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In order to illustrate the randomness, I will show a simple experiment. It is
(A

taken from the field of games of chance; this is only because experiments on
subjects bélonging to other fields in which the theory of probability finds its
application require apparatus much too elaborate to be shown here.

I have a bag containing ninety round disks, béaring the numbers 1 to 90. 1
extract one disc from the bag at random, I note whether the number it bears is an

B |oran| (C) |one and replace the disc. I repeat the experiment 100
times and denote all the| (B) |numbers by 1’s, and all| (C) | numbers by
0’s. The following table shows the resuit:

1100011101

011001111
1010
1001

o o ©O o ©
[T N o N e
o O

<
oo o

—

—

0011
0110

011
0190

1
0

o o O
o o O

Among 100 experimental results we find fifty-one 1’s; in other words, the relative
frequency of the result 1 is 51/100. If we consider only the first, third, fifth draw,
and so forth, i.e., if we take only the figures in the (B) columns of the table,
we find that 1's appear in twenty-four cases out of fifty; the relative frequency is

24/50. Using only the numbers in the ©) horizontal rows of the table, we

obtain, for the relative frequency of the result 1, the value I (D) I / l (E) | )

We may further consider only those results whose place in the sequence
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corresponds to one of the prime numbers, ie., 2, 3, 5, 7, 11, 13, 17, 19, 23, 29,

31, 37, 41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89 and (F) . These twenty-

five draws have produced twelve 1's, the relative frequency is thus 12/25. Finally,
‘ (G)

we may consider the 48 draws following a result 0. We find in this selection of

results twenty-six 1’s, i.e., the relative frequency 26/48. These calculations show

that, in all the different selections which we have tried out, the 1’s always appear
with a relative frequency of about 1/2. I trust that this conveys the feeling that
more extensive experiments, which I am not able to carry out here because of the
lack of time, would demonstrate the phenomenon of randomness still more
strikingly.

It is of course possible, after knowing the results of the hundred draws, to

(H)
indicate a method of selection which would produce only 1's, or only 0’s, or 1’s and

0’s in any desired proportion. It is also possible that in some other group of a

hundred experiments, analogous to the one just performed, one kind of selection
may give a result widely different from 1/2. The principle of randomness requires
only that the relative frequency should converge to 1/2 when the number of

results in an arbitrarily selected partial sequence becomes larger and larger.

1)
analogous @ D
apparatus Astt
arbitrarily : F&IZ
column : %
convey : fr X %
converge : [NHKT %
draw @ 5[< ‘Z &
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Passivation is a phenomenon that affects the corrosion rate very significantly
and always in a favorable direction to a corrosion resistance. Most metals that have
a high degree of passivity are also those that form tight adherent protective oxide
layers on the surface of the metal, although it is believed that the passitivity

(A)
mechanism is not simply that of an oxide barrier mechanically separating the metal

from the electrolyte. Stainless steel is passive because of its chromium content.
When this chromium content exceeds about 11%, a complete surface oxide (Cr;0s)
is formed in a few seconds on exposure to air. Similar oxide films form on
aluminum (—ALLO3), titanium (—Ti0Q,), and silicon (—Si0;). Nickel and iron show
some degree of passivity but not to the same extent as the others mentioned above.
There is some controversy as to the nature of this barrier, but it is believed by
many to be some type of thin hydrated oxide layer, on the order of tens of
angstroms in thickness.

Passivation is usually demonstrated by polarization curves, where the electrode
potential is plotted versus the log of the current density. For a normal active metal
the current and hence the electrode dissolution rate increase exponentially with
increasing positive potential on the electrode. This is termed the active state of the
metal and correspondingly, the active region of the polarization curve. But the
metals that possess the ability to become passive show a marked decrease in the
corrosion rate, by a factor of 10° to 10° when the potential exceeds some critical
value denoted as E, on the polarization curve. The corresponding critical current is
known as Ic. As the electrode potential exceeds the E, value, the current density
suddenly decreases to a constant value that does not change with increasing
electrode potential. This is the passive state of the metal and is noted on the
polarization curves as the passive region. But when the electrode potential attains a
sufficiently high value (E;) the metal again becomes active. This part of the curve

is termed the transpassive region.
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(@O The assumption that mitochondrial DNA is inherited purely through the
maternal line is a lynchpin of studies tracking human evolutionary history and the
movements of human populations in the prehistoric past. This is why we talk of
an African Eve as the common ancestor of all living humans, rather than an
African Adam.

@ But two reports published in March 1999 now show that this assumption is
unwarranted. DNA from paternal mitochondria can indeed sneak into the
maternal line from time to time and could seriously upset estimates of
evolutionary relationships. The possibility of paternal DNA in the mitochondrial
line may mean the reassessment of many evolutionary and molecular
anthropological studies that have used human mitochondrial DNA as a “molecular
clock” to time prehistoric events,

® Mitochondrial DNA has been commandeered by molecular evolutionists as the
ideal material to track the history of recent human evolution and human
migration. Compared with the DNA in the chromosomes, it is small and has a
fairly high mutation rate, which means that sufficient differences will accumulate
over the relatively short period of time (tens to hundreds of thousands of years)
that is of immediate interest. Its greatest advantage for this type of analysis,
however, was the assumption that it is passed on directly from mother to child,
without the intervention of complicating factors.

@ The mitochondria in a fertilized egg all come from the egg cytoplasm, which is

(a)
provided by the mother. No paternal mitochondria, donated by sperm, seem to

— 11 — OM13(604—339)



persist. On this assumption, your mitochondrial DNA is a clone of your mother’s,
your grandmother’s, and your great— grandmother’s, and so on, back through the
female line as far as you care to go.

(® This simplifies the task of evolutionary analysis considerably. Family trees of
human populations are constructed by counting the number of differences that
have accumulated in the DNA sequences of different human lineages. Those
lineages with the fewest differences have diverged most recently and are most
closely related. If one can assume that any difference between two mitochondrial

(B)
DNAs is due to mutation only, one can count each difference as a purely

independent event and do the statistical calculations accordingly.

® If however, there is occasional mixing of maternal and paternal mitochondrial
DNA by genetic recombination, one can never be sure whether the same
difference occurring in two different human lineages is due to two independent
mutation events or to the transfer of a mutation from one lineage to another by
recombination.

@ Biologists have warned for some years that paternal mitochondria do penetrate
the human egg and survive for several hours. And there is evidence of
recombination between paternal and maternal mitochondrial DNA in mice and
other organisms. But unambiguous evidence of recombination between maternal

and paternal mitochondrial DNA in human populations has been hard to find.

ax)
African Eve: X b2 R F7DNAZT—H—& U THERLUZHRORER,
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anthropological studies: AXE2FRYRRZE
biologist: 4EM%EHE
chromosome: Hfafk
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To an observer on the ground, an airplane appears to fly (A) a beeline toward
its destination. But things look very different (C) inside the cockggi)t. Buffeted by
winds or shifts in air pressure, the plane regularly drifts off course. When this
happens, the pilot makes a correction by steering the plane (D) the opposite
direction. If the pilot overcorrects, then he or she must correct the correction, and
so on. The plane actually flies (E) a zigzag.

Feedback is a central feature of life: All organisms share this ability to sense
how theyre doing and to make changes in “mid-flight” when necessary. The
process of feedback governs how we grow, respond to stress and challenge, and
regulate factors such as body temperature, blood pressure, and cholesterol level.
This apparent purposefulness, largely unconscious, operates at every level — (F)
the interaction of proteins in cells (G the interaction of organisms in complex
ecologies. »

How does feedback work? The process requires two elements: First, some
kind of device to measure the difference between the current state of affairs and
some preset “desired” state; and second, some kind of responsive machinery that
can reduce that difference. The bigger the difference, the harder that machinery
must work. This is negative feedback. But sometimes feedback operates as an
amplifier, increasing the difference between the status quo and the objective. This
is called positive feedback —— and can lead {o runaway and breakdown. It can

also lead to creation and change.

(E)
status quo : F D F DIKAE

&

(1) (a), ©), D), &, F), @i, TNETNEL/XEHEE GFIER) 1 EZ2ANRS
L/}c
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@ Although the system for copying DNA is extremely accurate, mistakes do
happen; sometimes these mistakes can be devastating. Other threats to the
integrity of DNA, which regularly damage nucleotides, include chemical
events inside cells and ultraviolet light. The cell recruits an army of repair
enzymes to handle these problems. In this system, three kinds of repair

enzymes regularly patrol DNA and repair any errors they find.

@ Life is more than the sum of its parts. If you throw a number of highly
predictable individuals together, they will almost certainly interact and
organize in completely unforeseeable and complex ways. Take the
information molecule, DNA. We've seen how DNA is a long chain molecule
composed of four kinds of nucleotides. There’s nothing in the basic makeup
or chemistry of those nucleotides that gives a hint of DNA’s remarkable role

in life. Only when they get strung together in the specific sequences of

DNA do we perceive a wholly new quality information.
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(® The regulation occurs in a loop when a signal stimulates the production of
more, not less, of a product. The more there is of the product, the more of
it that is produced. In biology, this process is called cascading. Events
trigger other events in ever-growing amplification. This can lead to a
dangerous situation, as in the case of addiction or the unrestrained cell

growth of cancer.

@ Energy flows through the biomass of plants; animals, and microorganisms
in complex food chains. At the levels where energy is actually captured,
transferred, and put to work, a simpler pattern prevails. Incredibly, the
entire plant and animal world runs on the work of just two kinds of bacteria-
sized organelles within cells. Chloroplasts in plant cells make sugar using
the energy of sunlight. Mitochondria, in both plant and animal cells, break

down the sugar and make ATP.

(® What exactly is the on/off signal in an enzyme assembly line? It is the
final product molecule itself. This molecule is the equivalent of a message
sent by the supervisor back to the first worker in the assembly line. When it
fits into place on the enzyme, it says, “Enough already. Stop making us.”
In addition, site-filling by signal molecules is statistical. If lots of product
molecules are around, a given set of identical sites are more likely to be
filled. As the concentration of product molecules decreases, they start falling

out of the sites, leaving them empty.
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