An Oceanic Mass Migration
of Land Birds

Every fall millions of songbirds and small shorebirds leave the

east coast of North America for the Caribbean and South America.

Their difficult journey has now been followed with the aid of radar

by Timothy C. Williams and Janet M. Williams

mer visitors leave the beaches of

New England and the Canadian
Maritime Provinces those areas experi-
ence a far more massive departure that
goes unnoticed by most of the remain-
ing inhabitants. More than 100 million
birds, most of them fairly small, cross
those shores on their annual flight south-
ward over the Atlantic from eastern
North America to the Caribbean and
South America. A patient observer with
a powerful pair of binoculars might see
a few of the birds as they traverse the
face of a full moon or pass through a
beam of light pointed upward at night,
but for the most part the participants in
the migration cannot be seen directly.
With the aid of John M. Teal and John
W. Kanwisher of the Woods Hole Oce-
anographic Institution, Leonard C. Ire-
land of the Bermuda Biological Station
and others we have exploited a network
of radars to observe the behavior of the
birds. The studies have yielded much in-
formation about this remarkable migra-
tion and have indicated why some birds
succeed at it and others, which seem to
be out over the ocean by mistake or mis-
fortune, perish in large numbers.

The birds we have observed by radar
along the Atlantic coast during the last
week of September and the first half of
October are most likely shorebirds (such
as sandpipers and plovers) and small
songbirds (such as warblers). The vast
majority of the birds begin their journey
at night, after a cold-front weather sys-
tem has moved southeast over the coast.
If you stand in a quiet area of Cape Cod
early of an October evening with a brisk
northwest wind at your back, you can
hear great numbers of small birds call-
ing to one another as they pass over-
head. If you then were to go to any of
the three large radar installations on the
Cape (Air Force surveillance, air-traffic
control or weather radar), you would
find the center portion of the screen
filled with small bright dots moving

For about two months after the sum-
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in a roughly southeasterly direction.

Such a radar screen represents a map
of the area surveyed by the apparatus;
north is at the top, and the distance of an
object from the radar installation is indi-
cated by concentric range rings at inter-
vals representing about 10 kilometers.
The location of any object detected is
represented on the screen by a bright
dot. The radars to which we had access
displayed each object in this way from
once to 15 times per minute.

In order to record information from
the radar screen we made time-exposure
photographs. Any slowly moving object
such as a bird would show up in the
photograph as a series of small dots or
as a streak. By briefly closing and then
reopening the shutter toward the end of
the time exposure we could ascertain
the direction of motion of the bird. By
measuring the length of the streak,
and therefore the distance traveled, we
could (knowing the duration of the time
exposure) compute the speed of the
bird. The number of birds detected per
unit of area served as a basis for estimat-
ing the density of migration, which we
classified in four categories: no move-
ment, light migration, moderate migra-
tion and heavy migration. Most of the
radar units could also estimate the alti-
tude of birds from the angle of elevation
of the radar beam and the distance of
the birds from the radar.

We began our research on these
southerly migrations by observing
birds as they moved over Cape Cod.
Like William H. Drury and Ian C. T.
Nisbet of the Massachusetts Audubon
Society before us, we were fascinated by
the great numbers of birds (up to 12 mil-
lion per night) that left Cape Cod mov-
ing southeast toward the middle of the
Atlantic. To determine what happened
to these birds we watched from radars
on the islands of Bermuda and Antigua.
We found that many but not all of the
birds continued flying southeast over
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Bermuda but arrived in the Caribbean
flying southwest. Land birds and most
shorebirds would have no chance to
land during that flight of more than
3,000 kilometers. Moreover, they could
not navigate by following coastlines or
other landmarks; some other system of
guidance was necessary.

The only way we could study the
movement of the birds while they were
over water was with radars at coastal
sites and on islands and ships along
the route. These observations had to
be made simultaneously with similar
radars and under similar conditions.
Therefore during the last week of Sep-
tember and the first two weeks of Octo-
ber for six years we enlisted the coopera-
tion of six national governments, four
Federal agencies, the Woods Hole Oce-
anographic Institution and a large num-
ber of our friends and students to man as
many as nine radar stations along the
route of the migration.

The basic patterns of migration that
we found appear to involve at least two
routes from North America to South
America. On one route the birds follow
the coast southwest to the vicinity of
Florida and then turn southeast to move
along the Caribbean islands. The second
route involves birds leaving the coast
from at least as far north as Nova Scotia
and as far south as Virginia, and thereaf-
ter moving southeast (a direction of
flight observed from ships in all the ar-
eas of the Atlantic we studied). We sup-
pose the birds turn in the area of the
Sargasso Sea (approximately the south-
ern limit of our observations) as they
encounter the northeast trade winds.
Aided by those winds, they move in a
southwesterly direction over the region
occupied by the Caribbean islands.

At all the radar sites we found that the
migrations proceeded in waves. Several
days would pass with little or no activi-
ty, and then for a day or two birds would
move in large numbers. The intervals
between periods of migratory activity



became longer as one moved away from
the coast. At coastal sites some move-
ment could almost always be observed
at night. At Bermuda we encountered
occasional periods without migration,
and in the Caribbean several days often
passed with no migrants being observed.

By plotting the data obtained by radar
on a series of photographs made
from weather satellites operated by the
National Oceanic and Atmospheric Ad-

ministration (NOAA) one can establish
acorrelation between migratory activity
and the state of the weather. An exam-
ple is provided by the satellite photo-
graphs for October 3 through October 6,
1973 [see illustration on page 173]. On the
first day a departure of birds from the
North American coast was beginning. A
cold front had just moved offshore from
Cape Cod to Florida. As the cloud pat-
terns show, the front crossed the shore-
line between Cape Cod and Halifax.
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Coastal radars recorded heavy move-
ments of birds that night. Birds were
moving both along the coast and off-
shore.

By October 4 the frontal system had
become stationary between Bermuda
and the coast. Birds observed from a
ship penetrated the frontal system all
day, moving southeast and reaching the
Bermuda area by midafternoon. On Oc-
tober 5 these birds were between Ber-
muda and the Caribbean. At Bermuda

MIGRATING BIRDS show up as white streaks on this photograph
of a radar screen on the Caribbean island of Antigua. North is at the
top. The white rings represent 10-kilometer intervals from the radar
station. The center of the display is blacked out to prevent over-
exposure of the photograph from ground clutter. The photograph is
a five-minute time exposure, in which the largest concentration of

streaks representing birds is in the range circles from 20 to 45 kilome-
ters. A dot at the end of a streak, caused by briefly closing the shutter
of the camera, shows direction of movement. The white line at the left
shows the angle of elevation of the radar beam, which was intersect-
ing a layer of birds at altitudes of from three to six kilometers. Most
of the birds were moving southeast; a few were moving southwest.
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ATLANTIC MIGRANTS, drawn to a common scale, are portrayed. songbird, the blackpoll warbler (d). Perhaps half of the migrants are
Included are three shorebirds, the Hudsonian godwit (a), the Ameri- songbirds. An indication of the scale is provided by the warbler, which
can golden plover () and the white-rumped sandpiper (c), and one in life is from 4.5 to 5.5 inches long and weighs less than an ounce.
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the movement had shifted from south-
easterly to southerly (possibly reflecting
birds moving south from Halifax the
previous night). Bird movements at the
ship, which was about 400 kilometers
behind (northwest of) the weather front,
appeared to be scattered in all direc-
tions, although the density of birds was
scored as being heavy.

On October 6 the wave of migra-
tion reached the Caribbean, with heavy
movements reported at Antigua during
the day and at Barbados during the eve-
ning. The total time of flight from North
America to Antigua was about 64 hours
and to Barbados about 72.

The timing of this migration is typical
of the data we have been able to gather.
Departures from the coast are triggered
by favorable flight conditions behind a
cold front. The significant feature of
the weather is strong northwest winds,
which help the birds to move from the
coast to the area of Bermuda in an aver-
age of only 18 hours. Radar indicates
that few birds land on Bermuda; the
great majority of them continue south-
east over the island, usually in light and
variable winds, until they reach the area
of the Sargasso Sea, where they encoun-
ter the northeast trade winds that assist
them in reaching the Caribbean. This
second part of the journey is much slow-
er than the first; the birds appear to fly
for about 48 hours between Bermuda
and Antigua. The radars at Antigua in-
dicate that, as at Bermuda, few of the
birds land; instead most of them seem to
continue flying for another 18 hours to
reach South America. The total time of
nonstop flight over the ocean hence ap-
pears to be 86 hours, plus or minus 12.

To the best of our knowledge this mi-
gration is the longest (in both time and
distance) nonstop flight known for small
birds. It also seems to take place at the
greatest height above the ground of any
bird migration. From radar observa-
tions we found that the densest migra-
tions from the North American coast to
Bermuda are at an altitude of two kil-
ometers (about 6,500 feet) or some-
what less, although some birds are de-
tected at five kilometers (about 16,000
feet). At Bermuda a different pattern
begins. Most birds fly at an altitude of
from one to two kilometers. By the time
they reach Antigua they are up between
three and six kilometers, and on some
days the radar showed significant num-
bers of birds flying over the island at
6.5 kilometers (21,000 feet). Although
we made many fewer observations at
Barbados and Tobago, it appeared that
the birds were by then dropping in alti-
tude, until at Tobago we recorded no
birds above 800 meters. Evidently in
approaching the South American coast
the birds come down gradually in prep-
aration for landing.

Birds at an altitude of six kilometers
above Antigua are flying in air at a tem-
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AREA OF MIGRATION from North America to the Caribbean and South America appears
based on radar observations from Halifax, Cape Cod, Wallops Island, Bermuda, Miami, Puer-
to Rico, Antigua, Barbados and Tobago. The broken colored lines indicate two sets of possible
migratory routes, one for birds flying along or near the North American coast and the other
for birds making most of the trip over the ocean. (The data for Puerto Rico are derived from ob-
servations by W. J. Richardson of Environmental Research Associates in Toronto.) The gray
lines forming triangles show the relation of the wind to the heading and track of the birds. In
each case the broken lineshows the direction of the wind (with the relative wind speed indicat-
ed by the length of the line), the dark gray line represents the average heading of the birds and
the light gray line shows their average track. The birds consistently have a southeasterly head-
ing, but the trade winds that blow from the northeast in the Caribbean create a drift that has the
effect of turning the migrating birds toward the southwest as they approach their destination.

perature of zero degrees Celsius, and the
air has only about half as much oxygen
as air at sea level. The advantage of fly-
ing at such heights seems to be that it
puts the birds in a region of favorable
wind conditions. We plotted the average
wind velocity at various altitudes on the
days when we detected moderate or
heavy migrations at Antigua at an aver-
age altitude above 4.2 kilometers. The
average direction of bird movement on
those days was southeast. Our data for
altitudes below four kilometers showed
strong east-southeast winds, which were
avoided by the high-flying birds.
Physiologically flight at such altitudes
is made possible by the distinctive res-
piratory system of birds. The system
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embodies a number of adaptations for
flight, but in this connection the crucial
one is the countercurrent flow of blood
and air in the bird’s lung. It is the key to
the bird’s ability to extract oxygen effi-
ciently and so to fly at high altitudes.

bservations made both visually
(with the aid of binoculars) and by
radar from ships at sea yielded a much
clearer picture of how the birds behave
during their long flight over the ocean
and also indicated what kinds of birds
might be making the flight. In order to
follow our discussion of these results
one needs to be clear about the distinc-
tion between a bird’s track and its head-
ing. If a bird is flying in a wind, the
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But for you,

Robert Goddqrd
the moon

Look where the science
of space is today.

With Robert Goddard’s help, man has
been able to free himself from Earth’s gravita-
tional apron strings, to launch himself and his
satellites into space — and into a new era.

For companies like Rockwell, who helped
make the great leap possible, ours is an era rich
in challenge. We're working in many areas to
help bring the current and potential benefits of

Today, only expensive one-way rockets can put man-made satel-
space down to Earth. lites into Earth orbit, but next year a Rockwell-built Space Shuttle

The science of space is just one of orbiter will fly its first of over 100 missions into space. It's one of a

. fleet of orbiters under construction for NASA — as part of the
the sciences of Rockwell. For more about the world’s first reusable space transportation system. Shuttle orbiter

diverse company that supports these crews will place, service and retrieve satellites in space; operate

developments, write for our Annual Report. scisndtific Iand ihndustrrial Ilabor?tories carried into and outr?f spacle;

. and develop the technology for new space systems such as solar
Rockwell Internat'9n3| » Dept. 8155, power satellites. The Shuttle is the key to space operations . . . and a
600 Grant Street, Pittsburgh, PA 15219. whole new era of benefits for mankind.
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On October 19, 1899, 17-year-old
Robert Goddard climbed a tree

in his backyard to do some
pruning. Suddenly he en-
visioned in his fertile mind a
device for flying into space.
The idea was later entered in
his diary — and never left his
imagination. As a student
and later a doctor of physics,

Goddard did exhaustive, original
research on rocket propulsion —
and on March 16, 1926, fired the
world’s first liquid-fueled rocket to a

height of 41 feet.

Three years later, aviation pioneer
Charles Lindbergh championed

Goddard’s cause and arranged

a desperately needed financial grant
for further research. Today, the

U.S. is using over 200 of Robert
Goddard’s patents — most
of them basic to rocket
engine operation.

might still be

green cheese.

Rockwell is building 150 earth
stations for the new, nation-
wide, satellite-based television
system of the Corporation for
Public Broadcasting (CPB). This
system, the world’s largest, will
improve signal quality, increase
programming flexibility, and
substantially reduce distribu-
tion costs for all public televi-
sion affiliates.

This is a 570-mile-high view of
Cape Cod, provided by NASA’s
LANDSAT — one of many
satellites that Rockwell engines
have boosted into space.
LANDSAT's orbiting cameras
now help locate oil and gas
deposits — and improve the
management of agricultural,
forestry, range, water and
marine resources.

Photo courtesy EROS Data Center

Two thirds of all U.S. manned
space flights and satellites have
been launched with rocket en-
gines built by Rockwell. We
also make attitude control sys-
tems, Shuttle orbiter main en-
gines, and smaller propulsion
systems for deep space.
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NAVSTAR satellites for the De-
partment of Defense Global
Positioning System (GPS) are
designed and built by Rockwell.
When fully operational in 1985,
GPS will give land, sea, air or
space navigators their positions
to within 30 feet, their exact
speeds and the correct time.

Rockwell International
..where science gets down to business



From solar power to turbochargers...

Garrett has some answers.

Alot of people talk about the
energy crunch, but Garrett is doing
something about it. Garrett's
unique combination of high-speed
turbomachinery and heat transfer
technologies requires a deep
understanding of energy uses and
efficiencies.

From the very beginning, 40
years ago, Garrett engineers under-
stood that a well-designed piece
of machinery is more fuel efficient,
gives greater power output, and
lasts longer. So, reliability and
efficiency were the first two spec-
ifications for virtually everything we
made. As space and weight

.... :. .. g,...::?'....

became more critical in aircraft,

we became expert at reducing them
while retaining dependability and
efficiency.

Today, Garrett has outstanding
capabilities in the key high-speed,
high-temperature, high-efficiency
technologies that will help us
better utilize and conserve energy
generated by fossil fuels and
nuclear systems. And we also
know ways to harness the power
of the sun—the only inexhaustible
source of energy there is.

Some of our answers include

a gas centrifuge for uranium enrich-

ment, a battery/flywheel electric-
powered passenger car, a high-

temperature ceramic turbine,

a ceramic heat exchanger, a solar
assisted heat pump, and even

a down-to-earth automotive turbo-
charger.

For more information on how
Garrett can help you with answers
to energy problems, write:
Director, Advanced Programs,
The Garrett Corporation, P.O. Box
92248, Los Angeles, California
90009; or phone (213)776-1010.
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movement shown on a radar screen (the
track) does not necessarily correspond
to the direction in which the bird is ori-
enting its body (the heading). The wind
introduces drift, that is, it blows the bird
to the downwind side of its heading.
Another factor to be taken into ac-
count is the bird’s airspeed, which is of
course the speed of its flight through the
air. Airspeed and heading are calculat-
ed from our radar data by means of the
direction and speed of the wind as deter-

mined by a weather balloon at the alti-
tude of the bird. In order to distinguish
the behavior of birds from their drift
caused by the winds we have plotted
both track and heading for observations
of bird migrations at sea. Following the
lead of Ronald P. Larkin of Rockefeller
University, who analyzed the first two
years of these observations at sea, we
have divided all the observations from
ships into periods of consistent migrato-
ry behavior.

A plot of these data on a map reveals
four rather different categories of be-
havior [see top illustration on page 175].
The first category consists of the periods
when no significant amount of migra-
tion is detected. The second consists of
birds with headings from south to south-
east and tracks that are southerly. These
birds, if they continued the pattern,
would be likely to reach South America.
The third category consists of groups
of birds that appear to be disoriented.

PROGRESS OF MIGRATION during four days in October, 1973,
is plotted on weather-satellite photographs made by the National
Oceanic and Atmospheric Administration (NOAA). The colored ar-
rows represent the average track of a bird migration, and the thick-
ness of an arrow indicates whether the migration was light, medium
or heavy. The black arrows show the wind direction at the altitude of
the birds; the longer the arrow, the higher the average wind speed. A
migration began October 3 under typical conditions (Z), after a cold

front had just moved offshore from Cape Cod to Florida. The accom-
panying northwest winds aided the birds. By the next day (2) the
frontal system was stationary between Bermuda and the coast, and
most of the birds had reached Bermuda. Once past Bermuda (3 and 4)
they encountered the northeast trade winds that shifted them toward
their destinations in the Caribbean and South America. The birds
were at Barbados by the fourth day after about 72 hours of flight.
The total time of nonstop flight over the ocean was about 86 hours.
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ALTITUDE (KILOMETERS)

AIRSPEED (KILOMETERS PER HOUR)

ALTITUDE AND SPEED of migrating birds, as ascertained by radar observations, are chart-
ed. The plot of altitude (/efr) shows the percent of birds found at given altitudes during times of
moderate or heavy migration. The average altitude reaches a peak at Antigua and then declines
as the birds approach their destination. The plot of airspeed (right) shows the percent of birds
detected at each speed. The loss of both the faster and the slower birds between Cape Cod and
Antigua suggests that only certain species are adapted to this long migration. The number fly-
ing at less than 50 kilometers per hour suggests that many of the birds are small songbirds.

Their headings are widely scattered, and
any net progress of a group is largely
attributable to drift caused by the wind.
The calculated airspeeds of these birds
are generally quite low, less than 20 kil-
ometers per hour. It appears unlikely
that any significant proportion of the
birds in this category would reach the
Caribbean or South America if they
persisted in poorly oriented flight at
low speed. The last category consists
of birds that are apparently trying to
move in a direction other than toward
the Caribbean.

We could not discern a statistically
significant tendency for these four types
of behavior to be grouped in any area of
the Atlantic we studied. We therefore
concluded that some factor other than
geography must have been determining
the categories of behavior we observed
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from the ships. If one plots the same
data on a diagram of the predominant
weather patterns at a given time, a clear-
er picture emerges.

A typical weather system for which
we made such a plot consisted of a low-
pressure center or hurricane, a moving
cold front, a stationary front and two
high-pressure air masses, one subtropi-
cal and the other (northwest of the fron-
tal system) representing air that had just
moved off the North American conti-
nent [see bottom illustration on opposite
page]. The migratory patterns differed
according to the weather. In the area
around the subtropical high we found
only migrants with headings to the south
or southeast; they were making effective
progress toward the Caribbean. Groups
of birds with scattered headings were
found only northwest of frontal systems
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or south and east of low-pressure cen-
ters. A common factor in both cases is
that the disoriented birds have recently
experienced strong offshore winds. It is
in these areas also that we found most
of the birds with an average airspeed of
less than 20 kilometers per hour.

Based on this analysis we can tenta-
tively classify birds observed over the
Atlantic as true migrants if they have
penetrated the frontal system that initi-
ated their departure and as unsuccessful
migrants if they are observed in a high-
pressure center northwest of a fron-
tal system or in a low-pressure system.
(Some true migrants will occasionally
turn up in the second category, usually
because the observation was made near
the North American coast when the
birds had not yet penetrated the fron-
tal system.) It is probable that the un-
successful migrants are birds that would
normally migrate over land but have
been blown out to sea.

heading that is generally southeast is

typical of the true migrants, regard-
less of whether the radar that detects
them is coastal, island-based or on a
ship. Nevertheless, it is not always easy
to identify the true migrants because of
the frequent simultaneous occurrence
of two or more patterns of migratory
behavior, particularly at the large coast-
al or island-based radars. Therefore at
each site we separated groups of birds
on the basis of track direction and then
computed the average heading of each
group. Although the average heading of
all migrants at Cape Cod, Wallops Is-
land, Miami and Bermuda was to the
southeast, the analysis at Antigua is
probably the most important one. There
we divided the birds into two groups:
those that were moving along the An-
tilles to the southeast and those that
were arriving from the Atlantic moving
southwest. In spite of this arbitrary divi-
sion the average heading of both groups
was to the southeast; the difference in
track direction was due to the fact that
the birds were flying in different wind
conditions.

The analysis of headings suggests that
aremarkably simple guidance system is
adequate for this 3,000-kilometer flight.
Once birds leave the coast of North
America they maintain a constant com-
pass heading to the southeast until they
reach the coast of South America. It
apparently is not necessary for them
to change this heading; the shift from
a southeast track to a southwest one is
accomplished for them when they en-
counter the northeast trade winds in the
area of the Sargasso Sea. A substantial
body of experimental evidence supports
the notion that a bird can establish and
maintain a compass heading on the ba-
sis of the sun, the stars or the magnetic
field of the earth.

Although radar has many advantages



for studying the migration of birds, it
does not enable us to identify the birds
that are detected on the radar screen.
We have gone at the question indirectly
by determining the airspeed of the 4,600
or more birds we have detected by ra-
dar. At coastal sites the range of air-
speeds is quite broad, but in the Car-
ibbean it is mainly between 30 and 60
kilometers per hour. Even though air-
speed is not a precise means of identify-
ing birds, most of the birds flying at less
than 45 kilometers per hour are proba-
bly small songbirds. Shorebirds and wa-
terfowl fly faster.

Much better identifications can be
made of birds that are seen passing or
landing on ships. During the last two
years of our shipboard observations
Carol P. McClintock of the State Uni-
versity of New York at Buffalo under-
took to obtain as many specimens as
possible. Since firearms are not allowed
on the ships, she resorted to live traps
or a slingshot for which green grapes
served as the ammunition. Her findings,
together with careful observations made
with binoculars, reveal that small song-
birds were by far the most abundant spe-
cies seen from ships in all the areas of
the Atlantic we investigated.

The variations in the observed distri-
bution of songbirds appeared to reflect
behavioral differences rather than phys-
ical ones. For example, warblers, spar-
rows and juncos are about the same size
and weight, yet all but one of our obser-
vations of sparrows and juncos were
confined to the area between the coast
and Bermuda, and warblers were seen as
far south and east as the ships traveled.
We believe many of the birds we have
defined as true migrants are warblers,
whereas many of the birds seen wander-
ing behind frontal systems or south of
low-pressure areas (the unsuccessful mi-
grants) are such species as sparrows and
juncos, which do not migrate to the Car-
ibbean or South America.

The Atlantic is not a hospitable place
for small songbirds. During storms at
sea hundreds or thousands of small
birds have been seen flying around a
ship, entering cabins and hitting masts
or wires. At such times it seemed unlike-
ly that many of the birds could survive
for more than a few hours. Our belief
that large numbers of these birds per-
ish at sea is supported by reports from
oceanographers that bird feathers are
often found in the stomachs of deep-sea
Atlantic fishes.

Our radar data indicate, however,
that such losses arise primarily among
birds that lack the behavioral adapta-
tions for flying over the ocean. For the
true migrants a relatively simple migra-
tory strategy takes advantage of a sur-
prisingly predictable series of weather
conditions along the route. First the mi-
grants wait on the east coast of North
America until a strong cold front passes
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MIGRATORY BEHAVIOR of birds over the ocean was observed by means of shipborne ra-
dar. The dark gray arrows indicate the average heading of the birds and, by the length of the
arrow, the relative airspeed; the longer the arrow, the higher the average airspeed. The light
gray arrows similarly indicate the average track of the birds and their average speed in rela-
tion to the ground. The open circles represent areas where no migrating land birds were seen.
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EFFECT OF WEATHER on migratory behavior is indicated by plotting the data from the
illustration at the top of the page on a diagram of typical weather conditions. Weather pat-
terns are much more important than geography in influencing the behavior of migrating birds.
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ADM3A Kit. ...l $745.00
ADM3A, assembled ............... 835.00
ADMIA ... ... ...t 1,445.00

Call for other models pricing, complete micropro-
cessors line, peripherals & terminals.

TI-57...... $4850 SR-40 ........ $19.95
TI-58....... 8750 MBA.......... 52.95
TI-59 instock .208.50  TI-55.......... 43.50
SR-60A ...1995.00 TI-1750 LCD ....16.50
TI-Programmer .48.00  TI-25LCD ...... 26.50

PC-100A ...145.50  TI-745 Terminal ..1625.00
HEWLETT PACKARD

We are franchised H-P dealer
All accessories at discount

HP-31E New .49.50  HP-38E Financial . ...98.50

HP-32E New .65.50 HP-67 ........ 352.00
HP-33E New .8250 HP-97 ........ 584.50
HP-37E New .61.50 HP-29C ....... 144.50
SCM TYPEWRITER SPECIAL
SCM-2200............ooninnn $249.00
SCM-1200. . .......ooiinein.. 219.00
CLASSICI12 ..ot 144.00

All units shipped in original cartons with accessories
according to manufacturer’s specifications. Send money
order, personal check (2 weeks to clear). In Illinois add
5% sales tax. Add $4.50 min. shipping charges per unit.
WE SHIP UPS. Subject to availability. Above prices are
for mail order and prepaid only. Send mail orders.

We also carry microprocessors and terminals.

%'s Tnc.
519 DAVIS ST. EVANSTON, ILL. 60201
TEL: 312-869-6140
-—M— Mail Ad, No Letter Needed — — =

Electronic To

Spins For Days On

Invisible 4

Power! Makes

Unique Gift!
What Makes It Go On and On and On at
2500 r.p.m. with no apparent energy
source? BAFFLING BRAIN BUSTER that BUGS tha BRIGHT-
EST. Demonstrated at science fairs and conventions. The
higher their IQ the more puzzled they are. Perpetual Motion
solved at last? The answer to UFO & Flying Saucer? Let
the whiz kids examine it, start it, stop it or whatever.
Psychic Power? Anti-Gravity? Scientific Breakthru from
Space? You'll laugh at some 2xplanations. Magic, Mystery
& Science combined. Keeps spinning WITHOUT ANY
APPARENT ENERGY LOSS! Fascinating fun at parties,
science classes, etc. Carry in pocket ready to fool and
entertain friends & wise-guys. Never wears out. Spins for
days on Invisible Wireless Power that you can defy anyone
to See, Understand or Explainl Beautifully made with plastic
base and saucer-shaped spinner. Patented. Complete with
secret scientific explanation. Orders shipped same day re-
ceived. Money Back Guarantee. Send check or money order
for $7.95 each. Add $1.00 shipping. Save: Get 3 for
$22.65 postpaid; 6 for $43.00 postpaid. Master Charge or
BankA icard (Visa) pted by mail or phone. Give card
number & expiration. Phone: (313) 791-2800.

Sound
Activated
Switch

Turns on lights, bells, horns, sirens, alarms, tape re-
corders, wireless mikes, etc. Operates by voice, whistle
or any sound from across room. Hundreds of fun &
practical uses. Do mysterious tricks & stunts. Great for
experiments, electronic bugs. NOT A KIT. Completely
assembled, wired. Includes sensitive switch which re-
ceives sonic signal, transistorized relay circuit & elec-
tronic switch, crystal mike, schematic. Regular value to
$5. Limited quantity electronics surplus. $1.96 each, 2 for
$3.00. Add 75¢ handling.

Johnson Smith Co., 35075 Automation
Dept. 6910, Mt. Clemens, Mich. 48043
FREE' Catalog of 1800 Novelties, Tricks, Jokes,

= 0dd Scientific, Hobby and Fun ltems.
J Rush Your New 1978 Catalog To Me
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BIRD SIGHTINGS from ships in the western Atlantic reveal a difference between the migra-
tory patterns of small songbirds that winter in the southern U.S. and those that winter in the
Caribbean and South America. The first group, represented by gray dots and gray hatching in
the wintering area, includes three types of sparrow and the slate-colored junco. The second

Ind

group i eight sp

of wood warbler and is represented by colored dots and hatch-

ing. Some species of warbler winter in Central and South America rather than the West Indies.

southeast over the coast and out into the
Atlantic. This weather pattern not only
ensures the birds favorable northwest
winds during the first part of their flight
but also is a remarkably good indica-
tor of fair weather between the coast
and the Sargasso Sea. Tropical storms
or hurricanes approaching the North
American coast usually halt the south-
eastward movement of cold fronts. On
93 days or nights we observed moderate
or heavy movement of birds along the
North American coast or at Bermuda,
and on only two of those occasions did
we see birds apparently flying into the
path of an approaching storm.

Once the migrants have left the coast
they have only to fly constantly to the
southeast until they reach the Caribbean
or South America; their actual track will
be first to the southeast to the Sargas-
so Sea and then, as they encounter the
trade winds, southwest until they reach
their destination. As soon as they have

© 1978 SCIENTIFIC AMERICAN, INC

penetrated the frontal systems near Ber-
muda their flight will be for the most
part under clear skies with either light
and variable winds or moderate, steady
northeast ones.

The ocean route from Halifax to An-
tigua is about 2,800 kilometers (47 per-
cent) shorter than a route by way of
Florida. Moreover, birds on the ocean
route take advantage of both northwest
offshore winds and the northeast trade
winds as tailwinds, and the route pre-
sumably is without predators. The trip
does, however, require a degree of exer-
tion that is not matched by any oth-
er vertebrate. For a man the metabolic
equivalent would be to run four-minute
miles for 80 hours. The avian respira-
tory and muscular systems show many
adaptations that make such an output
possible. If a blackpoll warbler were
burning gasoline instead of its reserves
of body fat, it could boast of getting
720,000 miles to the gallon!



Olympus introduced the OM-1and
startled the world of photography with the
creation of the compact SLR. Today, the OM
System is still the crearmn of the crop.

Because while others have emulated
‘our compact design, OM cameras continue to
offer features otherscan't.

The OM-1 Becomes #1.

Enter the OM-1. Suddenly, the SLR
camera is 33% smaller and lighter, yet incredibly
‘rugged to meet the demands of professional
wear and tear. Miraculously, the viewfinder is 70%
brighter and 30% larger for faster, easier compos-
ing and focusing.

And suddenly, the OM-1 became the #1
selling compact SLR. Its metering system is de-
signed to give complete contral to professionals
and photojournalists. No distractions, blinking
lights, or obscured images in the viewfinder.

A Quiet Revolution.

Olympus created a unique shock
absorber and air damper system to eliminate
noise and vibration, for sharper, unobtrusive
photography. Especially vital for long tele shots
and macro/micro pholos.

The Biggest Smallest System.

More than 280 components, all com-
pact design, include 13 interchangeable screens
S0 you can meet any photographic challenge.
Ingeniously designed to change in seconds
through the lens mount. And more compact

The crop.

lenses than any other system, each a marvel of
optical design and performance

Olympus “Unlocks” Motor Drive.

OM-1is still unsurpassed in its con-
tinuous-view motor drive capability: 5 frames per
second. And a Rapid Winder that fires as fast
as 3 sholts a second! With no mirror “lock-up.”
regardless of lens used.

Enter The OM-2. Automatically.

It's the fully automatic OM, with major
differences from all other automatics! The only
SLR with “off-the-film' light measurement for
those photographers demanding the ultimate
innovation in automatic exposure control. Which
means each framein motor drive or rapid winder
sequences is individually exposure-controlled.
And it makes possible the unique Olympus 310
Flash whose exposure duration is controlled by
the camera’s metering system.

And of course, the OM-2 shares every
other innovation and system component with
the OM-1.

We Wrote The Book On Compact SLR’s.

Write for our full color brochure
OLYMPUS, Woodbury, New York 11797 Read it all.
Discuss the advantages of an Olympus with your
photographer friends.

Visit your camera store. Compare. Youll
discover that Olympus is not only the cream of the
crop. It's the créme de la creme!

OLYMPUS
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DIDYOU HEAR THE ONE ABOUT
THE TRAVELING SALESMAN WHO HAS
774,000 MILES ON HIS VOLVO?

.......

It’s no joke. owners of 48 new models from G.M., Ford,
Back in 1965, Norbert G. Lyssy, atravel-  Chrysler and AMC*
ing salesman from Texas bought a Volvo We can’t guarantee that their Volvos will
1800 S for his work. Since then, he’s driven it last 774,000 miles.
through deserts and over mountains an But if Mr. Lyssy’s experience is any
average of 70,000 miles a year. indication, these new Volvo owners have a

When Mr. Lyssy isn’t working, he uses his 1ot of happiness to look forward to.
Volvo for fun. On weekends, it lugs a 16-foot 05 correiedemens ovmer ofnew cor hoentin Mo 1772
power boat through the mountains to the s ZoZary
Lyssys’ favorite lake.

In all this time, Mr. Lyssy says, “Old Red
(as he affectionately calls his Volvo) has
never failed to get me to my destination.” He
adds, “I think shell reach a million miles
with ease. After all, I only have 226,000
more miles to go.”

It’s fair to say Mr. Lyssy is happy with
that old Volvo of his. But that’s an old Volvo.
What about people who buy new Volvos?

According to an independent nationwide
survey, they’re happy too. Happier than the

VOLVO. A CAR YOU CAN BELIEVE IN.

2o T ey
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