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On the ground floor of a building at the
Massachusetls Institute of Technology
(MIT) in Cambridge, Massachusetts, a
bluefin tuna called “Charlia” is lowered Iy

ngneer Dave Barren
[VPEs I00F & OO eiger,
.1.|||' [RTRRE] "\.}IIIIIH\ [ &1

like, l:li..llul_" I_U_'II'I:. ific easi-
it wipghes the bengeh of the
LLNEK, CrEEpRERIng me il LETTEY
than a

carefully into a 40-metre long water tank
A group of people wait nervously,

im less i T
Michss] Triantafdlow, head
of the projecs, breaks inmo a

big grin. A dream of five

vears has been |-q,-.||..'|_'|_'!_
This lifclike movement
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Charlie is a rabor, In

tact, Charlie is the
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world's firse fish
raboet, with a “vir
rusl” body, con-
By Bewmicy  ocred by cables o
an overhead maoor

and also o a “brain®
inside Dave H.ll Fefl "§

Or-iBaog Taill Fall | o

compisier
The tuna’s firss successhal
swim may be an impomant
I1'|i|ﬁr-u-r'||_- k] |'r||_- ot boe cre-
agiigg a new kind of aum
nomews (self-propelling)
submarine thar can ravel
TofF 4 IIII:I_:'l I'I-l'l_'J_'r Lirme

than roday's bamery --clli'\..:ll_
|'|||l|'\-|.'|'|.-|-|:||l.u_'|;'.J subs. This
new kind of vessel will swim
like a fsh, by moving a fishi
like rail strucoure called a
rI.||'-|:-||'.!_- fmil

THE TAIL WAGGED THE FISH
L |I.?|.'|I'\.' 8 CHEaArIon l"‘l'l_"ll'l '’
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akied by Michael Trianrafyd
loa and achers. Is it che back-
and-forch 'H.'|i'\-|'li"IF| al a fish's
Ll |"|:|I s I e B0 -:-i-|-
ciently, and for such long
periods of ime?

A riena can swiam ar '\-':u';;\."\-
al 20 knots or more for
many hours. Thar's around
the same -.r!:'l'll as same fish-
|I'.|__I I"-:I:Il'\-\. ll.l_'l: ||:|_' ixina |'|;|l.
about the same amount of
muscles as a full EMIaT man
in llI'IIHI |'||'.:.'H;,J| q,.:lrld'li.ln
A rman could never swim as
far and as Fast as the runa.
lhe tuna wuses much less
':"'llrIN [||.-||| |"||_' |-|\|'ir|g |1|:-.,||__
Whar's the fish's secret?

Mike, hix bracher Genrge,
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a mechanical engineer from
Mew York Universine, and
Mark Grosenbaugh, a phys-
cist fram WHOI, designed
&N ¢Eperiment ©o 0Ty g4
angwer this question.

DRAG OF THRUST?
The soientizes knew dhar s
ships move chrough the
water, they creane a wake, also
called dr.]p that slows them
divwn. But ocher ohjects can
use cheir shapes and their
movemsns w pencrate their
own eficrgy. This energy is
called jet, or thrast, Does a
Fish’s tail produce chrse?

Mike, CGeeorge, amd Mark
srtidicd the back-and-forth
movement of fishes” rails
Thar swing, they thought,
mighs let the fish’s body
produce its own energy in
soameewhar the same way thar
a pendulum on a dock does,
or in the way that you can
help yourself walk fasrer by
n‘iuﬂjng VOl ETTES,

They built 2 simulared

fish rail, called a Aapping
foil. They tested the flapping
foil by “flving™ ir in MIT's
Testing Tank.

Microscopic glow-in-the-
dark objecrs called kalliro-
soapic particles were added o
the wager, & the foll swished
through the fank, pulled by
an overhead morar, Mark
Grosenbaugh shined a thin
beam of laser |:g|1|: an the
wiarter behind . He pho-
tographed che liv area. in a
series of rwo-millisecand
expasuns. The glowing par-
ricles in the warer dluminar-
ad the vamous [ypes ol wager
swirls, callsd vorrices, made
by the fapping foil.

The scientiss founsd char
if the ﬂ:pp:mﬁ fodl maved &t
a low Frequency, water
biehind it swirled in a dock-
wise direction, and produced
drag, Bur if the foil moved ar
a hiEher I'n::turm'_!.-. the water
swirled counter-clockwise,
prowducang thnast,

They compared their
resules wirth known data on
real fish, There was an almios
dircct march-up herween the
frequency the simulated tail
necded to produce chrust,
and that of the living fish,
The team was an the right
track. They hsd learmed thar
a fish-rail, Aapping ar the
right Frequency, could push
the fish through the warer

W DO YOU BURLD A
SIMLUILATED FISHT?

Mext, the they wanted oo find
out hiow the ress of a fish's
body movements help ir
swim efficiendy. It was rime
tar bunld an enrire fish,

It was very important that
the robat hawe the exact pros-
portens af a real fish, The
Leam d.e.:[.dﬁ‘l that a bluefin
runa woulhd be a pood orpe of
fish e {rmdtare. Dave Barrenr
wits responsible for the puna's
design. He made manmy draw
ingz, and then it was time for
i Em o h:gin COMNEINECTION,

The fish's skeleron is buik
of anodized aluminum. It is
covered with styrofoam,

which ix in mum covered with

a =kin of lycra, the same mate-
rial wsed 10 make many rypes
of bathing suirs. A past in the
miiddle of Charlie's back con-
mecs the robal o mocors thar
mave back and forch on &
track in the ceiling. The post
also connecrs Charlie to a
compister prosgrany that helps
it lesrn how g6 move. Pressure

sensors along the sides of

Charlie's |:-t:||:|g.' h=||1- it know
where ir & Thess sensons are
like the nerves that run in
stripes down the sides of
fadi FAzhes' hodies, Called
laceral limes, the sensors help
fizh orient theie bodies and
let them sense che presence af
of other crearwres.

Charlie is simpler than a
real fish, For cxample, the
robod has abour 1000 sensors,
while a real fish has abous
20,000, “You have o make
choices,” says Mike Tri-
antafyllou. “You have 1o
make sure you don't leave out
thase things you really need "

Like a r:i_] _:up.f___'!'.']_u_ﬂ_it'l.
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h-ﬂdf MWFES N an s-ﬂuped
wave that starts ar the nose
and ends at the mil. When
Mark h:gjns e phiotograph
Charlie, he will be koaking m
sce if the warer swirls thar
help pawer the fish's maowve-
ments form ar its head, roll
down its bodly and are then
pur in the right possoien by a
well-eimed flick of the tail.
“We think the fish & able
to organize the min-vonices
thar move down s body,”

says Mark.

DT THE ROAD

A descendent of Charlie thar
can do cceanographic re-
search is still years sway. It
may nac even book like a fish.
Still, Charlic’s moves today
are giving researchers a log of
informarion.

Bur no robor tuna will
ever be s complex or power-
tal 4z a living creamare, “The
better we ger ar whar we do,
the mare we realize how Far
biehinad we are,” says Mike.
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Problems... and

by Deborah Kovacs

The biggest obstacle to a better understanding of the ocean is the ocean itself.
Vast, forbidding, everchanging, it is a very difficult environment to work in.
Over the years, hundreds of ocean scientists and engineers have developed
tools and technigues to overcome the difficulties of ocean research. Here are
just a few examples of ingenious solutions to ocean-research problems.

PROBLEM:
L]
EQUIPMENT
SCOOPED UP BY
FISHING BOATS

ApEnsve, Sometimes ime-

placeahla oogarograpive

rEgaarch eguipmeant is
pocasionally oal of sea. Many
engineers have thought abou
IFis problem, oflen coming up
wWith great solfions.

A fow years ago, Sean Hary,
af enginesd &l WHOI, was
approached by the Mavy with
this problam: the laige 1rewl
s aparated by fishing boais
aften sooop up oceanagraphic
MRERAGT BoguigErT Iy misiake,
Tre Miny warfted bo stan using
an EEpensive new piece of
squipmant called an asoustic
currenl meter, They dd nol wark
thess current meters to be
destroyed by fishing boats.
Could Sear COma up with Sorms
sort of houssng for the sguip
mignt that could outfox the
BEOaDg reng?

After siudying ie prodlem

SAFER, LIGHTER-
FLOTATION DEVICES
WERE NEEDED FOR
DEEP-SEA RESEARCH

grghag, Inc, I8 an coaans

graphic manufaciuring

company located near
Wioods Hide, Singe R Tourding
Im 1982, the coempany has
worosd very closely with sohen
tists and enginears @l WHOE 13
deaipn and build ocesnographic
B pmeTE.

Though Mg cCoEmpany Ras
devaloped many complex de
vines over tho veaws, i IS oma ol
thadr slmplast products thad has
privesd 1o ibe Bhe most unhverss

4

Tor soma tima, Saan Fas buill 8
prohatype Rousing that B thinks
willl solve the problem.

This iop-agn sFeded devos
weiibe @8 much a8 & car when it
5 ouf af the waater. & s aimost
Tour maisrs @across @i e witks)
pords, The key Bo s design is
in sides, which siope upwards
an about 307, “Trink of It ke &
Elgbes Stling omn the bottam of
the ocean,” =ays Sean. "Wra-
ST COMBE KNG S ch T
Bop. O think of il & & @ant scal-
lop shell wih Hs fat sioe down
o iha botiom, ™

The device will be lowered
owver the sids of @ ship by a
giant coana. Then it will rakl
sfrdipht down, 1o & depth of up
o GO0 metors. 1wl land on its
flat sada, & can Than sarman
i placs for up to Bwo years, col
lecting data. Whnen sciertists
warl 10 mooer the dovice, they
will sEnd down & Booustic Sig-
raal thest will free & comer "pod”
from the laeger anchor that sur-
Fosirsda 1. The pod will Moat
beck up to the mudace, and the

Iy useful. Ths = & @ass sphere,
sOmatimes encasad in & yellow
plagtic cindrng caled & “had
hat® and sometmes simply in a
net bag. Any trip 1o tha WHOI
deck favanls large cages of
these floats, ready bo be oaded
anto a eseench shio

Hire il (e ghavi cos oms
Lo be made? Says Benthos
foundar and prasident Sam Aay-
mong, °1 wak called dosn Lo
WHOI to talk to soemtisis who
wanted Us 00 buald some Tres-
Talling corrgl devices 1o o direm
Iz the posan foor arad e
sdEment servipkess. "

The cafing devetcas at the
lime were huge and very heavy.
Thaey ussd a conciels walghl o

A TRAWL-PROOF ACOUSTIC CURRENT METER

nouwsing will remain on the
ooean floor.

Tha trash-proct Beouslic G-
fanl meter is sl 0 the besting
phase. But the fiest trials hove
boen wery ancouraging. “We
lagled i bo see if we can fresfall

drive tha coner into tha SoREn
Noor, &nd & plaabc Dottls Mled
with gascine as a float o bring
it corer back to 1hé suace
after i had colecied & sl
sample. "They wanied us to
Dulkd some of thasa,” aays
Sam, “we did. We buill six.
Fhey were monstrous, great
heawy things, hundrads af
pounds apgh,” Sam doin't lies
the design of the ooeers ot ol
H thought the concrabe wedght
wha impracticsl. And e was
ezpeciglly conoemed aboul the
safety of thie gasalme-Slad Bet-
flea. IT & Ballle =pilled an the
deck ol a ship, ihers was a
grean sk of fine

Sam relurned Lo shore,

It @and get It to land e right
way,” sayves Sean, “H's per-
farmed gquite well.® Someday,
Sean hopoes that many of thiss
aight-sadad devices will be &t
work, swoiding the scoops of
deep-50a irawks

thirking about this prabdam.
Arvd om hig desk he [Ownd &
bigchune Bom the Coming Glass
Company, adverlising a hollow
glass sphare, Sam ordered &
féw of the spheves, and tried
usirg them as floats, to soo if
Thelry couild substitute Tar the
Eas-fited botiles, They worked
very well, At the same timae,
Sam dacided 1o changs the
weigihl on aach corer from con
oot 1o shoal,

WIIF Thads i provairamns.,
Sam anvd WHOE engineer Paler
Saghs developed & product
callad & Dogmenarg consr, which
provesd very suoosssiul. But an
even bigger success than the
corar were the glass fiasly Lhat

LY LM S



olutions

NEED MORE
EFFECTIVE PUMP
FOR COLLECTING
MICROSCOPIC

MARINE ANIMALS

n ihe= laks 19705, biclogist
IEhuryI Ann Buitman was

sEudying MiCToScops Rarvan
af marine animals off the ooms
of Callfornén. She wanted to
undaraland Pow e flse and
fall of ardmesl popuistsrTs relal-
ed io the lanves supplied fo the
Beatom By flowing saa water.
But she coulin®l mbepeal (ha
daia she was collscting with
wans. “We goi phanomaenally
differant numbers pach e wo
made collections,” she says.
“Wea Pound langs numbars of
primals = owr raps hal dedrl
poour on the bottorn, and lage
numbers of arimiais on iha bot-
tom that didn'L citur 0 dur
traps.”

Was there an acokoglcal
pause for these resEis? Was
treeen someting wiong with the
daba colection dovices? Chand
Arr spert seversl e eaplon-
Ing Ehese guestions and lound
that tha fas® oy with the freps.

MWioal biclogiats wonikl ook
to an engineer to soke a8 prob
lem Fka this ono. Bul Chieryd
Arm wad Sngued anough Dy
to salve the probiem hersesd.

mpde it whik betier,

The glazs flosls Fowe Deen
improwed over the years. The
aphanes are mmally twd hamisc
pheres fused together. Bul 1he
seams an the arginal foats dd
ol ateh gadecty. They woidd
somelimes bresk when déeap
under waber, lsn, bocause they
woie made of clear glass, thay
wem hard 1o sss on the surface
wihein the fime cames to nesoyes
adudemnainl

To soive both of thess prob-
pms, Sam siarted ordering
mamisphenes, rather than Tull
glass bals, 8 practice which his
compary Stll Tollows ioday, At
Herjibaai, the hamispFanet am
=anded with diamonds, =0 kst

S decikled b bl an REIns
ment that could answmer Bee
guestions. She had =oms tran
img Im physics In graduata
soroal, gl Sppied Thal Irarerg
to study how tarvae and othes
micraseopic maring creatures
el i Cuiirenla

Mlany marine ansmals are
alHn 1o SENSE changes in water
preseune, arsd geim il al the
wiy, ofben wery quickly, Chemyl
drn knaw that her pump collec
I weirubd st A0 BlCh in wakar
a btlie foster than the semaks
can swim. She also wansed an
ingirumen abie o collect daia
ower several monthe, Eosling
pusmips cowd only be operatesd
By reGRAFChAErE who ware rght
af the sis, becouse of the high
power requimemes snsociated
wills vary Tast pumping rates
Her pump nesdid B uss jusl 8
Itttk bit of power when it operas
ed, &0 I could alay o place T
a long time.

Thee phwssics of waier mowe
] becama pael ol e sl
gation, as well. " To do this ergl
neefing, ” says Choryl Anm, |
had te enderaiand Picw Tha
ratruments inberacied with the
ocean.”

Chargl Amn nas Spant (ha
st foar years working with
WHOI engineer Ken Doherty
oDullding & device they call tha
Maored Automated Jarcial

ihair adges malch perfecily. An
elactonic Maah dedis s placed
inside some of the floats and
tha twa halves are carehully
sealed logethsr, Thesse glass
spheres Aght up and sre easily
RpatiEd fram resaanrch ships,
Zame fosls are ancEied in e
yellow plasiic hemispheres
rallagd “hardhafs" (sae piadog,
ThiFly yvesrs labai, thass gim
ole spheres ars still standand
ocsancgraphic menanch tools

GLASS FLOTATION
SPHERES

Toaplankion
Pump |MASIP
for short). Ths
Insirument
pumps 8l &
wery slow rate,
and sa kit

nassda wary lit-
tl= power. It
anly slightly

digtidhs Tha
fiow of water
&0 the animals
Ane ngl sk
b smim o o
the way. Ten
MAETF pumgps
hass ricw Beisisn
built. and ars
At work cilleat-
Ing ammals n
the waters o
Druch Naoerth
Cansding
Beoausa
Charyl Ann s
Interestad m
research fhad
combras Both
biclogy and
phisics, she s
part aof the Ir
mEilulidnRn &
Appliesd Ciosan
Priysics. and Engrasring Depsar
el Sha i the only Tacully
membar in her depafment wikh
a speciafy in biology. She oves
warking wilh people whe hawe

L]
MOORED AUTOMATED SERIAL
ZOOPLANKTON PLUMP

cifferan expariss tan her rem,
*I think ft's great far ocean-
cgraphy,” she says. “The bec
way 10 gl @ dialogua is 10 ba
i e thick of Things. =
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A HEAD FULL OF

IDEAS

ALLYN VINE—

OCEANOGRAPHIC INNOVATOR

by Tom Gidwitz

n che lare 193)s, a voung

gr.quJ L+ 'H.I'I::I:III J.I

WHOI named Allyn
‘'ine had an innovarve idea.
He wanrted o use a E‘l.h.'\.
-.|'I|I-r\-!r. fiwe ||'|_'I in |_‘|i:||||._-l:|_'|.
to gemd a rescarcher to dhe
bottom of the ocean.

'he plass sphere was never
bk, har Albn Vine did mon
Erve ap fis fiaissl g L15] '\u,"-|.|
scientiits decp beneath che
stz For the mexe chirgy years,
hee ke caming up wich new
ideas for wavs oo ke R
graphic rescarchers deep
beneach the sea.

Fenally, Adlymn's vision and
derermination |,|;|'|i odl. Im
19462, work on 3 research
sub hegan. "When it was
launched in 1964, it was
mamed in his homsr — .'||'l'.lr.'
i% A Cfrfirac o |'\-|' ."|_.§:|'.-|
Yine. And Afvie § fise moth
er 1ha.-|. ||.|.'-.:§I'||.'|.| with

A ::.I 0 I||_'.= e Wis W I1Il.'l\.|
Lualua, after Alkyn's mocher.

AR INEIOAVATIVE
Allyn, who died earlier this
year at age 79, was a foun-
rain of innevarion and ideas

Far maee thai S0 FCrs,
he was immvolved with ad
vances in deep sex gealogy,
underwarer acousrics, and
Ii.l'l'l"l- sCH I'I\IIrIIFI:II:II'.' |r-_'
invented or perfected devices
thar measure the tide, buay
ancy, suhsurface pressure and
|-\._.'I||H'I.-I||Irl_' il |5'||_' CECEA I||
Vine had a really fervile,
imaginacive mind, recalls
Diave !'!\.I.I'H.q. a WK l_"I.'IIII:--
TE&1 ,_|||-_| rlil_'n;] al .J|_||:.r| "-"i|1|_'
for 33 years, "He probably
forgot more grear ideas than
Ml sciencists baey in gheir
likemime.”

He almo made mnovanen
part of his everyday life,
I..blll.l.'I I.'l'rlfll Ilq_' |'|l_'|_'dﬂ] €mn
alarm clock, he plogged his
vacuum ceamer inoe che elec-
tric aacler o his soove, ser the
timet, and, in the moring,
awoke to the vaoaum's roar.

"He just bubbled aver
with ideas all rhe I.||'\.|:."
recalls Dir. | Lamar Worzel
a peophysicest who Az mer
I'l_'l'-l'l in the 193, “He had



very unconventional ways of
thinking about things.”

SOLYING MYSTERIES

Allyn thought, ralked and
even walked a half-speed
faster than mos: people. Ansd
be fFollowed his rhi::l.l:lnhl::
wherever they might lead. In

Water Baby: The Story af

Afvim, aurhor Viomoria Eabard
pells how Allym, while wasting
in a Midwest airpnr-. for a
plane to Bostan, fdl inte con-
versation with a smnger, The
ralk was so0 interestng, .|'|J|:.'n
elimibed an rhe srranger’s
plane to comtinue i Unforme-
narely, the plane was headed
i California .-"J.I'gm ot b
to Massachuserrs rwenty
howurs lage.

He compared scientific
research and prn-hl.-:rn mﬂ'-uu.g
o a mysery sory, - How do
you get from here 1w chere!
Haow do you get out?” he
asked during am inrerview Lo
bt year, “Some people think
st |'|_;_'n: o |'|,.,|_'|n: fl'n-!.'lllil'lp'
il worked our shead of time
|_|1|J k:nl_nl.' LEEIr |'!i.1l1 DHPNTI 1D
the last evebrow, Others feel
you wane to be sure you'ne
headed in about the rlghl
direcson, and then mlke your
pair of pliers o your variows
ideas, and as you meet sita-
thans, woul Fegure out a way 1o
get arcaind them.’

Abave all, Exilure was nac
something to be feared. bur
o be kmmed from. “Experi-
ment, make your misrakes,”
he would sy, and rthen wdd
with a rwinkle in his eye,
“There's an enormos num-
ber af them srill our there w
be made, you see,”

Although Allyn walued
improvisation and often
worked quickly, vhere was a
Euidi:np: |:|ri:m.'|;||i: betiingd his
work - the advancement of
kr|l11.l.'|l_'\-lj5\-." whaoiar the s
& LIFE OF CLURIISITY
Allyn's curiosity showed
itseldf ar an early age. Bom in
Garrertsville, Ohio in 1914,
he loved school and his
teachers, and he guickly
showed an aptitude for sci-

ence. As 3 meenag-
¢, he combed
through the junk
pile of the local
telephone compa-
ny, collecring dis-
carded parts and
wires that he made
into burglar alarms
and ocher elecmon
ic padpets

In college, he
miajored in physics,
After graduarion,
he enrered the
Masger's Program
ar Lehigh Unmversi-
tv, where his advis-
EF WS Maurice
“Doc” Ewing, one
af the fathers of
madern oceano-
graphy,

[':|1|r||:.|:l' Ih: ERlmmeErs |.'|!'-
the late 19303, Ewing
broughe Allyn and other
graduate smadents o WHOL
The group weonl 1o 523 on
the research vessel Arlaaen
Th;:.- did rxp::’imrn:s with
souned to learn #bowr the sea
floor. Im 1940, the group
maved o Woods Hole full-
fms E0 -|I:|||‘|:| soangd crans
misszon in the sea

WORLD WAR |l YEARS
When Warld War 11 broke
out, Allyn’s knowledge of
sound. echoes and ocean
physics helped the Allied
cause by improving a device,
the bathythermagraph (BT]
that helped Allied surface
ships decect enemy sub-
msarines, and ther alse helped
Allied submarines evade
enemy swrface ships

Allyn and his former pro-
fessar, Dioc Ewing, improved
the BT's accuracy and speed,
mredd red:s:lg_n-:d it s that i
could be uvzed on zohs.
|.|'|rl_||.|_!_-|1|'\-||| Wioarld War 1L,
Allyn and his colleagues rode
on over 100 submarines,
|_|_';||_|"|ir|g the crews how o
use the BT. Years laver, the
Mavy gave Allyn a commen-
dwrisn thar mid his work hal
g.jl.'|_'|] I'|_|||I_||||,§ III|£TI.|‘||.'H DF
lives and millions of dollars
in ships and eguipment.”

& PROBLEM-SOLVER
Throughowt his life, Allyn
made enormous contribu-
tions o scexnography. He
u'-;lrl:u_'d 0 |_'|||a||_[_-r the warld s
Aeet of swrface rescarch ships,
He liked o work with scien-
tises fram different counemes,
becawse he belicved thar the
pcean 15 a common bond
that links the nasionz of the
wrld.

Bur his ideas were nor
lirnired o the se. He feli sci-
entific rsearch of almost any
SOET Wi in|.|:-.'|.'1.1n1. because
no one could predict when ar
how it maghe pay aff. “You
cannor rell when ir wall be
wieful ar where it will be ase
ful,” Allym saidl. "1t mighe noo
b useful roday or coamonnow
bt it's like having a flash-
||,E|'|_1 i|| WEIE A T LSS II"-"I.‘lI.I.
h:.'p-pl:rl. bo et a flat tire in the
dark.”

Allyn gave free rein o his
||-|F|_'|||_'.||:-!.'. 1|_-|I1r'|E il rioam
around the world wherever
theere might be a fun problem
i zalve,

When the drawbadpe over
the inler o che pond in the
Woods Haole
.||i;r_'.\“'|c ~|;||.\,L in the r.:ised.
position for several weeks,
Allym converted a huge tire
L a I'In::r.i."ug pl.a:'l'mrn to
FI_'rr:I-' I,'\-'.“.:n:u,Err-. hil.'l{ J]ld
farth across the warer

CERLer af

odnat Allym Vime alwrys nsisted that 'WHDI's desp-diving sebmarsibde Alvin
was named after Klvin, the cartoss chipmink, ssd not after himssi.

SCHOLAR, TEACHER, FRIEMD
Afrer his retirement from
WHO in 197%, Allvn con-
tinued 1o press for innova-
vons. He worked po inprove
rhe rh*.':iglm af furure research
l.'l_'nl_'h and -.[!l:"l'ﬂ rime 'A'il:l'l
5?_'Jdc|||-\.. di-.u_pnihg issLes
such zs waste disposall a1 sea

“He loved working with
people all the time, anybody
and everybody,” says his old
friend Dr. Woaorzel. “He
thrived on it

For Allwm, che sea was a
F‘-I.‘h’_l_‘ af Fulfillment and
pn:lmi:r:. The i of discow-
ery was marched by the fun
he had and the Friendships
he maide.

"You dive in.” ke said
"You've gor your buddies
]nd Four ':lil'l'l-\.l'l. l.l'll:l ic s
amazimg what you can do.”

BE AM INVEMTOR!

IT you'd lHKa to try your
hand & irventing 8 18blke-
top submanne, write to
SUBMARINE, /o Ocaan
Explorer, Feanno Hauge,
Woods Hole Oceanograph
o Inatilgtion, Woods Hale
MA 0Z643 Enclose & gall-
adtrassed, stamped eme
ape, and we'll sand wou
nstructions for 8 mink-aul-
maring atihity by aur advi
sof, Jack Crowley,
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MIFTETY FFeG dAD RN

HELN] HIER ST

WHOSE
FAULT IS
THIS?

l dreas Faulr, the I“"E"

crack in rhe earrth’s cruse
r-\'.-.-\..1|:ll1:-\;|||r i I_'JI|:'II_|||:|I';_|_"| 1
|:..Ilirlllll'li.l II-.||‘.' I"‘t!-'hl.- il:".'l
trafes the stress changes near
the faule following the 1994
Landers 'i.'.||ii-'|||||.| |_'.|r|"|
quake thar reached a magni
tude of 7.4 on the Richrer
'\-l.illl.'. l'l:';.l'ln:lr I.‘Il:l-\."a a crack on
|.|r'| land have o |_|r| '.1.'|r||
Ihl.'.ll"\.ll_'hr:IIIII? E I:I.'\_"--lT\.I'|||'|!_"l o0
carth s interconnecred, as
you will see in the Decembe
e o o -r"'\-l|'lulull'|'.l'.
.H.IIII.II :lI'\.Il |.||l.'|.' (41 -.I._L.
decp sca floar with che
Shinkai 5% This _I.I|u||n|_'
submersible is I|||; \Iq_'q_'_ilq_':ﬂ-

icrured here is a por-

diving peaple-holding craft
ever built. Hold on! Ir's
RN Civ bz a wild ride!

OCEAN EXPLORER
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