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Introduction

In the years since the first edition of The Handy Science Answer Book was published in
1994, innumerable discoveries and advancements have been made in all fields of science
and technology. These accomplishments range from the microscopic to the global—
from an understanding of how genes interact and ultimately produce proteins to the
recent definition of a planet that excludes Pluto. As a society, we have increased our
awareness of the environment and the sustainability of resources with a focus on
increasing our use of renewable fuels, reducing greenhouse gases, and building “green.”

This newly updated fourth edition of The Handy Science Answer Book continues
to be a fun and educational resource that is both informative and enjoyable. There are
nearly 2,000 questions in all areas of science, technology, mathematics, medicine, and
other areas. The questions are interesting, unusual, frequently asked, or difficult to
answer. Statistical data have been updated for the twenty-first century. Both of us are
pleased and excited about the various changes, additions, and improvements in this
new edition, which continues to add to and enhance the original publication present-
ed by the Science and Technology Department of the Carnegie Library of Pittsburgh.

ACKNOWLEDGMENTS

The Carnegie Library of Pittsburgh, established in 1902, fields—and answers—more
than 60,000 science and technology questions every single year, which is how a library
became an author. The most common questions and their answers were collected and
became the library’s own ready reference file. The Handy Science Answer Book is a
selection of the most interesting, frequently asked, and unusual of these queries.

This fourth edition of The Handy Science Answer Book was revised and updated
thanks to the help of James E. Bobick and Naomi E. Balaban, who have worked on the
previous editions. Bobick recently retired after sixteen years as Head of the Science and
Technology Department at the Carnegie Library of Pittsburgh. During the same time,
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he taught the science resources course in the School of Information Sciences at the
University of Pittsburgh. He co-authored Science and Technology Resources: A Guide
for Information Professionals and Researchers with G. Lynn Berard from Carnegie Mel-
lon University. He has master’s degrees in both biology and library science.

Balaban, a reference librarian for twenty years at the Carnegie Library of Pittsburgh,
has extensive experience in the areas of science and technology. In addition to working
on the two earlier editions of The Handy Science Answer Book with Bobick, she coau-
thored The Handy Biology Answer Book and The Handy Anatomy Answer Book with
him. She has a background in linguistics and a master’s degree in library science.

Jim and Naomi dedicate this edition to Sandi and Carey: “We owe you a lot!” In
addition, the authors thank their families for the ongoing interest, encouragement,
support, and especially their understanding while this edition was being revised.
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GENERAL SCIENCE,
MATHEMATICS, AND
TECHNOLOGY

INTRODUCTION

What is the difference between science and technology?

Science and technology are related disciplines, but have different goals. The basic goal
of science is to acquire a fundamental knowledge of the natural world. Outcomes of
scientific research are the theorems, laws, and equations that explain the natural
world. It is often described as a pure science. Technology is the quest to solve prob-
lems in the natural world with the ultimate goal of improving humankind’s control of
their environment. Technology is, therefore, often described as applied science; apply-
ing the laws of science to specific problems. The distinction between science and tech-
nology blurs since many times researchers investigating a scientific problem will dis-
cover a practical application for the knowledge they acquire.

What is the scientific method?

The scientific method is the basis of scientific investigation. A scientist will pose a
question and formulate a hypothesis as a potential explanation or answer to the ques-
tion. The hypothesis will be tested through a series of experiments. The results of the
experiments will either prove or disprove the hypothesis. Hypotheses that are consis-
tent with available data are conditionally accepted.

What are the steps of the scientific method?
Research scientists follow these steps:

1. State a hypothesis.
2. Design an experiment to “prove” the hypothesis.



3. Assemble the materials and set up the
experiment.

4. Do the experiment and collect data.

5. Analyze the data using quantitative
methods.

6. Draw conclusions.

7. Write up and publish the results.

Who is one of the first individuals
associated with the scientific
method?

Abu Ali al-Hasan ibn al-Haytham (c.
966-1039), whose name is usually Latin-
ized to Alhazen or Alhacen, is known as
the “father” of the science of optics and
was also one of the earliest experimental
scientists. Between the tenth and fourteenth centuries, Muslim scholars were responsi-
ble for the development of the scientific method. These individuals were the first to use
experiments and observation as the basis of science, and many historians regard sci-
ence as starting during this period. Alhazen is considered as the architect of the scien-
tific method. His scientific method involved the following steps:

Abu Ali al-Hasan ibn al-Haytham (or al Haitham), also known
as Alhazen or Alhacen, is considered the “father of optics.” His
image appears here on a postage stamp from Qatar.

1. Observation of the natural world

2. Stating a definite problem

3. Formulating a hypothesis

4, Test the hypothesis through experimentation
5. Assess and analyze the results

6. Interpret the data and draw conclusions

7. Publish the findings

What is a variable?

A variable is something that is changed or altered in an experiment. For example, to
determine the effect of light on plant growth, growing one plant in a sunny window
and one in a dark closet will provide evidence as to the effect of light on plant growth.
The variable is light.

How does an independent variable differ from a dependent variable?

An independent variable is manipulated and controlled by the researcher. A dependent
variable is the variable that the researcher watches and/or measures. It is called a
dependent variable because it depends upon and is affected by the independent vari-



able. For example, a researcher may investigate the effect of sunlight on plant growth
by exposing some plants to eight hours of sunlight per day and others to only four
hours of sunlight per day. The plant growth rate is dependent upon the amount of
sunlight, which is controlled by the researcher.

What is a control group?

A control group is the experimental group tested without changing the variable. For
example, to determine the effect of temperature on seed germination, one group of
seeds may be heated to a certain temperature. The percent of seeds in this group that
germinates and the time it takes them to germinate is then compared to another
group of seeds (the control group) that has not been heated. All other variables, such
as light and water, will remain the same for each group.

What is a double-blind study?

In a double-blind study, neither the subjects of the experiment nor the persons admin-
istering the experiment know the critical aspects of the experiment. This method is
used to guard against both experimenter bias and placebo effects.

How does deductive reasoning differ from inductive reasoning?

Deductive reasoning, often used in mathematics and philosophy, uses general princi-
ples to examine specific cases. Inductive reasoning is the method of discovering gener-
al principles by close examination of specific cases. Inductive reasoning first became
important to science in the 1600s, when Francis Bacon (1561-1626), Sir Isaac Newton
(1642-1727), and their contemporaries began to use the results of specific experi-
ments to infer general scientific principles.

How do scientific laws differ from theories’

A scientific law is a statement of how something in nature behaves, which has proven
to be true every time it is tested. Unlike the general usage of the term “theory,” which
often means an educated guess, a scientific theory explains a phenomenon that is
based on observation, experimentation, and reasoning. Scientific laws do not become
theories. A scientific theory may explain a law, but theories do not become laws.

What is high technology or high tech?

This buzz term used mainly by the lay media (as opposed to scientific, medical, or
technological media) appeared in the late 1970s. It was initially used to identify the
newest, “hottest” application of technology to fields such as medical research, genet-
ics, automation, communication systems, and computers. It usually implied a distinc-
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What is Occam’s Razor?

ccam’s Razor is the scientific doctrine that states that “entities must not be

multiplied beyond what is necessary”; it proposes that a problem should be
stated in its basic and simplest terms. In scientific terms, it states that the sim-
plest theory that fits the facts of a problem should be the one selected. Credit for
outlining the law is usually given to William Occam (c. 1248—c. 1348), an Eng-
lish philosopher and theologian. This concept is also known as the principle of
parsimony or the economy principle.

tion between technology to meet the information needs of society and traditional
heavy industry, which met more material needs. By the mid-1980s, the term had
become a catch-all applying primarily to the use of electronics (especially computers)
to accomplish everyday tasks.

What is nanotechnology?

Nanotechnology is a relatively new field of science that aims to understand matter at
dimensions between 1 and 100 nanometers. Nanomaterials may be engineered or
occur in nature. Some of the different types of nanomaterials, named for their indi-
vidual shape and dimensions, are nanoparticles, nanotubes, and nanofilms.
Nanoparticles are bits of material where all the dimensions are nanosized. Nan-
otubes are long cylindrical strings of molecules whose diameter is nanosized.
Nanofilms have a thickness that is nanosized, but the other dimensions may be larg-
er. Researchers are developing ways to apply nanotechnology to a wide variety of
fields, including transportation, sports, electronics, and medicine. Specific applica-
tions of nanotechnology include fabrics with added insulation without additional
bulk. Other fabrics are treated with coatings to make them stain proof. Nanorobots
are being used in medicine to help diagnose and treat health problems. In the field
of electronics, nanotechnology could shrink the size of many electronic products.
Researchers in the food industry are investigating the use of nanotechnology to
enhance the flavor of food. They are also searching for ways to introduce antibacter-
ial nanostructures into food packaging.

How large is a nanometer?

A nanometer equals one-billionth of a meter. A sheet of paper is about 100,000
nanometers thick. As a comparison, a single-walled carbon nanotube, measuring one
nanometer in diameter, is 100,000 times smaller than a single strand of human hair
which measures 100 micrometers in diameter.



What is a patent?

A patent grants the property rights of an invention to the inventor. Once a patent is
issued, it excludes others from making, using, or selling the invention in the United
States. The U.S. Patent and Trademark Office issues three types of patents:

1. Utility patents are granted to anyone who invents or discovers any new and use-
ful process, machine, manufactured article, compositions of matter, or any new
and useful improvement in any of the above.

2. Design patents are granted to anyone who invents a new, original, and orna-
mental design for an article of manufacture.

3. Plant patents are granted to anyone who has invented or discovered and asexu-
ally reproduced any distinct and new variety of plant.

When was the first patent issued in the United States?

The first U.S. patent was granted on July 31, 1790 to Samuel Hopkins (1743-1818) of
Philadelphia for making “pot ash and pearl ash”—a cleaning formula called potash. It
was a key ingredient for making glass, dyeing fabrics, baking, making saltpeter for gun
powder, and most importantly for making soap.

How many patents have been issued by the U.S. Patent Office?

Over seven million patents have been granted by the U.S. Patent Office since its incep-
tion in 1790. In recent years, the number of patents issued on a yearly basis has risen
dramatically. The following chart shows the numbers of patents of all types (utility,
design, plant, and reissue) issued for selected years:

Year Total Number of Patents Granted
1970 67,964
1975 76,810
1980 66,170
1985 77,245
1990 99,077
1995 113,834
2000 175,979
2005 157,718
2008 185,224

Who is the only U.S. president to receive a patent?

On May 22, 1849, 12 years before he became the sixteenth U.S. president, Abraham Lin-
coln (1809-1865), was granted U.S. patent number 6,469 for a device to help steam-
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boats pass over shoals and sandbars. The
device, never tested or manufactured, had
a set of adjustable buoyancy chambers
(made from metal and waterproof cloth)
attached to the ship’s sides below the
waterline. Bellows could fill the chambers
with air to float the vessel over the shoals
and sand bars. It was the only patent ever
held by a United States president.

What is a trademark?

A trademark protects a word, phrase,
name, symbol, sound, or color that iden-
tifies and distinguishes the source of the
goods or services of one party (individual
or company) from those of another party.

What is the purpose of a trade secret?

A trade secret is information a company
chooses to protect from its competitors.

Abraham Lincoln is the only U.S. president to have received a Perhaps the most famous trade secret is
patent for an invention. He created a device designed to help _
steamboats pass over shoals and sandbars. the formula for Coca-Cola.

SOCIETIES, PUBLICATIONS, AND AWARDS

What was the first important scientific society in the United States?

The first significant scientific society in the United States was the American Philo-
sophical Society, organized in 1743 in Philadelphia, Pennsylvania, by Benjamin
Franklin (1706-1790). During colonial times, the quest to understand nature and seek
information about the natural world was called natural philosophy.

What was the first national scientific society organized in the
United States?

The first national scientific society organized in the United States was the American
Association for the Advancement of Science (AAAS). It was established on September
20, 1848, in Philadelphia, Pennsylvania, for the purpose of “advancing science in every
way.” The first president of the AAAS was William Charles Redfield (1789-1857).



What was the first national science institute’?

On March 3, 1863, President Abraham Lincoln signed a congressional charter creating
the National Academy of Sciences, which stipulated that “the Academy shall, whenev-
er called upon by any department of the government, investigate, examine, experi-
ment, and report upon any subject of science or art, the actual expense of such inves-
tigations, examinations, experiments, and reports to be paid from appropriations
which may be made for the purpose, but the Academy shall receive no compensation
whatever for any services to the Government of the United States.” The Academy’s first
president was Alexander Dallas Bache (1806-1867). Today, the Academy and its sister
organizations—the National Academy of Engineering, established in 1964, and the
Institute of Medicine, established in 1970—serve as the country’s preeminent sources
of advice on science and technology and their bearing on the nation’s welfare.

The National Research Council was established in 1916 by the National Academy
of Sciences at the request of President Woodrow Wilson (1856-1924) “to bring into
cooperation existing governmental, educational, industrial and other research organi-
zations, with the object of encouraging the investigation of natural phenomena, the
increased use of scientific research in the development of American industries, the
employment of scientific methods in strengthening the national defense, and such
other applications of science as will promote the national security and welfare.”

The National Academy of Sciences, the National Academy of Engineering, and the
Institute of Medicine work through the National Research Council of the United
States, one of world’s most important advisory bodies. More than 6,000 scientists,
engineers, industrialists, and health and other professionals participating in numer-
ous committees comprise the National Research Council.

What was the first national physics society organized in the United States?

The first national physics society in the United States was the American Physical Soci-
ety, organized on May 20, 1899, at Columbia University in New York City. The first
president was physicist Henry Augustus Rowland (1848-1901).

What was the first national chemical society organized in the United States?

The first national chemical society in the United States was the American Chemical
Society, organized in New York City on April 20, 1876. The first president was John
William Draper (1811-1882).

What was the first mathematical society organized in the United States?

The first mathematical society in the United States was the American Mathematical
Society founded in 1888 to further the interests of mathematics research and scholar-
ship. The first president was John Howard Van Amringe (1835-1915).

ADOTONHIIL ANV ‘SOILVIWIHLVI ‘IINIIDS 1VYINID



What was the first scientific journal?

The first scientific journal was Journal
des Scavans, published and edited by
Denys de Sallo (1626-1669). The first
issue appeared on January 5, 1665. It
contained reviews of books, obituaries of
famous men, experimental findings in
chemistry and physics, and other general
interest information. Publication was
suspended following the thirteenth issue
in March 1665.

Although the official reason for the
suspension of the publication was that de
Sallo was not submitting his proofs for
official approval prior to publication,
there is speculation that the real reason
for the suspension was his criticism of the
work of important people, papal policy,
and the old orthodox views of science. It
was reinstated in January 1666 and con-
tinued as a weekly publication until 1724.

Sir Isaac Newton.

The journal was then published on a

monthly basis until the French Revolu-

tion in 1792. It was published briefly in 1797 under the title Journal des Savants. 1t

began regular publication again in 1816 under the auspices of the Institut de France
evolving as a general interest publication.

What is the oldest continuously published scientific journal?

The Philosophical Transactions of the Royal Society of London, first published a few
months after the first issue of the Journal des Scavans, on March 6, 1665, is the old-
est, continuously published scientific journal.

What was the first technical report written in English?
Geoffrey Chaucer’s (1343-1400) Treatise on the Astrolabe was written in 1391.

What scientific article has the most authors?

The article “First Measurement of the Left-Right Cross Section Asymmetry in Z-Boson
Production by e*e~ Collisions,” published in Physical Review Letters, Volume 70, issue
17 (26 April 1993), pages 2,515-2,520, listed 406 authors on two pages.



What book is considered the most
important and most influential scientific work?

Isaac Newton’s 1687 book, Philosophiae Naturalis Principia Mathematica
(known most commonly as the abbreviated Principia). Newton wrote Principia
in 18 months, summarizing his work and covering almost every aspect of modern
science. Newton introduced gravity as a universal force, explaining that the
motion of a planet responds to gravitational forces in inverse proportion to the
planet’s mass. Newton was able to explain tides, and the motion of planets, moons,
and comets using gravity. He also showed that spinning bodies such as earth are
flattened at the poles. The first printing of Principia produced only 500 copies. It
was published originally at the expense of his friend, Edmond Halley (1656-1742),
because the Royal Society had spent its entire budget on a history of fish.

What is the most frequently cited scientific journal article?

The most frequently cited scientific article is “Protein Measurement with the Folin
Phenol Reagent” by Oliver Howe Lowry (1910-1996) and coworkers, published in
1951 in the Journal of Biological Chemistry, Volume 193, issue 1, pages 265-275. As
of 2010, this article had been cited 292,968 times since it first appeared.

When was the Nobel Prize first awarded?

The Nobel Prize was established by Alfred Nobel (1833-1896) to recognize individuals
whose achievements during the preceding year had conferred the greatest benefit to
mankind. Five prizes were to be conferred each year in the areas of physics, chemistry,
physiology or medicine, economic sciences, and peace. Although Nobel passed away in
1896, the first prizes were not awarded until 1901.

Who are the youngest and oldest Nobel Laureates in the areas of physics,
chemistry, and physiology or medicine?

Youngest Nobel Laureates

Category Nobel Laureate Age  Year of Award
Chemistry Frédéric Joliet (1900-1958) 35 1935
Physics William Lawrence Bragg (1890-1971) 25 1915

Physiology or Medicine Frederick Banting (1891-1941) 32 1923
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Oldest Nobel Laureates

Category Nobel Laureate Age  Year of Award
Chemistry John B. Fenn (1917-2010) 85 2002
Physics Raymond Davis Jr. (1914-2006) 88 2002
Physiology or Medicine Peyton Rous (1879-1970) 87 1966

Are there any multiple Nobel Prize winners?

Four individuals have received multiple Nobel prizes. They are Marie Curie (1867-1934,
Physics in 1903 and Chemistry in 1911; John Bardeen (1908-1991), Physics in 1956 and
1972; Linus Pauling (1901-1994), Chemistry in 1954 and Peace in 1962; and Frederick
Sanger (1918-), Chemistry in 1958 and 1980.

Who was the first woman to receive the Nobel Prize?

Marie Curie was the first woman to receive the Nobel Prize. She received the Nobel
Prize in Physics in 1903 for her work on radioactivity in collaboration with her hus-
band, Pierre Curie (1859-1906) and A.H. Becquerel (1852-1908). The 1903 prize in
physics was shared by all three individuals. Marie Curie was also the first person to be
awarded two Nobel Prizes and is one of only two individuals who have been awarded a
Nobel Prize in two different fields.

How many women have been awarded the Nobel Prize in Chemistry, Physics,
or Physiology or Medicine?
Since 1901, the Nobel Prize in Chemistry, Physics, or Physiology or Medicine has been

awarded to women 16 times to 15 different women. Marie Curie (1867-1934) was the
only woman and one of the few individuals to receive the Nobel Prize twice.

Year of Award  Nobel Laureate Category
1903 Marie Curie (1867-1934) Physics
1911 Marie Curie (1867-1934) Chemistry
1935 Iréne Joliot-Curie (1897-1956) Chemistry
1947 Gerty Theresa Cori (1896-1957) Physiology or Medicine
1963 Maria Goeppert-Mayer (1906-1972) Physics
1964 Dorothy Crowfoot Hodgkin (1910-1994)  Chemistry
1977 Rosalyn Yarrow (1921-) Physiology or Medicine
1983 Barbara McClintock (1902-1992) Physiology or Medicine
1986 Rita Levi-Montalcini (1909-) Physiology or Medicine

1988 Gertrude B. Elion (1918-1999) Physiology or Medicine



Year of Award  Nobel Laureate Category
1995 Christianne Niisslein-Volhard (1942-) Physiology or Medicine

2004 Linda B. Buck (1947-) Physiology or Medicine
2008 Frangoise Barré-Sinoussi (1947-) Physiology or Medicine
2009 Ada E. Yonath (1939-) Chemistry

2009 Carol W. Greider (1961-) Physiology or Medicine
2009 Elizabeth H. Blackburn (1948-) Physiology or Medicine

When was the first time two women shared the Nobel Prize in the
same field?

It was not until 2009 that two women shared the Nobel Prize in the same field. Carol
W. Greider (1961-) and Elizabeth H. Blackburn (1948-) shared the prize in Physiology
or Medicine, along with Jack W. Szostak (1952-) for their discovery of how chromo-
somes are protected by telomeres and the enzyme telomerase.

Is there a Nobel Prize in mathematics?

We do not know for certain why Alfred Nobel did not establish a prize in mathematics.
There are several theories revolving around his relationship and dislike for Gosta Mit-
tag-Leffler (1846-1927), the leading Swedish mathematician in Nobel’s time. Most
likely it never occurred to Nobel or he decided against another prize. The Fields Medal
in mathematics is generally considered as prestigious as the Nobel Prize. The Fields
Medal was first awarded in 1936. Its full name is now the CRM-Fields-PIMS prize. The
2009 winner was Martin Barlow (1953-) for his work in probability and in the behav-
ior of diffusions on fractals and other disordered media.

What is the Turing Award?

The Turing Award, considered the Nobel Prize in computing, is awarded annually by
the Association for Computing Machinery to an individual who has made a lasting
contribution of major technical importance in the computer field. The award, named
for the British mathematician A.M. Turing (1912-1954), was first presented in 1966.
The Intel Corporation and Google Inc. provide financial support for the $250,000 prize
that accompanies the award. Recent winners of the Turing Award include:

Year  Award Recipient

2005  Peter Naur (1928-)

2006  Frances E. Allen (1932-)

2007 Edmund M. Clarke (1945-), E. Allen Emerson (1954-), Joseph Sifakis (1946-)
2008 Barbara H. Liskov (1939-)

2009  Charles P. Thacker (1943-)
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NUMBERS

When and where did the concept of “numbers” and counting first develop?

The human adult (including some of the higher animals) can discern the numbers
one through four without any training. After that people must learn to count. To
count requires a system of number manipulation skills, a scheme to name the num-
bers, and some way to record the numbers. Early people began with fingers and toes,
and progressed to shells and pebbles. In the fourth millennium B.C.E. in Elam (near
what is today Iran along the Persian Gulf), accountants began using unbaked clay
tokens instead of pebbles. Each represented one order in a numbering system: a stick
shape for the number one, a pellet for ten, a ball for 100, and so on. During the same
period, another clay-based civilization in Sumer in lower Mesopotamia invented the
same system.

When was a symbol for the concept of zero first used?

Surprisingly, the symbol for zero emerged later than the concept for the other
numbers. Although the Babylonians (600 B.C.E. and earlier) had a symbol for zero,
it was merely a placeholder and not used for computational purposes. The ancient
Greeks conceived of logic and geometry, concepts providing the foundation for all

mathematics, yet they never had a sym-

T —— bol for zero. The Maya also had a symbol
Aralbsic for zero as a placeholder in the fourth
F _ century, but they also did not use zero

1 a R in computations. Hindu mathemati-
2 B’ 9 = cians are usually given credit for devel-
- oping a symbol for the concept “zero.”

3 Y’ 2 = They recognized zero as representing
4 5’ 1 o the absence of quantity and developed
its use in mathematical calculations. It

5 g N £ appears in an inscription at Gwalior
i dated 870 c.E. However, it is found even

6 g I & earlier than that in inscriptions dating
7 d N +, from the seventh century in Cambodia,
Sumatra, and Bangka Island (off the

8 n’ N IN coast of Sumatra). Although there is no
, yal documented evidence in printed materi-

9 0 v al for the zero in China before 1247,
10 \/ ' -l- some historians maintain that there was
a blank space on the Chinese counting

The numbers 1 through 10 as written in Greek, Hebrew, board’ representmg Ze10, as early as the
Japanese, and the Arabic-Hindu system used in Western cultures. fourth century B.C.E.



Who was the “Number Pope”?

he “Number Pope” was Gerbert of Aurillac (c. 940-1003), Pope Sylvester II.
He was fascinated by mathematics and was instrumental in the adoption of
Arabic numerals to replace Roman numerals in Western Europe.

What are Roman numerals?

Roman numerals are symbols that stand for numbers. They are written using seven
basic symbols: I (1), V (5), X (10), L (50), C (100), D (500), and M (1,000). Sometimes a
bar is place over a numeral to multiply it by 1,000. A smaller numeral appearing
before a larger numeral indicates that the smaller numeral is subtracted from the
larger one. This notation is generally used for 4s and 9s; for example, 4 is written IV, 9
is IX, 40 is XL, and 90 is XC.

What are Fibonacci numbers?

Fibonacci numbers are a series of numbers where each, after the second term, is the sum
of the two preceding numbers—for example, 1, 1, 2, 3, 5, 8, 13, 21, and so on). They were
first described by Leonardo Fibonacci (c. 1180—c. 1250), also known as Leonard of Pisa, as
part of a thesis on series in his most famous book Liber abaci (The Book of the Calcula-
tor), published in 1202 and later revised by him. Fibonacci numbers are used frequently
to illustrate natural sequences, such as the spiral organization of a sunflower’s seeds, the
chambers of a nautilus shell, or the reproductive capabilities of rabbits.

What is the largest prime number presently known?

A prime number is one that is evenly divisible only by itself and 1. The integers 1, 2, 3,
5,7, 11, 13, 17, and 19 are prime numbers. Euclid (c. 335-270 B.c.E.) proved that
there is no “largest prime number,” because any attempt to define the largest results
in a paradox. If there is a largest prime number (P), adding 1 to the product of all
primes up to and including P,11(13233353...3P), yields a number that is itself
a prime number, because it cannot be divided evenly by any of the known primes. In
2003, Michael Shafer discovered the largest known (and the fortieth) prime number:
220996011 _ 1 This is over six million digits long and would take more than three weeks
to write out by hand. In July 2010, double-checking proved this was the fortieth
Mersenne prime (named after Marin Mersenne, 1588-1648, a French monk who did
the first work in this area). Mersenne primes occur where 2™ is prime.

There is no apparent pattern to the sequence of primes. Mathematicians have
been trying to find a formula since the days of Euclid, without success. The fortieth
prime was discovered on a personal computer as part of the GIMPS effort (the Great

ADOTONHIIL ANV ‘SOILVIWIHLVI ‘IINIIDS 1VYINID

13



14

What is the largest number mentioned in the Bible?

he largest number specifically named in the Bible is a thousand thousand;
i.e., a million. It is found in 2 Chronicles 14:9.

Internet Mersenne Prime Search), which was formed in January 1996 to discover new
world-record-size prime numbers. GIMPS relies on the computing efforts of thousands
of small, personal computers around the world. Interested participants can become
involved in the search for primes by going to: http://www.mersenne.org/default.php.

What is a perfect number?

A perfect number is a number equal to the sum of all its proper divisors (divisors small-
er than the number) including 1. The number 6 is the smallest perfect number; the
sum of its divisors 1, 2, and 3 equals 6. The next three perfect numbers are 28, 496, and
8,126. No odd perfect numbers are known. The largest known perfect number is

(23021376) (23021377 _ 1)

It was discovered in 2001.

What is the Sieve of Eratosthenes’

Eratosthenes (c. 285 —c. 205 B.C.E.) was a Greek mathematician and philosopher who
devised a method to identify (or “sift” out) prime numbers from a list of natural num-
bers arranged in order. It is a simple method, although it becomes tedious to identify
large prime numbers. The steps of the sieve are:

1. Write all natural numbers in order, omitting 1.

2. Circle the number 2 and then cross out every other number. Every second
number will be a multiple of 2 and hence is not a prime number.

3. Circle the number 3 and then cross out every third number which will be a
multiple of 3 and, therefore, not a prime number.

4. The numbers that are circled are prime and those that are crossed out are com-
posite numbers.

How are names for large and small quantities constructed in the
metric system?

Each prefix listed below can be used in the metric system and with some customary
units. For example, centi + meter = centimeter, meaning one-hundredth of a meter.



Prefix Power Numerals

Exa- 1018 1,000,000,000,000,000,000

Peta- 105 1,000,000,000,000,000

Tera- 1012 1,000,000,000,000

Giga- 10° 1,000,000,000

Mega- 108 1,000,000

Myria- 105 100,000

Kilo- 103 1,000

Hecto- 102 100

Deca- 101 10

Deci- 101 0.1

Centi- 102 0.01

Milli- 103 0.001

Micro- 106 0.000001

Nano- 10-° 0.000000001

Pico- 10-12 0.000000000001
Femto- 1071 0.000000000000001
Atto- 1018 0.000000000000000001

Why is the number ten considered important?

One reason is that the metric system is based on the number ten. The metric system
emerged in the late eighteenth century out of a need to bring standardization to measure-
ment, which had up to then been fickle, depending upon the preference of the ruler of the
day. But ten was important well before the metric system. Nicomachus of Gerasa (c. 60—c.
120), a second-century neo-Pythagorean from Judea, considered ten a “perfect” number,
the figure of divinity present in creation with mankind’s fingers and toes. Pythagoreans
believed ten to be “the first-born of the numbers, the mother of them all, the one that
never wavers and gives the key to all things.” Shepherds of West Africa counted sheep in
their flocks by colored shells based on ten, and ten had evolved as a “base” of most num-
bering schemes. Some scholars believe the reason ten developed as a base number had
more to do with ease: ten is easily counted on fingers and the rules of addition, subtrac-
tion, multiplication, and division for the number ten are easily memorized.

What are some very large numbers?

Value in Number Number of Number of three Os
Name powers of 10 groups of Os after 1,000
Billion 10° 9 2
Trillion 1012 12 3

Quadrillion 1015 15 4
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Value in Number Number of Number of three Os

Name powers of 10 groups of Os after 1,000
Quintillion 1018 18 5
Sextillion 102 21 6
Septillion 1024 24 7
Octillion 1027 27 8
Nonillion 1030 30 9
Decillion 1033 33 10
Undecillion 1036 36 11
Duodecillion 103 39 12
Tredecillion 104 42 13
Quattuor-decillion 10% 45 14
Quindecillion 1048 48 15
Sexdecillion 105! 51 16
Septen-decillion 104 54 17
Octodecillion 1057 57 18
Novemdecillion 1060 60 19
Vigintillion 1083 63 20
Centillion 10303 303 100

The British, French, and Germans use a different system for naming denomina-
tions above one million. The googol and googolplex are rarely used outside the United
States.

How large is a googol?

A googol is 101%° (the number 1 followed by 100 zeros). Unlike most other names for
numbers, it does not relate to any other numbering scale. The American mathemati-
cian Edward Kasner (1878-1955) first used the term in 1938; when searching for a
term for this large number, Kasner asked his nephew, Milton Sirotta (1911-1981),
then about nine years old, to suggest a name. The googolplex is 10 followed by a
googol of zeros, represented as 10202, The popular Web search engine Google.com is
named after the concept of a googol.

What is an irrational number?

Numbers that cannot be expressed as an exact ratio are called irrational numbers;
numbers that can be expressed as an exact ratio are called rational numbers. For
instance, 1/2 (one half, or 50 percent of something) is rational; however, 1.61803 (&),
3.14159 (), 1.41421 (\/2), are irrational. History claims that Pythagoras in the sixth
century B.C.E. first used the term when he discovered that the square root of 2 could
not be expressed as a fraction.



Why is seven considered a supernatural number?

In magical lore and mysticism, all numbers are ascribed certain properties and
energies. Seven is a number of great power, a magical number, a lucky num-
ber, a number of psychic and mystical powers, of secrecy and the search for
inner truth. The origin of belief in seven’s power lies in the lunar cycle. Each of
the moon’s four phases lasts about seven days. Life cycles on Earth also have
phases demarcated by seven, such as there are said to be seven years to each
stage of human growth. There are seven colors to the rainbow; and seven notes
are in the musical scale. The seventh son of a seventh son is said to be born with
formidable magical and psychic powers.

The number seven is widely held to be a lucky number, especially in matters
of love and money, and it also carries great prominence in the old and new testa-
ments. Here are a few examples: the Lord rested on the seventh day; there were
seven years of plenty and seven years of famine in Egypt in the story of Joseph;
God commanded Joshua to have seven priests carry trumpets, and on the sev-
enth day they were to march around Jericho seven times; Solomon built the
temple in seven years; and there are seven petitions of the Lord’s Prayer.

What are imaginary numbers?

Imaginary numbers are the square roots of negative numbers. Since the square is the
product of two equal numbers with like signs it is always positive. Therefore, no num-
ber multiplied by itself can give a negative real number. The symbol “7” is used to indi-
cate an imaginary number.

What is the value of pi out to 30 digits past the decimal point?

Pi () represents the ratio of the circumference of a circle to its diameter, used in cal-
culating the area of a circle (wr?) and the volume of a cylinder (wr?h) or cone. It is a
“transcendental number,” an irrational number with an exact value that can be mea-
sured to any degree of accuracy, but that can’t be expressed as the ratio of two inte-
gers. In theory, the decimal extends into infinity, though it is generally rounded to
3.1416. The Welsh-born mathematician William Jones (1675-1749) selected the Greek
symbol () for pi. Rounded to 30 digits past the decimal point, it equals 3.1415926535
89793238462643383279.

In 1989, Gregory (1952-) and David Chudnovsky (1947-) at Columbia University in
New York City calculated the value of pi to 1,011,961,691 decimal places. They per-
formed the calculation twice on an IBM 3090 mainframe and on a CRAY-2 supercomput-
er with matching results. In 1991, they calculated pi to 2,260,321,336 decimal places.
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In 1999, Yasumasa Kanada (1948-) and Daisuke Takahashi of the University of
Tokyo calculated pi out to 206,158,430,000 digits. Professor Kanada at the University
of Tokyo continues to calculate the value of pi to greater and greater digits. His labora-
tory’s newest record, achieved in 2002 and subsequently verified, calculated pi to
1.2411 x 102 digits (more than one trillion). The calculation required more than 600
hours of computing time using a Hitachi SR8000 computer with access to a memory
of about 1 terabyte.

Mathematicians have also calculated pi in binary format (i.e., Os and 1s). The five
trillionth binary digit of pi was computed by Colin Percival and 25 others at Simon
Fraser University. The computation took over 13,500 hours of computer time.

What are some examples of numbers and mathematical concepts in nature?

The world can be articulated with numbers and mathematics. Some numbers are
especially prominent. The number six is ubiquitous: every normal snowflake has six
sides; every honeybee colony’s combs are six-sided hexagons. The curved, gradually
decreasing chambers of a nautilus shell are propagating spirals of the golden section
and the Fibonacci sequence of numbers. Pine cones also rely on the Fibonacci
sequence, as do many plants and flowers in their seed and stem arrangements. Frac-
tals are evident in shorelines, blood vessels, and mountains.

MATHEMATICS

How is arithmetic different from mathematics’

Arithmetic is the study of positive integers (i.e., 1, 2, 3, 4, 5) manipulated with addi-
tion, subtraction, multiplication, and division, and the use of the results in daily life.
Mathematics is the study of shape, arrangement, and quantity. It is traditionally
viewed as consisting of three fields: algebra, analysis, and geometry. But any lines of
division have evaporated because the fields are now so interrelated.

What is the most enduring mathematical work of all time?

The Elements of FEuclid (c. 300 B.C.E.) has been the most enduring and influential math-
ematical work of all time. In it, the ancient Greek mathematician presented the work of
earlier mathematicians and included many of his own innovations. The Elements is
divided into thirteen books: the first six cover plane geometry; seven to nine address
arithmetic and number theory; ten treats irrational numbers; and eleven to thirteen dis-
cuss solid geometry. In presenting his theorems, Euclid used the synthetic approach, in
which one proceeds from the known to the unknown by logical steps. This method
became the standard procedure for scientific investigation for many centuries, and the
Elements probably had a greater influence on scientific thinking than any other work.



Who invented calculus?

The German mathematician Gottfried
Wilhelm Leibniz (1646-1716) published
the first paper on calculus in 1684. Most
historians agree that Isaac Newton
invented calculus eight to ten years earli-
er, but he was typically very late in pub-
lishing his works. The invention of calcu-
lus marked the beginning of higher
mathematics. It provided scientists and
mathematicians with a tool to solve prob-
lems that had been too complicated to
attempt previously.

Is it possible to count to infinity?

No. Very large finite numbers are not the
same as infinite numbers. Infinite num-
bers are defined as being unbounded, or
without limit. Any number that can be
reached by counting or by representation
of a number followed by billions of zeros Gottfried Wilhelm Leibniz published the first paper on calculus

is a finite number. and also invented this mechanical calculator, which could add,
subtract, multiply, and divide.

How long has the abacus been used?

The abacus grew out of early counting boards, with hollows in a board holding pebbles
or beads used to calculate. It has been documented in Mesopotamia back to around
3500 B.C.E. The current form, with beads sliding on rods, dates back at least to fif-
teenth-century China. Before the use of decimal number systems, which allowed the
familiar paper-and-pencil methods of calculation, the abacus was essential for almost
all multiplication and division. Unlike the modern calculator, the abacus does not per-
form any mathematical computations. The person using the abacus performs calcula-
tions in his/her head relying on the abacus as a physical aid to keep track of the sums.
It has become a valuable tool for teaching arithmetic to blind students.

What are Napier’s bones?

In the sixteenth century, the Scottish mathematician John Napier (1550-1617), Baron
of Merchiston, developed a method of simplifying the processes of multiplication and
division, using exponents of 10, which Napier called logarithms (commonly abbreviat-
ed as logs). Using this system, multiplication is reduced to addition and division to
subtraction. For example, the log of 100 (102) is 2; the log of 1000 (10°) is 3; the multi-
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Can a person using an abacus calculate more rapidly
than someone using a calculator?

n 1946, the Tokyo staff of Stars and Stripes sponsored a contest between a

Japanese abacus expert and an American accountant using the best electric
adding machine then available. The abacus operator proved faster in all calcula-
tions except the multiplication of very large numbers. While today’s electronic
calculators are much faster and easier to use than the adding machines used in
1946, undocumented tests still show that an expert can add and subtract faster
on an abacus than someone using an electronic calculator. It also allows long
division and multiplication problems with more digits than a hand calculator
can accommodate.

plication of 100 by 1000, 100 X 1000 = 100,000, can be accomplished by adding their
logs: 10g[(100)(1000)] = log(100) + 1og(1000) = 2 + 3 =5 = 10g(100,000). Napier
published his methodology in A Description of the Admirable Table of Logarithms in
1614. In 1617 he published a method of using a device, made up of a series of rods in a
frame, marked with the digits 1 through 9, to multiply and divide using the principles
of logarithms. This device was commonly called “Napier’s bones” or “Napier’s rods.”

What are Cuisenaire rods’

The Cuisenaire method is a teaching system used to help young students indepen-
dently discover basic mathematical principles. Developed by Emile-Georges Cuise-
naire (1891-1976), a Belgian school-

teacher, the method uses rods of ten
6 3 X different colors and lengths that are easy
6 3 1 to handle. The rods help students under-
1 5 6 2 stand mathematical principles rather
14 6 3 than merely memorizing them. They are
24 15 4 also used to teach elementary arithmetic
3 1 5 properties such as associative, commuta-
0 S5 tive, and distributive properties.
36,&-{1 g|63x6| 6 | =378
44 6+1 |21 7 o
¥ 2% 8 What is a slide rule, and who
invented it?
%4 24 9
Up until about 1974, most engineering

In this example of how to use Napier’s Bones, 63 is multiplied and deSIgn calculations for bmldmgs’
by 6 to get the correct result of 378. bridges, automobiles, airplanes, and



roads were done on a slide rule. A slide rule is an apparatus with moveable scales based
on logarithms, which were invented by John Napier, Baron of Merchiston, and pub-
lished in 1614. The slide rule can, among other things, quickly multiply, divide,
square root, or find the logarithm of a number. In 1620, Edmund Gunter (1581-1626)
of Gresham College, London, England, described an immediate forerunner of the slide
rule, his “logarithmic line of numbers.” William Oughtred (1574-1660), rector of Ald-
bury, England, made the first rectilinear slide rule in 1621. This slide rule consisted of
two logarithmic scales that could be manipulated together for calculation. His former
pupil, Richard Delamain, published a description of a circular slide rule in 1630 (and
received a patent about that time for it), three years before Oughtred published a
description of his invention (at least one source says that Delamain published in
1620). Oughtred accused Delamain of stealing his idea, but evidence indicates that the
inventions were probably arrived at independently.

The earliest existing straight slide rule using the modern design of a slider mov-
ing in a fixed stock dates from 1654. A wide variety of specialized slide rules were
developed by the end of the seventeeth century for trades such as masonry, carpentry,
and excise tax collecting. Peter Mark Roget (1779-1869), best known for his The-
saurus of English Words and Phrases, invented a log-log slide rule for calculating the
roots and powers of numbers in 1814. In 1967, Hewlett-Packard produced the first
pocket calculators. Within a decade, slide rules became the subject of science trivia
and collector’s books. Interestingly, slide rules were carried on five of the Apollo space
missions, including a trip to the moon. They were known to be accurate and efficient
in the event of a computer malfunction.

How is casting out nines used to check the results of addition
or multiplication?

The method of “casting out nines” is based on the excess of nines in digits of whole
numbers (the remainder when a sum of digits is divided by 9). Illustrating this process
in the multiplication example below, the method begins by adding the digits in both
the multiplicand (one of the terms that is being multiplied) and the multiplier (the
other term being multiplied). In the example below, this operation leads to the results
of “13” and “12,” respectively. If these results are greater than 9 (>9), then the opera-
tion is repeated until the resulting figures are less than 9 (<9). In the example below,
the repeated calculation gives the results as “4” and “3,” respectively. Multiply the
resulting “excess” from the multiplicand by the excess from the multiplier (4 3 3
below). Add the digits of the result to eventually yield a number equal to or less than 9
(=<9). Repeat the process of casting out nines in the multiplication product (the result
of the multiplication process). The result must equal the result of the previous set of
transactions, in this case “3.” If the two figures disagree, then the original multiplica-
tion procedure was done incorrectly. “Casting out nines” can also be applied to check
the accuracy of the results of addition.
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328 - 13 - 4
624 — 12 — 3
1312 12 - 3
656

1968

204672 - 21 —» 3

What is the difference between a median and a mean?

If a string of numbers is arranged in numerical order, the median is the middle value
of the string. If there is an even number of values in the string, the median is found by
adding the two middle values and dividing by two. The arithmetic mean, also known
as the simple average, is found by taking the sum of the numbers in the string and
dividing by the number of items in the string. While easy to calculate for relatively
short strings, the arithmetic mean can be misleading, as very large or very small val-
ues in the string can distort it. For example, the mean of the salaries of a professional
football team would be skewed if one of the players was a high-earning superstar; it
could be well above the salaries of any of the other players thus making the mean
higher. The mode is the number in a string that appears most often.

For the string 111222234455667, for example, the median is the middle number of
the series: 3. The arithmetic mean is the sum of numbers divided by the number of
numbers in the series, 51 /15 = 3.4. The mode is the number that occurs most often, 2.

When did the concept of square root originate?

A square root of a number is a number that, when multiplied by itself, equals the
given number. For instance, the square root of 25 is 5 (5 X 5 = 25). The concept of
the square root has been in existence for many thousands of years. Exactly how it was
discovered is not known, but several different methods of exacting square roots were
used by early mathematicians. Babylonian clay tablets from 1900 to 1600 B.C.E. con-
tain the squares and cubes of integers 1 through 30. The early Egyptians used square
roots around 1700 B.C.E., and during the Greek Classical Period (600 to 300 B.C.E.) bet-
ter arithmetic methods improved square root operations. In the sixteenth century,
French mathematician René Descartes (1596-1650) was the first to use the square
root symbol, called “the radical sign,” \/ .

What are Venn diagrams?

Venn diagrams are graphical representations of set theory, which use circles to show
the logical relationships of the elements of different sets, using the logical operators
(also called in computer parlance “Boolean Operators”) and, or, and not. John Venn
(1834-1923) first used them in his 1881 Symbolic Logic, in which he interpreted and



When does 0 X 0 = 1?

Factorials are the product of a given number and all the factors less than that
number. The notation n! is used to express this idea. For example, 5! (five fac-
torial) is 5 X 4 X 3 X 2 X 1 = 120. For completeness, 0! is assigned the value 1,
so0 X 0=1.

corrected the work of George Boole (1815-1864) and Augustus de Morgan (1806—
1871). While his attempts to clarify perceived inconsistencies and ambiguities in
Boole’s work are not widely accepted, the new method of diagraming is considered to
be an improvement. Venn used shading to better illustrate inclusion and exclusion.
Charles Dodgson (1832-1898), better known by his pseudonym Lewis Carroll, refined
Venn’s system, in particular by enclosing the diagram to represent the universal set.

How many feet are on each side of an acre that is square?

An acre that is square in shape has about 208.7 feet (64 meters) on each side.

What are the common mathematical formulas for area?
Area of a rectangle:

Area = length times width

A=1lw
Area = altitude times base
A=ab

Area of a circle:
Area = pi times the radius squared
A= mr?or A = 1/4wd?
Area of a triangle:
Area = one half the altitude times the base
A = 1/2ab

Area of the surface of a sphere:
Area = four times pi times the radius squared
A = 4mr? or A = wd?
Area of a square:
Area = length times width, or length of one side squared
A=g?
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Area of an Ellipse

area=Tab

Areaofa
Triangle

b =Dbase
h = height
area = %bh

Area and Perimeter of a

Square or Rectangle
b
a
area = ab

perimeter = 2(a + b)

Area and Circumference
of a Circle

r =radius
d = diameter = 2r

2
area =T r? :_1':4d

circumference = 2tr =nd
7 = circumference/diameter

Area of a cube:

Area = square of the length of one side times 6

A = 6s2

Area of an ellipse:

Area = long diameter times short diameter times 0.7854.

What are the common mathematical formulas for volume?

Volume of a sphere:

Volume = 4/3 times pi times the cube of the radius

V=4/3 X wr3




Volume and Surface Area of a
Area of a Sphere Circular Cylinder
7\ -
< ¢ >
h
volume = % e ~
surface area = 4mr? volume = tr2h
surface area = 2nrh
Volume of a Pyramid and Surface Area and Volume
Irregular Cone of a Cone
Pk
2 fov
surface area = mr/
volume = %base area X h volume = %nrzh
Volume of a
Parallelepiped
PP A = area of base
h =height
volume = Ah

Volume of a pyramid:
Volume = 1/3 times the area of the base times the height
V = 1/3bh
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Volume of a cylinder:
Volume = area of the base times the height
V = bh
Volume of a circular cylinder (with circular base):
Volume = pi times the square of the radius of the base times the height
V = mrth
Volume of a cube:
Volume = the length of one side cubed
V=2_S3
Volume of a cone:
Volume = 1/3 times pi times the square of the radius of the base times the height
V = 1/3 mrth

Volume of a rectangular solid:
Volume = length times width times height
V = lwh

Who discovered the formula for the area of a triangle?

Heron (or Hero) of Alexandria (first century B.C.E.) is best known in the history of
mathematics for the formula that bears his name. This formula calculates the area of a
triangle with sides a, b, and c, with s = half the perimeter: A =/
The Arab mathematicians who preserved and transmitted the mathematics of the
Greeks reported that this formula was known earlier to Archimedes (c. 287-212
B.C.E.), but the earliest proof now known is that appearing in Heron’s Mefrica.

How is Pascal’s triangle used?

Pascal’s triangle is an array of numbers, arranged so that every number is equal to the
sum of the two numbers above it on either side. It can be represented in several slight-
ly different triangles, but this is the most common form:

1
1 1
1 2 1
1 3 3 1
1 4 6 4 1
1 5 10 10 5 1

The triangle is used to determine the numerical coefficients resulting from the
computation of higher powers of a binomial (two numbers added together). When a
binomial is raised to a higher power, the result is expanded, using the numbers in that



What is the ancient Greek problem of squaring the circle?

his problem was to construct, with a straight-edge and compass, a square

having the same area as a given circle. The Greeks were unable to solve the
problem because the task is impossible, as was shown by the German mathe-
matician Ferdinand von Lindemann (1852-1939) in 1882.

row of the triangle. For example, (a + b)1 = al + b1, using the coefficients in the sec-
ond line of the triangle (a + b)?2 = a® + 2ab + b?, using the coefficients in the next
line of the triangle. (The first line of the triangle correlates to [a + b]0.) While the cal-
culation of coefficients is fairly straightforward, the triangle is useful in calculating
them for the higher powers without needing to multiply them out. Binomial coeffi-
cients are useful in calculating probabilities; Blaise Pascal was one of the pioneers in
developing laws of probability.

As with many other mathematical developments, there is some evidence of a pre-
vious appearance of the triangle in China. Around 1100 c.E., the Chinese mathemati-
cian Chia Hsien wrote about “the tabulation system for unlocking binomial coeffi-
cients”; the first publication of the triangle was probably in a book called Piling-Up
Powers and Unlocking Coefficients by Liu Ju-Hsieh.

What is the Pythagorean theorem?

In a right triangle (one where two of the sides meet in a 90-degree angle), the
hypotenuse is the side opposite the right angle. The Pythagorean theorem, also known
as the rule of Pythagoras, states that the square of the length of the hypotenuse is
equal to the sum of the squares of the other two sides (h®> = a + b?). If the lengths of
the sides are: h = 5 inches, a = 4 inches, and b = 3 inches, then:

h=~@+b)=+V42+32)=~(16+9)=+25=5

The theorem is named for the Greek philosopher and mathematician Pythagoras
(c. 580—c. 500 B.C.E.). Pythagoras is credited with the theory of the functional signifi-
cance of numbers in the objective world and numerical theories of musical pitch. As
he left no writings, the Pythagorean theorem may actually have been formulated by
one of his disciples.

What are the Platonic solids?

The Platonic solids are the five regular polyhedra: the four-sided tetrahedron, the six-
sided cube or hexahedron, the eight-sided octahedron, the twelve-sided dodecahedron,
and the twenty-sided icosahedron. Although they had been studied as long ago as the
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time of Pythagorus (around 500 B.C.E.), they are called the Platonic solids because they
were first described in detail by Plato (427-347 B.C.E.) around 400 B.C.E. The ancient
Greeks gave mystical significance to the Platonic solids: the tetrahedron represented
fire, the icosahedron represented water, the stable cube represented the earth, the
octahedron represented the air. The twelve faces of the dodecahedron corresponded to
the twelve signs of the zodiac, and this figure represented the entire universe.

What does the expression “tiling the plane” mean?

It is a mathematical expression describing the process of forming a mosaic pattern (a
“tessellation”) by fitting together an infinite number of polygons so that they cover an
entire plane. Tessellations are the familiar patterns that can be seen in designs for
quilts, floor coverings, and bathroom tilework.

What is a golden section?

Golden section, also called the divine proportion, is the division of a line segment so
that the ratio of the whole segment to the larger part is equal to the ratio of the larg-
er part to the smaller part. The ratio is approximately 1.61803 to 1. The number
1.61803 is called the golden number (also called Phi [with a capital P]). The golden
number is the limit of the ratios of consecutive Fibonacci numbers, such as, for
instance, 21/13 and 34/21. A golden rectangle is one whose length and width corre-
spond to this ratio. The ancient Greeks thought this shape had the most pleasing
proportions. Many famous painters have used the golden rectangle in their paintings,
and architects have used it in their design of buildings, the most famous example
being the Greek Parthenon.

What is a Mobius strip?

A Mobius strip is a surface with only one
side, usually made by connecting the two
ends of a rectangular strip of paper after
putting a half-twist (180 degrees relative
to the opposite side) in the strip. Cutting
a Mobius strip in half down the center of
the length of the strip results in a single
band with four half-twists. Devised by the
German mathematician August Ferdi-
nand Mobius (1790-1868) to illustrate
the properties of one-sided surfaces, it
was presented in a paper that was not dis-
covered or published until after his death.
A Mébius strip. Another nineteenth-century German




How many ways are there to shuffle a deck of cards?

here are a possible 80,658,175,170,943,878,571,660,636,856,403,766,975,
289,505,440,883,277,824,000,000,000,000 ways to shuffle a deck of cards.

mathematician, Johann Benedict Listing (1808-1882), developed the idea indepen-
dently at the same time.

How is the rule of 70 used?

This rule is a quick way of estimating the period of time it will take a quantity to dou-
ble given the percentage of increase. Divide the percentage of increase into 70. For
example, if a sum of money is invested at six percent interest, the money will double
in value in 70/6 = 11.7 years.

How is percent of increase calculated?

To find the percent of increase, divide the amount of increase by the base amount.
Multiply the result by 100 percent. For example, a raise in salary from $10,000 to
$12,000 would have percent of increase = (2,000/10,000) X 100% = 20%.

How many different bridge games are possible?
Roughly 54 octillion different bridge games are possible.

What are fractals?

A fractal is a set of points that are too irregular to be described by traditional geomet-
ric terms, but that often possess some degree of self-similarity; that is, are made of
parts that resemble the whole. They are used in image processing to compress data
and to depict apparently chaotic objects in nature such as mountains or coastlines.
Scientists also use fractals to better comprehend rainfall trends, patterns formed by
clouds and waves, and the distribution of vegetation. Fractals are also used to create
computer-generated art.

What is the difference between simple interest and compound interest?

Simple interest is calculated on the amount of principal only. Compound interest is
calculated on the amount of principal plus any previous interest already earned. For
example, $100 invested at a rate of five percent for one year will earn $5.00 after one
year earning simple interest. The same $100 will earn $5.12 if compounded monthly.
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If 30 people are chosen at random, what is the probability that at
least two of them have their birthday on the same day?

he probability that at least two people in a group of thirty share the same
birthday is about 70 percent.

What is the probability of a triple play occurring in a single baseball game?
The odds against a triple play in a game of baseball are 1,400 to 1.

What is the law of very large numbers?

Formulated by Persi Diaconis (1945-) and Frederick Mosteller (1916-2006) of Har-
vard University, this long-understood law of statistics states that “with a large enough
sample, any outrageous thing is apt to happen.” Therefore, seemingly amazing coinci-
dences can actually be expected if given sufficient time or a large enough pool of sub-
jects. For example, when a New Jersey woman won the lottery twice in four months,
the media publicized it as an incredible long shot of 1 in 17 trillion. However, when
statisticians looked beyond this individual’s chances and asked what were the odds of
the same happening to any person buying a lottery ticket in the United States over a
six-month period, the number dropped dramatically to 1 in 30. According to
researchers, coincidences arise often in statistical work, but some have hidden causes
and therefore are not coincidences at all. Many are simply chance events reflecting the
luck of the draw.

What is the Konigsberg Bridge Problem?

The city of Konigsberg was located in Prussia on the Pregel River. Two islands in the
river were connected by seven bridges. By the eighteenth century, it had become a tra-
dition for the citizens of Konigsberg to go for a walk through the town trying to cross
each bridge only once. No one was able to succeed, and the question was asked whether
it was possible to do so. In 1736, Leonhard Euler (1707-1783) proved that it was not
possible to cross the Konigsberg bridges only once. Euler’s solution led to the develop-
ment of two new areas of mathematics: graph theory, which deals with questions about
networks of points that are connected by lines; and topology, which is the study of
those aspects of the shape of an object that do not depend on length measurements.

How long did it take to prove the four-color map theorem?

The four-color map problem was first posed by Francis Guthrie (1831-1899) in 1852.
While coloring a map of the English counties, Guthrie discovered he could do it with



only four colors and no two adjacent counties would be the same color. He extrapolat-
ed the question to whether every map, no matter how complicated and how many
countries are on the map, could be colored using only four colors with no two adja-
cent countries being the same color. The theorem was not proved until 1976, 124
years after the question had been raised, by Kenneth Appel (1932-) and Wolfgang
Haken (1928-). Their proof is considered correct although it relies on computers for
the calculations. There is no known simple way to check the proof by hand.

What is the science of chaos?

Chaos or chaotic behavior is the behavior of a system whose final state depends very
sensitively on the initial conditions. The behavior is unpredictable and cannot be dis-
tinguished from a random process, even though it is strictly determinate in a mathe-
matical sense. Chaos studies the complex and irregular behavior of many systems in
nature, such as changing weather patterns, flow of turbulent fluids, and swinging pen-
dulums. Scientists once thought they could make exact predictions about such sys-
tems, but found that a tiny difference in starting conditions can lead to greatly differ-
ent results. Chaotic systems do obey certain rules, which mathematicians have
described with equations, but the science of chaos demonstrates the difficulty of pre-
dicting the long-range behavior of chaotic systems.

What is Zeno’s paradox?

Zeno of Elea (c. 490—c. 425 B.C.E.), a Greek philosopher and mathematician, is famous
for his paradoxes, which deal with the continuity of motion. One form of the paradox
is: If an object moves with constant speed along a straight line from point 0 to point 1,
the object must first cover half the distance (1/2), then half the remaining distance
(1/4), then half the remaining distance (1/8), and so on without end. The conclusion is
that the object never reaches point 1. Because there is always some distance to be cov-
ered, motion is impossible. In another approach to this paradox, Zeno used an allegory
telling of a race between a tortoise and Achilles (who could run 100 times as fast),
where the tortoise started running 10 rods (165 feet) in front of Achilles. Because the
tortoise always advanced 1/100 of the distance that Achilles advanced in the same time
period, it was theoretically impossible for Achilles to pass him. The English mathe-
matician and writer Charles Dodgson, better known as Lewis Carroll, used the charac-
ters of Achilles and the tortoise to illustrate his paradox of infinity.

Are there any unsolved problems in mathematics?

The earliest challenges and contests to solve important problems in mathematics date
back to the sixteenth and seventeenth centuries. Some of these problems have contin-
ued to challenge mathematicians until modern times. For example, Pierre de Fermat
(1601-1665) issued a set of mathematical challenges in 1657, many on prime num-
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bers and divisibility. The solution to what is now known as Fermat’s Last Theorem was
not established until the late 1990s by Andrew Wiles (1953-). David Hilbert (1862—
1943), a German mathematician, identified 23 unsolved problems in 1900 with the
hope that these problems would be solved in the twenty-first century. Although some
of the problems were solved, others remain unsolved to this day. More recently, in
2000 the Clay Mathematics Institute named seven mathematical problems that had
not been solved with the hope that they could be solved in the twenty-first century. A
$1 million prize will be awarded for solving each of these seven problems.

What are the seven Millennium Prize Problems?

The seven Millennium Prize Problems are:

1. Birch and Swinnerton-Dyer Conjecture
2. Hodge Conjecture

3. Poincaré Conjecture

4. Riemann Hypothesis

5. Solution of the Navier-Stokes equations
6. Formulation of the Yang-Mills theory
7. P vs NP

COMPUTERS

What is an algorithm?

An algorithm is a set of clearly defined rules and instructions for the solution of a
problem. It is not necessarily applied only in computers, but can be a step-by-step pro-
cedure for solving any particular kind of problem. A nearly 4,000-year-old Babylonian
banking calculation inscribed on a tablet is an algorithm, as is a computer program
that consists of step-by-step procedures for solving a problem.

The term is derived from the name of Muhammad ibn Musa al Kharizmi (c. 780—c.
850), a Baghdad mathematician who introduced Hindu numerals (including 0) and
decimal calculation to the West. When his treatise was translated into Latin in the
twelfth century, the art of computation with Arabic (Hindu) numerals became known
as algorism.

Who invented the computer?

Computers developed from calculating machines. One of the earliest mechanical devices
for calculating, still widely used today, is the abacus—a frame carrying parallel rods on



which beads or counters are strung. The
abacus originated in Egypt in 2000 B.C.E. it
reached the Orient about a thousand years
later, and arrived in Europe in about the
year 300 c.E. In 1617, John Napier invent-
ed “Napier’s Bones”—marked pieces of
ivory for multiples of numbers. In the
middle of the same century, Blaise Pascal
produced a simple mechanism for adding
and subtracting. Multiplication by repeat-
ed addition was a feature of a stepped
drum or wheel machine of 1694 invented
by Gottfried Wilhelm Leibniz.

In 1823, the English visionary Charles

Babbage (1792—1871) persuaded the The Englishman Charles Babbage is credited with inventing
... X « the first computer back in the nineteenth century.

British government to finance an “analyt-
ical engine.” This would have been a
machine that could undertake any kind of calculation. It would have been driven by
steam, but the most important innovation was that the entire program of operations
was stored on a punched tape. Babbage’s machine was not completed in his lifetime
because the technology available to him was not sufficient to support his design. How-
ever, in 1991 a team led by Doron Swade (1946-) at London’s Science Museum built
the “analytical engine” (sometimes called the “difference engine”) based on Babbage’s
work. Measuring 10 feet (3 meters) wide by 6.5 feet (2 meters) tall, it weighed three
tons and could calculate equations down to 31 digits. The feat proved that Babbage
was way ahead of his time, even though the device was impractical because one had to
turn a crank hundreds of times in order to generate a single calculation. Modern com-
puters use electrons, which travel at nearly the speed of light.

Based on the concepts of British mathematician Alan M. Turing (1912-1954), the
earliest programmable electronic computer was the 1,500-valve “Colossus,” formulat-
ed by Max Newman (1897-1985), built by T.H. Flowers, (1905-1998) and used by the
British government in 1943 to crack the German codes generated by the cipher
machine “Enigma.”

What is an expert system?

An expert system is a type of highly specialized software that analyzes complex prob-
lems in a particular field and recommends possible solutions based on information
previously programmed into it. The person who develops an expert system first ana-
lyzes the behavior of a human expert in a given field, then inputs all the explicit rules
resulting from their study into the system. Expert systems are used in equipment
repair, insurance planning, training, medical diagnosis, and other areas.
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What is the origin of the expression “Do not fold, spindle, or mutilate”?

his is the inscription on an IBM punched card. Frequently, office workers orga-

nize papers and forms by stapling or folding them together, or by impaling
them on a spindle. Because Hollerith (punched) card readers scan uniform rectan-
gular holes in a precise arrangement, any damage to the physical card makes it
unusable. In the 1950s and 1960s, when punched cards became widespread, man-
ufacturers printed a warning on each card; IBM’s “Do not fold, spindle, or muti-
late” was the best known. In 1964, the student revolution at the University of Cali-
fornia, Berkeley, used the phrase as a symbol of authority and regimentation.

What was the first major use for punched cards?

Punched cards were a way of programming, or giving instructions to, a machine. In
1801, Joseph Marie Jacquard (1752-1834) built a device that could do automated pat-
tern weaving. Cards with holes were used to direct threads in the loom, creating pre-
defined patterns in the cloth. The pattern was determined by the arrangement of holes
in the cards, with wire hooks passing through the holes to grab and pull through spe-
cific threads to be woven into the cloth.

By the 1880s, Herman Hollerith (1860-1929) was using the idea of punched cards
to give machines instructions. He built a punched card tabulator that processed the
data gathered for the 1890 United States Census in six weeks (three times the speed of
previous compilations). Metal pins in the machine’s reader passed through holes
punched in cards the size of dollar bills, momentarily closing electric circuits.

The resulting pulses advanced counters assigned to details such as income and
family size. A sorter could also be programmed to pigeonhole cards according to pat-
tern of holes, an important aid in analyzing census statistics. Later, Hollerith founded
Tabulating Machines Co., which in 1924 became IBM. When IBM adopted the 80-col-
umn punched card (measuring 7 3/8 X 3 1/4 inches [18.7 X 8.25 centimeters] and
0.007 inches [0.17 millimeters] thick), the de facto industry standard was set, which
has endured for decades.

What was MANIAC?

MANIAC (mathematical analyzer, numerator, integrator, and computer) was built at
the Los Alamos Scientific Laboratory under the direction of Nicholas C. Metropolis
(1915-1999) between 1948 and 1952. It was one of several different copies of the high-
speed computer built by John von Neumann (1903-1957) for the Institute for
Advanced Studies (IAS). It was constructed primarily for use in the development of
atomic energy applications, specifically the hydrogen bomb.



It originated with the work on ENIAC (electronic numerical integrator and comput-
er), the first fully operational, large-scale, electronic digital computer. ENIAC was built
at the Moore School of Electrical Engineering at the University of Pennsylvania between
1943 and 1946. Its builders, John Presper Eckert Jr. (1919-1995) and John William
Mauchly (1907-1980), virtually launched the modern era of the computer with ENIAC.

What was the name of the personal computer introduced by Apple in the
early 1980s?

Lisa was the name of the personal computer that Apple introduced. The forerunner of
the Macintosh personal computer, Lisa had a graphical user interface and a mouse.

What was the first computer game?

Despite the fact that computers were not invented for playing games, the idea that
they could be used for games did not take long to emerge. Alan Turing proposed a
famous game called “Imitation Game” in 1950. In 1952, Rand Air Defense Lab in Santa
Monica created the first military simulation games. In 1953, Arthur Samuel
(1901-1990) created a checkers program on the new IBM 701. From these beginnings
computer games have today become a multi-billion-dollar industry.

What was the first successful video-arcade game?

Pong, a simple electronic version of a tennis game, was the first successful video-
arcade game. Although it was first marketed in 1972, Pong was actually invented 14
years earlier in 1958 by William Higinbotham (1910-1994), who, at the time, headed
instrumentation design at Brookhaven National Laboratory. Invented to amuse visi-
tors touring the laboratory, the game was so popular that visitors would stand in line
for hours to play it. Higinbotham dismantled the system two years later, and, consid-
ering it a trifle, did not patent it. In 1972, Atari released Pong, an arcade version of
Higinbotham’s game, and Magnavox released Odyssey, a version that could be played
on home televisions.

What was “The Turk”?

The Turk was the name for a famous chess-playing automaton. An automaton, such as
a robot, is a mechanical figure constructed to act as if it moves by its own power. On a
dare in 1770, a civil servant in the Vienna Imperial Court named Wolfgang von Kempe-
len (1734-1804) created a chess-playing machine. This mustached, man-sized figure
carved from wood wore a turban, trousers, and robe, and sat behind a desk. In one hand
it held a long Turkish pipe, implying that it had just finished a pre-game smoke, and its
innards were filled with gears, pulleys, and cams. The machine seemed a keen chess
player and dumbfounded onlookers by defeating all the best human chess players. It
was a farce, however: its moves were surreptitiously made by a man hiding inside.
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What’s the difference between a “bit” and a “byte”?

byte, a common unit of computer storage, holds the equivalent of a single

character, such as a letter (“A”), a number (“2”), a symbol (“$”), a decimal
point, or a space. It is usually equivalent to eight “data bits” and one “parity bit.”
A bit (a binary digit), the smallest unit of information in a digital computer, is
equivalent to a single “0” or “1”. The parity bit is used to check for errors in the
bits making up the byte. Eight data bits per byte is the most common size used
by computer manufacturers.

The Turk, so dubbed because of the outfit similar to traditional Turkish garb, is
regarded as a forerunner to the industrial revolution because it created a commotion
over devices that could complete complex tasks. Historians argue that it inspired peo-
ple to invent other early devices such as the power loom and the telephone, and it
even was a precursor to concepts such as artificial intelligence and computerization.
Today, however, computer chess games are so sophisticated that they can defeat even
the world’s best chess masters. In May 1997, the “Deep Blue” chess computer defeated
World Champion Garry Kasparov (1963-). “Deep Blue” was a 32-node IBM RS/6000 SP
high-performance computer that used Power Two Super Chip processors (P2SC).
Each node had a single microchannel card containing eight dedicated VLSI chess
processors for a total of 256 processors working in tandem, allowing “Deep Blue” to
calculate 100 to 200 billion chess moves within three minutes.

What are the components of a computer?

Computers have two major components: the hardware and the software. Hardware con-
sists of all the physical devices needed to actually build and operate a computer. Examples
of computer hardware are the central processing unit (CPU), hard drive, memory,
modems, and external devices such as the keyboard, monitor, printers, scanners, and
other devices that can be physically touched. Software is an integral part of a computer
and consists of the various computer programs that allow the user to interact with it and
specify the tasks the computer performs. Without software, a computer is merely a collec-
tion of circuits and metal in a box unable to perform even the most basic functions.

Why does the actual amount of computer storage space differ from the
advertised amount of storage?
Computer storage space for hard drives and other storage media is calculated in base 2

using binary format with a byte as the basic unit. The common units of computer
storage are:



Kilobyte (KB) 1,024 bytes

Megabyte (MB) 1,024 kilobytes or 1,048,576 bytes
Gigabyte (GB) 1,024 megabytes or 1,073,741,824 bytes
Terebyte (TB) 1,024 gigabytes or 1,099,511,627,776 bytes

However, since consumers are more familiar with the decimal, base 10, sys-
tem of numbers, computer manufacturers describe storage sizes in base 10 where
one megabyte is one million bytes and one gigabyte is one billion bytes. There-
fore, for each gigabyte they are over reporting storage space by 73,741,824 bytes.
The concept is further complicated because some storage media may have the
actual amount of advertised storage, but some of the available storage is lost due
to formatting.

What is a silicon chip?

A silicon chip is an almost pure piece of silicon, usually less than one centimeter
square and about half a millimeter thick. It contains hundreds of thousands of minia-
turized electronic circuit components, mainly transistors, packed and interconnected
in layers beneath the surface. These components can perform control, logic, and
memory functions. There is a grid of thin metallic strips on the surface of the chip;
these wires are used for electrical connections to other devices. The silicon chip was
developed independently by two researchers: Jack Kilby (1923-2005) of Texas Instru-
ments in 1958, and Robert Noyce (1927-1990) of Fairchild Semiconductor in 1959.
Jack Kilby was awarded the Nobel Prize in Physics in 2000 for his discovery of the sil-
icon chip.

While silicon chips are essential to almost all computer operations today, a myriad
of other devices depend on them as well, including calculators, microwave ovens,
automobiles, and VCRs.

What are the sizes of silicon chips?

Small silicon chips may be no more than 1/16" square by 1/30" thick and hold up to tens
of thousands of transistors. Large chips, the size of a postage stamp, can contain hun-
dreds of millions of transistors.

Chip Size Number of Transistors per Chip
SSI—small-scale integration Less than 100
MSI—medium-scale integration Between 100 and 3,000
LSI—large-scale integration Between 3,000 and 100,000

VLSI—very-large-scale integration Between 100,000 and 1 million
ULSI—ultra-large-scale integration More than 1 million
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What is the central processing unit
of a computer?

The central processing unit (CPU) of a
computer is where almost all computing
takes place in all computers including
mainframes, desktops, laptops, and
servers. The CPU of almost every comput-
er is contained on a single chip.

How is the speed of a CPU
measured?

Separate from the “real-time clock”
which keeps track of the time of day, the

With the invention of the silicon chip, computers went from

bulky and expensive machines filled with vacuum tubes to CPU clock sets the tempo for the proces-
much smaller and affordable pieces of technology that sor and measures the transmission speed
average people could purchase. of electronic devices. The clock is used to

synchronize data pulses between sender
and receiver. A one megahertz clock manipulates a set number of bits one million
times per second. In general, the higher the clock speed, the quicker data is processed.
However, newer versions of software often require quicker computers just to maintain
their overall processing speed.

The hertz is named in honor of Heinrich Hertz (1857-1894) who detected electromag-
netic waves in 1883. One hertz is equal to the number of electromagnetic waves or
cycles in a signal that is one cycle per second.

What is the difference between RAM and ROM?

Random-access memory (RAM) is where programs and the systems that run the com-
puter are stored until the CPU can access them. RAM may be read and altered by the
user. In general, the more RAM, the faster the computer. RAM holds data only when
the current is on to the computer. Newer computers have DDR (double data rate)
memory chips. Read-only memory (ROM) is memory that can be read, but not altered
by the user. ROM stores information, such as operating programs, even when the
computer is switched off.

Are any devices being developed to replace silicon chips?

When transistors were introduced in 1948, they demanded less power than fragile,
high-temperature vacuum tubes; they allowed electronic equipment to become small-
er, faster, and more dependable; and they generated less heat. These developments
made computers much more economical and accessible; they also made portable



What is Moore’s Law?

Gordon Moore (1929-), cofounder of Intel®, a top microchip manufacturer,
observed in 1965 that the number of transistors per microchip—and hence
a chip’s processing power—would double about every year and a half. The press
dubbed this Moore’s Law. Despite claims that this ever-increasing trend cannot
perpetuate, history has shown that microchip advances are, indeed, keeping pace
with Moore’s prediction.

radios practical. However, the smaller components were harder to wire together, and
hand wiring was both expensive and error-prone.

In the early 1960s, circuits on silicon chips allowed manufacturers to build
increased power, speed, and memory storage into smaller packages, which required
less electricity to operate and generated even less heat. While through most of the
1970s manufacturers could count on doubling the components on a chip every year
without increasing the size of the chip, the size limitations of silicon chips are becom-
ing more restrictive. Though components continue to grow smaller, the same rate of
shrinking cannot be maintained.

Researchers are investigating different materials to use in making circuit chips.
Gallium arsenide is harder to handle in manufacturing, but it has the potential for
greatly increased switching speed. Organic polymers are potentially cheaper to manu-
facture and could be used for liquid-crystal and other flat-screen displays, which need
to have their electronic circuits spread over a wide area. Unfortunately, organic poly-
mers do not allow electricity to pass through as well as the silicons do. Several
researchers are working on hybrid chips, which could combine the benefits of organic
polymers with those of silicon. Researchers are also in the initial stages of developing
integrated optical chips, which would use light rather than electric current. Optical
chips would generate little or no heat, would allow faster switching, and would be
immune to electrical noise.

What is a hard drive of a computer?

Hard disks, formerly called hard disk drives and more recently just hard drives, were
invented in the 1950s. They are storage devices in desktop computers, laptops, servers,
and mainframes. Hard disks use a magnetic recording surface to record, access, and
erase data, in much the same way as magnetic tape records, plays, and erases sound or
images. A read/write head, suspended over a spinning disk, is directed by the central
processing unit (CPU) to the sector where the requested data is stored, or where the
data is to be recorded. A hard disk uses rigid aluminum disks coated with iron oxide to
store data. Data are stored in files that are named collections of bytes. The bytes could
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be anything from the ASCII codes for the characters of a text file to instructions for a
software application to the records of a database to the pixel colors for an image. Hard
drive size ranges from several hundred gigabytes to more than one terabyte.

A hard disk rotates from 5,400 to 7,200 revolutions per minute (rpm) and is con-
stantly spinning (except in laptops, which conserve battery life by spinning the hard
disk only when in use). An ultra-fast hard disk has a separate read/write head over
each track on the disk, so that no time is lost in positioning the head over the desired
track; accessing the desired sector takes only milliseconds, the time it takes for the
disk to spin to the sector.

Hard drive performance is measured by data rate and seek time. Data rate is the
number of bytes per second that the hard drive can deliver to the CPU. Seek time is
the amount of time that elapses from when the CPU requests a file and when the first
byte of the file is delivered to the CPU.

What were floppy disks?

The first floppy disk drive was invented by Alan Shugart (1930-2006) in 1967 at IBM.
Floppy disks, also called diskettes, were made of plastic film covered with a magnetic
coating, which were enclosed in a nonremovable plastic protective envelope. Floppy disks
varied in storage capacity from one hundred thousand bytes to more than two megabytes.
The three common floppy disk (diskette) sizes varied widely in storage capacity.

Envelope size (inches) Storage capacity
8 100,000-500,000 bytes
5.25 100 kilobytes—1.2 megabytes
3.5 400 kilobytes—more than 2 megabytes

An 8-inch or 5.25-inch diskette was enclosed in a plastic protective envelope,
which did not protect the disk from bending or folding; parts of the disk surface were
also exposed and could be contaminated by fingerprints or dust. These diskettes
became known as “floppy” disks because the packaging of the 5.25-inch disk was a
very flexible plastic envelope. The casing on a 3.5-inch floppy disk was rigid plastic,
and included a sliding disk guard that protected the disk surface, but allowed it to be
exposed when the disk was inserted in the disk drive. This protection, along with the
increased data storage capacity, made the 3.5-inch disk the most popular. Zip® disks
were very similar to floppy disks but the magnetic coating was of much higher quality.
They were able store up to 750 megabytes of data.

By the mid-1990s, floppy disks and Zip® disks had become obsolete as computer
files and memory required larger storage and computers were no longer being manu-
factured with floppy disk drives. These disks can still be accessed by using an external
floppy drive reader with a USB connection.



What are some newer forms of
portable storage media?

External hard drives are similar to the
internal hard drive of the machine with
storage capacity of up to and beyond 2
TB. Often using a USB port to connect,
they provide an easy alternative for back-
up storage.

Compact discs (CDs) and DVDs are
optical storage devices. There are three
types of CDs and DVDs: read-only, write-
once (CD-R and DVD-R), and rewritable
(CD-RW and DVD-RW). Although read-
only CDs and DVDs are wonderful for Flash memory sticks can hold dozens of gigabytes of memory
prepackaged software, they do not permit in an amazingly small space not even dreamed of in the early
a user to save their own material. CD-Rs  9%s of computing.
store 700 MB of data and can be written
once. DVD-Rs are similar to CD-Rs except they hold 4 to 28 times more data. Single
disc DVD-Rs are available that can store 4.7 GB of data or two hours of video.
Read/write CDs use a different chemical compound which allows data to be recorded,
erased, and re-written.
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Solid state storage technology has no moving parts. One example is flash memory
sticks. All cells are set to 0 on the memory chip before data is stored in a flash memory
stick. When data are entered, electric charges are applied to certain cells. These charges
pierce a thin layer of oxide and become trapped. The trapped charges become 1s. The
binary code pattern of Os and 1s is stored into the memory. Flash memory sticks are avail-
able with up to 64 GB of storage providing large amounts of easily transportable storage.

How many DVDs, CDs, or 3.5-inch floppy disks does it take to equal the
amount of storage available on one 64GB flash drive?
A 64GB flash drive can hold the same amount of data as on:

* 4 DVDs

* 90 CDs
¢ 45,000 3.5 inch floppy disks

Who invented the computer mouse?

A computer “mouse” is a hand-held input device that, when rolled across a flat sur-
face, causes a cursor to move in a corresponding way on a display screen. A prototype
mouse was part of an input console demonstrated by Douglas C. Englehart (1925-) in 41
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1968 at the Fall Joint Computer Conference in San Francisco. Popularized in 1984 by
the Macintosh from Apple Computer, the mouse was the result of 15 years devoted to
exploring ways to make communicating with computers simpler and more flexible.
The physical appearance of the small box with the dangling, tail-like wire suggested
the name of “mouse.”

In recent years, the mouse has evolved into other shapes and forms. One type is
the wireless (or “tailless”) mouse which does not have a cord to connect to the com-
puter. Wireless mice use radio signals or infrared to connect to the computer.

What is a USB port?

The Universal Serial Bus (USB) connectors first appeared on computers in the late
1990s. It has become the most widely used interface to attach peripherals, such as
mice, printers and scanners, external storage drives, digital cameras, and other
devices to a computer. Unlike older serial ports and parallel ports, USB ports are easy-
to-reach and can easily be plugged in—even while the computer is in use.

What is Hopper’s rule?

Electricity travels 1 foot (0.3 meter) in a nanosecond (a billionth of a second). This is
one of a number of rules compiled for the convenience of computer programmers; it
is also considered to be a fundamental limitation on the possible speed of a comput-
er—signals in an electrical circuit cannot move any faster.

Is assembly language the same thing as machine language?

While the two terms are often used interchangeably, assembly language is a more
“user friendly” translation of machine language. Machine language is the collection of
patterns of bits recognized by a central processing unit (CPU) as instructions. Each
particular CPU design has its own machine language. The machine language of the
CPU of a microcomputer generally includes about 75 instructions; the machine lan-
guage of the CPU of a large mainframe computer may include hundreds of instruc-
tions. Each of these instructions is a pattern of 1s and 0s that tells the CPU to perform
a specific operation.

Assembly language is a collection of symbolic, mnemonic names for each instruc-
tion in the machine language of its CPU. Like the machine language, the assembly
language is tied to a particular CPU design. Programming in assembly language
requires intimate familiarity with the CPU’s architecture, and assembly language pro-
grams are difficult to maintain and require extensive documentation.

The computer language C first developed in the late 1980s, is a high-level pro-
gramming language that can be compiled into machine languages for almost all com-



Who was the first programmer?

ccording to historical accounts, Lord Byron’s (1788-1824) daughter, Augus-

ta Ada Byron (1815-1852), the Countess of Lovelace, was the first person to
write a computer program for Charles Babbage’s “analytical engine.” This
machine was to work by means of punched cards that could store partial answers
that could later be retrieved for additional operations and would then print the
results. Her work with Babbage and the essays she wrote about the possibilities
of the “engine” established her as a kind of founding parent of the art and sci-
ence of programming. The programming language called “Ada” was named in
her honor by the U.S. Department of Defense. In modern times, Commodore
Grace Murray Hopper (1906-1992) of the U.S. Navy is acknowledged as one of
the first programmers of the Mark I computer in 1944.

puters, from microcomputers to mainframes, because of its functional structure. It
was the first series of programs that allowed a computer to use higher-level language
programs and is the most widely used programming language for personal computer
software development. C++ was first released in 1985 and is still widely used today.

Who invented the COBOL computer language?

COBOL (common business oriented language) is a prominent computer language
designed specifically for commercial uses, created in 1960 by a team drawn from sev-
eral computer makers and the Pentagon. The best-known individual associated with
COBOL was then-Lieutenant Grace Murray Hopper who made fundamental contribu-
tions to the U.S. Navy’s standardization of COBOL. COBOL excels at the most com-
mon kinds of data processing for business—simple arithmetic operations performed
on huge files of data. The language endures because its syntax is very much like Eng-
lish and because a program written in COBOL for one kind of computer can run on
many others without alteration.

Who invented the PASCAL computer language?

Niklaus Wirth (1934-), a Swiss computer programmer, created the PASCAL computer
language in 1970. It was used in the academic setting as a teaching tool for computer
scientists and programmers.

Which was the first widely used high-level programming language?

FORTRAN (FORmula TRANslator) was developed by IBM in the late 1950s. John
Backus (1924-2007) was the head of the team that developed FORTRAN. Designed for
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scientific work containing mathematical formulas, FORTRAN allowed programmers
to use algebraic expressions rather than cryptic assembly code. The FORTRAN compil-
er translated the algebraic expressions into machine-level code. By the late 1960s,
FORTRAN was available on almost every computer, especially IBM machines, and uti-
lized by many users.

When was Java developed?

Java was released by Sun Microsystems in 1995. A team of developers headed by James
Gosling (1955-) began working on a refinement of C++ that ultimately led to Java.
Unlike other computer languages, which are either compiled or interpreted, Java
compiles the source code into a format called bytecode. The bytecode is then executed
by an interpreter. Java was adapted to the emerging World Wide Web and formed the
basis of the Netscape Internet browser.

What does DOS stand for?

DOS stands for “disk operating system,” a program that controls the computer’s trans-
fer of data to and from a hard or floppy disk. Frequently, it is combined with the main
operating system. The operating system was originally developed at Seattle Computer
Products as SCP-DOS. When IBM decided to build a personal computer and needed an
operating system, it chose the SCP-DOS after reaching an agreement with the
Microsoft Corporation to produce the actual operating system. Under Microsoft, SCP-
DOS became MS-DOS, which IBM referred to as PC-DOS (personal computer), which
everyone eventually simply called DOS.

What are the tasks of an operating system?

An operating system is found in all computers and more recently in other electronic
devices, such as cell phones. The operating system manages all the hardware and soft-
ware resources of the computer. Operating systems manage data and devices, such as
printers, in the computer. Operating systems today have the ability to multitask, allow-
ing the user to keep several different applications open at the same time. Popular oper-
ating systems for computers are Windows (Microsoft), OS X (Macintosh), and Linux.

How did the Linux operating system get its name?

The name Linux is a combination of the first name of its principal programmer, Fin-
land’s Linus Torvalds (1970-), and the UNIX operating system. Linux (pronounced
with a short “i”) is an open source computer operating system that is comparable to
more powerful, expansive, and usually more costly UNIX systems, of which it resem-
bles in form and function. Linux allows users to run an amalgam of reliable and hearty
open-source software tools and interfaces, including powerful web utilities such as the



What is the correct way to face a computer screen?

Correct positioning of the body at a computer, also termed ergonomics, is
essential to preventing physical medical conditions such as carpal tunnel
syndrome and back pain. You should sit so that your eyes are 18 to 24 inches (45
to 61 centimeters) from the screen, and at a height so that they are six to eight
inches (15 to 20 centimeters) above the center of the screen. Your hands should
be level with or slightly below the arms.

Correct posture is also necessary. You should sit upright, keeping the spine
straight. Sit all the way back in the chair with the knees level with or below the
thighs. Both feet should be on the floor. The arms may rest on the desk or chair
arms, but make sure you do not slouch. If you need to bend or lean forward, do
so from the waist.

popular Apache server, on their home computers. Anyone can download Linux for free
or can obtain it on disk for only a marginal fee. Torvalds created the kernel—or heart
of the system—*“just for fun,” and released it freely to the world, where other pro-
grammers helped further its development. The world, in turn, has embraced Linux
and made Torvalds into a computer folk hero.

What does it mean to “boot” a computer?

Booting a computer is starting it, in the sense of turning control over to the operating
system. The term comes from bootstrap, because bootstraps allow an individual to
pull on boots without help from anyone else. Some people prefer to think of the
process in terms of using bootstraps to lift oneself off the ground, impossible in the
physical sense, but a reasonable image for representing the process of searching for
the operating system, loading it, and passing control to it. The commands to do this
are embedded in a read-only memory (ROM) chip that is automatically executed when
a microcomputer is turned on or reset. In mainframe or minicomputers, the process
usually involves a great deal of operator input. A cold boot powers on the computer
and passes control to the operating system; a warm boot resets the operating system
without powering off the computer.

What is the difference between sleep and hibernate?

Sleep and hibernate are power-saving modes that place computers and associated
monitors into a low-power setting to conserve energy and potentially save $25 to $75
per PC per year in electricity bills. In sleep mode, all open documents and windows are
saved in memory and the system uses a small amount of power. The computer quickly
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resumes full-power operation when awakened from sleep mode. Sleep is an efficient
mode when the computer will not be used for several hours or even overnight.

During hibernation, all open documents and programs are saved to the hard disk
and the computer shuts off. The hibernation option uses almost no power but it takes
longer to wake up from hibernation than sleep.

When the computer will not be used for several days, it is advisable for it to be
shut down.

Where did the term “bug” originate?

The slang term “bug” is used to describe problems and errors occurring in computer
programs. The term may have originated during the early 1940s at Harvard University,
when computer pioneer Grace Murray Hopper discovered that a dead moth had
caused the breakdown of a machine on which she was working. When asked what she
was doing while removing the corpse with tweezers, she replied, “I'm debugging the
machine.” The moth’s carcass, taped to a page of notes, is preserved with the trouble
log notebook at the Virginia Naval Museum.

How did the term “glitch” originate?

A glitch is a sudden interruption or fracture in a chain of events, such as in commands
to a processor. The stability may or may not be salvageable. The word is thought to
have evolved from the German glitschen, meaning “to slip,” or by the Yiddish glitshen,
to slide or skid.

One small glitch can lead to a cascade of failure along a network. For instance, in
1997 a small Internet service provider in Virginia unintentionally provided incorrect
router (a router is the method by which the network determines the next location for
information) information to a backbone operator (a backbone is a major network
thoroughfare in which local and regional networks patch into for lengthy intercon-
nections). Because many other Internet service providers rely on the backbone
providers, the error echoed around the globe, causing temporary network failures.

What is a computer virus and how is it spread?

Taken from the obvious analogy with biological viruses, a computer “virus” is a name
for a type of computer program that searches out uninfected computers, “infects” them
by causing them to execute the virus, and then attempts to spread to other computers.
A virus does two things: execute code on a computer, and spread to other computers.

The executed code can accomplish anything that a regular computer program can do;
it can delete files, send emails, install programs, and can copy information from one
place to another. These actions can happen immediately or after some set delay. It is



When did the first computer virus spread via the Internet?

he first known case of large-scale damage caused by a computer virus spread

via the Internet was in 1988. Robert Morris Jr. (1965-), a graduate student at
Cornell University, crafted a “worm” virus that infected thousands of computers,
shutting down many of them and causing millions of dollars of damage.

often not noticed that a virus has infected a computer because it will mimic the actual
actions of the infected computer. By the time it is recognized that the computer is
infected, much damage may have occurred.

Earliest computer viruses spread via physical media, such as floppy disks. Modern
viruses propagate rapidly throughout the Internet. In May 2000, the “ILOVEYOU”
virus made international headlines as it spread around the world in a single day,
crashing millions of computers and costing approximately $5 billion in economic
damages. Since then, criminals have learned to prevent their viruses from crashing
computers, making detection of these viruses much more difficult. The highly
advanced Conficker worm, first detected in 2008, operates silently, ensuring that the
typical computer user won'’t realize that the virus is present.

What is a fuzzy search?

Fuzzy search is an inexact search that allows a user to search for data that are similar
to but not exactly the same as what he or she specifies. It can produce results when
the exact spelling is unknown, or it can help users obtain information that is loosely
related to a topic.

What is GIGO?

GIGO is not a computer language despite its similarity to the names of computer lan-
guages; instead it is an acronym for the truism that one gets out of something what
one puts into it. GIGO stands for the phrase “Garbage In, Garbage Out.” The phrase
means that a program working with imprecise data produces imprecise results.

What is a pixel?

A pixel (from the words pix, for picture, and element) is the smallest element on a
video display screen. A screen contains thousands of pixels, each of which can be made
up of one or more dots or a cluster of dots. On a simple monochrome screen, a pixel is
one dot; the two colors of image and background are created when the pixel is
switched either on or off. Some monochrome screen pixels can be energized to create
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different light intensities to allow a range of shades from light to dark. On color
screens, three dot colors are included in each pixel—red, green, and blue. The sim-
plest screens have just one dot of each color, but more elaborate screens have pixels
with clusters of each color. These more elaborate displays can show a large number of
colors and intensities. On color screens, black is created by leaving all three colors off;
white by all three colors on; and a range of grays by equal intensities of all the colors.

The resolution of a computer monitor is expressed as the number of pixels on the
horizontal axis and the number of pixels on the vertical axis, For example, a monitor
described as 800x600 has 800 pixels on the horizontal axis and 600 pixels on the verti-
cal axis. The higher the numbers, e.g., 1600 X 1200, the better the resolution.

What is the idea behind “open-source-software”?

Open-source software is computer software where the code (the rules governing its
operation) is available for users to modify. This is in contrast to proprietary code, where
the software vendor veils the code so users cannot view and, hence, manipulate (or
steal) it. The software termed open source is not necessarily free—that is, without
charge; authors can charge for its use, usually only nominal fees. According to the Free
Software Foundation, “Free software” is a matter of liberty, not price. To understand
the concept, you should think of “free” as in “free speech,” not as in “free food.” Free
software is a matter of the users’ freedom to run, copy, distribute, study, change, and
improve the software. Despite this statement, most of it is available without charge.

Open-source software is usually protected under the notion of “copyleft,” instead
of “copyright” law. Copyleft does not mean releasing material to the public domain,
nor does it mean near absolute prohibition from copying, like the federal copyright
law. Instead, according to the Free Software Foundation, copyleft is a form of protec-
tion guaranteeing that whoever redistributes software, whether modified or not,
“must pass along the freedom to further copy and share it.” Open source has evolved
into a movement of sharing, cooperation, and mutual innovation, ideas that many
believe are necessary in today’s cutthroat corporatization of software.

INTERNET

What is the Internet?

The Internet is the world’s largest computer network. It links computer terminals
together via wires or telephone lines in a web of networks and shared software. With
the proper equipment, an individual can access vast amounts of information and search
databases on various computers connected to the Internet, or communicate with
someone located anywhere in the world as long as he or she has the proper equipment.



Originally created in the late 1960s by the U.S. Department of Defense’s Advanced
Research Projects Agency (DARPA) to share information with other researchers, the
Internet expanded immensely when scientists and academics using the network discov-
ered its great value. Despite its origin, however, the Internet is not owned or funded by
the U.S. government or any other organization or institution. A group of volunteers,
the Internet Society, addresses such issues as daily operations and technical standards.

Who coined the term “information superhighway”?

A term originally coined by former Vice President Al Gore (1948-), the information
superhighway was envisioned as a high-speed electronic communications network to
enhance education in America in the twenty-first century. Its goal was to help all citi-
zens regardless of their income level, connecting all users to one another and provid-
ing every type of electronic service possible, including shopping, electronic banking,
education, medical diagnosis, video conferencing, and game playing. As the World
Wide Web grew, it became the “information superhighway.”

Who invented the World Wide Web?

Tim Berners-Lee (1955-) is considered the creator of the World Wide Web (WWW). The
WWW is a massive collection of interlinked hypertext documents that travel over the
Internet and are viewed through a browser. The Internet is a global network of computers
developed in the 1960s and 1970s by the U.S. Department of Defense’s Advanced Research
Project Agency (hence the term “Arpanet”). The idea of the Internet was to provide redun-
dancy of communications in case of a catastrophic event (like a nuclear blast), which
might destroy a single connection or computer but not the entire network. The browser is
used to translate the hypertext, usually written in Hypertext Markup Language (HTML), so
it is human-readable on a computer screen.
Along with Gutenberg’s invention of the
printing press, the inception of the WWW
in 1990 and 1991, when Berners-Lee
released the tools and protocols onto the
Internet, is considered one of humanity’s
greatest communications achievements.

What is the client/server principle
and how does it apply to the Internet?

The client/server principle refers to the
two components of a centralized computer
network: client and server machines.
Clients request mformat'lon and‘sewers The “www” in URLS stands for “World Wide Web,” the
send them the requested infomration. For invention of Tim Berners-Lee.
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example, when an individual uses his computer to look at a Web page, his computer acts
as the client, and the computer hosting the Web page is the server. Browsers enable the
connection between clients and servers. During the 1990s, Netscape, an outgrowth of
the early browser Mosaic, and Internet Explorer were the dominant browsers. Eventual-
ly, Microsoft’s Internet Explorer became the dominant browser. Other frequently used
browsers are Mozilla Firefox and Safari.

What is a Uniform Resource Locator, or URL?

A Uniform Resource Locator, URL, can be thought of as the “address” for a given com-
puter on the Internet. A URL consists of two parts: 1) the protocol identifier and 2) the
resource name. The protocol identifier indicates which protocol to use, e.g., “http” for
Hypertext Transfer Protocol or “ftp” for File Transfer Protocol. Most browsers default to
“http” as the protocol identifier so it is not necessary to include that part of the URL
when entering an Internet address in the browser’s toolbar. The resource identifier
specifies the IP (Internet Protocol) address or domain name where the Web page is
located. An IP address is a string of numbers separated by periods. More familiar and
easier to remember than the IP address is a domain name. Domain names are com-
posed of a name with a top level domain (TLD) suffix. The IP address and domain name
both point to the same place; typing “192.0.32.10” in the address bar of a Web browser
will bring up the same page as entering the more user-friendly “example.com”.

What are some common top level domain (TLD) suffixes?

Common top level domain suffixes are:

Top Level Domain (TLD) Meaning of the Suffix

.com Commercial organization, business, or company

.edu Educational institution

.org Nonprofit organization (sometimes used by other sites)
.gov U.S. government agency

.mil U.S. military agency

.net Network organizations

How does a search engine work?

Internet search engines are akin to computerized card catalogs at libraries. They pro-
vide a hyperlinked listing of locations on the World Wide Web according to the
requested keyword or pattern of words submitted by the searcher. A search engine
uses computer software called “spiders” or “bots” to automatically search out, inven-
tory, and index Web pages. The spiders scan each Web page’s content for words and the
frequency of the words, then stores that information in a database. When the user sub-
mits words or terms, the search engine returns a list of sites from the database and
ranks them according to the relevancy of the search terms.



What is the most popular search engine?

As of 2010, the most popular search engine was Google. The following chart shows the
market share of the top five search engines.

Search Engine Average Market Share
Google 71.6%
Yahoo! 14.6%
Bing 9.4%
Ask 2.5%
AOL 1.0%

When was Google founded?

In 1996 Stanford University graduate student Larry Page (1973-) and Sergey Brin
(1973-) began collaborating on a search engine called BackRub. BackRub operated on
the Stanford servers for more than a year until it began to take up too much band-
width. In 1997, Page and Brin decided they needed a new name for the search engine
and decided upon Google as a play on the mathematical term “googol”. (A googol is
the numeral 1 followed by 100 zeros.) Their goal was to organize the seemingly infi-
nite amount of information on the Web. Google first incorporated as a company in
September 1998 and the corporation went public in 2004.

How is information sent over the Internet kept secure?

Public-key cryptography is a means for authenticating information sent over the
Internet. The system works by encrypting and decrypting information through the use
of a combination of “keys.” One key is a published “public key”; the second is a “pri-
vate key,” which is kept secret. An algorithm is used to decipher each of the keys. The
method is for the sender to encrypt the information using the public key, and the
recipient to decrypt the information using the secret private key.

The strength of the system depends on the size of the key: a 128-bit encryption is
about 3 X 1,026 times stronger than 40-bit encryption. No matter how complex the
encryption, as with any code, keeping the secret aspects secret is the important part to
safeguarding the information.

Users can easily tell whether they are on a secure or non-secure Internet website
by the prefix of the Web page address. Addresses that begin with “http://” are not
secure while those that begin with “https://” are secure.

How much has Internet usage changed in recent years?

According to industry surveys, Internet usage has surged, increasing by nearly 400
percent between 2000 and 2009, far exceeding earlier estimates that there would be
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one billion users by 2005. Africa and the Middle East have shown the greatest rate
of growth.

World Internet Usage*

Internet Users as of  Internet Users as of  Growth
Locale December 31,2000 December 31,2009 2000-2009
Africa 4,514,400 86,217,900 1,809.8%
Asia 114,304,000 764,435,900 568.8%
Europe 105,096,093 425,773,571 305.1%
Middle East 202,687,005 58,309,546 1,675.1%
North America 108,096,800 259,561,000 140.1%
Latin America/Caribbean 18,068,919 186,922,050 934.5%
Oceania/Australia 7,620,480 21,110,490 177.0%
TOTAL 360,985,492 1,802,330,457 399.3%

*Source: Internet World Stats (www.internetworldstats.com).

What is e-mail?

Electronic mail, known more commonly as e-mail, uses communication facilities to
transmit messages. A user can send a message to a single recipient or to many differ-
ent recipients at one time. Different systems offer different options for sending, receiv-
ing, manipulating text, and addressing. For example, a message can be “registered,” so
that the sender is notified when the recipient looks at the message (though there is no
way to tell if the recipient has actually read the message). Email messages may be for-
warded to other recipients. Usually messages are stored in a simulated “mailbox” in
the network server or host computer; some systems announce incoming mail if the
recipient is logged onto the system. An organization (such as a corporation, universi-
ty, or professional organization) can provide electronic mail facilities; national and
international networks can provide them as well.

What is spam?

Spam, also called junk e-mail, is unsolicited e-mail. Spam is an annoyance to the
recipient and may contain computer viruses or spyware. It often advertises products
that are usually not of interest to the recipient and are oftentimes vulgar in content.
Estimates suggest that as many as one billion spam messages are sent daily. Many e-
mail programs have spam filters or blockers to detect spam messages and either delete
them or send them to the “junk” mailbox.

What is a hacker?

A hacker is a skilled computer user. The term originally denoted a skilled programmer,
particularly one skilled in machine code and with a good knowledge of the machine



Who sent the first e-mail?

ln the early 1970s computer engineer Ray Tomlinson (1941-) noticed that peo-
ple working at the same mainframe computer could leave one another mes-
sages. He imagined great utility of this communication system if messages could
be sent to different mainframes. So he wrote a software program over the period
of about a week that used file-transfer protocols and send-and-receive features. It
enabled people to send messages from one mainframe to another over the
Arpanet, the network that became the Internet. To make sure the messages went
to the right system he adopted the @ symbol because it was the least ambiguous
keyboard symbol and because it was brief.

and its operating system. The name arose from the fact that a good programmer could
always hack an unsatisfactory system around until it worked.

The term later came to denote a user whose main interest is in defeating secure
systems. The term has thus acquired a pejorative sense, with the meaning of one who
deliberately and sometimes criminally interferes with data available through tele-
phone lines. The activities of such hackers have led to considerable efforts to tighten
security of transmitted data. The “hacker ethic” is that information-sharing is the
proper way of human dealing, and, indeed, it is the responsibility of hackers to liberal-
ly impart their wisdom to the software world by distributing information. Many hack-
ers are hired by companies to test their Web security.

What is Wi-Fi?
Wi-Fi is a wireless local area network. The Wi-Fi Alliance certifies that network
devices comply with the appropriate standard, IEEE 802.11. A Wi-Fi hotspot is the

geographic boundary covered by a Wi-Fi access point. There were estimates that at the
end of 2009 there were more than a quarter million public hotspots.

When was the term Web 2.0 first used?

The term Web 2.0 was first used in 2004 during a brainstorming conference between
Tim O’Reilly (1954-) of O’Reilly Media and MediaLive International. Rather than
believing as some had that the Web had “crashed” following the dot.com collapse, it
was a turning point for the Web to become a platform for collaborative effort between
Internet users, providers, and enterprises.

What is Web 2.0?

Web 2.0 is not a new version of the World Wide Web, but rather a collection of new
technologies that changes the way users interact with the Web. When Tim Berners-
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Lee (1955-) created the World Wide Web it was a repository of information with static
content and users were generally unable to easily change or add to the content they
were viewing. Newer technologies allow users to contribute to the Internet with blogs,
wikis, and social networking sites.

A further distinction of Web 2.0 is “cloud computing” where data and applications
(“apps”) are stored on Web servers, rather than on individual computers, allowing
users to access their documents, files, and data from any computer with a Web brows-
er. Apps include many products, such as word processing and spreadsheets, that were
traditionally found in software packages.

What are some examples of user-generated content on the World Wide Web?

Blogs (short for web logs) are akin to modern-day diaries (or logs) of thoughts and
activities of the author. In the late 1990s software became available to create blogs
using templates therefore making them accessible to a wide audience as a publishing
tool. Blogs may be created by single individuals or by groups of contributors. Blog
entries are organized in reverse chronological order with the most recent entries being
seen first. Entries may include text, audio, images, video, and links to other sites. Blog
authors may invite reader feedback via comments, which allows for dialogue between
blog authors and readers. However, once posted, blog entries may not be edited.

Wikis, from the Hawaiian word wikiwiki, which means “fast”, are Web pages that
allow users to add and edit material in a collaborative fashion. The first wikis were
developed in the mid-1990s by Ward Cunningham (1949-) as a way for users to quick-
ly add content to Web pages. The advantage of this software was that the users did not
need to know complicated languages to add material to the Web. One of the best
known wikis is Wikipedia, an online, collaborative encyclopedia. Although entries to
Wikipedia need to come from published sources and be based on fact, rather than the
writer’s opinion, there is no overall editorial authority on the site.

Podcasts are broadcast media that may be created by anyone and are available on
demand. Unlike traditional broadcast media (radio and television), podcasts are easily
created with a microphone, video camera, computer, and connection to the Web. Pod-
casting does not require sophisticated recording or transmitting equipment. Most
podcasts are broadcast on a weekly, biweekly, or monthly schedule. While traditional
broadcast media follow a set schedule, podcasts may be downloaded onto a computer
or a portable device such as a MP3 player and listened to whenever it is convenient.



PHYSICS AND
CHEMISIRY

ENERGY, MOTION, AND FORCE

What is energy?

Physicists define energy as the capacity to do work. Work is defined as the force
required to move an object some distance. Examples of the different kinds of energy are
heat energy, light energy, mechanical energy, potential energy, and kinetic energy. The
law of the conservation of energy states that within an isolated system, energy may be
transformed from one form to another, but it cannot be created nor can it be destroyed.

What are the two forms of energy?

The two forms of energy are kinetic energy and potential energy. Kinetic energy is the
energy possessed by an object as a result of its motion while potential energy is the
energy possessed by an object as a result of its position. As an example, a ball sitting
on top of a fence has potential energy. When the ball falls off the fence it has kinetic
energy. The potential energy is transformed into kinetic energy.

What is inertia?

Inertia is the tendency of all objects and matter in the universe to stay still, or, if mov-
ing, to continue moving in the same direction unless acted on by some outside force.
This forms the first law of motion formulated by Isaac Newton (1642-1727). To move
a body at rest, enough external force must be used to overcome the object’s inertia;
the larger the object is, the more force is required to move it. In his Philosophae Nat-
uralis Principia Mathematica, published in 1687, Newton sets forth all three laws of
motion. Newton’s second law is that the force to move a body is equal to its mass
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times its acceleration (F = MA), and the third law states that for every action there is
an equal and opposite reaction.

What is superconductivity?

Superconductivity is a condition in which many metals, alloys, organic compounds,
and ceramics conduct electricity without resistance, usually at low temperatures.
Heike Kamerlingh Onnes (1853—-1926), a Dutch physicist, discovered superconductivi-
ty in 1911. He was awarded the Nobel Prize in Physics in 1913 for his low-temperature
studies. The modern theory regarding the phenomenon was developed by three Amer-
ican physicists—John Bardeen (1908-1991), Leon N. Cooper (1930-), and John
Robert Schrieffer (1931-). Known as the BCS theory after the three scientists, it pos-
tulates that superconductivity occurs in certain materials because the electrons in
them, rather than remaining free to collide with imperfections and scatter, form pairs
that can flow easily around imperfections and do not lose their energy. Bardeen, Coop-
er, and Schrieffer received the Nobel Prize in Physics for their work in 1972.

A further breakthrough in superconductivity was made in 1986 by J. Georg Bed-
norz (1950-) and K. Alex Miiller (1927-). Bednorz and Miiller discovered a ceramic
material consisting of lanthanum, barium, copper, and oxygen, which became super-
conductive at 35°K (-238°C)—much higher than any other material. Bednorz and
Miiller won the Nobel Prize in Physics in 1987. This was a significant accomplishment
since in most situations the Nobel Prize is awarded for discoveries made as many as 20
to 40 years earlier.

What are some practical applications of superconductivity?

A variety of uses have been proposed for superconductivity in fields as diverse as elec-
tronics, transportation, and power. Research continues to develop more powerful,
more efficient electric motors and devices that measure extremely small magnetic
fields for medical diagnosis. The field of electric power transmission has much to gain
by developing superconducting materials since 15 percent of the electricity generated
must be used to overcome the resistance of traditional copper wire. More powerful
electromagnets will be utilized to build high-speed magnetically levitated trains,
known as “maglevs.”

What is string theory?

A relatively recent theory in particle physics, string theory conceives elementary parti-
cles not as points but as lines or loops. The idea of these “strings” is purely theoretical
since no string has ever been detected experimentally. The ultimate expression of
string theory may potentially require a new kind of geometry—perhaps one involving
an infinite number of dimensions.



What is the role of friction in striking a match?

he head at the tip of a strike-anywhere match contains all the chemicals

required to create a spark. A strike-anywhere match only needs to be rubbed
against a surface with a high coefficient of friction, such as sandpaper, to create
enough frictional heat to ignite the match. Safety matches differ from strike-
anywhere matches since the chemicals necessary for ignition are divided
between the match head and the treated strip found on the matchbox or match-
book. The friction between the match head and treated strip will ignite the
match. Matches fail to ignite when wet because water reduces friction.

What is friction?

Friction is defined as the force that resists motion when the surface of one object
slides over or comes in contact with the surface of another object. The three laws that
govern the friction of an object at rest and the surface with which it is in contact state:

e Friction is proportional to the weight of an object.
¢ Friction is not determined by the surface area of the object.

¢ Friction is independent of the speed at which an object is moving along a sur-
face provided the speed is not zero.

Although friction reduces the efficiency of machines and opposes movement, it is
an essential force. Without friction it would be impossible to walk, drive a car, or even
strike a match.

Why is a lubricant, such as oil, often used to counter the force of friction?

Lubricants, such as oil, are used to reduce friction. For example, in machines consist-
ing of metal parts, the continuous rubbing of the parts together increases the temper-
ature and creates heat. To prevent serious wear and damage to the machines, grease
and oil are applied to reduce the friction.

Why do golf balls have dimples?

The dimples minimize the drag (a force that makes a body lose energy as it moves
through a fluid or gas), allowing the ball to travel farther than a smooth ball would
travel. The air, as it passes over a dimpled ball, tends to cling to the ball longer, reduc-
ing the eddies or wake effects that drain the ball’s energy. A dimpled ball can travel up
to 300 yards (275 meters), but a smooth ball only goes 70 yards (65 meters). A ball can
have 300 to 500 dimples that can be 0.01 inch (0.25 millimeter) deep. Another effect
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to get distance is to give the ball a backspin. With a backspin there is less air pressure
on the top of the ball, so the ball stays aloft longer (much like an airplane).

Who successfully demonstrated that curve balls actually curve?

In 1959, Lyman Briggs (1874-1963) demonstrated that a ball can curve up to 17.5
inches (44.45 centimeters) over the 60 feet 6 inches (18.4 meters) it travels between a
pitcher and a batter, ending the debate of whether curve balls actually curved or if the
apparent change in course was merely an optical illusion. Briggs studied the effect of
spin and speed on the trajectory and established the relationship between amount of
curvature and the spin of the ball.

A rapidly spinning baseball experiences two lift forces that cause it to curve in flight.
One is the Magnus force named after H.G. Magnus (1802-1870), the German physicist
who discovered it, and the other is the wake deflection force. The Magnus force causes
the curve ball to move sideways because the pressure forces on the ball’s sides do not
balance each other. The stitches on a baseball cause the pressure on one side of the ball
to be less than on its opposite side. This forces the ball to move faster on one side than
the other and forces the ball to “curve.” The wake deflection force also causes the ball to
curve to one side. It occurs because the air flowing around the ball in the direction of its
rotation remains attached to the ball longer and the ball’s wake is deflected.

Why does a boomerang return to its thrower?

Two well-known scientific principles dictate the characteristic flight of a boomerang:
(1) the force of lift on a curved surface caused by air flowing over it; and (2) the
unwillingness of a spinning gyroscope to move from its position.

When a person throws a boomerang properly, he or she causes it to spin vertically.
As a result, the boomerang will generate lift, but it will be to one side rather than
upwards. As the boomerang spins vertically and moves forward, air flows faster over
the top arm at a particular moment than over the bottom arm. Accordingly, the top
arm produces more lift than the bottom arm and the boomerang tries to twist itself,
but because it is spinning fast it acts like a gyroscope and turns to the side in an arc. If
the boomerang stays in the air long enough, it will turn a full circle and return to the
thrower. Every boomerang has a built-in orbit diameter, which is not affected by a per-
son throwing the boomerang harder or spinning it faster.

What is Maxwell’s demon?

An imaginary creature who, by opening and shutting a tiny door between two volumes
of gases, could, in principle, concentrate slower molecules in one (making it colder) and
faster molecules in the other (making it hotter), thus breaking the second law of ther-
modynamics. Essentially this law states that heat does not naturally flow from a colder



There is a lot of physics behind the way a boomerang will return to the person who throws it.

body to a hotter body; work must be expended to make it do so. This hypothesis was for-
mulated in 1871 by James C. Maxwell (1831-1879), who is considered by many to be the
greatest theoretical physicist of the nineteenth century. The demon would bring about
an effective flow of molecular kinetic energy. This excess energy would be useful to per-
form work and the system would be a perpetual motion machine. About 1950, the
French physicist Léon Brillouin (1889-1969) disproved Maxwell’s hypothesis by demon-
strating that the decrease in entropy resulting from the demon’s actions would be
exceeded by the increase in entropy in choosing between the fast and slow molecules.

Does water running down a drain rotate in a different direction in the
Northern versus the Southern Hemisphere?

There is a widespread belief that water draining from a bathtub, sink, or toilet bowl in
the Northern Hemisphere swirls counterclockwise while in the Southern Hemisphere
the water drains clockwise due to the Coriolis effect. First described by the French
mathematician and engineer Gaspard Gustav de Coriolis (1792-1843), the Coriolis
effect is the apparent deflection of air masses and fluids caused by Earth’s rotation.
Although it does have an effect on fluids over great distances or long lengths of time,
such as hurricanes, it is too weak to control fluids on a small-scale, such as bathtubs,
sinks, or toilet bowls. These can drain in either direction in both hemispheres. The
direction is determined by numerous factors including the shape of the container, the
shape of the drain, the initial water-velocity and the tilt of the sink.
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LIGHT, SOUND, AND OTHER WAVES

What is the speed of light?

Light travels at 186,282 miles (299,792 kilometers) per second or 12 million miles per
minute.

What are the primary colors in light?

Color is determined by the wavelength of visible light (the distance between one crest
of the light wave and the next). Those colors that blend to form “white light” are, from
shortest wavelength to longest: red, orange, yellow, green, blue, indigo, and violet. All
these monochromatic colors, except indigo, occupy large areas of the spectrum (the
entire range of wavelengths produced when a beam of electromagnetic radiation is
broken up). These colors can be seen when a light beam is refracted through a prism.
Some consider the primary colors to be six monochromatic colors that occupy large
areas of the spectrum: red, orange, yellow, green, blue, and violet. Many physicists rec-
ognize three primary colors: red, green, and blue. All other colors can be made from
these by adding two primary colors in various proportions. Within the spectrum, sci-
entists have discovered 55 distinct hues. Infrared and ultraviolet rays at each end of
the spectrum are invisible to the human eye.

How do polarized sunglasses reduce glare?

Sunlight reflected from the horizontal surface of water, glass, and snow is partially
polarized, with the direction of polarization chiefly in the horizontal plane. Such reflect-
ed light may be so intense as to cause glare. Polarized sunglasses contain filters that
block (absorb) light that is polarized in a direction perpendicular to the transmission
axes. The transmission axes of the lenses of polarized sunglasses are oriented vertically.

What were Anders Angstrém’s contributions to the development
of spectroscopy?

Swedish physicist and astronomer Anders Jonas Angstrom (1814-1874) was one of the
founders of spectroscopy. His early work provided the foundation for spectrum analysis
(analysis of the ranges of electromagnetic radiation emitted or absorbed). He investi-
gated the sun spectra as well as that of the aurora borealis. In 1868, he established mea-
surements for wavelengths of greater than 100 Frauenhofer. In 1907, the angstrom (A,
equal to 1 X 1071% meters), a unit of wavelength measurement, was officially adopted.

Why was the Michelson-Morley experiment important?

This experiment on light waves, first carried out in 1881 by physicists Albert A.
Michelson (1852-1931) and E.W. Morley (1838-1923) in the United States, is one of



Why does the color of clothing appear different in sunlight than it
does in a store under fluorescent light?

hite light is a blend of all the colors, and each color has a different wave-

length. Although sunlight and fluorescent light both appear as “white
light,” they each contain slightly different mixtures of these varying wave-
lengths. When sunlight and fluorescent light (white light) are absorbed by a
piece of clothing, only some of the wavelengths (composing white light) reflect
off the clothing. When the retina of the eye perceives the “color” of the clothing,
it is really perceiving these reflected wavelengths. The mixture of wavelengths
determines the color perceived. This is why an article of clothing sometimes
appears to be a different color in the store than it does on the street.

the most historically significant experiments in physics and led to the development of
Einstein’s theory of relativity. The original experiment, using the Michelson interfer-
ometer, attempted to detect the velocity of Earth with respect to the hypothetical
“luminiferous ether,” a medium in space proposed to carry light waves. The procedure
measured the speed of light in the direction of Earth and the speed of light at right
angles to Earth’s motion. No difference was found. This result discredited the ether
theory and ultimately led to the proposal by Albert Einstein (1879-1955) that the
speed of light is a universal constant.

Is light a wave or a particle?

Scientists have debated for centuries whether light is a wave or a particle. Isaac Newton
(1642-1727) was one of the early proponents of the particulate (or corpuscular) theory
of light. According to this theory, light travels as a stream of particles that come from a
source, such as the sun, travel to an object and are then reflected to an observer. One of
the early proponents of the wave theory of light was Dutch physicist Christiaan Huy-
gens (1629-1695). According to the wave theory of light, light travels through space in
the form of a wave, similar to water waves. Albert Einstein’s work in 1905 showed that
light is a bundle of tiny particles, called photons. Scientists now believe that light has
properties of both waves and particles, explained as wave-particle duality.

What were some of the leading contributions of Albert Einstein?

Albert Einstein was the principal founder of modern theoretical physics; his theory of
relativity (speed of light is a constant and not relative to the observer or source of
light), and the relationship of mass and energy (E = mc?), fundamentally changed
human understanding of the physical world.
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How did a total solar eclipse
confirm Einstein’s theory of general relativity?

hen formulating his theory of general relativity, Albert Einstein proposed

that the curvature of space near a massive object like the sun would bend
light that passed close by. For example, a star seen near the edge of the sun dur-
ing an eclipse would appear to have shifted by 1.75 arc seconds from its usual
place. The British astronomer Arthur Eddington (1882-1944) confirmed Ein-
stein’s hypothesis during an eclipse on May 29, 1919. The subsequent attention
given to Eddington’s findings helped establish Einstein’s reputation as one of
science’s greatest figures.

During a single year in 1905, he produced three landmark papers. These papers
dealt with the nature of particle movement known as Brownian motion, the quantum
nature of electromagnetic radiation as demonstrated by the photoelectric effect, and
the special theory of relativity. Although Einstein is probably best known for the last of
these works, it was for his quantum explanation of the photoelectric effect that he was
awarded the 1921 Nobel Prize in Physics.

His stature as a scientist, together with his strong humanitarian stance on major
political and social issues, made him one of the outstanding men of the twentieth
century.

What is the difference between special and general relativity?

Albert Einstein developed the theory of relativity in the early twentieth century. He
published the theory of special relativity in 1905 and the theory of general relativity in
1916. Special relativity deals only with nonaccelerating (inertial) reference frames;
general relativity deals with accelerating (noninertial) reference frames. Simply stat-
ed, according to the theory of special relativity, the laws of nature are the same for all
observers whose frames of reference are moving with constant velocity with respect to
each other. Published as an addenda to the special theory of relativity was the famous
equation, E = mc?, representing that mass and energy can be transformed into each
other. In contrast, general relativity states that the laws of nature are the same for all
observers even if they are accelerating with respect to each other.

How do sound waves differ from light waves?’

Waves consist of a series of motions in regular succession carrying energy from one
place to another without moving any matter. Periodic waves include ocean waves,



The X-1 in flight.This is the airplane ChuckYeager flew when he broke the sound barrier in 1947.

sound waves, and electromagnetic waves. Visible light and radio waves are electromag-
netic waves. Mechanical waves, such as ocean waves and sound waves, involve matter,
but it is important to remember that there is no transport of matter. The water in an
ocean wave does not move from one location to another merely the energy of the wave
is transported. Light waves involve only energy without matter.

Does sound travel faster in air or water?

The speed of sound is not a constant; it varies depending on the medium in which it
travels. The measurement of sound velocity in the medium of air must take into
account many factors, including air temperature, pressure, and purity. At sea level and
32°F (0°C), scientists do not agree on a standard figure; estimates range from 740 to
741.5 miles (1,191.6 to 1,193.2 kilometers) per hour. As air temperature rises, sound
velocity increases. Sound travels faster in water than in air and even faster in iron and
steel. Sounds traveling a mile in air for five seconds will travel the same distance in
one second underwater and one-third of a second in steel.

Who was the first person to break the sound barrier?

On October 14, 1947, Charles E. (Chuck) Yeager (1923-) was the first pilot to break
the sound barrier. He flew a Bell X-1, attaining a speed of 750 miles (1,207 kilometers)
per hour (Mach 1.06) and an altitude of 70,140 feet (21,379 meters) over the town of
Victorville, California. The first woman to break the sound barrier was Jacqueline
Cochran (c. 1906-1980). On May 18, 1953, she flew a North American F-86 Saber over
Edwards Air Force Base in California, attaining the speed of 760 miles (1,223 kilome-
ters) per hour.
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TRAIN STATION TRAIN STATION

The pitch of a train whistle
is higher to those waiting
for it to amive

The pitch of a train whistle
is lower to those it has passed

Christian Doppler discovered that sound wavelengths are compressed when emitted by a moving object coming toward you and the
wavelengths are increased as it moves away.Thus, a train whistle has a higher pitch as it approaches you and a lower pitch as it
recedes.The Doppler Effect also holds true for light waves.

When is a sonic boom heard?

As long as an airborne object, such as a plane, is moving below the speed of sound
(called Mach 1), the disturbed air remains well in front of the craft. But as the craft
passes Mach 1 and is flying at supersonic speeds, a sharp air pressure rise occurs in
front of the craft. In a sense, the air molecules are crowded together and collectively
impact. What is heard is a claplike thunder called a sonic boom or a supersonic bang.
There are many shocks coming from a supersonic aircraft, but these shocks usually
combine to form two main shocks, one coming from the nose and one from the aft end
of the aircraft. Each of the shocks moves at a different velocity. If the time difference
between the two shock waves is greater than 0.10 seconds apart, two sonic booms will
be heard. This usually occurs when an aircraft ascends or descends quickly. If the air-
craft moves more slowly, the two booms will sound like only one boom to the listener.

What is the Doppler effect?

The Austrian physicist Christian Doppler (1803-1853) in 1842 explained the phenom-
enon of the apparent change in wavelength of radiation—such as sound or light—
emitted either by a moving body (source) or by the moving receiver. The frequency of
the wavelengths increases and the wavelength becomes shorter as the moving source
approaches, producing high-pitched sounds and bluish light (called blue shift). Like-
wise, as the source recedes from the receiver the frequency of the wavelengths
decreases, the sound is pitched lower, and light appears reddish (called red shift). This



Do you really hear the ocean when you hold a seashell to your ear?

Ithough the sounds heard in a seashell are reminiscent of hearing the ocean,

in reality they are ambient, soft sounds that have been resonated and there-
by amplified by the seashell’s cavity. The extreme sensitivity of the human ear to
sound is illustrated by the seashell resonance effect.

Doppler effect is commonly demonstrated by the whistle of an approaching train or
the roar of a jet aircraft.

There are three differences between acoustical (sound) and optical (light) Doppler
effects: The optical frequency change is not dependent on what is moving—the source
or observer—nor is it affected by the medium through which the waves are moving,
but acoustical frequency is affected by such conditions. Optical frequency changes are
affected if the source or observer moves at right angles to the line connecting the
source and observer. Observed acoustical changes are not affected in such a situation.
Applications of the Doppler phenomenon include the Doppler radar and the measure-
ment by astronomers of the motion and direction of celestial bodies.

What is the sound frequency of the musical scale?

Equal Tempered Scale

Note Frequency (Hz)
Cy 261.63
Cy 277.18
D 293.67
Dy 311.13
E 329.63
F 349.23
Fy 369.99
G 392.00
Gy 415.31
A 440.00
Ay 466.16
B 493.88
Cn 523.25

Notes: # indicates flat; b indicates sharp; n indicates return to natural; Hz is Hertz.
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The lowest frequency distinguishable as a note is about 20 hertz. The highest
audible frequency is about 20,000 hertz. A hertz (Hz) is a unit of frequency that mea-
sures the number of the wave cycles per second frequency of a periodic phenomenon
whose periodic time is one second (cycles per second).

What is a decibel?

A decibel is a measure of the relative loudness or intensity of sound. A 20 decibel
sound is 10 times louder than a 10 decibel sound; 30 decibels is 100 times louder, etc.
One decibel is the smallest difference between sounds detectable by the human ear.

Decibel Level Equivalent

10 Light whisper
20 Quiet conversation
30 Normal conversation
40 Light traffic
50 Loud conversation
60 Noisy office
70 Normal traffic, quiet train
80 Rock music, subway
90 Heavy traffic, thunder

100 Jet plane at takeoff

What are the characteristics of alpha, beta, and gamma radiation?

Radiation is a term that describes all the ways energy is emitted by the atom as X rays,
gamma rays, neutrons, or as charged particles. Most atoms, being stable, are nonra-

Ernest Rutherford was the first to identify beta particles, which
are high-speed electrons that can pass through solid matter.

dioactive; others are unstable and give off
either particles or gamma radiation. Sub-
stances bombarded by radioactive particles
can become radioactive and yield alpha
particles, beta particles, and gamma rays.

Alpha particles, first identified by
Antoine Henri Becquerel (1852-1908),
have a positive electrical charge and con-
sist of two protons and two neutrons.
Because of their great mass, alpha parti-
cles can travel only a short distance,
around 2 inches (5 centimeters) in air,
and can be stopped by a sheet of paper.

Beta particles, identified by Ernest
Rutherford (1871-1937), are extremely



high-speed electrons that move at the speed of light. They can travel far in air and can
pass through solid matter several millimeters thick.

Gamma rays, identified by Marie (1867-1934) and Pierre Curie (1859-1906), are
similar to X rays, but they usually have a shorter wavelength. These rays, which are
bursts of photons, or very short-wave electromagnetic radiation, travel at the speed of
light. They are much more penetrating than either the alpha or beta particles and can
go through 7 inches (18 centimeters) of lead.

ELECTRICITY AND MAGNETISM

Who is the founder of the science of magnetism?

The English scientist William Gilbert (1544-1603) regarded Earth as a giant magnet
and investigated its magnetic field in terms of dip and variation. He explored many
other magnetic and electrostatic phenomena. The Gilbert (Gb), a unit of magnetism,
is named for him.

John H. Van Vleck (1899-1980), an American physicist, made significant contribu-
tions to modern magnetic theory. He explained the magnetic, electrical, and optical
properties of many elements and compounds with the ligand field theory, demonstrated
the effect of temperature on paramagnetic materials (called Van Vleck paramagnetism),
and developed a theory on the magnetic properties of atoms and their components.

What is a Leyden jar?

A Leyden jar, the earliest form of capacitor, is a device for storing an electrical charge.
First described in 1745 by E. Georg van Kleist (c. 1700-1748), it was also used by
Pieter van Musschenbroek (1692-1761), a professor of physics at the University of Ley-
den. The device came to be known as a Leyden jar and was the first device that could
store large amounts of electric charge. The jars contained an inner wire electrode in
contact with water, mercury, or wire. The outer electrode was a human hand holding
the jar. An improved version coated the jar inside and outside with separate metal foils
with the inner foil connected to a conducting rod and terminated in a conducting
sphere. This eliminated the need for the liquid electrolyte. In use, the jar was normally
charged from an electrostatic generator. The Leyden jar—which makes the hair stand
up—is still used for classroom demonstrations of static electricity.

How does an electromagnet work?

Danish physicist Hans Christian Oersted (1777-1851) was the first to observe a con-
nection between electricity and magnetism. He found that a current in a wire caused a
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If a magnetic bar is cut in two,
will it yield a north pole and a south pole magnet?
Every magnet contains both a north pole and a south pole. There are no mag-

nets which are purely north or south. Cutting a magnetic bar in half will
produce two magnets each with a north pole and a south pole.

nearby compass needle to rotate thereby establishing that an electric current always
produces a magnetic field around itself. When an electric current flows through a wire
wrapped around a piece of iron, it creates a magnetic field in the iron. Electromagnets
are used in a wide variety of applications, including doorbells, switches, and valves in
heating and cooling equipment to telephones, large machinery used to lift heavy loads
of scrap metal, and particle accelerators.

How do permanent magnets differ from temporary magnets?

Permanent magnets, also referred to as naturally occurring magnets, remain magne-
tized until they are demagnetized. Naturally occurring magnets are found in minerals
such as magnetite and lodestone. These magnets are known as ferromagnets.

What materials are used to make the most powerful permanent magnets?

The most powerful permanent magnets are made from alloys of iron, boron, and
neodymium. Magnetic strength is measured in units called tesla and gauss. One tesla
equals 10,000 gauss. Most of the magnets used to decorate the refrigerator are 10
gauss. The most powerful permanent magnets produce magnetic fields of approxi-
mately 1.5 tesla.

Why is static electricity greater in winter than summer?

Static electricity results from an imbalance between negative and positive charges in an
object. Most of the time the positive and negatives charges in an object are balanced,
meaning the object is neutral; it is neither positively nor negatively charged. When the
charges build up on an object, they must find a way to be released or transferred to
restore the balance between negative and positive charges. During the winter, the air has
very little water vapor in it and is dry. In the summer, the air contains more water vapor;
the humidity is greater. Water is an electrical conductor allowing electrons to move from
one object to another more easily. The humidity in the summer air allows extra electrons
on charged objects to leak off into the air and attach to objects that have too few elec-
trons. The dry air in the winter makes it more difficult for the extra electrons to leak off
an object so static electricity, with its characteristic shock or spark, is more common.



How do dryer sheets and hair conditioner
reduce or prevent static electricity?

Since materials that are electrical conductors allow free movements of
charges, the goal of dryer sheets and hair conditioner is to turn electrical
insulators, such as fabric and hair, into electrical conductors. When wet, fabrics
and hair are usually negatively charged. Applying a cleansing agent that contains
a positively charged detergent molecule to these wet fibers, such as dryer sheets
and hair conditioner, clings to the wet fibers and remains in place giving fabrics
and hair the soft, silky, non-clinging, static-free feeling.

How did the electrical term ampere originate?

It was named for André Marie Ampere (1775-1836), the physicist who formulated the
basic laws of the science of electrodynamics. The ampere (A), often abbreviated as “amp,”
is the unit of electric current, defined at the constant current, that, maintained in two
straight parallel infinite conductors placed one meter apart in a vacuum, would produce a
force between the conductors of 2 X 107 newton per meter. For example, the amount of
current flowing through a 100-watt light bulb is 1 amp; through a toaster, 10 amps; a TV
set, 3 amps; a car battery, 50 amps (while cranking). A newton (N) is defined as a unit of
force needed to accelerate one kilogram by one meter second?, or 1 N = 1 (Kg X M)/s2.

How did the electrical unit volt originate?

The unit of voltage is the volt, named after Alessandro Volta (1745-1827), the Italian
scientist who built the first modern battery. (A battery, operating with a lead rod and
vinegar, was also manufactured in ancient Egypt.) Voltage measures the force or
“oomph” with which electrical charges are pushed through a material. Some common
voltages are 1.5 volts for a flashlight battery; 12 volts for a car battery; 115 volts for
ordinary household receptacles; and 230 volts for a heavy-duty household receptacle.

How did the electrical unit watt originate?

Named for the Scottish engineer and inventor James Watt (1736-1819), the watt is
used to measure electric power. An electric device uses 1 watt when 1 volt of electric
current drives 1 ampere of current through it.

What materials are the best and worst conductors of electricity?

Electrical conductivity is the ability of a material to transmit current or the move-
ment of charged particles, most often protons. Materials that carry the flow of electri-
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cal current are called conductors. Metals, such as silver and aluminum, are some of
the best conductors of electricity. Other good conductors of electricity are copper and
gold. Materials that do not permit the flow of electrical current are called nonconduc-
tors or insulators. Wood, paper, and most plastics are examples of insulators. Resis-
tance is defined as the extent to which a material prevents the flow of electricity. Mate-
rials with a low resistance have a high conductivity while those with a high resistance
have a low conductivity. German physicist Georg Simon Ohm (1789-1854) was the
first to describe the laws of electrical conductivity and resistance.

How do lead-acid batteries work?

Lead-acid batteries consist of positive and negative lead plates suspended in a diluted
sulfuric acid solution called an electrolyte. Everything is contained in a chemically and
electrically inert case. As the cell discharges, sulfur molecules from the electrolyte bond
with the lead plates, releasing excess electrons. The flow of electrons is called electricity.

Who was Nikola Tesla?

Nikola Tesla (1856-1943) was a leading innovator in the field of electricity. Tesla held
over one hundred patents, among which are patents for alternating current and the
seminal patents for radio. Tesla’s work for Westinghouse in the late 1880s led to the
commercial production of electricity, including the Niagara Falls Power Project in
1895. After a bitter and prolonged public feud, Tesla’s alternating current system was
proven superior to Thomas Edison’s direct current system. Tesla was responsible for
many other innovations, including the Tesla coil, radio controlled boats, and neon and
fluorescent lighting.

MATTER

What is an atom?

An atom is the smallest unit of an element, containing the unique chemical properties
of that element. Atoms are very small—several million atoms could fit in the period at
the end of this sentence.

Parts of an Atom

Subatomic Particle Charge Location
Proton Positive Nucleus
Neutron Neutral Nucleus

Electron Negative Orbits nucleus



Who is generally regarded as the discoverer of the electron, the proton, and
the neutron?

The British physicist Sir Joseph John Thomson (1856-1940) in 1897 researched elec-
trical conduction in gases, which led to the important discovery that cathode rays
consist of negatively charged particles called electrons. The discovery of the electron
inaugurated the electrical theory of the atom, and this, along with other work, enti-
tled Thomson to be regarded as the founder of modern atomic physics.

Ernest Rutherford discovered the proton in 1919. He also predicted the existence
of the neutron, later discovered by his colleague, James Chadwick (1891-1974). Chad-
wick was awarded the 1935 Nobel Prize in Physics for this discovery.

What is a chemical bond?

A chemical bond is an attraction between the electrons present in the outermost ener-
gy level or shell of a particular atom. This outermost energy level is known as the
valence shell. Atoms with an unfilled outer shell are less stable and tend to share,
accept, or donate electrons. When this happens, a chemical bond is formed.

What are the major types of bonds?

There are three major types of chemical bonds: covalent, ionic, and hydrogen. The
type of bond that is established is determined by the electron structure. Ionic bonds
are formed when electrons are exchanged between two atoms, and the resulting bond
is relatively weak. Covalent bonds, the strongest type of bond, occur when electrons
are shared between atoms. Hydrogen bonds are temporary, but they are important
because they are crucial to the shape of a particular protein and have the ability to be
rapidly formed and reformed. The following chart explains the types of bonds and
their characteristics.

Three Types of Chemical Bonds

Type Strength Examples

Covalent  Strong Bonds between hydrogen and oxygen in a molecule of water
Tonic Moderate Bond between Na* and Cl- in salt

Hydrogen Weak Bonds between molecules of water

When was the first atomic theory proposed?

John Dalton (1766-1844), an English natural philosopher, chemist, physicist, and
teacher, developed the concepts of an atomic theory in the early nineteenth century.
He published A New System of Chemical Philosophy in 1808. His main concepts of
atomic theory may be summarized as:
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¢ All matter—solid, liquid and gas—consists of tiny, indivisible particles called
atoms.

¢ All atoms of a given element have the same mass and are identical, but are dif-
ferent from the atoms of different elements.

¢ Chemical reactions involve the rearrangement of combinations of those atoms,
not the destruction of atoms.

e When elements react to form compounds, they combine in simple, whole-num-
ber ratios.

Who proposed the modern theory of the atom?

The modern theory of atomic structure was first proposed by the Japanese physicist
Hantaro Nagaoka (1865-1950) in 1904. In his model, electrons rotated in rings around
a small central nucleus. In 1911, Ernest Rutherford discovered further evidence to
prove that the nucleus of the atom is extremely small and dense and is surrounded by a
much larger and less dense cloud of electrons. In 1913, the Danish physicist Niels Bohr
(1885-1962) proposed a model that is known as the Bohr atom. It suggested that elec-
trons orbit the nucleus in concentric quantum shells at certain well-specified distances
from the nucleus corresponding to the electron’s energy levels. These orbits are known
as “Bohr orbits.” Several years later, Erwin Schrodinger (1887-1961) proposed the
Schrédinger wave equation, which provided a firm theoretical basis for the Bohr orbits.

Who invented the cyclotron?

The cyclotron was invented by Ernest Lawrence (1901-1958) at the University of Cali-
fornia, Berkeley, in 1934, to study the nuclear structure of the atom. The cyclotron
produced high energy particles that were
accelerated outwards in a spiral rather
than through an extremely long, linear
accelerator.

What is the fourth state of matter?

Plasma, a mixture of free electrons and
ions or atomic nuclei, is sometimes
referred to as a “fourth state of matter.”
Plasmas occur in thermonuclear reac-
tions as in the sun, in fluorescent
lights, and in stars. When the tempera-
ture of gas is raised high enough, the
g:h”:t;’: Nie'z f’;hr is;ifp'fai’:d "t‘ C°Pe.'t‘:*’9;";]De"Tark' . collision of atoms becomes so violent

propasel, 11z Tove o7 e am Wi W 10 PEOPIE that electrons are knocked loose from

are familiar, showing electrons circling a nucleus of protons h . )
and neutrons. their nuclei. The result of a gas having




loose, negatively charged electrons and heavier, positively charged nuclei is called
a plasma.

All matter is made up of atoms. Animals and plants are organic matter; minerals
and water are inorganic matter. Solid, liquid, and gas are the first three states of mat-
ter. Whether matter appears as a solid, liquid, or gas depends on how the molecules
are held together in their chemical bonds. Solids have a rigid structure in the atoms of
the molecules; in liquids the molecules are close together but not packed; in a gas, the
molecules are widely spaced and move around, occasionally colliding but usually not
interacting.

When were liquid crystals discovered?

Liquid crystals were observed by the Austrian botanist Friedrich Reinitzer
(1857-1927) in 1888. He noticed that the solid organic compound cholesteryl ben-
zoate became a cloudy liquid at 293°F (145°C) and a clear liquid at 354°F (179°C). The
following year, the German physicist Otto Lehmann (1855-1922) used a microscope
with a heating stage to determine that some molecules do not melt directly but first
pass through a phase when they flow like a liquid but maintain the molecular struc-
ture and properties of a solid. He coined the phrase “liquid crystal” to describe this
substance. Further experimentation showed that if an electrical charge is passed
through a liquid crystal material, the liquid will line up according to the direction of
the electrical field. Liquid crystals are used for electronic panel displays.

What is antimatter?

Antimatter is the exact opposite of normal matter. Antimatter was predicted in a series
of equations derived by Paul Dirac (1902-1984). He was attempting to combine the
theory of relativity with equations governing the behavior of electrons. In order to
make his equations work, he had to predict the existence of a particle that would be
similar to the electron, but opposite in charge. This particle, discovered in 1932, was
the antimatter equivalent of the electron and called the positron (electrons with a pos-
itive charge). Other antimatter particles would not be discovered until 1955 when par-
ticle accelerators were finally able to confirm the existence of the antineutron and
antiproton (protons with a negative charge). Antiatoms (pairings of positrons and
antiprotons) are other examples of antimatter.

What is the difference between nuclear fission and nuclear fusion?

Nuclear fission is the splitting of an atomic nucleus into at least two fragments.
Nuclear fusion is a nuclear reaction in which the nuclei of atoms of low atomic num-
ber, such as hydrogen and helium, fuse to form a heavier nucleus. Although in both
nuclear fission and nuclear fusion substantial amounts of energy are produced, the
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How did the quark get its name?

his theoretical particle, considered to be the fundamental unit of matter, was

named by Murray Gell-Mann (1929-), an American theoretical physicist who
was awarded the 1969 Nobel Prize in Physics. Its name was initially a playful tag
that Gell-Mann invented, sounding something like “kwork.” Later, Gell-Mann
came across the line “Three quarks for Master Marks” in James Joyce’s (1882—
1941) Finnegan’s Wake, and the tag became known as a quark. There are six
kinds or “flavors” (up, down, strange, charm, bottom, and top) of quarks, and
each “flavor” has three varieties or “colors” (red, blue, and green). All 18 types
have different electric charges (a basic characteristic of all elementary particles).
Three quarks form a proton (having one unit of positive electric charge) or a
neutron (zero charge), and two quarks (a quark and an antiquark) form a meson.
Like all known particles, a quark has its antimatter opposite, known as an anti-
quark (having the same mass but opposite charge).

amount of energy produced in fusion is far greater than the amount of energy pro-
duced in fission.

What was Richard Feynman’s contribution to physics?

Richard Feynman (1918-1988) developed a theory of quantum electrodynamics that
described the interaction of electrons, positrons, and photons, providing physicists a
new way to work with electrons. He reconstructed quantum mechanics and electrody-
namics in his own terms, formulating a matrix of measurable quantities visually rep-
resented by a series of graphs knows as the Feynman diagrams. Feynman was awarded
the Nobel Prize in Physics in 1965.

What are subatomic particles?

Subatomic particles are particles that are smaller than atoms. Historically, subatomic
particles were considered to be electrons, protons, and neutrons. However, the defini-
tion of subatomic particles has now been expanded to include elementary particles,
which are so small that they do not appear to be made of anything more minute. The
physical study of such particles became possible only during the twentieth century
with the development of increasingly sophisticated apparatus. Many new particles
have been discovered in the last half of the twentieth century.

A number of proposals have been made to organize the particles by their spin, their
mass, or their common properties. One system is now commonly known as the Stan-
dard Model. This system recognizes two basic types of fundamental particles: quarks



and leptons. Other force-carrying particles are called bosons. Photons, gluons, and
weakons are bosons. Leptons include electrons, muons, taus, and three kinds of neutri-
nos. Quarks never occur alone in nature. They always combine to form particles called
hadrons. According to the Standard Model, all other subatomic particles consist of
some combination of quarks and their antiparticles. A proton consists of three quarks.

Who is generally regarded as the founder of quantum mechanics?

The German mathematical physicist Werner Karl Heisenberg (1901-1976) is regarded
as the father of quantum mechanics (the theory of small-scale physical phenomena).
His theory of uncertainty in 1927 overturned traditional classical mechanics and elec-
tromagnetic theory regarding energy and motion when applied to subatomic particles
such as electrons and parts of atomic nuclei. The theory states that while it is impossi-
ble to specify precisely both the position and the simultaneous momentum (mass 3
velocity) of a particle, they can only be predicted. This means that the result of an
action can be expressed only in terms of probability that a certain effect will occur.
Heinsenberg was awarded the Nobel Prize in Physics in 1932.

Why is liquid water more dense than ice?

Pure liquid water is most dense at 39.2°F (3.98°C) and decreases in density as it
freezes. The water molecules in ice are held in a relatively rigid geometric pattern by
their hydrogen bonds, producing an open, porous structure. Liquid water has fewer
bonds; therefore, more molecules can occupy the same space, making liquid water
more dense than ice.

What substance, other than water, is less dense as a solid than as a liquid?

Only bismuth and water share this characteristic. Density (the mass per unit volume
or mass/volume) refers to how compact or crowded a substance is. For instance, the
density of water is 1 g/cm? (gram per cubic centimeter) or 1 kg/I (kilogram per liter);
the density of a rock is 3.3 g/cm3; pure iron is 7.9 g/cm?; and Earth (as a whole) is 5.5
g/cm? (average). Water as a solid (i.e., ice) floats.

Who discovered the principle of buoyancy?

Buoyancy was first discovered by the Greek mathematician Archimedes (c. 287-212
B.C.E.). The famous story recounts how the king of Syracuse, Hieron II (c. 306—c. 215
B.C.E.), asked Archimdes to verify that his crown was made of pure gold without
destroying the crown. When Archimedes entered his bath, he noticed that the water
overflowed the tub. He realized that the volume water that flowed out of the bath had
to be equal to the volume of his own body that was immersed in the bath. Shouting
“Eureka,” he ran through the streets of Syracuse announcing he had found a method
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to determine whether the king’s crown was made of pure gold. He could measure the
amount of water that was displaced by a block of pure gold of the same weight as the
crown. If the crown was made of pure gold, it would displace the same amount of
water as the block of gold. The principle of buoyancy, also known as Archimedes’s
principle, states that the buoyant force acting on an object placed in a fluid is equal to
the weight of the fluid displaced by the object.

Who made the first organic compound to be synthesized from
inorganic ingredients?

In 1828, Friedrich Wohler (1800-1882) synthesized urea from ammonia and cyanic
acid. This synthesis dealt a deathblow to the vital-force theory, which held that defi-
nite and fundamental differences existed between organic and inorganic compounds.
The Swedish chemist Jons Jakob Berzelius (1779-1848) had proposed that the two
classes of compounds were produced from their elements by entirely different laws.
Organic compounds were produced under the influence of a vital force and so were
incapable of being prepared artificially. This distinction ended with Wohler’s synthesis.

CHEMICAL ELEMENTS

What were the two main aims of alchemy?

The main aim of alchemy, the early study of chemical reactions, was the transmuta-
tion (or transformation) of common elements into gold. Needless to say, all attempts
to change a substance into gold were unsuccessful. A second aim of alchemy was to
discover an elixir or universal remedy that would promote everlasting life. Again, this
pursuit was unsuccessful.

What is a philosopher’s stone?

A philosopher’s stone is the name of a substance believed by medieval alchemists to
have the power to change baser metals into gold or silver. It had, according to some,
the power of prolonging life and of curing all injuries and diseases. The pursuit of it by
alchemists led to the discovery of several chemical substances; however, the magical
philosopher’s stone has since proved fictitious.

Who are some of the founders of modern chemistry?

The history of chemistry in its modern form is often considered to begin with the
British scientist Robert Boyle (1627-1691), although its roots can be traced back to
the earliest recorded history. Best known for his discovery of Boyle’s Law (volume of a



gas is inversely proportional to its pres-
sure at constant temperature), he was a
pioneer in the use of experiments and the
scientific method. A founder of the Royal
Society, he worked to remove the mys-
tique of alchemy from chemistry to make
it a pure science.

The French chemist Antoine-Laurent
Lavoisier (1743-1794) is regarded as
another important founder of modern
chemistry. Indeed, he is considered “the
father of modern chemistry.” His wide-
ranging contributions include the discred-
iting of the phlogiston theory of combus-
tion, which long had been a stumbling
block to a true understanding of chem-
istry. He established modern terminology
for chemical substances and did the first
experiments in quantitative organic analy-
sis. He is sometimes credited with having |y this 1702 engraving two angels hold the philosopher’s
discovered or established the law of con- stone.The furnace below them is being used for an alchemical
servation of mass in chemical reactions. transmutation.
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John Dalton (1766-1844), an English chemist, who proposed an atomic theory of
matter that became a basic theory of modern chemistry, is also an important figure in
the development of the field. His theory, first proposed in 1803, states that each chem-
ical element is composed of its own kind of atoms, all with the same relative weight.

Another important individual in the development of modern chemistry was
Swedish chemist Jons Jakob Berzelius (1779-1848). He devised chemical symbols,
determined atomic weights, contributed to the atomic theory, and discovered several
new elements. Between 1810 and 1816, he described the preparation, purification, and
analysis of 2,000 chemical compounds. Then he determined atomic weights for 40 ele-
ments. He simplified chemical symbols, introducing a notation—Iletters with num-
bers—that replaced the pictorial symbols his predecessors used, and that is still used
today. He discovered cerium (in 1803, with Wilhelm Hisinger), selenium (1818), sili-
con (1824), and thorium (1829).

What are the four major divisions of chemistry?

Chemistry has traditionally been divided into organic, inorganic, analytical, and physi-
cal chemistry. Organic chemistry is the study of compounds that contain carbon.
More than 90 percent of all known chemicals are organic. Inorganic chemistry is the
study of compounds of all elements except carbon. Analytical chemists determine the
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structure and composition of compounds and mixtures. They also develop and operate
instruments and techniques for carrying out the analyses. Physical chemists use the
principles of physics to understand chemical phenomena.

Who proposed the phlogiston theory?

Phlogiston was a name used in the eighteenth century to identify a supposed substance
given off during the process of combustion. The phlogiston theory was developed in the
early 1700s by the German chemist and physicist Georg Ernst Stahl (1660-1734).

In essence, Stahl held that combustible material such as coal or wood was rich in
a material substance called “phlogiston.” What remained after combustion was with-
out phlogiston and could no longer burn. The rusting of metals also involved a trans-
fer of phlogiston. This accepted theory explained a great deal previously unknown to
chemists. For instance, metal smelting was consistent with the phlogiston theory, as
was the fact that charcoal lost weight when burned. Thus the loss of phlogiston either
decreased or increased weight.

The French chemist Antoine-Laurent Lavoisier demonstrated that the gain of
weight when a metal turned to a calx was just equal to the loss of weight of the air in
the vessel. Lavoisier also showed that part of the air (oxygen) was indispensable to
combustion, and that no material would burn in the absence of oxygen. The transition
from Stahl’s phlogiston theory to Lavoisier’s oxygen theory marks the birth of modern
chemistry at the end of the eighteenth century.

When was spontaneous combustion first recognized?

Spontaneous combustion is the ignition of materials stored in bulk. This is due to
internal heat buildup caused by oxidation (generally a reaction in which electrons are
lost, specifically when oxygen is combined with a substance, or when hydrogen is
removed from a compound). Because this oxidation heat cannot be dissipated into the
surrounding air, the temperature of the material rises until the material reaches its
ignition point and bursts into flame.

A Chinese text written before 290 c.E. recognized this phenomenon in a descrip-
tion of the ignition of stored oiled cloth. The first Western acknowledgment of sponta-
neous combustion was by J. P. F. Duhamel in 1757, when he discussed the gigantic
conflagration of a stack of oil-soaked canvas sails drying in the July sun. Before spon-
taneous combustion was recognized, such events were usually blamed on arsonists.

Who developed the periodic table?

Dmitry Ivanovich Mendeleyev (1834-1907) was a Russian chemist whose name will
always be linked with the development of the periodic table. He was the first chemist
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to really understand that all elements are related members of a single ordered system.
He changed what had been a highly fragmented and speculative branch of chemistry
into a true, logical science. His nomination for the 1906 Nobel Prize in Chemistry
failed by one vote, but his name became recorded in perpetuity 50 years later when
element 101 was called mendelevium.

According to Mendeleyev, the properties of the elements, as well as those of
their compounds, are periodic functions of their atomic weights (in the 1920s, it
was discovered that atomic number was the key rather than weight). Mendeleyev
compiled the first true periodic table in 1869 listing all the 63 (then-known) ele-
ments. In order to make the table work, Mendeleyev had to leave gaps, and he pre-
dicted that further elements would eventually be discovered to fill them. Three were
discovered in Mendeleyev’s lifetime: gallium in 1875, scandium in 1879, and germa-
nium in 1896.

There are 95 naturally occurring elements; of the remaining elements (elements
96 to 109), ten are undisputed. There are approximately more than 50 million chemi-
cal compounds, produced from the elements, registered with Chemical Abstracts as
of 2009.

What were Lothar Meyer’s contributions to the periodic table?

Lothar Meyer (1830-1895), a German chemist, prepared a periodic table that resem-
bled closely Mendeleyev’s periodic table. He did not publish his periodic table until
after Mendeleyev’s paper on the periodic table was published in 1869. It is believed his
work was influential in causing some of the revisions Mendeleyev made in the second
version of his periodic table, published in 1870. Specifically, Meyer focused on the
periodicity of the physical properties of the elements, while Mendeleyev’s focus was
the chemical consequences of the periodic law.

What was the first element to be discovered?

Phosphorus was first discovered by German chemist Hennig Brand (c. 1630—c. 1710)
in 1669 when he extracted a waxy white substance from urine that glowed in the dark.
But Brand did not publish his findings. In 1680, phosphorus was rediscovered by the
English chemist Robert Boyle.

What are the alkali metals?

These are the elements at the left of the periodic table: lithium (Li, element 3), potas-
sium (K, element 19), rubidium (Rb, element 37), cesium (Cs, element 55), francium
(Fr, element 87), and sodium (Na, element 11). The alkali metals are sometimes called
the sodium family of elements, or Group I elements. Because of their great chemical
reactivity (they easily form positive ions), none exists in nature in the elemental state.



What are the alkaline Earth metals?

These are beryllium (Be, element 4), magnesium (Mg, element 12), calcium (Ca, ele-
ment 20), strontium (Sr, element 38), barium (Ba, element 56), and radium (Ra, ele-
ment 88). The alkaline Earth metals are also called Group II elements. Like the alkali
metals, they are never found as free elements in nature and are moderately reactive
metals. Harder and less volatile than the alkali metals, these elements all burn in air.

What are the transition elements?

The transition elements are the 10 subgroups of elements between Group II and Group
XIII, starting with period 4. They include gold (Au, element 79), silver (Ag, element 47),
platinum (Pt, element 78), iron (Fe, element 26), copper (Cu, element 29), and other
metals. All transition elements are metals. Compared to alkali and alkaline Earth met-
als, they are usually harder and more brittle and have higher melting points. Transition
metals are also good conductors of heat and electricity. They have variable valences,
and compounds of transition elements are often colored. Transition elements are so
named because they comprise a gradual shift from the strongly electropositive ele-
ments of Groups I and II to the electronegative elements of Groups VI and VII.

What are the transuranic chemical elements and the names for elements
102 to 109?

Transuranic elements are those elements in the periodic system with atomic numbers
greater than 92. Many of these elements are ephemeral, do not exist naturally outside
the laboratory, and are not stable.

Elements 93 through 109

Element Number Name Symbol
93 Neptunium Np
94 Plutonium Pu
95 Americum Am
96 Curium Cm
97 Berkelium Bk
98 Californium Cf
99 Einsteinium Es

100 Fermium Fm
101 Mendelevium Md
102 Nobelium No
103 Lawrencium Lr
104 Rutherfordium Rf

105 Dubnium Db
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Which are the only two elements
in the periodic table named after women?
Curium, atomic number 96, was named after the pioneers of radioactive
research Marie (1867-1934) and Pierre Curie (1859-1906). Meitnerium,

atomic number 109, was named after Lise Meitner (1878-1968), one of the
founders of nuclear fission.

Element Number Name Symbol
106 Seaborgium Sg
107 Bohrium Bh
108 Hassium Hs
109 Meitnerium Mt
110 Darmstadium Ds
111 Roentgenium Rg
112 Copernicium Cn

Elements 113 through 118 are unstable and have not been confirmed indepen-
dently by researchers. The names for elements 113 through 118 are under review by
the International Union of Pure and Applied Chemistry.

Which elements are the “noble metals”?

The noble metals are gold (Au, element 79), silver (Ag, element 47), mercury (Hg, ele-
ment 80), and the platinum group, which includes platinum (Pt, element 78), palladi-
um (Pd, element 46), iridium (Ir, element 77), rhodium (Rh, element 45), ruthenium
(Ru, element 44), and osmium (Os, element 76). The term refers to those metals high-
ly resistant to chemical reaction or oxidation (resistant to corrosion) and is contrasted
to “base” metals, which are not so resistant. The term has its origins in ancient alche-
my whose goals of transformation and perfection were pursued through the different
properties of metals and chemicals. The term is not synonymous with “precious met-
als,” although a metal, like platinum, may be both.

The platinum group metals have a variety of uses. In the United States more than
95 percent of all platinum group metals are used for industrial purposes. While plat-
inum is a coveted material for jewelry making, it is also used in the catalytic convert-
ers of automobiles to control exhaust emissions, as are rhodium and palladium.
Rhodium can also be alloyed with platinum and palladium for use in furnace wind-
ings, thermocouple elements, and in aircraft spark-plug electrodes. Osmium is used in
the manufacture of pharmaceuticals and in alloys for instrument pivots and long-life
phonograph needles.



What distinguishes gold and silver as elements?

Besides their use as precious metals, gold and silver have properties that distinguish
them from other chemical elements. Gold is the most ductile and malleable metal—
the thinnest gold leaf is 0.0001 millimeters thick. Silver is the most reflective of all
metals; thus, it is used in mirrors.

What is Harkin’s rule?

Atoms having even atomic numbers are more abundant in the universe than are
atoms having odd atomic numbers. Chemical properties of an element are determined
by its atomic number, which is the number of protons in the atom’s nucleus.

What are some chemical elements whose symbols are not derived from their
English names?

Modern Name Symbol Older Name
antimony Sh stibium
copper Cu cuprum
gold Au aurum
iron Fe ferrum
lead Pb plumbum
mercury Hg hydrargyrum
potassium K kalium
silver Ag argentum
sodium Na natrium
tin Sn stannum
tungsten w wolfram

Which elements are liquid at room temperature?

Mercury (“liquid silver,” Hg, element 80) and bromine (Br, element 35) are liquid at
room temperature 68° to 70°F (20° to 21°C). Gallium (Ga, element 31) with a melting
point of 85.6°F (29.8°C), cesium (Cs, element 55) with a melting point of 83°F
(28.4°C), and Francium (Fr, element 87) with a melting point of 80.6°F (27°C) are liq-
uid at slightly above room temperature and pressure.

Which chemical element is the most abundant in the universe?

Hydrogen (H, element 1) makes up about 75 percent of the mass of the universe. It is
estimated that more than 90 percent of all atoms in the universe are hydrogen atoms.
Most of the rest are helium (He, element 2) atoms.
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Which chemical elements are the most abundant on Earth?

Oxygen (0O, element 8) is the most abundant element in Earth’s crust, waters, and
atmosphere. It comprises 49.5 percent of the total mass of these compounds. Silicon
(Si, element 14) is the second most abundant element. Silicon dioxide and silicates
make up about 87 percent of the materials in Earth’s crust.

Why are the rare gases and rare Earth elements called “rare”?

Rare gases refers to the elements helium, neon, argon, krypton, and xenon. They are
rare in that they are gases of very low density (“rarified”) at ordinary temperatures and
are found only scattered in minute quantities in the atmosphere and in some sub-
stances. In addition, rare gases have zero valence and normally will not combine with
other elements to make compounds.

Rare Earth elements are elements numbered 58 through 71 in the periodic table
plus yttrium (Y, element 39) and thorium (Th, element 90). They are called “rare
Earths” because they are difficult to extract from monazite ore, where they occur. The
term has nothing to do with scarcity or rarity in nature.

What is an isotope?

Elements are identified by the number of protons in an atom’s nucleus. Atoms of an
element that have different numbers of neutrons are isotopes of the same element.
Isotopes of an element have the same atomic number but different mass numbers.
Although the physical properties of atoms depend on mass, differences in atomic mass
(mass numbers) have very little effect on chemical reactions. Common examples of
isotopes are carbon-12 and carbon-14. Carbon-12 has six protons, six electrons, and
six neutrons; carbon—14 has six protons, six electrons, and eight neutrons.

Which elements have the most isotopes?

The elements with the most isotopes, with 36 each, are xenon (Xe) with nine stable
isotopes (identified from 1920 to 1922) and 27 radioactive isotopes (identified from
1939 to 1981), and cesium (Cs) with one stable isotope (identified in 1921) and 35
radioactive isotopes (identified from 1935 to 1983).

The element with the fewest number of isotopes is hydrogen (H), with three iso-
topes, including two stable ones—protium (identified in 1920) and deuterium, often
called heavy water, (identified in 1931)—and one radioactive isotope—tritium (first
identified in 1934, although not considered a radioactive isotope in 1939).

What is heavy water?

Heavy water, also called deuterium oxide (D,0), is composed of oxygen and two hydro-
gen atoms in the form of deuterium, which has about twice the mass of normal hydro-



Are there more chemical compounds
with even numbers of carbon atoms than with odd?

team of chemists recently noted that the database of the Beilstein Informa-

tion System, containing over 9.6 million organic compounds, includes sig-
nificantly more substances with an even number of carbon atoms than with an
odd number. Statistical analyses of smaller sets of organic compounds, such as
the Cambridge Crystallographic Database or the CRC Handbook of Chemistry
and Physics, led to the same results. A possible explanation for the observed
asymmetry might be that organic compounds are ultimately derived from bio-
logical sources, and nature frequently utilized acetate, a C, building block, in its
syntheses of organic compounds. It may therefore be that the manufacturers’
and synthetic chemists’ preferential use of relatively economical starting materi-
als derived from natural sources has left permanent traces in chemical publica-
tions and databases.

gen. As a result, heavy water has a molecular weight of about 20, while ordinary water
has a molecular weight of about 18. Approximately one part heavy water can be found
in 6,500 parts of ordinary water, and it may be extracted by fractional distillation. It is
used in thermonuclear weapons and nuclear reactors and as an isotopic tracer in stud-
ies of chemical and biochemical processes. Heavy water was discovered by Harold C.
Urey (1893-1981) in 1931. He received the Nobel Prize in Chemistry in 1934 for his
discovery of heavy hydrogen.

What does half-life mean?

Half-life is the time it takes for the number of radioactive nuclei originally present in a
sample to decrease to one-half of their original number. Thus, if a sample has a half-
life of one year, its radioactivity will be reduced to half its original amount at the end
of a year and to one quarter at the end of two years. The half-life of a particular
radionuclide is always the same, independent of temperature, chemical combination,
or any other condition. Natural radiation was discovered in 1896 by the French physi-
cist Antoine Henri Becquerel (1852-1908). His discovery initiated the science of
nuclear physics.

Which elements have the highest and lowest boiling points?

Helium has the lowest boiling point of all the elements at —-452.074°F (-268.93°C) fol-
lowed by hydrogen —423.16°F (-252.87°C). According to the CRC Handbook of Chem-
istry and Physics, the highest boiling point for an element is that of rhenium
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10,104.8°F (5,596°C) followed by tungsten 10,031°F (5,555°C). Other sources record
tungsten with the highest boiling point followed by rhenium.

Which element has the highest density?

Either osmium or iridium is the element with the highest density; however, scientists
have yet to gather enough conclusive data to choose between the two. When tradition-
al methods of measurement are employed, osmium generally appears to be the dens-
est element. Yet, when calculations are made based upon the space lattice, which may
be a more reliable method given the nature of these elements, the density of iridium is
22.65 compared to 22.61 for osmium.

What is the density of air?

The density of dry air is 1.29 grams per liter at 32°F (0°C) at average sea level and a
barometric pressure of 29.92 inches of mercury (760 millimeters).

The weight of one cubic foot of dry air at one atmosphere of barometric pressure is:

Temperature (Fahrenheit) Weight per cubic foot (pounds)
50° 0.07788
60° 0.07640
70° 0.07495

Which elements are the hardest and softest?

Carbon is both the hardest and softest element occurring in two different forms as
graphite and diamond. A single crystal of diamond scores the absolute maximum value
on the Knoop hardness scale of 90. Based on the somewhat less informative abrasive
hardness scale of Mohs, diamond has a hardness of 10. Graphite is an extremely soft
material with a Mohs hardness of only 0.5 and a Knoop hardness of 0.12.

What are isomers?

Isomers are compounds with the same molecular formula but different structures due
to the different arrangement of the atoms within the molecules. Structural isomers
have atoms connected in different ways. Geometric isomers differ in their symmetry
about a double bond. Optical isomers are mirror images of each other.

What are the gas laws?

The gas laws are physical laws concerning the behavior of gases. They include Boyle’s
law, which states that the volume of a given mass of gas at a constant temperature is



Carbon atoms can be arranged into molecules of graphite, which are soft, or diamonds, which are one of the hardest substances known.

inversely proportional to its pressure; and Charles’s law, which states that the volume
of a given mass of gas at constant pressure is directly proportional to its absolute tem-
perature. These two laws can be combined to give the General or Universal gas law,
which may be expressed as:

(pressure X volume)/temperature = constant

Avogadro’s law states that equal volumes of all gases contain the same number of
particles if they all have the same pressure and temperature.

The laws are not obeyed exactly by any real gas, but many common gases obey
them under certain conditions, particularly at high temperatures and low pressures.

What is a Lewis acid?

Named after the American chemist Gilbert Newton Lewis (1875-1946), the Lewis the-
ory defines an acid as a species that can accept an electron pair from another atom,
and a base as a species that can donate an electron pair to complete the valence shell
of another atom. Hydrogen ion (proton) is the simplest substance that will do this, but
Lewis acids include many compounds—such as boron trifluoride (BF5) and aluminum
chloride (AICl;)—that can react with ammonia, for example, to form an addition com-
pound or Lewis salt.

Which chemical is used in greater quantities than any other?

Sodium chloride (NaCl), or salt, has over 14,000 uses, and is probably used in greater
quantities and for more applications than any other chemical.
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What is the sweetest chemical compound?

The sweetest chemical compound is sucronic acid.

Sweetener Relative sweetness
sucronic acid 200,000
saccharin 300
aspartame 180
cyclamate 30
sugar (sucrose) 1

TEMPERATURE, MEASUREMENT,
AND METHODOLOGY

Who invented the thermometer?

The Greeks of Alexandria knew that air expanded as it was heated. Hero of Alexandria
(first century c.E.) and Philo of Byzantium made simple “thermoscopes,” but they
were not real thermometers. In 1592, Galileo Galilei (1564—-1642) made a kind of ther-
mometer that also functioned as a barometer, and in 1612 his friend Santorio Santorio
(1561-1636) adapted the air thermometer (a device in which a colored liquid was dri-
ven down by the expansion of air) to measure the body’s temperature change during
illness and recovery. Still, it was not until 1713 that Daniel Fahrenheit (1686-1736)
began developing a thermometer with a fixed scale. He worked out his scale from two
“fixed” points: the melting point of ice and the heat of the healthy human body. He
realized that the melting point of ice was a constant temperature, whereas the freez-
ing point of water varied. Fahrenheit put his thermometer into a mixture of ice, water,
and salt (which he marked off as 0°) and using this as a starting point, marked off
melting ice at 32° and blood heat at 96°. In 1835, it was discovered that normal blood
measured 98.6°F. Sometimes Fahrenheit used spirit of wine as the liquid in the ther-
mometer tube, but more often he used specially purified mercury. Later, the boiling
point of water (212°F) became the upper fixed point.

What is the Kelvin temperature scale?

Temperature is the level of heat in a gas, liquid, or solid. The freezing and boiling
points of water are used as standard reference levels in both the metric (centigrade or
Celsius) and the English system (Fahrenheit). In the metric system, the difference
between freezing and boiling is divided into 100 equal intervals called degree Celsius
or degree centigrade (°C). In the English system, the intervals are divided into 180



What was unusual about the original Celsius temperature scale?

ln 1742, the Swedish astronomer Anders Celsius (1701-1744) set the freezing
point of water at 100°C and the boiling point of water at 0°C. It was Carolus
Linnaeus (1707-1778) who reversed the scale, but a later textbook attributed the
modified scale to Celsius and the name has remained.

units, with one unit called degree Fahrenheit (°F). But temperature can be measured
from absolute zero (no heat, no motion); this principle defines thermodynamic tem-
perature and establishes a method to measure it upward. This scale of temperature is
called the Kelvin temperature scale, after its inventor, William Thomson, Lord Kelvin
(1824-1907), who devised it in 1848. The Kelvin (K) has the same magnitude as the
degree Celsius (the difference between freezing and boiling water is 100 degrees), but
the two temperatures differ by 273.15 degrees (0K equals —273.15°C). Below is a com-
parison of the three temperatures:

Characteristic K °C °F
Absolute zero 0 -273.15 -459.67
Freezing point of water 273.15 0 32
Normal human body temperature 310.15 37 98.6
100°F 290.95 17.8 100
Boiling point of water (at one atmosphere pressure) 373.15 100 212
Point of equality 233.15  -40.0 -40.0

To convert Celsius to Kelvin, add 273.15 to the temperature (K = C + 273.15). To
convert Fahrenheit to Celsius, subtract 32 from the temperature and multiply the dif-
ference by 5; then divide the product by 9 (C = 5/9[F — 32]). To convert Celsius to
Fahrenheit, multiply the temperature by 1.8, then add 32 (F = 9/5C + 32).

How are Celsius temperatures converted into Fahrenheit temperatures?

The formulas for converting Celsius temperatures into Fahrenheit (and the reverse)
are as follows:

F=(CX9/5)+ 32
C=(F-32) x5/

How is “absolute zero” defined?

Absolute zero is the theoretical temperature at which all substances have zero thermal
energy. Originally conceived as the temperature at which an ideal gas at constant
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Does hot water freeze faster than cold?

bucket of hot water will not freeze faster than a bucket of cold water. How-

ever, a bucket of water that has been heated or boiled, then allowed to cool
to the same temperature as the bucket of cold water, may freeze faster. Heating
or boiling drives out some of the air bubbles in water; because air bubbles cut
down thermal conductivity, they can inhibit freezing. For the same reason, pre-
viously heated water forms denser ice than unheated water, which is why hot-
water pipes tend to burst before cold-water pipes.

pressure would contract to zero volume, absolute zero is of great significance in ther-
modynamics and is used as the fixed point for absolute temperature scales. Absolute
zero is equivalent to 0K, —-459.67°F, or —273.15°C.

The velocity of a substance’s molecules determines its temperature; the faster the
molecules move, the more volume they require, and the higher the temperature
becomes. The lowest actual temperature ever reached was two-billionth of a degree
above absolute zero (2 X 10°K) by a team at the Low Temperature Laboratory in the
Helsinki University of Technology, Finland, in October 1989.

What is STP?

The abbreviation STP is often used for standard temperature and pressure. As a matter
of convenience, scientists have chosen a specific temperature and pressure as stan-
dards for comparing gas volumes. The standard temperature is 0°C (273°K) and the
standard pressure is 760 torr (one atmosphere).

What is the pH scale?

The pH scale is the measurement of the H1 concentration (hydrogen ions) in a solution.
It is used to measure the acidity or alkalinity of a solution. The pH scale ranges from 0 to
14. A neutral solution has a pH of 7, one with a pH greater than 7 is basic, or alkaline;
and one with a pH less than 7 is acidic. The lower the pH below 7, the more acidic the
solution. Each whole-number drop in pH represents a tenfold increase in acidity.

pH Value Examples of Solutions

0 Hydrochloric acid (HCI), battery acid

Stomach acid (1.0-3.0)

Lemon juice (2.3)

Vinegar, wine, soft drinks, beer, orange juice, some acid rain
Tomatoes, grapes, banana (4.6)

=~ W DN =



pH Value Examples of Solutions
5 Black coffee, most shaving lotions, bread, normal rainwater
6 Urine (5-7), milk (6.6), saliva (6.2-7.4)
7 Pure water, blood (7.3-7.5)
8 Egg white (8.0), seawater (7.8-8.3)
9 Baking soda, phosphate detergents, Clorox™, Tums™
10 Soap solutions, milk of magnesia
11 Household ammonia (10.5-11.9), nonphosphate detergents
12 Washing soda (sodium carbonate)
13 Hair remover, oven cleaner
14 Sodium hydroxide (NaOH)
Who is known as the founder of crystallography?
The French priest and mineralogist René-Just Hatly (1743-1822) is called the father of
crystallography. In 1781 Hatiy had a fortunate accident when he dropped a piece of
calcite and it broke into small fragments. He noticed that the fragments broke along
straight planes that met at constant angles. Hatly hypothesized that each crystal was
built from successive additions of what is now called a unit cell to form a simple geo-
metric shape with constant angles. An identity or difference in crystalline form
implied an identity or difference in chemical composition. This was the beginning of
the science of crystallography.

By the early 1800s many physicists were experimenting with crystals; in particu-
lar, they were fascinated by their ability to bend light and separate it into its compo-
nent colors. An important member of the
emerging field of optical mineralogy was
the British scientist David Brewster
(1871-1868), who succeeded in classify-
ing most known crystals according to
their optical properties.

The work of French chemist Louis
Pasteur  (1822-1895) during the
mid-1800s became the foundation for
crystal polarimetry—a method by which
light is polarized, or aligned to a single
plane. Pierre Curie and his brother
Jacques (1855-1941) discovered another
phenomenon displayed by certain crystals
called piezoelectricity. It is the creation of ~ PH paperis treated with a chemical indicator that changes

. i ; color depending on how acidic or basic the solution is in
an electrical potential by squeezing cer- which it is dipped.You can purchase testing kits that include
tain crystals. color charts to evaluate the results. 91
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Perhaps the most important application of crystals is in the science of X-ray crys-
tallography. Experiments in this field were first conducted by the German physicist
Max von Laue (1879-1960). This work was perfected by William Henry Bragg
(1862-1942) and William Lawrence Bragg (1890-1971), who were awarded the Nobel
Prize in Physics in 1915 for their work. The synthesis of penicillin and insulin were
made possible by the use of X-ray crystallography.

Who invented chromatography?

Chromatography was invented by the Russian botanist Mikhail Tswett (1872-1919) in
the early 1900s. The technique was first used to separate different plant pigments
from one another. Chromatography has developed into a widely used method to sepa-
rate various components of a substance from one another. Three types of chromatog-
raphy are high-performance liquid chromatography (HPLC), gas chromatography, and
paper chromatography. Different chromatography techniques are used in forensic sci-
ence and analytical laboratories.

What is nuclear magnetic resonance?

Nuclear magnetic resonance (NMR) is a process in which the nuclei of certain atoms
absorb energy from an external magnetic field. Analytical chemists use NMR spec-
troscopy to identify unknown compounds, check for impurities, and study the shapes
of molecules. They use the knowledge that different atoms will absorb electromagnet-
ic energy at slightly different frequencies.

What is a mole in chemistry?

A mole (mol), a fundamental measuring unit for the amount of a substance, refers to
either a gram atomic weight or a gram molecular weight of a substance. It is the
quantity of a substance that contains 6.02 X 1,023 atoms, molecules, or formula units
of that substance. This number is called Avogadro’s number or constant after Amadeo
Avogadro (1776-1856), who is considered to be one of the founders of physical sci-
ence. Mole Day was organized by the National Mole Day Foundation to promote an
awareness and enthusiasm for chemistry. It is celebrated each year on October 23.



ASTRONOMY
AND SPACE

UNIVERSE

What was the Big Bang?

The Big Bang theory is the explanation most commonly accepted by astronomers for
the origin of the universe. It proposes that the universe began as the result of an
explosion—the Big Bang—15 to 20 billion years ago. Two observations form the basis
of this cosmology. First, as Edwin Hubble (1889-1953) demonstrated, the universe is
expanding uniformly, with objects at greater distances receding at greater velocities.
Secondly, Earth is bathed in a glow of radiation that has the characteristics expected
from a remnant of a hot primeval fireball. This radiation was discovered by Arno A.
Penzias (1933-) and Robert W. Wilson (1936-) of Bell Telephone Laboratories. In
time, the matter created by the Big Bang came together in huge clumps to form the
galaxies. Smaller clumps within the galaxies formed stars. Parts of at least one clump
became a group of planets—our solar system.

What is the Big Crunch theory?

According to the Big Crunch theory, at some point in the very distant future, all mat-
ter will reverse direction and crunch back into the single point from which it began.
Two other theories predict the future of the universe: the Big Bore theory and the
Plateau theory. The Big Bore theory, named because it has nothing exciting to
describe, claims that all matter will continue to move away from all other matter and
the universe will expand forever. According to the Plateau theory, expansion of the
univers