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| Angiet Mechanics and Mechanists

PART ONE

Task: Get to know simple machines by reading the following paragraphs, and give some other
examples of simple machines.

One of the most striking differences between humans and other animals is the human use of
machines. Trains, cars and airplanes enable travel over great distances. Gigantic construction
machines help to build enormous buildings and bridges. Subtle complicated machines like
clocks keep track of time. Human lives in almost every way either depend upon or involve
interacting with machines. Yet despite their great variety, all of these different machines are just
different combinations of the six simple machines.

The lever is a simple bar attached to a pivot point that it is able to rest on. The see—saw is
an example of a lever, as is the crowbar. The inclined plane, a scientific term for a ramp, is
another simple machine. The wedge is basically a moving inclined plane. It is a hunk of strong
material thick at one end and thin at the other. Axes, knives and doorstops are all wedges. A
screw is a sort of circular inclined plane. It is a plane that spirals around a cylinder. Screws are
often used to hold wooden objects in place. Wheels are simple machines. Pulleys are wheels with

ropes around their rims.
2. Skateboard

Glossary

blont blant/ n. EBEE % TR, TR — 3 1E
Jecl /dek/ n. BRUE

“riplape I'gripterp/ n. i

ol I'olis/ . AR AB] Bk

Al Polis/ n. AR S %S

“Latehonr M'skertbord/ n. AR

ek Meakd n. WAR B AR AT
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freemp/ n. RHH ; #HIE ; Y 1E
(£=#K Bicycle Motocross ) /N e %=

What are the three main ways that simple machines make the work easier? Answer the
question after watching the video.
Watch the video again, and fill in the blanks.

The modern skateboard has an upturned area on the nose (or front) of the board, as well as
on the tail (or back) of the board. The upturned kick 1) for the rider and helps
to lessen the force exerted by the rider while performing tricks on ramps, in the street or on the
flat ground. The lever action of a skateboard allows a rider to 2) the board and to
make tricks easier to do. The lever on a skateboard allows the rider to perform ollies, nollies, tail
slides and blunts to name a few choice tricks. The place where the trucks of the skateboard and
the deck come together is 3) , or a fixed point around which 4)

The fulerum action allows the rider to control the movement of a trick by 5)

pressure to the fulerum point.

Watch the video and fill in the blanks.

['silinda/ n. [B]H:
/har'dra:liks/ n. i Hs
fdzuzl/ n. £EH (TS RE A B2 )
[meegnitjuid/ n. B4 ;5%
/weds/ n. B2 ; =fAK
Eagil
it il
1 ) Machine is any device that uses to do work.
2 ) Work is, in science, defined as a force exerted over a
3)A machine is actually made up of much simpler parts.
4) The general list of 6 simple machines in the work of Da Vinci, are some of the earliest

of machines.
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5) A definition for a simple machine is any mechanical device that changes the direction or

the _ of a force.

6)A is simply a detailed example of a wheel and axle.

7) Hydraulics allows us to forces, so we should include that in the list of simple
machines.

8) A wedge is simply two inclined planes, and a screw is an inclined plane about
a cylinder.

9)The parts of the lever are going to be the arm and the

10) There is an old that says “if I had a lever long enough and a place to rest it,

I can lift the world.”
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Guy Gugliotta
Consider the galley slave, clad in rags, chained to a hardwood bench and clinging to an oar
as long as a three—story flagpole. A burly man with a whip walks back and forth shouting

encouragement. You've seen the movie.

Stefano Bianchetti/Corbis

LAW OF THE LEVER On triremes, the midships oarsmen were the most effective.

That galley slave would have known that the rowing stations in the middle of the ship were
best, although he might not have known why. That took scholars to figure out. “Think of the oar
as a lever,” Prof. Mark Schiefsky of the Harvard classics department said. “Think of the oarlock
as a fulcrum, and think of the sea as the weight.”

The longer the lever arm on the rower's side of the fulcrum, the easier to move the weight.
In the middle of the ship, as the rowers knew, the distance from hands to oarlock was the longest.

This explanation is given in Problem 4 of the classical Greek treatise “Mechanical
Problems,” from the 3rd century BC, the first known text on the science of mechanics and the
first to explain how a lever works. It preceded, by at least a generation, Archimedes’ “On the
Equilibrium of Plane Figures,” which presented the first formal proof of the law of the lever.

Dr. Schiefsky teaches Greek and Latin as his day job and reads Thucydides *and Sophocles’

in ancient Greek for fun. He also majored in astronomy as an undergraduate, and about nine
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years ago he joined a multinational research team called the Archimedes Project, based in Berlin.

The Archimedes team studies the history of mechanics, how people thought about simple
machines like the lever, the wheel and axle, the balance, the pulley, the wedge and the screw
and how they turned their thoughts into theories and principles.

The textual record begins with “Mechanical Problems,” moves to Rome and then through
the medieval Islamic world' to the Renaissance’. It ends, finally, with Newton®, who described
many of the basic laws of mechanics in the 18th century.

There are a surprising number of old, and extremely old, scientific texts that have survived
the ravages of time in one form or another. The Archimedes Web site lists far more than 100,
including Euclid”s geometry, Hero of Alexandria®s Roman—era technical manual on crosshows
and catapults, medieval treatises on algebra and mechanics by Jordanus de Nemore’ and
Galileo'”s 17th—century defense of a heliocentric solar system.

The nice thing for Dr. Schiefsky is that hardly anyone reads the stuff. Scientists generally
are not into ancient Greek or Latin, let alone Arabic, and most of Dr. Schiefsky’s colleagues
work on literature, philosophy, philology or archaeology. In fact, Dr. Schiefsky suggests “about
100 people” worldwide work on both science and the classics.

By following the historical record, the Archimedes researchers have discovered that the
evolution of physics — or, at least, mechanics — is based on an interplay between practice and
theory. The practical use comes first, theory second. Artisans build machines and use them but
do not think about why they work. Theorists explain the machines and then derive principles that
can be used to construct more complex machines.

The Archimedes researchers say that by studying this dialectic they can better understand
what people knew about the natural world at a given time and how that knowledge may have
affected their lives.

“What do you do when you want to weigh a 100—pound piece of meat and you don’t have a
100-pound counterweight?” Dr. Schiefsky asked. “You use an unequal-armed balance, with a
small weight on the long arm and the meat on the short arm.” The uneven balance, known as a

steelyard (see the illustration below ), is a kind of lever.

One reason why Archimedes scholars find mechanics so attractive is that devices like the
steelyard and lever have such long histories. “Practitioners knew about the lever long before the
development of scientific theory, pretty much since the origin of civilization” Dr. Schiefsky said.

“Mechanical Problems” arrived in the modern world along with Aristotle’s works. In fact, it
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was thought for centuries that Aristotle wrote it. “Most scholars discount that now,” Dr.
Schiefsky said. Aristotle cast wide theoretical nets, he added, while “Mechanical Problems” “is
much more focused.”

The author of “Mechanical Problems,” Dr. Schiefsky said, clearly knew about Aristotle and
adopted his matter—of—factness to describe a seemingly intractable dilemma in neat, practical
terms. Problem 3 describes the lever’s property.

“For it seems strange that a great weight is moved by a small force,” the author wrote. “For
the very same weight, which a man cannot move without a lever, he quickly moves by taking in
addition the weight of the lever.”

Problem 4 is the oarsmen, demonstrating the principle in a different context. The oarsmen
sit in a row from stern to bow. The oars are the same length, but the distance between hands and
oarlock, the lever arm, is longer amidships, because the ship is wider there. The midships
oarsmen exert less force than their bow or stern co-rowers to move the same weight of water.
Conversely, if the midships oarsmen row as hard as the others, they will move a greater weight of
water and contribute more to the ship’s movement.

Although the author of “Mechanical Problems” certainly understood how a lever worked, it
was Archimedes who described the precise relationship between the weights and their distances
from the fulcrum.

“He made this into a fundamental principle of theoretical mechanical knowledge that could
be used by practitioners,” Dr. Schiefsky said. Classical tradition credits Archimedes as having

said, “Give me a place to stand on, and I will move the Earth.”

EARTHMOVER Archimedes said he could move the Earth if given a place to stand.

“And the principle,” Dr. Schiefsky added, “is that there is a proportionality between the
force and the load, no matter how big the load. This is an intellectual transformation.”

In the Middle Ages, the Arab world was a source for new scientific knowledge, as well as
the custodian for much classical tradition, translated from Greek into Arabic beginning in the
ninth century. By the 13th century, Western scholastics translated Aristotle from Arabic into
Latin.

“Mechanical Problems” arrived later in the Renaissance, along with Greek copies of
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Aristotle’s works, rediscovered in libraries, monasteries and other Middle East repositories. It
inspired many commentaries by Renaissance scholars and was read by Galileo and other
theorists. Indeed, “Mechanical Problems” is in many respects as useful today as it was 2,500
years ago, as anyone who has twiddled the weights on a health club scale can attest.

Or consider the New York Athletic Club rowing coach, Vincent Ventura, a close student of
Problem 4, even though he has never read it: “It’s different for our people, because the length of
the oar to the oarlock is the same no matter where you sit in the boat. Everybody pulls the same
weight,” he said in a telephone interview. Still, “once in a while we might shorten oar for a guy

who's not as big as the others.”
(1204 words)

lechin leldzbral n L3

anidehips fo'mudfips/ adv. FEREHEB

artisan Jastr'zeen/ n. TIE , £ T

et [o'test/ vt MESE, UEBA

Low Moaul n. 3k AH

burly 'ba:ly/ adj. BERE Y, R A, HLE /Y

catapult Mkaetopalt n. (A AL B AL

clad /Kled/ adj. B e AR s - B HY
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crosshow Mkeaisbav/ n. A 5,8
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Meval n. KLFF
Imedrizval/ adj. FHELEET, H ity (BFAR) 19
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['a:lok/ n. 346, 4R
/f'bled3y/ n. 18 3C5F
/preek'tifona/ n. N #H , SLERE

Jprit'sizd/ vt. SWHE, Fo T, FE e ZHI
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1. excerpted from The New York Times issued on April 1, 2008

2. Thucydides (English pronunciation:/0ju:'sididi:z/, c. 460 BC—c. 395 BC ) was a Greek
historian remembered for his history of the Peloponnesian War.

3. Sophocles (English pronunciation:/ “sofakli:z /c. 496 BC—c. 406 BC) was one of the
three great ancient Greek tragedians .

4. During the historical period between the 8th and 16th centuries, scientists and engineers
of the Islamic world are credited with great contributions to science and civilization, by

developing earlier traditions and by making relatively rapid and marked innovations.
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5. Renaissance, literally “rebirth,” refers to the revival of art and literature under the
influence of classical models in the 14th—16th centuries.

6. Newton (1643—1727 )was an English physicist and mathematician, considered by many
to be the greatest and most influential scientist who ever lived. In Mathematical Principle
of Natural Philosophy (1687), which lays the foundations for most of classical
mechanics, Newton described universal gravitation and the three laws of motion, which
dominated the scientific view of the physical universe for the next three centuries.

7. Euclid (English pronunciation:/ju:klid/,c.300 BC) was a Greek mathematician, often
referred to as the “Father of Geometry”.

8. Hero of Alexandria, (c. 10—70 AD), was a Greek mathematician and engineer. His
surviving works are important as a source for ancient practical mathematics and
mechanics.

9. Jordanus de Nemore was a 13th—century European mathematician who wrote treatises on
at least 6 different important mathematical subjects: the science of weights; “algorismi”
treatises on practical arithmetic; pure arithmetic; algebra; geometry; and stereographic
projection.

10. Galileo(1564—1642)was an Italian physicist, mathematician, astronomer, and philosopher

who played a major role in the Scientific Revolution, called the “Father of Modern

Science”.
P
® Discussion

Directions: Read the text and answer the following questions.
1. What is the reason that the rowing stations in the middle of the ship were best?
2. What is the first known text on the science of mechanics and the first to explain how a
lever works?
3. What does the Archimedes Project do?
4. What is the dialectic for the Archimedes researchers?
5. If the stern oarsmen row as hard as the others, can they make the same contribution to

the ship’s movement?

® Vocabulary

|- Directions: Fill in the blanks with the words provided from the text.

1) The longer the lever arm on the rower’s side of the fulcrum, the to move the

weight.

e
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2) By studying this dialectic they can better understand what people knew about the
world at a given time and how that knowledge may have affected their lives.

3) One reason why Archimedes scholars find mechanics so is that devices like
the steelyard and lever have such long histories.

4)Tt seems that a great weight is moved by a small force.

5) He made this into a principle of theoretical mechanical knowledge that
could be used by practitioners.

6) “Give me a place to on, and I will move the Earth.”

7) The principle is that there is a proportionality between the force and the load, no matter
how the load.

8) Indeed, “Mechanical Problems” is in many respects as today as it was 2,
500 years ago.

9) It was Archimedes who described the relationship between the weights and
their distances from the fulcrum.

10) It ends, finally, with Newton, who described many of the laws of mechanics

in the 18th century.
® Cloze

Directions: Fill in the following blanks with a suitable form of each word provided. Some of the

words can be used twice.

.EFF?RT RESISTANCE,;  FULCRUM
3 MOTION

A
FULCRUM

RESIST NCE' FULCRUM
MOT ION‘%
Rl FULCRUM

RESISTANCE ULCRUM
MOTION 4 pyLCRUM |
_[h | i ’ Y
EFFORT ‘ i

Levers are classified by the relative positions of the fulcrum and the input and output

MlXa«:Msz

forces. It is common to 1) the input force the effort and the output force the load
or the resistance. This allows the 2) of three classes of levers by the relative
locations of the fulecrum, the resistance and the effort:

Class I Fulerum in the middle: the effort is applied on one side of the fulcrum and the
3) on the other side, for example, a crowbar or a pair of scissors.

Class 2 Resistance in the middle: the effort is applied on one side of the resistance and the

fulerum is 4) on the other side, for example, a wheelbarrow or a nutcracker or a

i



