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CONFLICTS

BETWEEN

DARWIN

AND

PALEONTOLOGY

REPUBLIC of MALDIVES

Part of our conventional wisdom about evolution is that the fossil record of past life is
an important cornerstone of evolutionary
theory. In some ways, this is true — but the situation is much more complicated. I will explore here
a few of the complex interrelationships between
fossils and darwinian theory, but let me first set
the stage by commenting about the geologic record itself.

There are about 250,000 different species of
fossil plants and animals known. These have been
named and described and specimens have been
deposited in museums throughout the world. Field
Museum has in its collections representatives of
perhaps 20 percent of these known species. In
combination with other museums, we thus have
an enormous amount of statistical information on
changes in the biological world that have occurred
since the origin of life on Earth. In spite of this
large quantity of information, it is but a tiny fraction of the diversity that actually lived in the past.
There are well over a million species living today
and known rates of evolutionary turnover make it
possible to predict how many species ought to be
in our fossil record. That number is at least 100
times the number we have found. It is clear that
fossilization is a very chancy process and that the
vast majority of plants and animals of the past
have left no record at all.

To many people, the most interesting fossils are the oldest ones and the youngest ones. The
oldest ones (up to 3,500 million years old) give us
information about the origin and early evolution
of life — at a time when physical and chemical en-

vironments were very different from those that
prevail today. The youngest rocks, on the other
hand, are of interest because they include fossils of
early man. These, of course, have been worked on
with particular success by the Leakeys in East
Africa.

But these extremes account for only a small
part of the quarter of a million fossil species —
and for one interested in the broad range of evolutionary change, the extremes do not contribute
much. In between is a long geologic interval which
contains the basic record of the evolution of all
major groups of plants and animals. Time control
and quality of preservation are excellent compared
with the rather thin record of the oldest or youngest fossils. (I might point out here that the East
African material the Leakeys have worked on is
relatively poor, there are only a couple hundred
specimens, and age-dating is very uncertain.)

Darwin's theory of natural selection has
always been closely linked to evidence from fossils, and probably most people assume that fossils
provide a very important part of the general argument that is made in favor of darwinian interpretations of the history of life. Unfortunately, this is
not strictly true. We must distinguish between the
fact of evolution — defined as change in organ-

isms over time — and the explanation of this
change. Darwin's contribution, through his theory
of natural selection, was to suggest how the evolutionary change took place. The evidence we find
in the geologic record is not nearly as compatible
with darwinian natural selection as we would like
it to be. Darwin was completely aware of this. He
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was embarrassed by the fossil record because it
didn't look the way he predicted it would and, as a
result, he devoted a long section of his Origin of
Species to an attempt to explain and rationalize
the differences. There were several problems, but
the principal one was that the geologic record did
not then and still does not yield a finely graduated

chain of slow and progressive evolution. In other
words, there are not enough intermediates. There
are very few cases where one can find a gradual
transition from one species to another and very
few cases where one can look at a part of the fossil
record and actually see that organisms were improving in the sense of becoming better adapted.
To emphasize this let me cite a couple of statements Darwin made in his Origin of Species: At
one point he observed, "innumerable transitional
forms must have existed but why do we not find
them embedded in countless numbers in the crust
of the earth?"; in another place he said, "why is
not every geological formation and every stratum
full of such intermediate links? Geology assuredly
does not reveal any such finely graduated organic
chain, and this perhaps is the greatest objection
which can be urged against my theory."

Instead of finding the gradual unfolding of
life, what geologists of Darwin's time, and geologists of the present day actually find is a highly
uneven or jerky record; that is, species appear in
the sequence very suddenly, show little or no
change during their existence in the record, then
abruptly go out of the record. And it is not always
clear, in fact it's rarely clear, that the descendants
were actually better adapted than their predeces-

sors. In other words, biological improvement is
hard to find. Let me give an example: During the
interval from about 65 to 200 million years ago
there were a lot of flying reptiles known as pterosaurs (see "Pterosaur," by John Bolt, in the May,
1976, Bulletin). Their fossil record is quite good in
spite of the fact that the skeleton of these animals
is difficult to preserve. The giant Pteranodon was
particularly spectacular. It was much larger than

any bird living today and was widely distributed,
particularly in the southern and southwestern
parts of the United States.

Figure 1 shows a reconstruction of Pteranodon as it probably looked. The mountains in the
background are not there by accident: it is felt by
some people that these reptiles could become airborne only by climbing up on cliffs and jumping.
Figure 2 shows the skeleton. Wings were formed
by greatly extending the bones of one finger on
each hand and filling in with skin the area enclosed
by the dotted line. This is basically the device used
also by some modern bats. There is little question
that this animal was capable of flight — a conclusion based on sophisticated engineering studies
involving extensive analysis of weight, lift, drag,
and other aerodynamically important factors —
along with wind tunnel experiments with scaled

models.

Figure 3 shows what Pteranodon probably
looked like at rest and when flying. The most striking aspect of Pteranodon is its size, demonstrated

iQ^ Copyright © 1978 W. H. Freeman & Co,
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in Figure 4, where it is shown in comparison with
other flying objects. On the left is a modern tailless
aircraft — the Northrop YB-49 — with a wingspan
of about 170 feet. Next to it is the largest known

pterosaur, which had a wingspan of about 50 feet.
Next is a smaller pterosaur. The drawing on the
far right shows one of the largest living birds — a
condor with a wingspan of about nine feet. Thus,
some pterosaurs were larger than all flying birds
and even many small airplanes. They achieved
this size and were still able to fly because their
design was nearly optimal.

So here we have an adaptation which was
apparently successful for many millions of years
but which is now extinct and has not been
repeated. That this animal went extinct implies
some sort of failure. At least that is the conventional wisdom. Pteranodon, along with most
other large reptiles, was replaced by mammals and
birds. Mammals and birds were already around,
but in small numbers. We assume in darwinian
fashion that the big reptiles went extinct because
there was something wrong with them; that is,
they either couldn't compete with new forms that
had evolved, or there was some change in environment that they couldn't adapt to fast enough to
survive. As we will see, this interpretation may
not be correct. We don't have any real evidence
that there was anything wrong with the flying reptiles — in fact, they lived on the earth for a much
longer time than humans have been around. Dur-

ing their tenure on earth the flying reptiles diversified into several quite distinct species but it is very
difficult to put these species into any sort of series
of improvement.

Here is another example: Figure 5 shows a
fossil trilobite — a member of an extensive but
now extinct group of arthropods. Figure 6 is a
closeup of one eye of a trilobite. The eyes were

generally large and quite similar to the eyes of
modern insects, crabs, and other arthropods. But
if we look at the individual elements of the trilobite eye, we find that the lens systems were very
different from what we now have. Riccardo LeviSetti (a Field Museum research associate in geology and professor of physics at the University of
Chicago) has recently done some spectacular work
on the optics of these lens systems. Figure 7 shows
sketches of a common type of trilobite lens. Each
lens is a doublet (that is, made up of two lenses).
The lower lens is shaded in these sketches and the
upper one is blank. The shape of the boundary between the two lenses is unlike any now in use —
either by humans or animals. But the shape is
nearly identical to designs published independently by Descartes and Huygens in the seventeenth
century.

The Descartes and Huygens designs had the
purpose of avoiding spherical aberration and were
what is known as aplanatic lenses. The only significant difference between them and the trilobite
lens is that the Descartes and Huygens lenses were
not doublets — that is, they did not have the
lower lens. But, as Levi-Setti has shown, for these
designs to work underwater where the trilobites
lived, the lower lens was necessary. Thus, the trilobites 450 million years ago used an optimal
design which would require a well trained and
imaginative optical engineer to develop today —
or one who was familiar with the seventeenth century optical literature.

Most fossils are not as easily understood as
this. We have no idea why most structures in
extinct organisms look the way they do. And, as I
have already noted, different species usually appear and disappear from the record without showing the transitions that Darwin postulated.

Darwin's general solution to the incompati-
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In winter the pink color fades to white, and
the necklace disappears. A patch of gray appears
on the back of the crown.

In Juvenal plumage, the crown, neck, and
mantle are brownish-black. The forehead and
cheeks are white with dark patches behind the
eyes. A dark band runs along the upper sides of
the wings and back forming a W. The tail is white
with a wide black terminal band. The feet are
plum. The rest of the plumage is white with gray
wing linings and considerable brown in the wing
tips and coverts.

Newly hatched chicks are about 5 inches
(13cm.) long. Their down is dusty yellow with
flecks of gray and black. The flecks tend to be
darker on the head and lighter on the flanks. The
breast is unspotted and whitish. The eyes are dark
brown. The legs, feet, and bill are flesh-colored or
gray, with a brown tip on the bill.

The distinguishing characteristics of the
Ross's gull are its pink color, its wedge-shaped
tail, and the collar around its neck.

The bird has a higher, more melodious,
and more varied voice than other gulls. Its flight is
more buoyant and ternlike.

In summer the gull's diet consists of gnats,
beetles, small moUusks, aquatic insects and larvae, worms, and crustaceans. In winter the diet
consists of small fish and crustaceans.

The history of the Ross's gull is as interesting as the bird is beautiful. The first scientific
discovery of the bird was made by Sir James Clark
Ross, a nineteenth-century British arctic and
antarctic explorer. Ross was born in 1800 and
joined the Royal Navy at the age of twelve. Between 1819 and 1827 he sailed on four arctic expeditions with Sir William Edward Parry. In 1831
he was a member of Booth's expedition, and with
his uncle. Sir John Clark, helped determine the
position of the north magnetic pole. Ross led an
expedition to the antarctic in 1839 with two ships,
the Erebus and the Terror. He led an attempt to
rescue Sir John Franklin in 1848/49 with the ship
Endeavor. He was recognized as an expert on the
arctic and antarctic until his death in 1862.

On June 27, 1923, Ross shot a gull at
Igloolik on the east side of the Melville Peninsula
in the Canadian Arctic. Parry's journal records the
event:

Mr. Ross had procurred a specimen of a
gull having a black ring around its neck, and
which, in its present plumage, we could not find
described. This bird was alone when it was killed,
but flying at no great distance from a flock of tern,
which latter it somewhat resembles in size as well
as in its red legs; but is on closer inspection easily
distinguished by its beak and tail, was well as by a
beautiful tint of most delicate rose-colour on its
breast. *

This was probably the first written description of the Ross's gull. Several days later another
member of the expedition shot another gull. The
two skins were prepared and carried back to Great

Britain. One was given to the University of Edinburgh Museum, the other to a Joseph Sabine.

The bird was described from the Edinburgh
skin by Dr. John Richardson and named the
cuneate-tailed gull (Larus rossii) in 1824. At the
same time William MacGillivray, assistant keeper
of the museum, gave the bird the temporary name
of Ross's rosy gull (Larus roseus). Both men intended for Richardson's names to be used, but
somehow it was MacGillivray's names that stuck.
Today the scientific name for the bird is
Rhodostethia rosea, from the Greek words

rhoden, meaning "rose," and stethos, meaning
"breast"; and the Latin word rosea, meaning
"rose-colored." MacGillivray proposed this name
after he learned that the name Rossia was used as
the generic name of a mollusk.

Virtually nothing more was learned about
the Ross's gull for the next 50 years. In the 35 years
after its discovery only two individuals were seen,
one of them by Ross at Spitzbergen in 1827. In
1844 Audubon wrote that the only two Ross's
gulls known to exist in museum collections were
the two from the second Parry expedition.
Audubon did not see or paint a Ross's gull. He
confessed that, "not having met with this beautiful
little gull, I am obliged to refer to Dr.
Richardson's description of it in the Fauna BorealiAmericana."**

By 1881 only 23 specimens could be found
in the world's museums, and no eggs or nests had
been collected.

To illustrate the rarity and value of Ross's
gull specimens, consider the story of R. L.
Newcomb. In October 1879 Newcomb shot eight
Ross's gulls from the ship Jeannette, which was
imprisoned in the ice and drifting away from

Wrangall Island towards the northernmost of the
New Siberian Islands. Large numbers of the gulls
were seen flying over the ice. In June 1881 the
Jeannette foundered near Henrietta Island. Many
men perished during the journey in the ship's
boats across ice and water through the New
Siberian Islands, across the Laptev Sea, to the
Siberian mainland at the Lena River delta.
Throughout the long ordeal Newcomb kept three
skins under his shirt. Not only did he save the
skins, they helped to save him by providing insulation against the cold.

In the late ninteenth and early twentieth
centuries our knowledge of the Ross's gull increased greatly. Sightings were recorded and
specimens collected. The basic facts of the bird's
life history were determined.

In August 1894 Fridtjof Nansen shot eight

*Journal of a Second Voyage for the Discovery of a
Northeast Passage from the Atlantic to the Pacific Performed in the Years 1821-22-23 in His Majesty's Ships
Fury and Hecla Under the Orders of Captain William
Edward Parry {London: John Murray, 1824), p. 449.

**Audubon, John James, Birds of America
{Philadelphia: Audubon, 1944), VII, 130.
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Ross's gulls from the ship Fram. which had been
frozen in the ice pack for 10 months. Nansen left
the Fram and saw more gulls about 30 miles northeast of Hvidtenland, the northeast group of the
Franz Josef Archipelago. From July 11 to August 8
Nansen and his companion, Johansen, saw single
birds and sometimes small flocks. The crew of the
Fram who remained on the ship also saw Ross's
gulls about the same time. Nansen saw the gulls
again in August 1899 near Franz Josef Land. This
made it clear that the birds inhabited the pack ice
north of Franz Josef Land and Spitzbergen, and
suggested that they bred farther west in Siberia, or
that they migrated westward.

In 1897 S. A. Andree died attempting to
cross the North Pole in a balloon. His body and
diary were found in 1930 on White Island, which
lies off the coast of North-East Land and between
it and Franz Josef Land. The diary reported that

after the balloon crashed Andree and his companions struggled 200 miles south. They saw 15 to
17 Ross's gulls 120 to 190 miles north of White
Island in late July and August.

John Murdoch observed Ross's gulls at
Point Barrow, Alaska, in the fall of 1881. For a
month, beginning September 28, he saw the gulls
traveling northeast. The next year he saw them
from September 20 to October 9. In 1897 he saw
only two Ross's gulls, on September 9 and 23.
Murdoch reported seeing large loose flocks of the
birds. He took more specimens, mostly immature
birds, than were contained in all the world's
museums at that time.

The gulls appeared at Point Barrow on
gray overcast days with easterly winds. They flew
in from the southwest, sometimes stopping to feed
on the beach, then continued on to the northeast.
They appeared and disappeared quickly. The
birds were seen in the fall more or less regularly,
but their numbers varied. Some years many were
seen, some years few, or none at all. The fact that
the birds were not seen at Point Barrow in spring
or summer led Murdoch to guess correctly that
their breeding grounds were west of Wrangall
Island, and that they reached the breeding

grounds by following the melting ice north, not by
a return migration through Point Barrow.

Dr. Charles Brower was in charge of the
trading post at Barrow in the 1920s. On
September 26, 1928, thousands of Ross's gulls
passed through Barrow. Brower wrote that he
could have killed several hundred if he'd had the
time. The skins were once so rare that they
brought up to $200. By 1929 they were no longer
so valuable. Although they were still eagerly
sought by museums and collectors, they commanded a price of only $10 or so. Ross's gulls were
shot for food by Eskimos and were eaten fried or
roasted. They tasted like golden plover!

Sergius Buturlin conducted the major study
of the species on its breeding grounds in 1905. He
described the limits of the breeding area in northeastern Siberia — from the Kolyma River delta

near the Arctic coast, south to Aby Mlaya and
Svedne Kolymsk, east to the Chaun and Indigirka
Rivers, and west to Swjatai Nos. The southern
part of the area is forested, but most of it is a mixture of swamp, moor, wet ground, lakes and
rivers. The birds nest in dense alder thickets, not
on the open tundra.

Buturlin reported that the first gulls arrived
on May 30. The next day he saw several dozen.
They appeared tired, sitting quietly on the ice and
not flying far away if they were approached.
Buturlin found the gulls on a small shallow lake
formed by snow melt, accompanied by terns and
Sabine's gulls. They spent their time swimming,
catching insects, and resting. The gulls were constantly seen in pairs, the males identifiable by their
more intense coloration. The males courted the
females by pecking at their heads and necks with
open beaks, as if they were trying to kiss the
females. The males stepped around the females,
trilling, with their heads and breasts lowered, their
tails and wings raised.

After June 3 the gulls dispersed and
established territories. The males, and sometimes
the females, defended the territories. The nests
were constructed of dry grass, sedge stalks, dwarf
willow and dwarf birch leaves and twigs, and
often lined with lichens. They were built on small
mossy areas free of wet grass or on small islands
above the water. Some nests were built in hollows
in patches of dry dead grass. The nests were
shallow cups about 4 inches (10cm.) in diameter
and Vi inch (.6cm.) thick, standing 4 to 10 inches
(10-25. 4cm.) above the surface. The nests were

generally damp.

The gulls nested in small colonies of four to
thirty birds, almost always in the company of
arctic terns. Other birds that shared the breeding
grounds were glaucous-winged fulls, hoary redpolls, snow buntings, white-tailed eagles, willow
ptarmigan, pectoral sandpipers, curlew sandpipers, dunlin, red and northern phalaropes,
snipe, golden plovers, ruff, oldsquaw, whitefronted geese, bean geese, and whistling swans.

Buturlin found the first incubated eggs on
June 13. By June 23 he had collected 36 eggs and 38
skins. On June 26 he found an egg close to hatching. There were usually three eggs per nest, but
some nests held two or four eggs. The eggs
measured 1.7 inches (43.3mm.) long and 1.2
inches (31.6mm.) wide. They were dark olive
green spotted with chocolate brown. They were
roundish, the small ends not pronounced, and
more spotted towards the longer ends. The spots
were not sharply defined and varied in color,
some being lighter and some darker.

The incubation period lasted more than 3
weeks. Second clutches were sometimes laid if the
first clutches were lost. During the day the females
left the nests to feed. At night the males defended

the colonies. The gulls constantly fought with the
terns, making the colonies noisy places. The gulls'

Continued on page 34
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FIELD MUSEUM TOURS

Quetico Wilderness Canoe Trip for Members

July 19-29

Quetico Provincial Park, in western Ontario, is a mosaic of
pure glacial lakes, pre-Cambrian rocks, and virgin boreal forest.
Together with Minnesota's Boundary Waters Canoe Area,
which it adjoins, this park is one of our continents's last remaining wilderness areas.

Field Museum is sponsoring for the fifth consecutive
year, a canoe trip to Quetico for its high school-age members.
The Voyageur Wilderness Program, of Atikokan, Ontario, is
cosponsor. The ten-day trip is not primarily for fishing, nor is it
a crash course in ecology; rather, it is intended as a wilderness
experience and, as such, can mean different things to different
participants. To truly experience wilderness is to forsake many
of the comforts and crutches of civilized life. It means hard work

—paddling long hours and carrying canoes and gear over portage trails that range from a few yards to more than a mile long.
But it also means entire days during which one's group will
encounter no others; it means lakes clean enough to drink
from; it means periods of intense silence and opportunities to
see wild animals and to experience the northern lights.

Martin Oudejans

The group of 30 will be divided into single-sex units of
five or six persons, each with a counselor or guide. All equipment, food, and guide services, as well as bus transportation
between Field Museum and Quetico are included in the trip
cost: $225.00. Applicants must be between 14 and 19 years
old. Previous camping or wilderness experience is not necessary. The prime qualifications are proven swimming ability,
good health, maturity and reliability. All applicants will be interviewed by Field Museum counselors; the deadline for applications is May 25. Those chosen for the trip will be so notified by
June 2.

Slide presentations by Voyageur Wilderness Program
representatives will be given on Field Museum's Members'
Nights, May 2, 3, and 4. Program times and location will be announced in Members' Night literature or may be obtained by
phoning 922-9410, X-251. For an application or additional
information, phone or write Michael J. Flynn, Field Museum
Tours, Field Museum, Roosevelt Road at Lake Shore Drive,

Chicago, IL. 60605. 27

[Begin Page: Page 28]

FIELD MUSEUM TOURS

ILLINOIS ARCHEOLOGY FIELD TRIP

For many of us, the word "archeology" conjures up visions of
great architecture in distant
places: Egypt's Pyramids and
Sphinx, Cambodia's Angkor
Wat, and Mexico's Pyramids of
the Sun and Moon at Teotihuacan. These sites, with their relics,
are limitlessly fascinating.

But right here in Illinois we
also have exciting archeological
sites, including the largest
aboriginal structure north of
Mexico — Monk's Mound at Cahokia. One of the most broadly
based archeological research

centers in the country is the

Foundation for Illinois Archeology, at Kampsville; and one of
the largest covered excavations
with the longest continuing
research programs is at Dickson
Mounds, near Lewistown.

If you are interested in
learning more about Illinois prehistory, as well as how scientific
archeological research is conducted, you can join the Field
Museum field trip of June 1-5,
which will visit Dickson Mounds,
Kampsville, and Cahokia
Mounds. Limited to 30 partici-

pants, the trip includes site visits,
lecture and slide presentations,
workshops and discussions led
by staff archeologists working at
the respective sites. The field trip
director is Robert Pickering, a
doctoral candidate at Northwestern University.

The per person cost of this
field trip is $240.00. For full
details and registration informa-

tion, write or call Michael J.
Flynn, Field Museum Tours,
Roosevelt Rd. at Lake Shore
Drive, Chicago, 111. 60605.
Phone: (312) 922-9410, X-251.

Helton Mound, in the Lower Illinois Riuer Valleii, is ti;pical of the sites to be visited during
the June archeology; field trip.
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Observations

On the Mutability

Of Time

BY ALAN EDWARD RGBIN

About 600 years ago Geoffrey Chaucer wrote:
The tyme, that may not sojourne,
But goth, and never may retourne,
As water that doun renneth ay,
But never drope retourne may,

and therein expressed the obvious irreversibihty of
time. More recently, in "Chronomoros," Edward
FitzGerald told of time's unvarying flow:
Whether we wake or we sleep,
Whether we carol or weep,
The Sun with his Planets in chime,
Marketh the going of Time.
These phrases typify the concept of time as inexorably ticking away, marking the passage of
innumerable events and relegating them to an indifferent oblivion. The sands of time flow on.

Contrary to the notions of Chaucer and
FitzGerald, however, time cannot be considered as
flowing at a constant rate along a one-way street.
The measurement of the finite velocity of light
(first performed by the Danish astronomer, Olaus
Roemer, in 1676) lay the groundwork for the destruction of this concept.

Light is the carrier of information, be it the
spectral type of the nearest stars, the radial
velocity of a remote galaxy, or the fact that there
may be an ideal green wall clock on the other side
of my office indicating a time of 9:07:04 to me.

At a speed of approximately 300,000
km /sec, the light reflected off the clock will span

the five meters to my eye in less than 0.000000017
second. For all practical purposes, then, when I
observe the clock to say 9:07:04, it actually is
9:07:04.

Suppose I sent my cousin (of whom I'm not
very fond) 300,000 kilometers away, lent him a
telescope, and asked him to observe my wall clock.
Clearly, it would take light precisely one second to
travel from the clock to my cousin. When he reads
9:07:04, fully one second will have elapsed since
the clock indicated that time to me. At that point.

Alan Edward Rubin is a graduate student at the University of Illinois at Chicago Circle. He has been a lecturer
at the Adler Planetarium and has taught a course on
"Geology of the Solar System" at Field Museum.

I will read 9:07:05. Another observer, 600,000
kilometers from my clock would judge it to be just
9:07:03. It can now be seen that there must be a
quantum of light carrying that information of
9:07:04 along with it, and if one were to ride on
the light beam, it would stay 9:07:04 forever.

At the speed of light, time stands still — in
contradistinction to what I observe while sitting
and watching my clock successively ticking off
9:07:04, 9:07:05, 9:07:06. . . .If I were astride the

light beam, however, I would be moving at
300,000 km/sec relative to the clock, while in
reality I'm not moving with respect to the clock at
all. If I were to suddenly increase my velocity
relative to the clock, I would notice a corresponding slow-down in the passage of the clock's time.
The faster I went, the longer it would take the
clock to get from 9:07:04 to 9:07:05. I would be
able to measure how sluggish my wall clock had
become by glancing at the Timex on my wrist. My
Timex would tick away the seconds at the same
rate my wall clock did before I started moving. But
since my wristwatch would not be moving relative
to me, it would be keeping what is referred to as
"proper time." We can define proper time as the
time kept by a clock that is stationary with respect
to the observer.

Let us imagine that my cousin has come
back to earth for the moment to find me. I owe
him money. As he enters my office, he notices me
jumping out the window at 259,000 km/sec.
Quickly, he pulls out his telescope and focuses on
my wristwatch. He notes that two seconds of the
wall clock pass for every one second indicated by
my Timex, and concludes that my wristwatch is in
bad adjustment. But the sluggishness he observes
on my Timex is exactly equivalent to the slug-

gishness I observe on the wall clock back in my
office. It can now be seen that an observer will
note that every relatively moving clock is slow;
the faster the relative velocity, the slower the
moving clock seems to run.

This effect is known as "time dilation" and
has been experimentally verified in the decay of
high-speed muons. Muons are unstable massive
sub-atomic particles that break down very rapid-
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