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hat does Sherlock Holmes have in com-

mon with two of the world's greatest theoreti-

cal physicists? Brilliant deductions. While the fic-

tional Holmes is able to deduce the solution to

criminal mysteries, Albert Einstein and Stephen

Hawking have deduced solutions to some of the most

intriguing mysteries of the physical universe. Let's
take a look at how they made their deductions.

A young woman shivers with terror. She tells

of her sister's mysterious death.

Now the woman fears for her own life. With this plea
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for help, Sir Arthur Conan Doyle, the author of the
Sherlock Holmes mysteries, begins The Adventure
of the Speckled Band. Holmes travels to the woman's
home to investigate, and develops a theory of how
the sister was murdered. He then sets a trap and
exposes the murderer.

Sherlock Holmes uses four powerful tools to
solve a mystery: knowledge, observation, intuition,
and deduction. Holmes has studied many subjects to
prepare himself for solving mysteries. He has exten-

sive knowledge of poisonous plants, soil types,
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* The sister reported hearing strange noises during the

nights before her death.

* The coroner could not determine the cause of her

death.

Holmes later makes his own detailed observations and
notes that:

* There is a small hole in the wall between the

sister's room and her stepfather's room.

* The bell cord in the sister's room is not functional.

* The victim's bed is bolted to the floor.

* The stepfather has a safe in his room.

In this case, Holmes's extensive knowledge of exotic
animals and untraceable poisons leads him to conclude that
the stepfather used a venomous snake to kill the sister. (Be
sure to read this story — one of Sir Arthur Conan Doyle's
best — to see how the clues unfold.) He tests his deduction
by setting a daring trap. Amid much danger and suspense, the
murderer is identified and the mystery is solved.

Now, let's see how two famous scientists have used
some of these same techniques to solve the mysteries of the
universe. i

's theories have drastically changed
our understanding of the physical nature of the universe. He
is most well known for his work on the quantum nature of
light, the speed of light (the special theory of relativity), and
the nature of gravity (the general theory of relativity).

In developing his special theory of relativity, Einstein
investigated some unusual occurrences that showed up in
experiments measuring the speed of light relative to the
Earth. The actual measurements showed that the speed of
light relative to Earth when Earth was moving toward the
light source was the same as it was when Earth was moving
away from the light source. Common sense and centuries of
experiments with physical objects led scientists to expect
that the two measurements would differ. Why didn't they?

In 1905, Einstein proposed an astounding solution to

the mystery. He theorized that the properties of an object
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change as its speed changes. As an object travels faster,
it becomes smaller and heavier and time passes more
slowly. At the speeds that we normally experience on
Earth, the changes are extremely small.

However, as an object approaches the speed of
light, the changes become significant. The result is that
no matter how fast objects are moving, relative to a
source of light, the length of their yardstick and the speed
of their clock change, by just the right amounts, so that
their measurements always give the same value for the
speed of light. Many tests have confirmed the accuracy
of Einstein's special theory of relativity.

How did Einstein deduce this revolutionary
solution? In Ronald W. Clark's biography of the scientist,
Einstein: The Life and Times, the author states that
"Einstein himself was always ready to agree that
inventiveness, imagination, the intuitive approach —

the very stuff of which artists rather than scientists are
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usually thought to be made — played a serious part in
his work." -

Like Sherlock Holmes, Einstein had prepared
himself to solve mysteries, only his subjects were
physics and mathematics. The scientist kept in mind
observations of the behavior of light that had been
made by others. Then, intuition suggested several pos-
sible solutions to the mystery, and logic determined the
correct solution. The solution included predictions that
could be tested and confirmed.

's theories have further refined
our concepts of the universe. He is best known for his
work that explains the nature of black holes and the
origin of the universe.

A black hole is an object so dense that it produces
extremely strong gravitational forces from which noth-
ing — not even light or any other form of radiation —

can escape. In 1973, two other theoretical physicists,
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Yakov Zeldovitch and Alexander Starobinsky, dis-
cussed an intriguing concept with Hawking. They
theorized that radiation could be produced by quantum
effects acting in the space just outside of a black hole.
Although the idea seemed to be inconsistent with the
very definition of a black hole, Hawking found the
logic behind the idea convincing. He was not, however,
satisfied with the mathematics used to describe the
phenomenon, so he sought another mathematical solu-
tion to this mystery.

Hawking went on to develop a mathematical
model that explained how this radiation could occur.
Hawking's calculations not only verified the basis for
what is now called Hawking Radiation, but also pro-
vided a precise prediction of the amount of radiation
that should be produced by a black hole. Although his
calculations have been confirmed by others, the tech-
nology does not yet exist to confirm his predictions.

How did Stephen Hawking solve his mystery?
Michael White and John Gribbin, in their biography,
Stephen Hawking: A Life in Science, quote Hawkin-géis‘
saying: "I work very much on intuition, thinking that,
well, a certain idea ought to be right. Then I try to prove
it. Sometimes I find I'm wrong. Sometimes I find that
the original idea was wrong, but that leads to new
ideas."

Like Einstein, Hawking prepared himself by
studying physics and mathematics. He also used astro-
nomical observations that had been made by others.
His intuition then suggested solutions, and he used

logic to evaluate them.
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by Donald Ruehrwein

here are plenty of mysteries left
in the universe. Choose some-
thing in the world of science that is a
mystery to you and, like a detective,

follow these steps to solve it:

Research background informa

tion (knowledge).

Make detailed observations of

the mystery (observation).
}.Generate possible solutions to

the mystery (intuition).

Evaluate the solutions

(deduction).

Do you think step 3 — intuition —
is more art than science? Perhaps you're
right! Perhaps this part of the process

deserves more study.
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) lack holes are gravity whirlpools

so powerful that they can re-
verse a beam of light, or rip apart an
atomic nucleus or an entire star. They
are formed when a large object — a
massive star — ends its life and col-
lapses into a superdense state. And
they pack incredible gravitational

punch: Nearby such an object, gravitational forces

are so strong that not even light can escape through

a black hole's "surface".

The idea of black holes is so weird that just
40 years ago few astronomers believed they actu-
ally existed. They were just a minor theoretical
curiosity without a name. Then, in 1969, physicist
John Wheeler coined the term "black hole", and

the first real evidence that black holes exist came

soon after. But the idea that such bizarre objects
could exist actually goes back more than two
centuries.

In 1784, John Michell, an English clergy-
man and amateur astronomer and geologist, at-
tempted to calculate the ultimate power of gravity.
Familiar with Newton's formulas, Michell knew

that for a particle to escape into space from the
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sun's surface it
would have to over-
come the sun's
gravity. He calcu-
lated that the criti-
cal velocity such a
particle would have
to attain would be
1/500th the veloc-
ity of light. (Light's
velocity was
known with reasonable accuracy in Michell's time.)

Michell reasoned that if the mass of the sun were
somehow increased by a factor of 500, its gravity
would increase by 500 times as well. The escape
velocity would then be equal to the speed of light. He
concluded that "all light emitted from such a body
would be made to return toward it by its own gravity."
An object with such mass, he conjectured, would be
invisible to distant observers. Michell had made the
first known prediction of the properties of what we call
a black hole.

More than 100 years later, in 1916, Einstein's
colleague Karl Schwarzschild looked at the problem in
a different way. He calculated that if a body of the same
mass as the sun could be compressed to a size of only
3 kilometers radius, its gravity would be so powerful
the object would swallow itself. This critical size,
called the Schwarzschild radius, marks the boundary
of a black hole. The Schwarzschild radius for a star 10
times the sun's mass would be 10 times bigger.

A black hole with the Earth's mass would have a
Schwarzschild radius the size of a golf ball. But the
Earth cannot become a black hole. Nor can the sun.
Neither is massive enough for gravity to exert enough

pull. The Earth is as compressed as it will ever get. The
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