorption
experiments were carried out at pH7.8 and
8.0, and for three concentrations of ferric ion,
namely 0.5 mg Fe?*/100 m/, 1mg Fe?+/100 m/
and 5mg Fe**/100 m/. Sorption (coprecipita-
tion) of elements was a little more at pH 8.0
than at 7.8. and the effect of the amount of
hydrated ferric oxide was negligible within the
limits of scattering.

Considering the difference of particle size
among manganese dioxide, manganese nodule
and hydrated ferric oxide, it is questionable to
compare their absolute values. But it will be
permitted, at least, to conclude that manganese
dioxide and manganese nodule sorb Mn and
Co preferably, and hydrated ferric oxide does
not.

From the above results, the sorption of these
elements on deep sea sediment is controlled by
the readily soluble phases with EDTA and
H2Os treatments rather than by silicate minerals,
and the concentration of these elements in sea
water may be regulated by manganese nodule
and iron compounds.

The concentrations of elements sorbed on the
pelagic sediment were calculated from the mean
values of their distribution coefficients for Sed-1
and Sed-2, and their concentrations in sea
water cited from Goldberg’s paper (1965).
The results are shown in Table 7.

A considerable part of zinc in the pelagic
sediment is attributed to the sorption process
as compared with only 1/300 of manganese,

1/50 of iron and 1/10 of cobalt. However,
this estimation is based on the assumption that
the deep sea sediment undergoes no diagenesis,
and this is not the case actually. Therefore,
these results may be reasonable in elements
such as manganese, iron and cobalt which are
closely connected with the manganese nodule.
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Application of Horogram Method to the Analysis of

the Directional Spectrum of the Surface Wave*

Yasuhiro SUGIMORI**

Abstract:

Honogram method is used to obtain a two-dimensional spectrum from the pattern

of light and darkness on film with an optical system. This method is useful for the analysis

of the power spectrum of the surface waves and is relatively simple compared with other

methods based on stereo-photographs or water-pressure gauges.

The instrumental error of spectrum power introduced in the analysis of the film of
vertical photograph is about 13 % and the resolving power of the photograph film is limited
to about 30 lines per 1 mm interval due to the photographing swing.

The spectrum contour obtained by this method is well suited to that obtained from wave-
heights analysis by COTE et al. in the SSW.O.P. (1960).

This method is the most useful tool for the analysis of the surface waves in deep water

at present time.

1. Introduction

Measurement of the directional spectrum of
wind generated waves is important not only
for the analysis of the generating process of
the surface wave, but also for the forecasting
of the wind generated waves. It is also neces-
sary for the coastal engineering in relation to
the movement of bottom sand due to the
coastal current and to the harbor construction
against the incident surface waves.
COTE et al. (1960) measured the directional
spectrum in the North Atlantic Ocean in the
Stereo Wave Observation Project in co-operation
with the Office of Naval Research. Two syncro-
nous cameras took the vertical photographs of
the surface waves from two air-crafts at 900 m
height. They obtained the two-dimensional
wave heights from which the directional frequ-
ency spectrum was calculated. However, it
took for them a very long time to analyze the
data of wave heights even with an electronic
computer, Moreover it was difficult to take
simultaneous photographs on air-craft.

A measurement of the directional spectrum
using an optical instrument was first made by
BARBER (1954). In those days, his method

* Received January 17, 1972
*#% Ocean Research Institute, University of Tokyo
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did not make it possible to obtain clear Fraun-
hofer image or Fourier spectrum.

STILWELL (1969) used the same method but
with the laser beam for the analysis of the
surface waves. He used the photograph looking
askance at the surface wave taken from bridges
or hill and theoretically explained the power
spectrum analyzed with this method. His
method caused, however, a directional distortion
of power spectrum, and moreover the calib-
ration of wave-number can not accurately be
made.

In this paper, for the purposes of making up
for above defects and observing the open ocean
waves from air-craft a vertical photograph of
the surface wave is used. And an analysis of
the spectrum power is made for one of photo-
graphs of S.W.O.P. by this method. The
results are compared with that of COTE et al.
(1960).

2. Principle of the horogram method

A light wave is a vector field in the electro-
magnetic field governed by the Maxwell Wave-
Equation. In a case of optical systems in which
the beam is concentrated around the optical
center line and the diffraction angle is not
large, we may deal only one of its components.

In a closed space excluding the light source,

)
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but with an aperture, the light wave ¢(r, #)
satisfies the following wave-equation
1 02
pogp=—atn 22 (1)

2 0t?

Expanding ¢(r,2) of Eq. (1) as
P(r, t)= S“’ uo(r) exp—iot do  (2)

we obtain the Helmholtz-Equation for the ex-
panding coefficient u«,.

Vit +£2us=0
2k

k:g ===} wave number (3)
c

® ; angular frequency

2 ; wavelength

We solve Eq. (3) as follows. First we introduce
the Green-Function which satisfies Eq. (4)

MG+rRG=—4né(r—ry) (4)
d; Delta-function

ri; Required point in a closed space,

then the Green-Integral-Equation is

ggg(GV2zt~ uWeG)da

( [/ . 0u oG _

Substituting Eq. (3) into Eq. (5) and integrating

Eq. (5) with the relation g u(r)o(r—ry)de=ur(y),

v

we obtain

u(ry) = 1 SS(G?—uauaG >ds. (6)

4 an on

Now we consider the closed space with an
aperture, but excluding the source point Py(70)
and including observation point Pi(r1).

The three Kirchhoff assumptions are:
(1) at any point behind the occulter
ou
o 0
ou

on

are equal to those of the space faced to

(2) the functions # and in the aperture

(105

Fig. 1. Optical system of Fraunhofer diffraction.
Py is a light source and Pi is a image. Q is
a arbitrary point located in the aperture.

the light source.
(3) at the aperture

() = A exp tk[r—ro|
[r—ro
du Aexp ik{r—nﬁ(. 1 >
ou _ PaIF=roif
on {r—ro| [r—ro|
X cos(r—ro, ) 7

|[r—ro|; Distance from light source point Py(ro)
to the arbitrary point in aperture.
On these assumptions, we have a solution of

Eq. (4)

exp ik|r—ry|
[r—ri|

G(r)= (8D
We change the notation ry for |[r—ro|, and n
for |r—ri| which are distances from an arbitrary
point on the aperture to the source and to the
observation point. Differentiation of Eq. (8)
with respect to the normal component gives

oG expikr /. 1

2 =P -‘vl(zké *>COS(7’!1, r—ry). (9)

i

on 71

Since 71 and 7¢ are much larger than the wave-
length of the beam, we have:

1 1
k>>71*, /f>>—ro—-
Substituting Eqgs. (7), (8), (9) into Eq. (6), and

considering the conditions of Kirchhoff (1), (2),
we have

- —iAk exp tk(ri+ry)
)= 4z SSE riro
X {cos(n, r1)—cos(n, ry)}. am

In the case where P; and P, are located near
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the optical center line far from the aperture,
it can easily be shown

cos (n, r1) = —cos (n, ry) =cos 0.
Therefore
—iAk cos?d

ngexp [ik(ry+ o)) ds. (11)

ulry)= 2r niro

Now the (§,{) co-ordinate system is taken in
the aperture as shown in Fig. 1.
Then 7y and 7y become

ro= {(.rof$)2+(yo~7/)2+zzo}%

- zo€tyoy | 477 (xef+ym)® |
=Ro——%""% R, SR 1
1
r={(z1— 2+ (y1— )+ 22} *
~p,_ Tty | E49T <x1$+y177)2+_uj
- R, 2R, 2R

(12)

where Ro=(zo+y+22)* and Ri=(el+yi+
212)-% Substituting r, and 7 of Eq. (12) into Eq.

<ll)’ and using Qo= *4}%2: ABU: —"%0“, Q{l:%:
0 0 1
1‘31:%—11 we obtain
g k(R4 Ro) o
u(rl):s._i?é« e o cos 558 e*d &) d& dy,
t 1R 5
(13)
where

P&, n)=&(ag— 1) +7(Bo— 1)

i L i £2 2
+2[<R0+R1><’ )

(o€ + Bon)? _ (a1&+ P1n)?
TR R ]

If the diffraction image is focussed at the in-
finite distance from the aperture, it becomes
the Fraunhofer image, and since the term higher
than the second order in ¢(£, n) can be neglected,
Eq. (13) becomes

ulr)=c g &, n) exp [ik{&(ao—a)

+7(Bo—p)}]dE dn, a4

where F(§,7) is a function equal to unity in

the aperture and zero in the occulter.

When we set a film at the aperture, F(§,7)
is a function of amplitude transmittance distri-
bution. Eq. (14) represents a Fourier Trans-
form of amplitude distribution in the aperture.

In case where the Fraunhofer diffraction, can

be applied, is in condions i—&-i:O and %

R Ry
dof -+ | 2 aqé 2
(dos+Bm)? 1 (as€+Bip) <1,
Rn A RO
it can be considered that a light beam incident
into the aperture is a convergent spherical sur-
face wave. When a lense is set at the place
of right side of the aperture in this optical
system, the spherical surface wave can focus

on the screen at the finite distance from the
light source.

This focussed image is the Fraunhofer pattern
which is the Fourier Transform of amplitude
transmittance distribution in the aperture.

3. Application to the analysis of directional

spectrum of the surface wave

A sun light reflected from the sea surface
gives us information of the surface waves, be-
cause the sun light falls down parallel to the
sea surface. For the air-photograph of the sur-
face waves, the camera illumination is largely
due to the light reflected from the surface.

The reflectivity I' of the water surface is
dependent upon the polarization of the incident
angle 6 (Fig. 2). The surface normal angle ¢

J
0
0 g — _’ZL
Fig. 2. Water reflectivity. In the visible region,
water reffectivity is related to the angle from
the normal by the above curve. V is a ver-
tically polarized component and H is a hori-

zontally polarized component.

i (11)
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camera

sun beam

X

Fig. 3. Reflection from a two-dimensional surface

element. This is an illustration of the geo-

metry and angle conventions. A normal angle

and a incident angle are given by ¢ and 4.

could be visualized as altering 6 as shown in
Fig. 3.
primarily a function of the local normal angle.
For a sinusoidal modulation of the angle normal
to the wave surface, the resultant reflectivity
variation of vertical incidence to camera is maxi-
mum at the wave crest and the wave trough
when the sun is at the zenith, or its vicinity.

For the observation result as shown in Fig.
17, one of the intermediate region which is
faced to the sun is brightened and the opposite
region is shadowed by the peaks of the waves.
And their intensity is proportional to the differ-
entiation of the light intensity with respect to

Therefore the camera illumination is

the surface normal angle.

Now we illustrate the geometry and angle
conventions of beam, camera direction and angle
normal to the =z-axis in Fig. 3. The camera

illumination is expressed as I(¢), then
(@) =K-L&)-I'(y), 15

where L(6) is the total intensity of the sun
light for the incident angle 0, I'(y) is the inten-
sity reflected from the sea surface at the angle
7y and K is a constant. The differentiation of
the intensity of light incident into the camera
with respect to the normal angle is

dltg)_ . dL(6) o
dp K g TGy
ar) dyr

FKL0- = (16)

On the assumption that the normal angle is

enough small, the reflective angle y is approxi-
mated to be equal to the incident angle 6 of
the sun beam.

Since y=~60, we have:

e

d

k-1 LW > L %)
dr / do

We obtain approximately in the polar co-ordinate

d

—ﬁzcos . (18)
When we take a vertical photograph of the
surface wave, the normal angle is ¢=7 and

A becomes

do

ﬁf:licos ¢. 19
dy

Therefore Eq. (17) becomes

A O p ). 400

. (20
dgo df 0

At a given time, the altitude of the sun is a

constant everywhere, hence we have:

A piger-Le- L0
dg dy
It must take notice that the variation of the
camera intensity due to the normal angle
variation is only a function of the intensity
reflected from the surface wave.
Eq. (21) becomes

o) =Lly ‘d@ lgﬂ Ogoc os¢

~ Iy ¢>+\K L) dr(f)

Ogo cos¢. (22)

o=
Since cos ¢=~1, we have

arg)|

2o (23)

I(o)=I(d)+ ‘K L)

¢=0

The light intensity entering into the camera is,
therefore, obtained by the differentiation of the
reflective intensity with respect to the normal
angle, even if each of the frequency components

(12)
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of the surface waves is propagated in any
direction.

Now if we denote the intensity exposed on
a film of camera by #(¢), then (¢) becomes

i(¢)=1(¢)-1077, €0

where D is the optical density on a film and
I(¢) is the intensity entering into camera. The
optical density D on the linear part of specific
exposure curve of film is

D=alog C-1{0)-7, 25

where a is the gradient of linear part on ex-
posure curve. C is a constant, independent
of the exposure of a film. 7 is the exposed
time.

For the operation of Fourier Transform, we
replace the light intensity by its amplitude to
obtain the power spectrum of the surface waves
and consider the rectangular co-ordinate (x’,y")
on the film.

Then the amplitude on the film is

a<x/> y/>:a010—D<1/: .1/’)/2. (26)
By Eq. (25), Eq. (26) becomes

a(x’, y’> =ag 10-a/21logC - I(¢)-7

= gq 10108 (C-1(¢)- )22
=qo (C-I(p)-7)—2/2, o

Substituting Eq. (23) into Eq. (25), we obtain
@, y)

_ao[C{Io(SD ‘Ix - L()- bzogp}r]ﬂ/z

:aol:C-I(go <1+ TIO(@)T ﬂ—m

—a/2

ar()
do

— ao[C-I(¢)- w/z[l T2 (28)

I()

After the Fourier Transform of amplitude on
the film in the two-dimension is performed by
horogram method, we obtain the power spec-
trum from Eq. (14)

u(x;, y;):mg‘ga(x y

X exp [ —= (@& +y1p) ]df an, @29
F:

I‘O(:al distance of lens.

where a(x’,y’) is a function of the exposure
time 7, the normal angle ¢, and the gradient «
in the linear part on exposure curve.

4. Instrumentation

The instrument of the horogram method
consists of two systems. One is a horogram
system. After processing of information of the
surface wave by the operation of this system,
the two-dimensional power spectrum, Fraun-
hofer image, is obtained. The other is a micro-
photodensitometer which can read out the power
of the spectrum equal to the optical density
exposed on the film.

The former cf the optical system is shown
in graphic form in Fig. 4. Its light source is
a He-Ne laser of wavelength 6328 A and the
recording on the screen plane is done by ex-
posing the Fraunhofer image on a film of
camera. The laser beam of diameter 1.5 mm is
expanded to one of diameter 40 mm by the lens
Li,s. The photograph film which is exposed
by information of surface wave alx’,y’) of Eq.
(27) is set in plane P;. The diffracted pattern
behind plane P is focussed on the screen of
plane Pp by lens Ls, which can be exchanged
with 750 mm or 1,500 mm focal distance.

If the width of slits on film placed at P; is
d and the focal distance of lens Lj is F, then
the distance of diffraction image from the
optical center line, p, is expressed as follows:

2
p=r— 30>
Z: Wavelength of laser beam.
s y L Py L3 P2
—_cs J( , __40;_,
,1'02 ) '

He Ne Laser

Fig. 4. Optical transform computer. S is a light
source He-Ne laser 6328 A. Li, L; are a ex-
panding lenses. Pi is a signal plane (aperture).

Ls is a focussing lens of focal distance F

(750 mm or 3,000 mm). P: is a screen plane.

D is a laser beam diameter 1.5mm and D,

is a expanded beam diameter 40 mm.

135
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We assume the rectangular waves in Fig. 5 as
the directional surface wave on the film of the Py
plane. As a result of the optical treatment, the
Fraunhofer images are obtained in the cases of
both focal distances as shown in Figs. 6 and 7.
Fourier Transformation of each rectangular
wave must produce the power spectrum at the

Fig. 5. Test pattern slit of light and darkness
equal to the electric rectangular pulse signal.

Fig. 6. Fraunhofer image of the test pattern slit
focussed by 150 mm focal distance lens.

Fig. 7. Fraunhofer image of the test pattern slit
focussed by 3,000 mm focal distance lens.

(14)

position of each own frequency in any direction,
because the intervals of the rectangular waves
are a constant. But both results represent that
the higher order diffraction images are existent
in every direction and these powers of spectrum
cause an error for this analysis. In a case of
rectangular aperture, the power of each order
of spectrum, y, will be produced as following

equation.
sin x \?2
y=(-2%) @D
x

A\
o
| e
|
|

06

—

05

02 g -
01 ‘
) | ) Y | >
0 1 ¢ @ a7 i

Fig. 8. Fraunhofer diffration at a rectangular

aperture. The function y:</sri9—§9 ’
x
—(sinx
* Y ( x )
0 1
1. 430 7=4. 493 0. 04718
2.459 £=7.725 0. 01694
3.470 #=10. 90 0. 00834
4. 479 7=14.07 0. 00503

Table 1. The first five maxima of the function
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Fig. 9. Image at the optical center line on

screen plane, delta-function.

Above function is given in Fig. 8 and Table 1.
When the powers of higher order spectra are
piled up on the other powers, the maximum
error of the power becomes about 8 %.

On the other way, another error associated
with the power of spectrum is due to the in-
stability of laser generated power. Its maximum
fluctuation is about 5%. Therefore the total
error associated with the power becomes about
13 %, provided that no abberation of camera
lenses or lens L; exists in the treatments and
no variation of emulsion also exists.

Fig. 9 shows the image at the optical center
line, which is focussed by the beams penetrated
from the spaces of slits in plane P;. This is
a Fresnell pattern and called delta-function,
which is equal to the component of electric
The pow of low frequencies
is sametimes piled on the image of delta-func-
tion and can not be distinguished from that.
But from Eq. (30), the distance p from the imaged
position to the optical center on the screen

direct current.

plane becomes larger as the lens of longer
focal distance is used. In other words, the
position of the power spectrum parts from the
image of delta-function with the use of longer
focal distance lens as in Fig. 7.
750 mm focal distance lens, the diameter of
focussed image of delta-function is 2mm, and
hence 4 in Eq. (30) is obtained as 0.2mm for
p equal to the length of half diameter, 1 mm.
It should be noticed that the power spectrum
of slit intervals longer than 0.2 mm on film of
P, plane is never focussed outside of the delta-
function by the use of 750 mm focal distance
lens. On the other hand, for 300 mm focal

In a case of

distance lens d is about 0.8 mm slit interval.
If the lower frequency spectrum of the surface
wave needs to be analyzed with this optical
system, it is necessary to use a longer focal
distance lens or to shorten the wavelength of
surface wave on the film by taking the photo-
graph with a higher altitude flight.

Next we have to consider the resolving power
of this horogram method. There are two parts
with respect to the resolving power. One is
the resolving power of air-photograph and an
another is the resolving power of the treatment
with this optical system. The former depends
upon the resolving power of the camera lens,
the sensitization of film and the camera swing
by the shocking of air-craft. It is generally
considered that a variable combination lens
can separate, at the maximum, 50 lines per
1 mm interval.

The sensibility of film is inversely proportional
to the resolving power as shown in Fig. 10.
It is usually better to employ the film of higher
resolving power, but the sensibility can not be
neglected for the measurement by photography.
The least resolving power is due to the camera
swing by the air-craft shock and is technically

ASA
1000 A
® usual film
100 - *
a copy film
10
2
=
1“!{,:_)
& 7
o Agfa Gevaert
10E70
01 A
* Kodak 649F
1 i

i
1/1
10 100 1000 j0000 /1mm

Resolving Power
Fig. 10. Sensitivity of film in relation to resolving

power. Resolving power unit is lines per 1 mm
interval.

(15)
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about 30 lines per 1 mm interval. Therefore the
maximum resolving power is limited by one of
the camera swing. As a conclusion, we may use

the general commercial film of sensibility higher
than 100 ASA.

5. Calibration and measurement

After the analysis with this optical system,
we must settle the wave number cr wavelength
for the two-dimensional Fraunhofer image on
the film of the screen. In this step, we need
to know the field scale cn the film of plane
P, before we calculate p from Eq. (30). The
interval d is equal to the wavelength on the
film obtained from the air-photograph. Fig. 11
is a sample of the air-photograph taken from
450 m altitude off Inubozaki in Japan. With
the conversion, the field scale on the film

bec s 205 m X 295 { this photooraph. Fig. 12. Vertical photograph of the surface
ceomes m o trom ts - pholograp wave taken at 900 m altitude with the

stereo camera on S.W.O.P. operation.

i

We are able to analyze a region of short gravity
waves from this photograph because in a case
of 2mm diameter of delta-function, the maxi- \‘
mum wavelength & which is not piled upon i '”A"*"m”%,‘
this image becomes about 20m wavelength L N
with 3,000 mm focal distance lens. i,
Fig. 12 is a photograph of the surface wave “"“u‘ by
which was taken at 900 m height with a stereo . |
camera in S.W.O.P. operation. Fraunhofer e Lo
image obtained by this horogram method is Lo
read out with a microphotodensitometer. One . g L " M
of the samples in one-dimension for Fraunhofer ] ,|‘.J,;i I " l’vh‘"(l . |
.irnage of I.*‘ig. 12 is given. in Fig. 13. The J,JJ.UM}‘“IJU"II‘H‘UJWii{}m fi N‘y}{‘lWMtMm?i"Wu‘dm‘ﬁW\j
image density Q of Fraunhofer pattern focussed Fig. 13. Example of the power spectrum in one
on the screen plane is given by the equation: dimension read out by the microphotodensito-
meter.

SWOP data

Wave length
ft

11I0 IBlO ) 35|0 \ 350 180 H‘O_

Fig. 14. The directional power spectrum obtained
from S.W.O.P. photograph by the horogram

Fig. 11. Vertical air-photograph taken at
450 m altitude at Inubozaki in Japan. method.

C16)
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1
Qzlogloﬁ; (32)

where 7T is the intensity transmittance rate
of laser beam through the film. The scale of
ordinate in Fig. 13 is the relative intensity of
logarithm. After this analog data are plotted in
two-dimensions, the contour of the directional
power spectrum is obtained as in Fig. 14. As
above mentioned, COTE et al. obtained the same
directional spectrum with the analysis of wave
hights as in Fig. 15. In comparison with the
both directional spectra, the two peaks of these
spectra are in good agreement in direction and
wavelength. The shape of both contours is
suited in an outline. The hight of contour given
by the horogram method is a relative value.
The range of power spectrum of COTE is one
order higher than ours.

STILWELL measured the power spectrum of

1
Coade o
20 °

2600 2500 240* 2300

[ 2 | o2’w o
726

the surface wave with the horogram method
and compared with that given by the spar buoy
elevation in a case of one-dimension as in Fig.
16. It indicates that in a low frequency region,
the power deviation by the spar buoy is larger
than that by the horogram method.

It is one of the basic factors for this method
how the exposed shadow or slick on a film have
an effect on the accuracy. Figs. 17 and 18
show the photographs of surface waves in the
The latter figure
is partly covered with the clouds. The images
of these power spectra are given in Figs. 19 and
20 respectively. The shape of the power
spectrum analyzed from the film covered with
clouds becomes roughly the same as that of the
another. The local shadow on the original film
is not affected so significantly so far as the shape
of directional spectrum power is concerned,
however it is better to avoid to use air-photo-

same area of the sea surface.

- e

Lo
3 o3
\

§

!

00— 80

/
g

|
33

/

813

/
]

23

[ R T E R T IR R R

2y /
]

12Ty g 2T
80 @

A\ \ N\

2200 200 2000

Fig. 15. The directional power spectrum obtained from wave heights by COTE et al. (1960).

17>



18 La mer, Tome 10, N° 1 (1972)

graph with shadow or slick. region of the Kuroshio Current. The original

A flight was carried out to take the air- photographs inside and outside of the current
photograph at the height 450 m or 900m in are given in Figs. 21 and 22. The Fraunhofer
August in 1971 and made a survey over the images, focussed symmetrically for the optical
g 60l FREQUENCY SPECTRUM

g

t |

= a0 SPAR BUOY

e 3 OPTICAL ANALYSIS

x 300

w

o

pml

E 20

a

=

< 10«[

-

&

5 0 1 ] | L L 1 !

W 18 22 26 30 34 38 42 46 50

@ WAVE FREQUENCY ( RADS /SEC)

Fig. 16. Deviation of power spectra obtained Fig. 19. Fraunhofer image analyzed with the

from the spar buoy elevation and the horogram vertical photograph of the surface wave
method by STILWELL. (1969). in clear sky by the horogram method.

Fig. 17. Vertical photograph of the surface Fig. 20. Fraunhofer image analized with the
wave in clear sky. vertical photograph of the surface wave partly
covered with clouds by the horogram method.

5

Fig. 18. Vertical photograph of the surface Fig. 21. Vertical photograph of the surface
wave partly covered with clouds. wave inside of the Kuroshio Current.
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Fig. 22. Vertical photograph of the surface
wave outside of the Kuroshio Current.

Fig. 23. Spectrum of the surface wave outside
of the Kuroshio Current, of which power is a
optical density of this image. The image is a
symmetrical and the center of this image is a
infinite wavelength.

Fig. 24. Power spectrum of the surface wave
inside of the Kuroshio Current.

treatment, are shown in Figs. 23 and 24.

The symmetrical image can be separated into
two parts and averaged for making the spectrum
contour. The center of this image has an in-

AL 105°
049 056 066 079 099 132 198 395 395 198 132 099 079 066 0.56 049
m

Wave Length
Fig. 25. Directional contour of the power spectrum
of the surface wave outside of the Kuroshio Current,

N /N 4 |
049 056 055075 099 132 198 395 395 198 132 099 G79 066 056 049
m

Wave Length
Fig. 26. Directional contour of the power spectrum
of the surface wave inside of the Kuroshio Current.

finite wavelength, and the wavelength becomes
smaller as the position of the spectrum parts
from the center of this image in every directions.

The power spectrum of the surface wave
outside of the Kuroshio Current shows that the
spectrum component of the high frequency
region corresponds to the direction of the local
wind and that of the low frequency region
longer than about 15m wavelength is in the
direction 90 degrees apart from the wind direc-
tion. Its contour is given in Fig. 25.

On the contrary, the power spectrum of the
wave inside of the Kurcshio Current represents
the directional dispersion of the power spectrum.
This contour in Fig. 26 shows distinctly that
the energy is uniformly dispersed in direction.

6. Conclusion

The horogram method for the analysis of the
surface wave has advantage compared with
usual methods by the water-pressure gauges
or the current meters fixed to a coastal tower

(19)
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or the sea bottom. This method is expedient
for the analysis of the processes of wave gen-
eration, because the information of wave is
recorded in a instant on film and the data can
be readily stored. The air-photograph makes it
possible to analyze the directional power spec-
trum of the surface wave in the open ocean.

It is inconvenient for the analysis of the
processes of the generated waves that the flight
time at a fixed area can not be taken so long
because of the limitation of air-craft fuel. As
mentioned above, the 13 % power error of
spectrum is too large in contrast to other
observation methods. However, a more accu-
rate spectrum is obtained by the horogram
method together with the usual method.

It may be concluded that in deep water this
horogram method with the air-photograph is
most useful for the analysis of the surface wave
at present time.
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Propriétés de la lumiére se propageant dans I’atmosphére

Masayuki
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Por X DT e, KKEF NV EBIBLEN:
LT B T ERThbh T &k, BEE T, 7€k
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BEREOMMECHELZRE L CRADIRI A BN TH
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7 oy AR LB IR IREEL T R BB L TS &
L ThHbDo SOLAMEURRENEHICHEBETLT 1
LD BB K NS &\ D BAI D BB BRI

C22)



5XVEMEE 2230 ThH 52, EEQIHRALD
HFRE S 3R BRRER LB KEXORBSOWE
/LT, Z7a/ Vel >sTHERATEY, =7y
NDFEAFEERE s LRy,

BRI > CZT 0y VDR, KIEST, FBESGE
COWTHRRERR EF LV EER, TRICKDEHE
ELERE A R e R & CHEE L TR L & B 38 8
Prass & KATTAWAR (1968a, b; 1970, 1971) X
i (1971a, b, ©) Ik - Cfiftbitk, PLass 5
DFMIE Monte Carlo JEIC X 5 H DT, EREF LT
ERAEFNVREER & O - TR YD TERNE D
TH5H, Monte Carlo HEMME S KA SHER A EH4
D, B OEECRHEIIREBO A A ML
BRTWwit\h, ¥/, PLASS HIEREEL LTWbd
%SRubenson DRENEELZ HWTNDA, SORIZAEESR
EEDELSREDIEEAEDH B LIS 5D Lt
HUTEDRAELZ S ZBRWbDTH S, —F, W
X CHANDRASEKHAR O Principle of invariance @4 %
J7 B HZE U CTHRNTTE, SiTac 4 5 B o Bsy
FRIROENML L ZOBEREXHEL, ek
DRBRRETFMCAIEA Uize KRR RIOEO®EE, F
RE, FAEOEEEONMCEET S EROBIMBEEL
EWHIZIZE A ETRECEHAL WD, LirL, T&
HICIR e BRE DI R HH T & bbb, Al
TaY VORI E LTL33R N TWBEL, Shss—
WCEZ bR TWd L3 Id D LKRE L, KK 1.50 &
BEETHEEEN IRV ELEZRBLTHS,

BERIOSHOMEL, RIEHEDEFAMLORME
CLEDNIEND T ERHKD, HeEB DR LT
oIV RITEOHIE TH S, ETIREHT % 211,33 21
1507 & NS5 W Ly, THIRBITERERTH
BERELTOZ LCBERV, ERICIIERBITRT
WA S - T BB, B, A & W
(1972) 12, T THRAREZD L RETH e o R EBEn b
BBHALKC L2 KEt0mEORECE s T2T oy
DEFH, I LORBHOELMD T & BH—Hx
HETHD T EREMHL O 5,

X Ak

1) CouLsoN, K. L., J. V. DAVE and Z. SEKERA
(1960): Table relating to radiation emerging from
a planetary atmosphere with Rayleigh scattering.
Berkeley, Univ. of California Press. 548 pp.

2) DE Bary, E. (1964): Applied Optics. 3, 1203~
1303.

3) DEIRMENDJIAN, D. (1959): Ann. Géophys., 15,
218-249.

4) FEIGELSON, E. M., M. S. MALKEVICH, S. Ya.
KoGan, T. D. KoyoNaTOVA, K. S. GLAZOVA,
and M. A. KuzNETSOUA (1960a): Calculation of
the brightness of light in the case of anisotropic
scattering, I. Transactions (Trudy) of the Institute
of Atmospheric Physics No. 1, Consultant Bureau,
Inc., New York, 104 pp.

5) FEIGELSON, E. M., V. E. ATROSHENKO, K. S.
GLAZOVA, and M. S. MALKEVICH (1960b): Cal-
culation of the brightness of light in the case of
anisotropic scattering, II. Transactions (Trudy) of
the Institute of Atmospheric Physics. No. 3, Con-
sultant Bureau, Inc., New York, 226 pp.

6) FRASER, S. R. (1964); J. Opt. Soc. Amer., 54,
157-168.

7) KANO, M., (1964): Effect of a turbid layer on
radiation emerging from a planetary atmosphere.
Dissertation, Univ. of Calif.

8) Prass, G. N, and G. W. KATTAWAR (1968a):
Applied Optics, 7, 415-419.

9) Prass, G. N, and G. W. KATTAWAR (1968b):
Applied Optics, 7, 1129-1135.

10) Prass, G. N., and G. W. KATTAWAR (1970):
Applied Optics, 9, 1122-1130.

11) PLAss, G. N., and G. W. KATTAWAR (1971):
J. Atm. Sci., 28, 1187-1198,

12) TANAKA, M. (1971a): J.
49, 296-312.

13) TANAKA, M. (1971b): J.
49, 321-332.

14) TANAKA, M. (1971c): 7.
49, 332-342.

15) YAMAMOTO, G., and M.
Atm. Sci., 29, (in Press).

Meteor. Soc. Japan,
Meteor. Soc. Japan,
Meteor. Soc. Japan,

TaNaka (1972): 1.

23)



24 5 & HI0E F1E (1972); BULEEYLSHE

2. WOXFREI B L RIF Tl L o 367 3

=4

&N R B

Problemes de la couche limite relatifs aux caractéristiques optiques de la mer
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la lumiére sous-marine
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Propriétés de la lumiere dans la mer
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HPREEDBALAERICONWT—D2DEFLAREL,
ZRABLIGOHIERE S EORESHE UE 50k
L7,

MPOERBICRT D AR P L3 AHIE, —REK
asymmetry C#H 0 #7 480~500 nm & maximum 23R 5
N%e WH»BHORI DHIMHFWEEED IR
WAL, maximum REFEEOH ~NENCFKEE)T 2 23,
3T symmetrical o MiciinwdD e b, X,
CORRBERICE BBARDBVIZIEKOBVICL 5T
bROR, BRANFEDETRZORVW SR CH S,
JERLOV R¥EHBED A< 7 b S Ak e Wb 5
5 EHOWEKTHEL, ZOBERROE X KZNL
water-type & L TRKEL ZOEAFLTWS, Jhdb
H, Oceanic type XX Coastal type TH . Oceanic
type BBBEOBEWC X ->T X BT 3 type &, X
Coastal type &2\ T 9type I E THHEHL T 5,

JERLOV OHEFN LWL/ L 51T, KEDIGFEN
Bt & G HE M X B DB E iz, Hrh
IO RIEIX R 2 KT FR M D RIS DWW TRk
BEZHRLS DE LU BEHOEANERI N %, £ C
T, ZRABIIZEBEFHEE L BV, 440~660 nm O
RIBTH0~40nm BB L 7TROTE 7 4y v —%
AL TSI BER AW UREDRIE 2T -
o TOFHT 4N E—DEERIZIZES ~10nm TH
b, TTTR, LEEOBEKETHE LA THEDORE
PP HTFCRS, CORMTEBRRELOE A VLS
BN TV WRRIRETH D, KESE S 9200 m AR
THb, ULIetlo T, AT b Faid BNy 7L Coastal

* Jb¥EE R KESES Faculty of Fisheries, Hok-
kaido University

¥ IRV IETZE AT The Ocean Research Institute,
University of Tokyo
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type D & — v &IRL, &< 2T 500 nm {1 e
— IR BNBR, HEARECBICE CEBL TSk
12 550 nm Tdh b, 650 nm Ll EDOEWEDIZHER T
DB ERBTHRNINTLE 5 TW5hH, JERLOV 234)
L7 water type EHILTHR % &,
DT7~9type DHLVICHKTZHOLEbhs,

ORI ERT N HEYHHET 2EELEEIL, Ch
T TREHBDOAALICE 5 TRA DR TWD, i ikilEd
DONEULTARB ik 2 EF HEE %23 2« LE
GRAND DHEHBTHD, KIK=Z, ZDALC L - THN
Bh T3 Rayleigh #Hlc k B fEEA EF LA E2 T
HMHELL S & LERAATH S, (LAUSCHER, TAKENO-
UTI, &) #®7%, PREISENDORFER ¥ JERLOV I3 /{5
EEMSRNSHMALES & Lk, ThHOBEFZOHTH
B EDRORERTHD, FLHELPTVWOR, £
FHOBHEEEE LCatod s 1 REGEL LT - T
W% JERLOV DHEHTH A5, TOEEHE 3k il
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REWREL 5B EHOREH A DHE LELY Ay
TTHEORELFHEL, EAlEEOhKEAS, T
MEOREORHME L AEM: 0K, REICRWT
HHED L—BDBR SN h -, THRIZERIHET
RAERER O WK O RSN R WE L VKX THET
HBEELTND LR EXROEHZZEL TR
e ERBERL TS5, EHRTORELIREENS
DEMTHES L AEETIITHEORREL b b L
B, YOBEROBEC X AEECRENLS D00 Lin
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Répartition de I’énergie de la lumiére dans les océans

Kanau MATSUIKE

KR, BHEA v FERUHEBECE N TTR -2
SR £S5\, (1) Blue, Green K UFAmber Jt
DOREDEH» b &I & RO FEER b X Ik
#, (2 ¥wHEHENERCTEDHE, Q) wHXE v
=B DOW TN,

KA COEBANZ, filter & Selenium JEMA A
Abr, HEEOD collector 1% cosine curve ICHEMIL
Fb D% A KhRERNCX 5 T, £E2 D 140 m &
¥ T®D Blue, Green X Amber YO FIRER T
MEEXYAET L IL - TRk, —F, &E
BRI b - T Eplley BHFHC & % iETHE H 48 O 8
HHlE WMO ORED » & - e EROERER RN
K EBOEDBEH T bic, KTRESQHERT
DELBHRBEHOHEAHICE > TERT S &, (Um:
479 nm, 10 m: 475 nm, 100 m: 464 nm), Green (542,
537, 514) J<f Amber (606, 588, 565) TH 5,

WO e EE R ORI B L i, RO E L
FRl A BT S filter BIAESIREE, BOHIRBEHL, THIRGREL
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T O B P He o TR LM TR A0 A B OV & e I D P IE D
B bEE LR, FOBR, HEA v FHECREW T
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Mesure de la vitesse de chute des particules en suspension

—Problémes des méthodes optiques—
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Mesure de la vitesse de chute des particules en suspension

—Sur la chute des particules en suspension au voisinage de la
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layer D WX Z DMBYHOBEICSH 5 Z L b b,
W T, ZOEBYEBRTEDILZERS & 520G
CH2BbDLEZILEREBRV, —F, COMEYrE
FTHESRLTHDL L, BE2~3mm D7 0y JREIK
em DARROBOHERNS FIERBELZRLTRWS
2, AR THACBEATE D KE XD b0 REHEICIT
LTCWBD0RRDONL, ThbAHMObDEEnicl
B RT 2 BEN T OR FRIBELHNESHRALAE
TEILWAS, ZERRCBL TiaaiE 90% U ik s b
DEHTEIN, TOBER T D pore water 12 EEY
DM BB 2T, WEINDEBYO S EERE T
IO E B - R lRKER > TOWBE I ERES
BB IND, CORBRTIBECHRIRD L,
FUCPES f FAE B OB B2 O B IE T & - T
IR, TOREEI X - TARIN KO BBEYR LR
D pore water & & HITHFIE S B IRHIC 7 ~NFLFL &
EINDEHZEZ NS, £ 2 THIE Y D anomalous
layer DAL U CRIESER, /bbb RBAR
BEB P EEEHE LORBECHAHETOARY S5
THEDEEZHT LI » T, Bk AT anomalous
layer D HIRA A L, TORER, FOBEED 7
WAREE) & BBYONES DIRIFEI Ui, RELFEHN
7% anomalous layer DWW, FICHEMARNZIIZ
DTETH 5,

ST, TORLTRRTCERL LS, BFomhctks
g5 BRIl EB T s BT
BREERDOEZ 2T bRV, 2O LiIRE
T d, (LRI DBAEDENILHEN DD EELAER
DD THD, SH—BRIT LT LERELD
TR D D Do
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Production primaire, écologie des vivants et lumiére dans la mer

Bom EF E

o HF

L& &R EKEX

Photosynthése et fluorescence in vivo

Yoshihiko FUJITA et Sooji SHIMURA

FRNCH X YOUNG, &2 id, DUYSENS I X » C
BRUDDORILEZZD2EEROIERAREDOIRTHID
B, SHET, ZLoAREFRCET 4R
bhbliz, ThixEdiod e, (DEAREBEZNTD
AFMO T ANVF —EE—HETFRKT /o7 (L a
NERTALHZL, QERRTOARROFEERE—on
T4 NvaRPLEDIHORE S FERECHY, %
NFH, 684 nm, 695 nm, ~730nm I NEAET L L,
B, TRFhoBEREL > TWAZ L, BfThLF
—1C X DRI B LR BUSICR TS U T bR Rz L
BB DT E—FE-T, EHEEEE index L LT HE
BRSO ERERITE DIABILEKD &, L ERBT S
N5, DEomRAidteLTruonT v a—b 0HER
Roxrsand 4 Nva—7 4 2} YROEPITDONTD
LD ThHbB, bhvbhid, WEEYT 7 7 b OERE
KED—DTHLEECONWT, L LTQ2), B
Bal L, EEkEeE index &3 5HARE © BiEx
M LL®ELTWS, ChboRERICOWTHET
DN HITT -7

3 Phaeodactylum tricornutum B Chaetoceros
sp. DAEKEIORIELTTR -7, Bi#EIZ—196°C T685
nm KX 710 nm Wik 2R L, %1 685 nm, 695
nm k%, ~750 nm KB xR Lo it~ T, HilRD
RO BA L IRE L Rt /ua7 4 va DEE
REER T I NS, 684nm, 695nm, 730 nm ITHDIGHE
KEFTHEA, W2HBRAEHERIICHERL, 730nm 12
ERRICHKT D EEDh TS, HEOHAIKDW
THE URFE, WIh oMk b akER I ichkd 5
WEHA 27, 750 nm HIBOEFEARS b LORAE

* WECRF W EE 2T The Ocean Research Institute,
Univensity of Tokyo

€375

FRIKCHEETLH00nd Lk,

HiR COAFERIIBH L D REN I REELE
T R WA, X%, BFRFRD (7887 4y
Va) BB EI NIRRT 2 F4 2 F 2
san7 o) OFERTRET 2 &, BT
DPL, HHEKeinl, —EEcET 5. —F, B
HrAE7ov T Ve FRCEEZ S &, EHEEIRE
JELVF 2T —FUSHICBP L, —EEICET L, TO
TR IAREIEOHER CRESICHERT 5. #£- T,
ZOELRMD YO B & RO LFRICEE S h
DA RBRER IS ERT & B 2 %o

—, HEBORBEFIAREEF—2EZLDL L, W
FeARY b h, WAREE(LDIFLCEELSTLHE
Wb o to, B F TR, Phaeodactylum O, 710
nm OWENRE LKL, 685 nm OFNBHL b, X,
sgun 7 4 VERTOEBRRRELL VR, 73 %4
VI URBONMERBEIE L BITH, Thbid ()
BT TR 7 en 7 4V asiess 2B 7017 4V asto
ADZANF—ERRNERNMET T L, (D 7254
vFvosunT e QEBSHRBETTLILLE
KR, WRORR LB L B R EA(L, R
HTHEEOMHR T, ZOFTIERELINEL kLD,

D EFo#RLY, bhbhid, wWHEm>s v 7 v
CONWT TN SAEEEROUERTTRI T LIL 5T
75 v 7 by oRORAREROIREBRORILETT
FISROREL ML FRHEL DO LHEEL, T T
HEBORERICOWT, =, ZofERy2 w5, BT
COEKBE AR L TERT 5 D02 E AR
Thb,
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2. MO EHOBR DO 2T + VIKE

A

,{%*

Lumiére dans la mer et sensibilité spectrale des yeux de poissons

Tamotsu TAMURA

FOMRD AR T PVEELYFRBICREDOTHERD
B, COFER LB THRRB L ET S,

1. 8ERICL FE: ChREL I iThbhTtn
5HTH5, GRUNDFEST (1932a,b) 13D EE)
55 (Optomotor reaction) % VT Sun-fish ©4k
BLE % SRS CR9610 nm, IEIEIES TH 540 nmic % @
BRBERD DT %R UMK, 610nm DI Sun-fish
DE L THE - LA THBENZRICH LI Wb T
W% (HUTCHINSON, 1957),

2. ERemFEowmhic X 257k BT Rk
Fe Bl - TR HEEE, TORETERTIHENVS T
LHEELIHELTHED, TOXRTRINT S B0
BHET, THOBERBRERE (Amax) 1ZBRTURE LK
h—HT 5,

A3 VA IR B Bt # % Rhodopsin R & W
VW, ZLOWKBICRLNG, ©FI VA WHRTD
& Ol Porphyropsin REFRATR L VW HKEICE WS
HbdH D),

EWie 3 ek A Rhodopsin @ Amax 1349 500 nm
TH 525, KE L 150mdk D & 3FDH 4 D Rhodo-
psin @ Amax 13 472~484 nm T (DENTON and SHAW,
1963), %72 500~700m OHE P o — A TEhiz 6 FD
B TIE Amax 23478 ~490 nm & HIE X iz (MUNz,
19582), — M TR D% - 1AL €D 1 TR
%@ Rhodopsin @ Amax 12512 nm (MUNz, 1958 b)
Th -7

DX ICENEED imax REDHOTHRECE
BN EEZ DNHPELIL—HTEHH0T, Thi
KBRFHCHTHHEIETHD Do

HEDZ LZWIFNBBREDOERBRIC OV TORKR
Thb, HEOBNAZLONWTDOIOD L S IR
LAER N, L L, #5ED Rhodopsin @ Amax L D
ko B3 (Todopsin, Cyanopsin &5 DA

* 2ol BRI Faculty of Agriculture, Nagoya

University

TEEInTs, &R I VA CHET 2307,
BERACHKTE2HDTHS) O Amax FRIEII0
~40nm TN TNBELEWIREDZ &35 > T b,
Lo & 51 Rhodopsin ZRDENAEFED Amax 3%
DEDTHFICHENZ & 2K (ZHIZHEKD Anmia
EWNWSZERTED) E—HTBHDTH 5, LYTHGOE
(1966) ZHhETHEL, L& 2IEHE K DO Amin A
465nm TH 5 DicF ZieTirEad £ < ® Rhodopsin ®
Amax 12#9500nmTH 5 &\ 5 L 5 7z Rhodopsin @ Amax
LD Amin EBR—F L WBEERHH T L BRI,
LYTHGOE (1968) 12 & @ X 5 is R—BU R O ¥ % Hg K
RCRIRIC, ZOREOYN B DHEERENDLLD
KEDETHRDLLEOROOYETEND, RAT50D
EHERLIVED B LNWEWD T EHRIBRTNS,
3. BRAERBHHEILLS: WAHWADH O B &
0, 77 ABNEEYANT, WhYb SEMLT&ET
&, K3, 24, 7FETCRBERCERKRTS CEo
S B & R ICBIRT 2 LAID SEASTEHKIND,
¥/, suX4, FE4, HVFETRLEDAL T CH
123D b R v (HA, 1970; TAMURA and NIWA,
1967); FHRFNOBOHRTHRRINIFEEDESZ N
LT IED Amax & 5 &, #AKAE TR 612 nm THEK
BOARE, suf{, 7Y TH 530am, FEA, &
VA TH 500nm LS T ik b, ThbhiRWThd
AR L DMREOBREEEEZDLNTES, Th
DOEDEELEZLE, TOBIRBECREDEZHD
FEOXEZATIORBELALEELS - T3 LR T
&%,

i ZL ofCIRIRDSM, FAE BRELDN
bIB) THhEZHET S, TOARSI PNVEELESR
A ECIET S &, 500~525 nm IC Amax 235
513 THB (HANYU et al., 1969; DoDT, 1963),
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BARMEI NI, TORET, BIFEFOFEES IV~
7° (Working Group on Ocean Optics) #&\J 25T &
KRR o, BEORZFHHAEO BRI FH I
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T h—TD A v x—i%, N. Jerlov BHF(Fv<=—7)
YEEBEELEL, A Ivanoff 8 (7 5 v A), Yu
Ochakovsky 1+ (v #), T. Sasaki % (HZ), K.
Shifrin %32 (vE), J. Tyler K (7 2 ) #) TH 3,

EERBICOWTIR, K% 6 AI9H~23HIC I R
— T bR B AZE OB MBI DN TO v R
U7 2 (Symposium on Optical Aspects of Oceano-
graphy during 19-23 June 1972) O/ v —7 D%
ERELTHETH LKL - Tnd,

COEES L~ TR, 1975 EDRET THERYER
L] KRERIBHIILETHRLUTHRRELLBDTH S,

HIE T OBRSOBE, vy b THIBEI T

* WEUKEEKRS Tokyo University of Fisheries

SASAKI

24 (MTS; Marine Technology Society) @ 7 H
DESITHE L T, FhA EERBR L TN T OE
20K, KERT v Xk—, AJTY y T AL EDOUWH
Wigem a3 T Wiz, IAPSOD+ 7 L 4 Y —La Fond
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T AN D J. Tyler Kb 5, ZOEFEIL—
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HEPED REWHF IOV T, EREVERRS D,
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A. Ivanoff #i¥2 (75 »A), N. Jerlov #i#&Z (4K A
T —5 >, Chairman) J. Joseph #i% (# F4{ v), %
i - CEinE ke R. Preisendorfer B4 (7 £
#), T. Sasaki ##% (AZAD, J. Tyler X (7 41 4,
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B LBt B v B Y LT A ST THEI N,
DriE B, Al ERFEE NSO LA S
oo VBRI T LOBMEELD, WBEERR T L E —
TFEAEZEE®D N. Jerlov #HIZhb, cOVURIY
LDFE L THWHET 200N ERND -2 IR L CQE
LWweWl difga2%id ke, £2CTRIZ, WFECEST I
AHNWAHEFERRGE T b, #El, RN, BZHEE, &

B, T S F o RERENEL LTS B
R INETIER DAV ERERHL, v rRoy
LDOFLTIDEYRFLTUILVWEVWIH LB %2 L
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Exploiting the Ocean by...
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1506 Tsurumi-cho Tsurumi-ku, Yokohama, 230 Japan

TSK. USA.
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IWAMIYA INSTRUMENTATION LABORATORY
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