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INTRODUCTION 

'\.I ghtllghtlng tec h nlq ul' h<l \e bCl'n 
used to attract <lnd CllrlCl'ntrate thh lo r 
capture !>lnce am. le nt t I me ( h lrl 

Brandt. IlJ72 Li ght ~llurce~ have 
e' 01\ ed from hand -held LOrchc~ te' the 
gas- a nd electn e-pm\ ered lamp~ u'>ed 
t oda~ FI ~h attrac tio n lamp'> arc u~u<llh 
deplo~ ed b\ mountl ng them dl recti) 
o n the fi hln g vessel. drifttng the lamp, 
powered b) batter~ or a ttached umbtl
ica l pO\l er cord a\\a) from the \e"d 
on a float. or using portable gas- or 
electric-powered lamp In manned 
sk.iffs. These techniques Impose diS
advantageous re trictlon on the 
activities of the fishing vessel "hen 
the lamps are in use. The) limit the 
number of lamps and ize of the area 
in which lamps from a single ,essel 

C n bl' dl'plolcU 1 r r"qulrc n In n':<1 I.: 

In 1ll.lllpO\\Cr tll upp rt th"m 
\ ~ .1 re ult 0 1 llur tldd C Pl'flC 11 L 

III I hc Jel ch pllll: 111 .Ind C' <lludl IOn 
,I 11)11 dttrJellOn It hlng h:ehllh.IUl: 
(Hulll .!nd 1 hump on . 19 - . 19-(1 
\\',Ck.h.II11. 19,0. I <I,L,. 1'1-: b. In 

prc,) \Ie rl'eognlzcJ .1 nl'cd tor .I 
~ell-eelntalned. unlll.tnnl'U II h .Ittrd '
t\lln light ,l'urce II hich c,'ulu be 
anch'lred . 111<11 cd h\ pl'" cr. llr In lted 
freel) \\ tthllut rcyulring el,' e .lttl'1l1l01l 
Irom a tbhmg I e~,el -\ Itght ~ourcl' 

,) !>tem L,f thl~ t) pc 1\ a~ al,,' fl'Ylllrl'J 
lor de\elopment ot a netic.,., haf\l'~ting 
~y'tem (Kli ma. 19,0. 19~1) . Th.: 

Donald A. \\ ickhalll and \\ilbur 
R. Seidel are fi!ther) biologi ... h 
al Ih e Nl\1 FS Soulhe3!>1 Fi,h
erie!> Center. P3!>cagoula Labora
tor), Pascagoula. :\1S 39567. 
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.I 10 h: unll 1 r d 'nc llt a muhlpl.: 
I unit pa.lled \:qucnll.llh 
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P Itcnt"J .10 lInmann"J I hlng lure 
Il r u c \\ Ilh pur c ctnc Thl \.1 an 
JUll' ll1 II LhUll1mlO: d.:, ILl' \\ Ilh 
url<lLl: Il1l untcd I<lmp VI hi h c uld be 

1I l·J for It h .Ittradl n l ur df-c n

t med IIghl ourCl' '''~1l1 VI a .:-on
Lcptu.lIII.':u I'rllllanl) tor the attraell n 
'll r. h \\ Ith light II l'll1plll) an und.:r-
1\ I.:r I.lmp ll) ellll1lnate II_hI I at 
the .ur-I\ ater Interf.tc.:. ther.:h\ nu,-
1I11111ng Ihe attracting r.tn~e and 
clfel'tll.:nl" ,)f the lighl ouree The 
pr,'tll(\ pc unih de cnb.:d III thi 
report hal e been u'l'd tll attract and 
celntre,1 aggregatlLIn ,II m"ed cllu,tal 
pelaglL thhe, (i.e. ,ardine. herring. 
,cad. anl'ho\~. etc) In CL'ncentratwn 



as large as 4.5 metric tons ( 10,000 
pounds) during pre liminary fie ld trials 
in th e no rtheastern Gulf of Mexico. 

SYSTEM DESIGN CONCEPT 

Our basic design criteria for the 
self-contained, subsurface, fish a ttrac
tion light source system was to provide 
a stable, buoyant platform containing 
an electric generator for powering an 
underwater fish attraction la mp and 
requisite support in g components. Two 
platform configurations of our light 
source system, a modified spa r buoy 
(fish li ght attract ion buoy-FLAB) 
and a catamaran (fish li ght a ttraction 
catamaran-FLAC), were designed to 
test operational requirement for spe
cific fishing ap plications. These system 
configurations were built and tested in 
prototype form (Figure I). Design con
siderations for both prototype configur
ations are presented in thi s repo rt. 
Platform configurations different from 
the prototype models are possib le with
in the basic system design, but a ll vari
at ions require the common components 
shown schematically in Figure 2. 

The light source system was designed 
around a portable electric generator 
which suppli es power to an under
water lamp and accessory support 
equipment. We used a gaso line
powered 2.5 kw, 115-volt a.c. gen
erator, with an e lectric starter and 
battery charger, enclosed within a 
vented water resistant compartment. 
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Modifications to the generator to al low 
installation in a c losed container were 
minor and involved mounting th e 
manual start and kill witches extern
a ll y, extension of the exhau t pipe to 
vent outside the enc losure , a nd 
attachment of a copper fuel line from 
the carburetor to an ex terna ll y vented 
spi ll -proof fue l tank. 

The external ly mounted generator 
"on-off" indicator lamp and an a.c. 
enclosure ventilation exhaust fan are 
powered directly by the ge nerator. 
The generator also suppli es power to 
the a.c . switch-controlled fish attrac
tion lamp. 

A regulated battery charger on the 
a.c. generator was used to charge a 
heavy duty (i.e., ~ 80 ampere-hour) 
autom obile-type storage battery . This 
storage battery suppli es power to the 
system 's d.c. components which in
clude th e safety flasher lamps , d.c . 
enclosure ventilation exhaust fa n, 
and the starter for the generator motor . 
Our prototype systems were operated 
under manual control: however, an 
optiona l d .c . powered automatic 
timer or radio controlled switching 
unit could be included for remote 
operation . 

The design concept of the light
source system will be further clarified 
by the illustrations of the FLAB and 
FLAC units (Figures 3 and 4) and the 
following brief functional description 
of each component. The d.c. powered 
components of the system are pri mari Iy 
for operational sa fety . Power from the 

Figure 2.-Schematic diagram of the components for the self-contained light source system . 
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high amperage-hour storage batter) I~ 

upplied to the ~)stem\ d .c. compo
nen ts whenever the d.c . ~""itch i~ in the 
"0 "position. If the generator po""er 
fails, th e flasher lamps located abo\e 
the unit provide a warning to boat 
traffic and permit relocation of the 
li ght source system at night. The d .c. 
exhaust fan is es~ential to force-draft 
fre h air through the generator en
closure to remove any potentially 
explosive fuel fumes and to insure 
sufficient fresh air before starting the 
generator dri ve motor . Generator 
mountings and other hardware within 
the enclosure mu t be constructed to 
permit free air circulation so that fuel 
fumes cannot be trapped. in dead air 
spaces. As a safety precaution , the 
generator starter can only be activated 
after the d .c. switch is turned on and 
the d .c. exhaust fan is in operation. 
The d.c. storage battery would a lso be 
used to supp ly power to an automatic 
timer or remote control switch. 

The attraction lamp and additional 
safety features are powered directl y by 
the a.c. generator. Whenev er the 
generator is in operation, the ge nera tor 
"on-off" indicator lamp and the a.c. 
exhau t fan a re ope ra tion al. The 
generator indicator lamp prOVide a 
method for remotely checki ng "" hether 
the system is functionin g properl,. The 
a.c. exhaust fan prevents the buildup 
of heat and fumes within the generator 
enclosure when the generator is opera
tional and helps to insure an adequate 
fresh air supply to the generator 
motor. The attraction lamp is actIVated 
on ly when the a.c. switch is in the 
"ON" position. We have utilized ~ingle 
a ttraction lamps with our protot) pe 
units; however , se\'e ral tloatlng 
atel lite lamps attached by umbili cal 

power cords could be operated from 
these units. All a.c. electrical com
ponents are grounded to the ""ater to 
reduce shock hazard during opera
tional handling-e.,\ treme caution 
should be used when the lamp ~)~tem 
is operated on deck for checkout 

We selected a ubsurface fish attrac
tion lamp for our light source ~ystem 
to eliminate the air-v\ater Interface 
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wit h th e wate r . T hi s underwate r lamp 
socket is avai lab le from H ydro 
Products. Inc. 1 A clear . heavy wall ed. 
plexiglas. openend cy l i nder was used 
to shi e ld the lamp from mechanica l 
da mage. 

PLATFORM DESIGN 
CONSIDERATIONS 

The two pro to type pl a tform con
figura ti o ns of our li ght source sy tem 
we re de igned a nd evalu a ted to test 
di ffe re nt opera ti o na l requi rements for 
specific fi hin g app lica ti o n . 

Fish Light Attraction Buoy 
(FLAB) 

Figure 3.--A diagrammatic illustration 01 the prototype FLAB unit ; (A) 1,OOO -wall merc ury vapor lamp , 
(B) Plexiglas lamp shield , (C) Ballast lor the mercury vapor lamp, (E) Heavy duty D.C. storage bat
tery , (F) 2.5 KW gasoline powered 110 volt A .C. generator , (H) D.C. power switch , (I) A.C. power 
switch, (J) Generator enclosure ai r vent, (K) Flashing, D.C. salety lamps, (L) A .C. generator operation 
indicator lamp, (M) Gasoline tank, (N) Generator kill bullon, (0) Generator starter bullon , (Q) Flota
tion collar . 

The spar buoy configuration was 
de igned for fixed tat ion ope ratio n . 
Lamp systems with this configura ti o n 
we re intended to functi on as th e basic 
unit ei th er individually or a o ne of a 
string of eq uenti all y ope rated lamps 
used to a ttract and lead fish to elec ted 
harvesting si tes. Each FLAB unit can 
be modified to po'Wer everal a tellite 
attraction lamp thereby red uci ng th e 

losses from reflect ion and refraction 
which reduce penetration of surface 
light into the water. This approach 
makes the subsurface lamp more 
efficient than a somparable surface 
lamp and is capable of creating a 
la rger area of illumination with an 
increased underwater range of lamp 
visibili ty. A subsurface lamp also 
avoids the placement of a bright light 
source above the urface . wh ich 
might create a hazard to navi gation. 
Another advantage of using an under
wate r attraction lamp was th e creation 
of a uni form 360-degree hori zonta l 
light field which provided the fish 
with an unobstructed view of the light 
source. Illumination efficiency was 
increased by using mercury vapor 
lamps which have th ei r strongest li ght 
emission between 480 a nd 580 millimi
crons. the range of wave lengths whi ch 
have the greatest transmission in sea 
water. 

To reduce the cost of our proto type 
underwater li ght system. we uti lized a 

ball ast unit a nd lamp from a conven
tional street li ght. The lamp wa 
mounted in a rubber. watertight. 
mogul base socket in direct contact 

1 Use of trade names In thiS publication does 
not Imply endorsement of commercial products 
by the National Marine Fisheries Service . NOAA 

Figure 4.-- A d i agrammatic i llustration 01 th e p rototype FLAC unit , (A) 1,OOO-wall mercury vapor lamp, 
(B) Plex iglas lamp shield , (C) Ballast lor the mercury vapor lamp, (E) Heavy duty D.C. storage ballery , 
(F) 2.5 KW gasoline powered 110 volt A .C. generator , (G) D.C. generator enclosure exhaust lan, (H) 
D.C. power switch , (I) A .C. power switch , (J) Generator enclosure air vent , (K) Flashing D.C. salety 
lamp, (L) A.C. generator operation indicator lamp, (M) Gasoline tank , (N) Ganerator kill bullon, 
(0 ) Generator starter bullon , (R) Universal jOint , (S) Flotation pontoons, (T) Underwater lamp swing 
arm extension, (U) A.C. enclosure exhaust lan , (V) Generator enclosure drain plug . 
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number of power units required for 
sequentially operated lamp strin gs. 

The primary consideration in the 
design of the FLAB unit was to 
achieve a buoy system with good 
stability since motion in the tilt or 
roll axis had to be minimized to pre
vent the underwater lamp from movin g 
about quickly and creating a fright
escape reaction in th e light attracted 
fish. The forces involved in prov iding 
buoy stability are illustrated in Figure 
5. A Aoating body is in equilibrium 
when th e weight and buoya ncy forces 
act along the vertical axis o f the body. 
The best stability is obtained wh e n 
the center of gravity is below the 
center of buoyancy. 

Th e modified spar buoy configura
tion utili zed for our pro to type FLAB 
unit provides a platform stabl e in th e 
tilt or roll ax is . It was des igned to ma in
tain tw o-thirds of th e unit's volume 
below th e surface and mainta in th e 
center of gravity be low the center of 
buoya ncy. S ince th e center of bu oy
ancy shifts to a new pos iti on as th e 
buoy tilts or heels, surface buoys ha ve 
to be designed with a wide range of 
stabilit y accompa ni ed with maximum 
righting moments a t hi gh angles of 
tilt. We insta ll ed a Aotation coll a r 
around th e buoy to increase th e dis
place ment of the buoy as it tilts a nd 
thus increase its ri ghtin g mo me nt. 
Wh en th e buoy is tilted from ve rtical, 
thi s collar greatl y inc reases displace
ment on the low side of th e buoy and 
simultaneously raises th e cente r o f 
buoyancy, th e re by increas ing th e 
ri ghtin g mo ment and opposin g th e 
tilt forces. The Aotation collar a lso 
contributes to a large ho ri zo nt al c ross 
section which, along with a hi gh 
weight to size rel ati onship , damps 
vertical moti o n caused by sea surge . 
In additi o n, th e Ao tati o n coll ar acts 
as a protective bumper when the buoy 
is being serviced o n stati on . Con
sequentl y, almost all mo ti on of FLA B 
occurs in th e ve rtical directi o n and thi s 
motion is well damped fo r no rm al sea 
opera tion by proper weight distribution 
and a re lativel y la rge c ross secti onal 
a rea. 

FLAB 

EQUILIBRIUM FORCES TILT RESTORING FORCES 

FLAC 

G 

Figure S.-A schematic diagram 01 the lorces involved in stability lor the FLAB and FLAC plalforms . 
(B) Center 01 buoyancy, (BT) Total buoyancy, (G) Center 01 gravity , (WT) Total weight , (MT) Tilting 
moment, (MR) Righting moment , (WL) Water line, (Dv) Displacement volume, (d) moment arm length , 
(B ,) New center 01 buoyancy resulting Irom till. 

The stabilit y of the FLAB unit is 
dependent upon a low center of gravit y . 
Since the system generator is the 
heav iest single component , it was 
placed on the bottom of th e main buoy 
body to keep its weight con tri bution 
as low as poss ibl e. A heavy Aange 
pipe housi ng a nd the attracti o n lamp 
ballast were placed beneat h the main 
displacement body to obtai n th e 
desired buoy water line and to provide 
a low ce nter of grav it y. We designed 
th e FLA B platform wit h two-thirds 
of its volume submerged and one
third above th e water lin e, with out 
th e Ao tati o n collar, utili zing the 
eq uat io n : 
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DU 1 +Du2 + .. · +Dun - W1 - W2 -

. .. - We =1/3 DU t 
or 

DU t - Wb - We =1/3 DU1 

and 

where 

Du = Weight of water d is
pl aced b} th e \ o lu me of 
each buoy sect ion. 

W = W eight of each buoy 
secti o n, 

We = Weight o f buoy equ Ip
ment and fu el. 



W b = Weight o f buoy less 
eq uipm ent and fuel, 
a nd , 

DU t = Tota l weight of wa ter 
disp laced by th e buoy. 

The water-ti ght fue l tank located on 
top of our prototype LA B wa a l 0 a 
major weight component and wou ld be 
redesigned into the lower ecti ons of 
the buoy in future models. 

Placement of th e a ttracti o n lamp on 
the bottom of the buoy keep the lamp 
below turbul ence at the air wate r inte r
face and provide an un o bstructed 
li ght field ; howeve r, thi de ign does 
require the buoy to be placed in a 
speci a l crad le for on deck storage and 
tra nsporati on . 

Fish Light Attraction Catamaran 
(FLAC) 

The catamaran configurati o n was 
de igned primaril y to provide a mobi le 
att raction la mp platform . Lamp 
syste ms wi th thi s confi gurati o n were 
intended for leadin g fi sh clear of 
reefs, artificia l structures, dri lling 
pl atform, and other o bstructio n . 
T his design was also intended to facili
tate passage o f th e lamp unit over a 
net corkli ne when used with a purse 
sei ne o r ot her conve nti onal fishing 
gear. The F LAC unit can a lso be 
modi fied to power several sa tellite 
at tracti on lam p a nd has po tential fo r 
development into a remote cont ro ll ed 
self-propelled fish leadin g unit. 

Ou r primary con ide ra tion in th e 
design of the FLAC unit was to develo p 
a pl atform with hi gh mobi lity a nd the 
ability to pass over net cork line . 
Stabilit y on ta ti on wa al 0 required 
to reduce mot ion tran mitted to the 
underwater a ttraction lamp. the reby 
minimi zin g th e fri ght-escape reacti o n 
in th e li ght -attracted fish created by 
sudden moveme nts of th e lamp . T he 
degree o f tabi lity obtained with a 
mobil e urface platform is direc tl y re
lated to maintaining th e unit in a n 
u pright atti tude so that it will no t 
capsize . By using the cata ma ra n 
principle, a relativel y small a mount 
of surface a rea is in d i rect contact 

with th e water, ma kin g the buoy less 
reactive to water moveme nts a nd thus 
achi evin g grea ter ta bilit y th a n with a 
pl a tform , ra ft. o r boat des ign . H ow
ever . th e stab ilit y o f a catamaran pl a t
form wi II a lwa ys be Ie s th a n th e sta
bility of a spa r buoy. The forces af
fecting th e stab ilit y of a ca tama ra n are 
illustrat ed in Figure 5 . The cente r of 
grav ity for a catamaran may be located 
relatively hi gh above th e wa ter urface 
a nd above the center of buoyancy . x
tensio n of th e pon t o n some di ta nce 
from a vertica l lin e through the 
cent e r of gravit y counteracts tilt 
fo rces keeping the pla t form relativel y 
stable . Most motion occurs in a vert i
ca l direction as th e buoyant platform 
moves with th e ea . altho ugh ome 
tiltin g d es occur a it ride the surface 
of a sea swe ll . ince it was impos~ible 
to remo ve a ll tilt motion from th e 
catam a ran plat form . the a ttracti on 
lamp was further tab ili zed by m ount 
ing it a t th e e nd of an arm attached by 
a uni ve rsa l joint to th e underside o f 
th e ca ta ma ran . T his design allow 
littl e of th e catamara n tilt motion to 
be tran ferred to the attraction lamp. 
since th e tilting occurs around the 
free ro ta ti o n of the univer a l join t. 
Movement of th e lamp arm . when in 
the vertica l position . is damped by 
weight and water resistance a t its 
dista l end . The univer a l joint a lso 
perm its th e attraction lamp to be 
rai ed hor izontall y between the 
pontoon and stowed under the cata
maran body whe n the FLAC unit is 
bei ng towed at sea, passed over net 
co rk lin es or tra nsported by trailer. 

SYSTEMS EVALUATION 
AND CONCLUSIONS 

Prototype units of bo th th e spar 
buoy and cata mara n configuration of 
th e li ght source system were con
struct ed a nd fie ld tested a t sea to 
eva luate de ign and operationa l con
ce pt . 

The modified spar buoy configura
ti o n (FLAB) was designed prima ril y 
for fixed station ope ration . Fie ld evalua
ti ons with FLAB anchored on station 
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indica ted th a t in the tilt or ro ll axis th e 
pro to type unit was acceptably stable . 
Vertical mo ti o n in the buoy was a 
function o f sea swell height , although 
th e res po nse magnitude a nd ra te were 
no ti ceably d ampened by th e fl tati on 
coll ar. In a stro ng curre nt , FLAB 
would heel ove r sli ghtl y (i.e. , < 10 0 

-

15 0 in a 2-k not curre nt) as th e lowe r 
secti on moved with the direction of 
the water flow (Figure 6). Durin g 
these te t , th e anch o r line was 
attac hed above the buoy's cente r of 
gravit y . A more vertica l orien tatio n 
could have been maintained under 
these hi gh cur rent c nditi o ns if more 
a ttenti o n had been given to the 
meth ds a nd po ition of anchor line 
attach ment. A bridle arra ngemen t 
cou ld be u ed effec ti ve ly in maintain
ing a vertical buoy position when 
deployed in wift curren ts . On 
several occa io ns. FLA B was relea ed 
from anchor a nd a ll owed to drift free ly 
at night to faci lita te purse seine capture 
o f fish th at had accumu lated around 
the attraction lamp. Some difficulty 
was encountered in removing FLA B 
from the purse seine ince it was not 
possib le to ei th er tilt th e buoy or 
sink the net floats ufficiently to float 
the buoy over th e cork line. Con
sequentl y, afte r each e t LAB had 
to be brou ght a lo ngside th e seine r 
and li fted o ut of the ne t with th e ship 's 
boom. Re la tively ca lm ea (i .e. , 
< 3-foot swe ll ) were required for 
handling FLAB si nce it had to be 
carri ed on deck in a special cradle a nd 
deployed a nd re tri eved over th e side 
with th e vessel boom. 

De ign changes recommended for 
the pro totype FLAB unit involve 
improvin g the number and placement 
of pad eye on th e buoy to facilitate 
ha ndling a nd anchoring. The control 
switches. ventilation fans and ducts. 
and th e ge nerator motor exhaust port 
should be moved from the buoy 
enclo ure access lid to the upper 
outside ection of the buoy . The 
pro totype FLAB can be constructed 
from surplu material and locally 
available off-the-shelf component . A 
production model based on this 
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Figure 6~The prototype FLAB unit anchored 
on station In 8 current greater than two knots . 

~y~tem ho""e\er. ~hould have the 
buoy body ~pecificall) de~igned and 
compollenh carefully ~elected to re
duce the ~Ize alld \\eight of the unll. 
A propaly de~igned spar buoy 
would permit the lamp ~ystem to be 
fur th er optimized for 'ea I..eeping 
ab il ity and \pecific fhhing applicatioll\, 

ea trial e\a l uation~ of the mobile 
p latform catamaran configuration 
( f-L ) indicated thi~ unit, \,ith the 

a ll ractlon lamp ~tO\\ed honlontall) 
bet\\een the pontoon~. could be tOIled 
at ,peed, up to 10 I..not~ in relatllel) 
chopp) ,ea" When r LA II d~ 

anchored on station or allo\led to 
dri ft free II Ith the lamp arm In the 
\erllcal fishing po,ition. the attractilln 
lalllP I\as acceptabl) stable Dunng 
t he static pO\ltlon test. the catamarall 
bod) n.lcl..ed around the lamp drill uni
Icr ... dl .J011l1. ... tepplllg oler the ... urLlce 
chllp .Ind ndlng up dnd dllll n Ihe ... e,1 
,lIell l illie l,l th" n1lltloll II .1' tl,ln,
milled tl' Ihe lal11p \ \ hell I l -\( II ,I' 
being Il'"led [ll lead ti,h accuillulak'd 
,Iround I[ .lllractll'll lamp. [he Limp 
.Hm \\Iung bacl.. .Ind up Ilgh[1\ ,I' [he 
tl)lllng ,peed II a, Illcre,l\ed 1 hi 

pre,ented Ill' pll'blem 'Ince [l'"llng 
peed h.ld Il' he I..e['[ reld[J\ ell Il'\I [, 

prel ent [he 1,IIe l't 1.11111' n1\\\ emell[ 
Irllm e'l.ceedln!,! the \l11ll1ll11l!.! ,pc d 
l" Ihe Ii h r'l.[ erllllell[ l'n IhL' 1I ~ l'l 
,I IlW\ 1I1g 1,11111' Il' 1e,ld 'l', 1.11 pel gil. 
,chl'l,1 II h h'r c.lp[lIre II Jlh .1 pur e 

... e1l1e drL rcpllrled h \\ IC h.ll11 (In 

pre\s) "II dllileul[\ 11.1 e pCrlenL~d 

In hnnglng the I I \( llnll .1I.:r" 
Cllrl..line 11 Ihe lalllP drm 11,1', r,lI cd 

to the honLl ntal Pll III(\n H,mdlin!l 
the r l unit en.:akd Ie II prllhlem, 
~lllee It could he t(\\led tll the II,h1l1\! 
groulld~ hehind the II,hlng I~ 1.'1 

De\lgn Illlprol elllenl\ u ggc t~d 

from our field tnJls \\Ilh the pn>t,l
t)pe r l unil Inll,IIe nlllllng 
control \11 I [ches. I ent II <It il'n lan, and 
duCh. and the generator nHllllr e h,llI t 
pon from the enell'\llre aece ... lid and 
mountl ng Ihem on the \Ide \I all, ,'I 
Ihe enclo~ure, The generatllr enel,hure 

... hould also he made ... l1laller tl' reduce 
dead air ~pace The attractilln 1,II11P 
arm-unl\er ... al .Joint allaLhment p"lnt 
,hould be localed direetl) at the L:entel 
of platforlll rotalion and IWI ,II l'lle 
end of the unit as shol\n l'n the pnllll
t) pc, A mechanical \\ Inch shlluld ,d'll 

be added to facililate ral'lng the lamp 
arm 10 a horllont<ll PII"lllln 1he pl,lt
form pontollns should he replaced 1\lIh 
heal) dUI) unlls Il) le,isl the rl,ugh 

treatment as\l'clated II ilh Ii,hlng 
operation 

Our neld elaluatilln III the elt
conlalned ,ub urlace "ghl ,IUl(C 
S) ,Iem Indicates the e,llal1lM.1I1 cpn
figurallon llilers the gre,lte\! plltellli.d 
<lnd l1e\lbllll) fl'r u,e In nll"t .Intlcl
pated Ihhlng appll(,llilln, T hc I I \( 
platform 1\ \lmpler tll Clln,trULt .tnd 
units hased l'n [hl~ de~lgn u,uld he 
eas1l\ built h\ lishclll1en. lI~ln~ 

materlal\ Jnd \,tem Lllll1pl'n(,fll 
readlh a\ailahic In n1l' t IO('.ltllln 

T he I L \8 Ll'nligurdtll'n dPI'C.lJ [0 
he nlllre ult.lbk hlr pn.illL II 11m,' 
apl'''(,ltll'n ,u('h.1 the e t.lbll hment 

of I.lmp Inn 
Jlll\cJ Ircllu nt 
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