
BOOKS 
A celebration of design: Voyager, nautilus, 
the Veterans Memorial, the periodic table 

' -

by Philip Morrison 

THE COMPLETE GUIDE TO RUTAN AIR
CRAFT, by Don and Julia Downie. 
Third edition. Tab Books Inc. (paper
bound, $14.95). VOYAGER, by Jeana 
Yeager and Dick Rutan, with Phil Pat
ton. Alfred A. Knopf, Inc. ($19.95). 

During World War I I the Navy 
trained many young pilots out on 
the glaciated flatlands near Oshkosh, 
Wis. The vast airfield they left behind 
is now host every August to 15,000 
aircraft and three-fourths of a million 
people, who gather for the world's 
largest aviation m eet. It is not for 
the supersonic fighters or the jet 
transports the trues t devotees have 
come; this is the Fly-In Convention 
of the Experimental Aircraft Associ
ation. The somewhat eclectic EAA 

has 100,000 members throughout the 
world. It remains at heart the expres
sion of those remarkable amateurs, 
most of them linked in some other 
way with the aviation industry , who 
fl y aircraft they have built them
selves. Some 700 of those creations 
are certified yearly by the FAA to fly 
at large, a third or more of all new 
U.S. light aircraft. 

Most of the homebuilts are slowly 
and carefully constructed from de
signs, some even from kits of parts, 
for prototypes that were first seen 
and admired at Oshkosh. The engi
nee rs and designers who conceive 
and produce the planes are a small 
group of professional innovators. 
These two books sum up the remark
able work of one s uch man, Burt Ru
tan (an original even among such 
originals), and his g ifted coterie. The 
guide is a knowing and personal in
troduction to the lo ng, de m anding 
work in the shop and to flight itse lf. It 
is a homebuilder's look at the Ru
tan way. (To build a Oyable aircraft a l 
home requires a few thousand hours 
of work and S L0,000 to $20,000 for 
engines and equipment: it is easy to 
unders tand that many more arc be
gun than arc in fact comple ted.) 

The seco nd book, a candid account 
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of adventure and despair, mean·t for 
general readers, sets out years of sin
gle-minded effort and one week aloft 
in danger and aching sacrifice by the 
pilot couple, Jeana Yeager and Dick 
Rutan. At-the end of 1986 they filled 
up the tanks of Burt Rutan's most fa
mous de~ign, the one-of-a-kind Voy
ager, and'in nine nonstop days flew 
it out and back around the bulge of 
the world. 

Voyager is much the largest of 
some 10 Rutan Aircraft Factory de
signs: all of them share family traits. 
They are built of composites, white, 
sleek and slender. T his is not the old 
way of canvas stretched taut over 
spruce, nor the sturdy but intricate 
structures of Rosie the Riveter, a 
bucket of rivets, bent metal sheet, 
spars of forged aluminum. Layers of 
woven fibers, glass, graphite and ara
mid polymers are bound into a sin
g le immobile yet forgiving structure 
by the right mixture of epoxy resin 
polymer a nd its ha rdeners. Cores of 
foamed urethane shaped by hand 
tools give form to the light, strong 
skins of wings and tanks and fuse
lage . The scales control every part: 
tyros make h eavy sections, and then 
learn to remake them. The home
builder and the FAA inspector alike 
can see through the translucent 
forms to check the laye rs of lay-up 
and matrix. 

Apt Rutan aerod ynamics go with 
the ne,v materials. Most of these craft 
arc pus hers; instead of a tail they 
have small canard wings in front of 
the main airfoi l. The arrangement 
confers s imple control, efficie nt low
drag flight and virtual immunity to 
stall ing. These birds hav·e no tai l to 
drag. (A few pages by Burt Rutan g ive 
a c lear, qualitative account of how al l 
thi s happe ns.) 

On top of his Dodge , Burt Rutan 
carries well-instrumented models . 
His ra ther low-speed wind tunnel is 
as long as the faster highways of 
southern California afte r midnight. 

Inspired designer though he is , at 
44 he is no amateur but a trained 
aero engineer and a fine pilot. Burt's 
brother, Dick, a few years older, is 
a virtuoso tes t pilot, strong-mind
ed veteran of 100 fighter missions 
against the littl e MiG's over Vietnam, 
and for years a record setter in one 
after another of Burt's prototypes. 
Jeana Yeager, Dick's partner, copilot 
and coauthor-their book is written 
in s hort passages first for one voice 
and then for the other-is equally 
skilled and sharply defined in char
acter. Big Voyager was built out of 
just 11 sketches by Burt, and plenty 
of printout from his PC; Jeana creat
ed all the formal drawings from that 
material. 

This group raised and spent a mil
lion dollars the hard way, without 
compromise of personal principles. 
They would accept neither foreign 
corporate sponsors, cigarette manu
facturers nor any who set excessive 
constraints on their design, materials 
or route. Volunteer professionals of 
many specialties and a large number 
of individual donations complement
ed the well-known avionics firm, the 
fuel and lube supplier, an audio firm 
and a few others who took a chance 
with expensive equipment or with 
money. 

The round-the-world plane real
ized the famous old flight-range for
mula of Louis Breguet. Long range 
means large lift-to-drag ratio, big fuel 
load for lo,,· structural weight, and 
hig h efficiency of prop and engine. 
"If the Voyager was easy to fly, Burt 
didn't do his job ri ght." Stiff, pitching 
steadily, controls ineffectual, com
fortless and crowded, Voyager gave 
up everything to haul fuel with low 
drag and minimal weight. But it did 
the pilots' joint will: after a heavy, 
dragging takeoff(during which wing
tip fittings rubbed off on the runway), 
Voyagercircumnavigated against un
favorable weather, returning to Ed
wards Air Force Base with 2 percent 
of the fuel it had carried off the two
mile runway. 

The ch ief des ign d efic ie ncy seems 
to have been the complicated fuel 
plumbing, a littl e ofit misrouted. Two 
engines fed by 17 tanks-gas was 
stored in e , ·ery volume not o ther
wise filled - meant that the flight 
ere" · lost track of fue l use in spite of 
their e labo rate routines to log and in 
terpret the minimal gauges. These fli 
ers ,,·ere neve r free: the radio link to 
the t-!oja,·e was a bond tighter than 
they liked. but indis pensable. T he 
drama of tec hnical bri ll iance and 
personal act,·enture, soc iology and 



character, is hones tl y played against 
the looming backdrop of a powerful 
paramilitary industry, itse lf the gain
er from the work. 

Dick presents one unexpected in
sight. "All of Burt's airplane d es igns 
have been . . . an extension of his fas
cination with building model air
planes .. . . The legacy of modeling 
is physically visible .... The methods 
live on ... in the stage of design after 
the plans are drawn, the period of 
'tweaking,' the 'cut and fit' method 
that only composites make possi
ble. Burt always wanted ... the same 
control over the design as model 
airplane building afforded .... Some
times he was in love with the de
sign .. . to the exclusion of market 
considerations." We hear snatches of 
an old tune; this is the tal e ofan artist 
and his trusting, daring friends. 

THE NATURAL HISTORY OF NAUTILUS, 
by Peter Douglas Ward. Allen & Un
win, Inc. ($34.95). 

The chambered nautilus is found 
here and there over a wide stretch 
of ocean, from the Andaman Islands 
westward to Fiji and beyond, and 
from Japan south to New Caledonia. 
Once their kind were the maste rs of 
the ancient seas: 10,000 species and 
more are found in the fossil record . 
Now there are ex tant only five, quite 
similar species of this, the last of 
the shelled cephalopods. Creatures 
of the middle depths, they live be
tween 150 and 400 mete rs down, 
usually along the undersea s lopes 
of some steep coral forereef, in a 

band a couple of kilometers wide 
out from the coral shore. 

This book is the work of Peter 
Douglas Ward, a paleontologist who 
has taken a field trip in time; he has 
gone to the modern ocean to follow 
living examples of the ammonite fos
s il s he seeks to understand. His own 
studies and those of others conduct
ed over some two decades have 
brought a ce rtain understanding of 
this remarkable survivor, whose 
way of life is now unique. Most of 
what is described is recent work, 
documented here with graphs and 
photographs. There are imploded 
shells and X rays of air-filled cham
bers. There are closeups and dia
grams. One illustration shows the 
eyes, tongue and beaky jaw of this 
strange pedigreed head, from which 
sprout about 90 tentacles, sensory, 
grasping and reproductive. 

These beautifui'animals are rare in 
warm surface \\4aters; night scuba 
dives on the reef fringe will disclose 
them. For several years nautiluses 
have been kept for observation in 
aquariums, such as the one at Nou
mea in New Caledonia. Even more re
cently Ward and others have tracked 
nautilus individuals in the wild for as 
long as a week. The surface trackers 
"began to appreciate the problems 
of anti-submarine warfare." Graphs 
map the vertical position of a few ani
mals followed around the steep walls 
of the reef of Palau, running deep 
by day, shallower at night, possibly 
deep again at the full of the moon. Te
lemetry enabled the investigators to 

track the animals. A small ultrasonic 
transmitter affixed to the shell, draw
ing power from a tiny lithium bat
tery, encoded the pressure readings 
of a strain gauge and pulsed them up 
for two weeks from the submarine 
depths to alert hydrophones above. 

The eight-inch-diameter nautilus 
forages v igorously over hundreds of 
kilometers, covering a few kilome
ters a day. It can rise and dive swiftly, 
nearly vertically at a rate of a couple 
of meters per minute. It appears to 
dwell in the cool waters below the 
reef system, taking live hermit crabs 
from the deep slopes for food, and 
scavenging as well. Its enemies are 
not well known; there are big reef 
fish with jaws powerful enough to 
take the nautilus. The beast propels 
itself by a flexible siphon that can 
point in almost any direction. Swim
ming with head trailing is fastest. 
In this mode the nautilus's graceful 
rounded shell experiences minimal 
drag; it is also shaped and aligned to 
minimize pinwheeling, induced by 
the strong pulses of the off-center jet. 
Most fossil forms must have been far 
poorer and less stable swimmers. 

This living submarine has a hard 
protective shell, an elegant pressure 
hull that fails by implosion at a pres
sure depth of some 70 atmospheres, 
below the working range of many a 
stee l submarine. This hull is a com
plex interlayered composite of horny 
protein bolstered with calcareous mi
croneedles. The lovely chambers are 
fully or partly air-filled; the X-ray pic
tures prove it. A complicated tube 

Beginning ils world {ligi,c, Voyager leaves Cali{ornia behind 
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