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SIMMARY. With the measurement of the quantum effictiency of the fluor and - the
optical efficiency of - single Sea Urchin spines, it is possible to calculate.
the sensitivity of the Sea Urchin module from observed quantities and compare
it with predicted values. The sensitivity of the module is found to be about
half the theorstical welue. However, the theoretical prediction does not take ..
into  account absorption and rte-emission of the  fluoresceat light in the
spines. BRmasons for attributing the discrepancy to this factor are glven.-
The most readily improved parameter in the original Sea Urchin design is the
opacity. That 1s significantly increased by a new design in which the - origi- "~
nal 8" PMMT in a 17" sphere is replaced by a 13" tube in a 26" gpheres The de~
sign sensitivity of 6 stengers is readily reached with that design, and its
other advantages are discussed. ' .

The design and predicted sensitivity of the Sea Urchin module have been
described - in - previous notes (1,2), referred to hereafter as I, II. In order
to verify the predicted performance of the detector we have. carried out measn-
urements on the quantum yield of the fluor selected, and measurements of the
optical efficiencias of single spines. The predictions of sgensitivity in I
and II were made on the besis of measured attemuation lengths and the computer
program CYL6X which calculates spine efficiencles, assuning the quantum yield

1. Quantum Yield. The quantum yield of the two fluors found most effec~
tive (ses 11), Hostasol Yellow 8G and 3G, has now been measured. We used a
spectrophotofluorimeter of special design (3), for whose use: and for assis-
tance 1in operation we are greatly indebted to Prof. R. H. Mackay, of the
Department of Biochemistry and Biophysics. Measurements were taken with the
fluor illuminated at the wavelength of the mercury line 436 nm. Quantum
yields were measured, following the procedure described by Parker (4), by com~
paring the spectral yield with that of a standard solutionm, in our case fluo—
rescein in 0.1N NsOH. A sketch of the apparatus is shown in Fig. 1.

The results for both Hostasol Yellow 8G and 3G indicate quantum ylelds
well above 90%. We estimate an error of not over 10%. L -

2. Measurement of Spine Effiéiency. The equivalent area for light col-
lection of a spine was measured by the arrangement of Fig. 2. In (a), the
spine is exposed to the source, which is filtered to yleld a spectrum gimlat=-
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ing that of Cervenkov light in the ocean (see Fig. 3 of II). It is coupled to
the PMT by optical grease, and the signal measured. In (b), the PMT is ex
posed directly to the same illumination, with a mask M that exposes a known
area of the PMT photocathode.- Comparisonm of the two measurements ylelds the
equivalent area of the spine; note that no corrections for spectral efficien-
cy, etc., are necessary; the measurement includes all such corrections. The
ratio of the equivalent area, thus determined, to the geometrical
cross-section of the spine is the optical efﬁciency of the spine.

Observations were made with bot.h ndeteeol Yellw 8G and 3G, at several
different concentrations, using PMT’s with S11A, 81, and 520 cethodee. The
observed maximum spine efficiencies fall below those calculated from the pro-
gram CYL6X by a factor of about 2. We believe this to be due to the effect of
fluorescence reabsorption and resmission, since the -sheorption and emission
spectra of these fluors owverlap. That effect is not taken 1nl:o sccount in
CYLAX. TI:re effect is un:l.feet in the epectre of Tig. 3. .

3. {hlculetton of See Brchin Seneitiv:lty. Our obeemcione on a e:l.mle
8-ft spine gave an equivalent area .of 26 cm for the optimum fluor filling,
wvhich corrects to 34 cm? for a .‘h—long spine, using l:he observed etcemer.i.on
coefﬁe:l.ent.

The total equivalent area of the See Urch:l.n nodule is then given by

A=A xOPerfxc

where

A, 1s the geouetrical area, in m?

OPF 1is the opacity factor, from I, Table 2; this is the fraction of
the aree actually occupied by spines, ’ : :

is the observed efficiency of the spine, defined as the utlo
o? effective area of the apine to geocmetrical cron-eect:l.on.

f is a calculet.ed factor that converts the efficiency in eir to the
efficiency when immersed in water,

Cis the fraction of the emergent lighl: from t.he ep:lme l:het mches
--the MT photocet:hode.

'l'he velue of. OPF has a uexhun of .785 (-uﬂ»).

&. l'ou:lble Sea Urchin Deeigne. ‘Wa now coneider I:wo iupo;:uut du!.gn
possibilities. P o S .

Case I. 17" sphere, 8" PMT, Spines Jm long.
Spine efficiency e = 34/762 = 0.0446
. f - 0.*'08 .
A = 32,5 n?

OP!' = 0.39 (for packing fraction 0.7, Table 2 of I.)
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€ = .80 (from CYL6X)

Thuse . o o

: A = 32,5 u X +39 x .0446 x .48 x.80
- 022 ﬂ

The une:l.ti.v:lty in atengere 1a § =20A m k.é, whic'n | is only helf the
value ptedicted by CYLﬁX. S : - Co

Case 1I. Proposed Improved Geometry. A considerable improvement can be obta-
Tned by golng from a 17" sphere and an 8" IMT to a 26" sphere with a 13" PMT
The direct cost of the change is perhaps $250, but other costs and savings
w:l.ll occur vh:l.ch need I:o be evaluated in detail.

We can now decruoe the spine length from 3n to 8 ft, a wvalue at which R
dnd 1.5" spines (without bottoming) are available from Sylvania Glass Co. -at
lw pricee, since they are used in fluorescent laap nenufacr.ute.

'I'he increased sphere area now. allows, at a PF of .666, 900 1" spines. Ve
now have:

A = 24.1 m?
" OPF = .797
e = 047

The other values remain the same. Thus,

A= 24,1 x 797 x 047 x .48 x .80
= 347 '
8§ = 6.9

The overall Sea Urchin dismeter has beet': decreased from 6.43 to 5.54m.
The following table gives some possible choices for the 13" Sea Urchin.
Table 1. Spine properties (8-ft spines)
Toluene Net In-Water S

Diam. No.of Wall Spine In-Water Toluene

Spines mm Wt.,g Wt.of glass vol,l1. Buoyancy,g Wt., g.
1" 900 .66 320 185.4 1.115 150.2 35.2 6.9
1.5 600 .66 480 278.1 2.51 338 -60 6.1
1.00 720 417 2.51 338 +82 6.1
2 450 -~ .66 640 371 4.45 601 -230 5.35
1.00 960 556 4.35 587 -31 5.35
Sylvania quotes 8-ft (93") lengths of 1" tubing at $.29 each; for 1.5"

tubing the price is only .19!

They will quote on the cost of bottoming.
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5. Buoyancy of the 13" PMT Sea Urchin Module. Ciclulation. of the total
buoyancy of the module shows that in addition to the approximately 30 kg con-
tributed by 600 1.5" spines, the 26" sphere contributes about 109 kg (assuming
it 1is one inch thick.) Filling the top half of it with toluene costs about 45
kg, leaving 94 kg net, less the weight of the PMT and assoclated electronics
and the external support structure of the spines. A net buoyancy of 50-60 kg
per module seems s reagonsble guess. At $4/kg of buoyancy, this  just: _about
makes up for the increased cost of the PMT and sphere. A string with ten mo-
dules would have a total buoyancy of 500-600 kg., less the weight of the
cable. |
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yig. 2. Apparatis for wssuring effective ares of fluorescent spine. a) Arrangement
-+ for vesding output of spine with PMI. b) Arrangement for observing M direct
response. The mask definea the photocathode area. _ -t :
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Fig. 3. Fluorescent spectra of Hostasol Yellow 8G and 3G, excited by the mer-
cury line 436 nm. Spectra marked A are for extremely dilute solutions, in which
reabgorption of fluorescent light is negligible; cuyrves marked.B are typical
of spines using concentrations that yield maximm 1ltght output.-The vertical
scales are arbitrary and are not comparsble for dny two curves. The effect of
reabsorption is to cut off the short wavelength end of the fluorescent spectra;
the fraction lost is of the order one-half.




