발간등록번호
전북교육 2010-359

2010년 과학교육자료개발

과학탐구관 전시물 영문 설명 자료
(

통합

)

발 간 사
과학교육의 힘이 선진일류국가의 초석이라는 말이 있습니다. 21세기 지식기반
사회를 맞아 가장 중요한 것은 국제경쟁력을 키울 수 있는 창의력 있는 과학두뇌
를 키우는 것입니다. 그러기 위해서는 올바른 인프라(INFRA)가 구축되어 있어야
하고 그러한 인프라 구축에 본원이 한 축의 역할을 담당하고 있다고 봅니다.
그러한 역할을 하는 과학 탐구관이 본원에는 4개가 있습니다. 탐구관은 관람
자가 전시되어 있는 전시물의 탐구과정을 통하여 스스로 문제를 찾아내고 해결하
기 위해 직접 관찰하며 실험도 해보는 살아 움직이는 교육의 장으로 활용되고
있습니다. 또한 미래에 대한 꿈을 키워주고, 최근에 개발된 과학기술을 직접 접촉
할 수 있는 기회를 제공하여 과학에 대한 흥미와 관심을 갖게하는 역할을 수행하
고 있습니다.
하지만 본원의 탐구관 설명 자료가 모두 우리말로 되어 있어 외국 사람들이
관람 할 경우 아무런 도움을 주지 못하고 있고, 활용이 극히 제한되어 있습니다.
이에 우리 원에서는 과학 탐구관 전시물 설명 자료를 영어로 제작할 필요성을
느끼어 본 자료를 개발하였습니다.
본 자료가 영어에 관심이 있는 학생은 물론 본 원을 방문하는 외국인에게 유
용한 자료가 되길 기대합니다.
끝으로 학교 현장에서 수업연구에 여념이 없었음에도 불구하고 본 자료 제
작을 위해 그동안 수고하신 연구위원님들께 진심으로 감사드립니다.
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1-1

Jumping Ring

Let's Check It Out!

This is a great demonstrator of Lenz's Law, and an extension of the Floating Tube
experiment. All that is needed is to slide the AC electromagnet coil over an 8" long
bolt, place an aluminum or copper tube over the bolt, and energize the electromagnet
for a short time, like a only second! The tube will shoot off the end of the bolt and
go sailing through the air. To give it a greater distance, cool the tube in some liquid
nitrogen to get it really cold (and make its resistance much lower) then place it onto
the bolt and give the coil a short pulse of current. The distance the tube will travel
could be twice as far as the warmer tube.
You may find something like this in a science museum (such as the Franklin
Museum in Philadelphia, or the Discovery Place in Milwaukee). You push a button on
an electromagnet and an aluminum ring is propelled over an arch to another
electromagnet. Press a button on the other electromagnet, and the ring is shot back
to you. Great fun!
To make one that can shoot a ring several feet into the air, a larger AC
electromagnet is wound onto a long laminated core which is much longer than the
core is. When energized, an aluminum ring resting on top of the coil will shoot off
into the air.
- 1 -

Associated Area

Kindergarten, Elementary School : Electromagnet
Middle School : Eltro Current & Electromagnet
High School : Lenz's law
Let's learn!
Lenz's law

Lenz's law is an extension of the law of conservation
of energy to the non-conservative forces in electro
magnetic induction. It can be used to give the direction
of the induced electromotive force (emf) and current
resulting from electro magnetic induction. Heinrich Lenz
postulated the following law;
"An induced current is always in such a direction as
to oppose the motion or change causing it"
The law provides a physical interpretation of the
choice of sign in Faraday's law of induction, indicating that the induced emf and the
change in flux have opposite signs.
Connection with law of conservation of energy

The law of conservation of energy relates exclusively to irritational (conservative)
forces. Lenz's Law extends the principles of energy conservation to situations that
involve non-conservative forces in electromagnetism. To see an example, move a
magnet towards the face of a closed loop of wire (e.g. a coil or solenoid). An electric
current is induced in the wire, because the electrons within it are subjected to an
increasing magnetic field as the magnet approaches. This produces an EMF
(electro-motive force) that acts upon them. The direction of the induced current
depends on whether the north or south pole of the magnet is approaching: an
approaching north pole will produce a counter-clockwise current (from the perspective
of the magnet), and south pole approaching the coil will produce a clockwise current.
To understand the implications for conservation of energy, suppose that the induced
currents' directions were opposite to those just described. Then the north pole of an
approaching magnet would induce a south pole in the near face of the loop. The
attractive force between these poles would accelerate the magnet's approach. This
- 2 -

would make the magnetic field increase more quickly, which in turn would increase
the loop's current, strengthening the magnetic field, increasing the attraction and
acceleration, and so on. Both the kinetic energy of the magnet and the rate of energy
dissipation in the loop (due to Joule heating) would increase. A small energy input
would produce a large energy output, violating the law of conservation of energy.
This scenario is only one example of electromagnetic induction. Lenz's Law states
that the magnetic field of any induced current opposes the change that induces it.
For a rigorous mathematical treatment, see electromagnetic induction and Maxwell's
equations.
Electromagnetism

Jumping Ring

A light aluminum ring, when placed on the iron
core sticking out of a large AC electromagnet, is
ejected violently into the air when the electro-magnet
is activated. The conceptual explanation is that the
AC magnet is continually reversing polarity, and
induces a voltage in the ring so the ring's magnetic
field continually opposes (repels) that of the iron core.
Copper rings and split rings are available to test
also. A heavier copper ring will float midway up the
iron core. When the ring is forced down on the iron
core, it becomes very hot. A split ring will not move;
it is not a complete circuit.
- 3 -

Magnetically Damped Pendulum

A pendulum with various disk is arranged to swing
through the poles of a powerful permanent magnet. A
solid aluminum disk is stopped on the first pass. An
aluminum disk slotted to reduce eddy currents is
moderately damped, and a cardboard disk swings
freely.
Various rectangular plates can be released to fall
through the poles of the magnet. An aluminum plate
slides viscously, a slotted plate more rapidly, and a
cardboard plate is unaffected.
Russian Version
Two rings are balanced on an arm which swings
freely on a bearing. When a magnet is thrust into one ring, it is repelled away. (You
can use this to illustrate the answer to the question in connection with the Faraday
demonstration E.5.1, "Where does the energy come from that moves the galvanometer
needle?"). When the magnet is pulled out, the ring is attracted towards it. The other
ring is split; thrusting a magnet in and out has no effect on it.
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Science Search Engine

Let's Check It Out!

Science search Engine for better understanding of science
Associated Area

Kindergarten, Elementary School, Middle School, High School : Science Knowledge
Discovery of DNA Structure and Function: Watson and Crick

The landmark ideas of Watson and Crick relied heavily
on the work of other scientists. What did the duo actually
discover?
Although few people realize it, 1869 was a landmark
year in genetic research, because it was the year in which
Swiss physiological chemist Friedrich Miescher first
identified what he called "nuclein" inside the nuclei of
human white blood cells. (The term "nuclein" was later
changed to "nucleic acid" and eventually to "deoxy- 5 -

ribonucleic acid," or "DNA.") Miescher's plan was to
isolate and characterize not the nuclein (which
nobody at that time realized existed) but instead the
protein components of leukocytes (white blood cells).
Miescher thus made arrangements for a local
surgical clinic to send him used, pus-coated patient
bandages; once he received the bandages, he planned
to wash them, filter out the leukocytes, and extract
and identify the various proteins within the white
blood cells. But when he came across a substance
from the cell nuclei that had chemical properties unlike any protein, including a much
higher phosphorous content and resistance to proteolysis (protein digestion), Miescher
realized that he had discovered a new substance (Dahm, 2008). Sensing the
importance of his findings, Miescher wrote, "It seems probable to me that a whole
family of such slightly varying phosphorous-containing substances will appear, as a
group of nucleins, equivalent to proteins" (Wolf, 2003).
More than 50 years passed before the significance of Miescher's discovery of
nucleic acids was widely appreciated by the scientific community. For instance, in a
1971 essay on the history of nucleic acid research, Erwin Chargaff noted that in a
1961 historical account of nineteenth-century science, Charles Darwin was mentioned
31 times, Thomas Huxley 14 times, but Miescher not even once. This omission is all
the more remarkable given that, as Chargaff also noted, Miescher's discovery of
nucleic acids was unique among the discoveries of the four major cellular components
(i.e., proteins, lipids, polysaccharides, and nucleic acids) in that it could be "dated
precisely... [to] one man, one place, one date."
Laying the Groundwork: Levene Investigates the Structure of DNA

Meanwhile, even as Miescher's name fell into
obscurity by the twentieth century, other scientists
continued to investigate the chemical nature of the
molecule formerly known as nuclein. One of these
other scientists was Russian biochemist Phoebus
Levene. A physician turned chemist, Levene was a
prolific researcher, publishing more than 700 papers on
the chemistry of biological molecules over the course
of his career. Levene is credited with many firsts. For
- 6 -

instance, he was the first to discover the order of
the three major components of a single nucleotide
(phosphate - sugar - base); the first to discover
the carbohydrate component of RNA (ribose); the
first to discover the carbohydrate component of
DNA (deoxyribose); and the first to correctly
identify the way RNA and DNA molecules are
put together.
During the early years of Levene's career,
neither Levene nor any other scientist of the time
knew how the individual nucleotide components of DNA were arranged in space;
discovery of the sugar-phosphate backbone of the DNA molecule was still years
away. The large number of molecular groups made available for binding by each
nucleotide component meant that there were numerous alternate ways that the
components could combine. Several scientists put forth suggestions for how this
might occur, but it was Levene's "polynucleotide" model that proved to be the correct
one. Based upon years of work using hydrolysis to break down and analyze yeast
nucleic acids, Levene proposed that nucleic acids were composed of a series of
nucleotides, and that each nucleotide was in turn composed of just one of four
nitrogen-containing bases, a sugar molecule, and a phosphate group. Levene made his
initial proposal in 1919, discrediting other suggestions that had been put forth about
the structure of nucleic acids. In Levene's own words, "New facts and new evidence
may cause its alteration, but there is no doubt as to the polynucleotide structure of
the yeast nucleic acid" (1919).
Indeed, many new facts and much new evidence soon emerged and caused
alterations to Levene's proposal. One key discovery during this period involved the
way in which nucleotides are ordered. Levene proposed what he called a
tetranucleotide structure, in which the nucleotides were always linked in the same
order (i.e., G-C-T-A-G-C-T-A and so on). However, scientists eventually realized
that Levene's proposed tetranucleotide structure was overly simplistic and that the
order of nucleotides along a stretch of DNA (or RNA) is, in fact, highly variable.
Despite this realization, Levene's proposed polynucleotide structure was accurate in
many regards. For example, we now know that DNA is in fact composed of a series
of nucleotides and that each nucleotide has three components: a phosphate group;
either a ribose (in the case of RNA) or a deoxyribose (in the case of DNA) sugar;
and a single nitrogen-containing base. We also know that there are two basic
categories of nitrogenous bases: the purines (adenine [A] and guanine [G]), each with
- 7 -

two fused rings, and the pyrimidines (cytosine [C], thymine [T], and uracil [U]), each
with a single ring. Furthermore, it is now widely accepted that RNA contains only A,
G, C, and U (no T), whereas DNA contains only A, G, C, and T (no U) (Figure 1).

Figure 1: Nucleotides have three components.
A nucleotide consists of a phosphate group, a pentose sugar (ribose or
deoxyribose), and a nitrogen-containing base, all linked together by covalent bonds.
The nitrogenous bases have two different chemical forms: purines have two fused
rings, and the smaller pyrimidines have a single ring.
Apollo 11 (1969)

The Apollo 11 mission landed the
first humans on the Moon.
Launched on July 16, 1969, the
third lunar mission of NASA's
Apollo Program (and the first G
type mission) was crewed by
Commander Neil Alden Armstrong,
Command Module Pilot Michael
Collins, and Lunar Module Pilot
Edwin Eugene 'Buzz' Aldrin, Jr. On
July 20, Armstrong and Aldrin became the first humans to walk on the Moon, while
Collins orbited in the Command Module.
- 8 -

The mission fulfilled President John F. Kennedy's goal
of reaching the moon by the end of the 1960s, which he
had expressed during a speech given before a joint
session of Congress on May 25, 1961: "I believe that this
nation should commit itself to achieving the goal, before
this decade is out, of landing a man on the Moon and
returning him safely to the Earth

- 9 -
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Electricity Generations

Let's Check It Out!

Let's understand the principle of electricity generation with the energy conversion
through many daily life electric devices, such as electric generators, telephones,
batteries, watches, and storage batteries.
Associated Area

Kindergarten, Elementary School : Turning on light
Middle School : Energy conversion
High School : Electromagnetic induction
Let's learn!
A Little Science

But first, we need to talk a bit about Energy. In Physics,
Energy is defined as the ability to do Work. (Everyday
examples of Work are: climbing stairs, loading a truck.
anything that involves moving mass).
- 10 -

Some of the common types of energy are: heat, light, kinetic energy (movement),
chemical energy, gravitational energy and of course. electrical energy.
In Physics, the Law of Conservation of Energy says that energy cannot be created
or destroyed. It can only be transformed from one type to another. This means that
to generate electricity, we have to use another kind of energy to fuel the process in this World you don't get something for nothing!
Michael Faraday

In the 19th Century, Michael Faraday carried out the
pioneering work that linked Electricity and Magnetism. In
particular, he showed that an electrical current is generated
in a conductor moving in a magnetic field.
The effect is greatly magnified if the conductor is
replaced with a coil or coils of copper wire. If these coils
are mounted on a rotating shaft or armature, continuous
rotation will produce a continuous alternating electrical
current. This is how nearly all electricity is generated today.
Now that we have a device (the generator, or alternator) that converts mechanical
energy (rotation) into electrical energy, the next problem is how to obtain the
mechanical energy to keep the alternator spinning. Here is a brief summary of some
of the viable ways of generating electricity on a commercial scale.
The Commercial Options
Fossil Fuels

In a coal or oil fired power station, the fuel is
burned (converting its chemical energy into heat) and
the heat used to convert water into steam at very high
temperature and pressure. This then drives a steam
turbine, a device which harnesses the energy in the
steam (heat and pressure) to produce rotational
movement (mechanical energy). The rotating shaft of
the steam turbine is coupled to the armature of the
alternator, so the final result is electricity.
- 11 -

Wind Power

Windmills have been around for centuries and all
have harnessed the energy of moving air (wind!)
through rotating sails or fan blades. Traditionally, the
mechanical energy was used directly, to turn a mill
wheel. A modern wind turbine simply couples the
rotating shaft to an alternator armature. The last link
in the chain is always the same - electricity from
mechanical rotation.
Hydro Electric Power

Here, the source energy (there always has to be
one!) is gravitational potential energy. A mountain
stream is dammed in a high place, to create an
artificial lake or reservoir. Farther down the mountain,
the power station is equipped with water turbines.
These are simply highly efficient versions of the old
fashioned water-wheel; effectively they harness the
kinetic energy of a carefully channelled waterfall to
produce mechanical rotation. The rest you know.
Tidal Power and Wave Power

These new technologies extract energy
from the long-term bulk movement of
water in a tidal estuary and from the
short-term wave motion of the surface.
The principle remains the same, to
harness the 'free' natural energy in
moving water to drive a mechanical
turbine.

- 12 -

Solar Power - local

In a sense. all energy on Earth is solar energy,
as even fossil fuels are chemical 'memories' of
ancient sunshine. But we're talking here about
generating electricity from solar energy, and
strangely enough, it's not very easy. The problem
is that you can't easily convert sunshine into
mechanical rotation to drive alternators on a
commercial scale. Solar panels have no moving
parts, and so the electricity they produce is 'DC' or
direct current. This is like the electricity from a
battery. It's great for local use, e.g. running a small irrigation pump, but the big
problem with DC is that it is hard to distribute. (No time to explain that now maybe another hub!)
Solar Power - commercial

Photovoltaic units, as described above, are best
suited to localised applications like space or
water heating. However, commercial-scale solar
power plants, though still expensive to build, are
becoming viable, the more so as the price of
fossil fuels increases.
No single design for commercial solar power
has yet won through, but all are based on the
same idea - a large array of reflectors to collect
the sun's rays and focus them onto a receiver
which is effectively pipe-work containing a
heat-absorbing fluid. Technologies are already
well developed to store the collected energy as heat and to convert it to electricity
using steam or gas turbines at a steady rate, night and day. The biggest problem is
that the sun moves (OK, the Earth rotates!) and so ingenious tracking mechanisms
are needed to make the reflectors follow the sun through the daylight hours.
Ironically, the part of the world best suited for deploying this technology is the part
that least needs it - the oil rich deserts of the Middle East.
- 13 -

Geothermal Energy

This is another underdeveloped source. If you
drill down into the Earth's crust, at first the
temperature drops, because the sun's warmth
can't penetrate. But deeper, the temperature rises.
Volcanoes are evidence of this - molten lava is
pretty hot! That well of energy is there to be
tapped. As always, the final conversion process is
the familiar steam turbine. And, like solar energy,
it is environmentally friendly, provided you don't
accidentally trigger a local volcano! But it is not
as simple as it seems. The process of taking heat from a hot rock cools the rock
locally.
Nuclear Energy

This is the controversial one. Nuclear fission is a
process in which unstable (radioactive) atomic
nuclei break down, releasing energy in the form of
radiation (escaping particles). By concentrating
these nuclei together, a controlled chain recation is
produced releasing huge amounts of energy which
is used to convert water into steam. The process
of generating electricity in a nuclear power plant is
simply by steam turbine, exactly the same as in a
fossil fuel plant. The public fear of nuclear power
is twofold: the risk of meltdown - an uncontrolled nuclear reactor is not very
different from an 'atomic' bomb; also the by-product, radioactive nuclear waste, is
none too pleasant.
As an aside - Nuclear energy does not obey the classical Physics law of
conservation of Energy. It does however obey the Modern Physics law of
conservation of Mass-Energy which allows for interconversion of matter and energy
according to Einstein's famous equation E=mc² This fundamental difference means
that Nuclear Energy is potentially the most fruitful source of all. It is important that
proper scientific research & development into nuclear energy, and Nuclear Fusion in
particular, should be allowed to continue.
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1-4

Optical Illusion

Let's Check It Out!

By experiencing optical illusions we usually ignore without much thinking, we can
understand the inaccuracy of sensory cognition.
Associated Area

Kindergarten, Elementary School :
Middle School High School : wave
Let's learn!

This article is about visual perception. For the Time
Requiem album, see Optical Illusion (album).
An optical illusion. The square A is exactly the same
shade of grey as square B. See Same color illusion.
An optical illusion (also called a visual illusion) is
characterized by visually perceived images that differ
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from objective reality. The information gathered by the eye is processed in the brain
to give a percept that does not tally with a physical measurement of the stimulus
source. There are three main types: literal optical illusions that create images that are
different from the objects that make them, physiological ones that are the effects on
the eyes and brain of excessive stimulation of a specific type (brightness, tilt, color,
movement), and cognitive illusions where the eye and brain make unconscious
inferences. They can also be known as "mind games".
Physiological illusions
A scintillating

grid illusion. Shape, position, colour, and 3D contrast
converge to produce the illusion of black dots at the
intersections.
Physiological illusions, such as the afterimages
following bright lights, or adapting stimuli of excessively
longer alternating patterns (contingent perceptual
aftereffect), are presumed to be the effects on the eyes
or brain of excessive stimulation of a specific type - brightness, tilt, color, movement,
etc. The theory is that stimuli have individual dedicated neural paths in the early
stages of visual processing, and that repetitive stimulation of only one or a few
channels causes a physio logical imbalance that alters perception.
The Hermann grid illusion and Mach bands are two illusions that are best
explained using a biological approach. Lateral inhibition, where in the receptive field
of the retina light and dark receptors compete with one another to become active, has
been used to explain why we see bands of increased brightness at the edge of a
color difference when viewing Mach bands. Once a receptor is active it inhibits
adjacent receptors. This inhibition creates contrast, highlighting edges. In the
Hermann grid illusion the gray spots appear at the intersection because of the
inhibitory response which occurs as a result of the increased dark surround.
Lateral inhibition has also been used to explain the Hermann grid illusion, but this
has been disproved.[citation needed.
Cognitive illusions

Cognitive illusions are assumed to arise by interaction with assumptions about the
world, leading to "unconscious inferences", an idea first suggested in the 19th century
by Hermann Helmholtz. Cognitive illusions are commonly divided into ambiguous
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illusions, distorting illusions, paradox illusions, or
fiction illusions.
Ambiguous illusions are pictures or objects that
elicit a perceptual 'switch' between the alternative
interpretations. The Necker cube is a well known
example; another instance is the Rubin vase.
Distorting illusions are characterized by distortions
of size, length, or curvature. A striking example is
the Café wall illusion.
Müller-Lyer illusion.

Paradox illusions are generated by objects that are
paradoxical or impossible, such as the Penrose
triangle or impossible staircases seen, for example, in
M. C. Escher's Ascending and Descending and
Waterfall. The triangle is an illusion dependent on a
cognitive misunderstanding that adjacent edges must
join.
Fictional illusions are defined as the perception of
objects that are genuinely not there to all but a
single observer, such as those induced by
schizophrenia or a hallucinogen. These are more properly called hallucinations.
Duck-Rabbit illusion

To make sense of the world it is necessary to
organize incoming sensations into information
which is meaningful. Gestalt psychologists believe
one way this is done is by perceiving individual
sensory stimuli as a meaningful whole. Gestalt
organization can be used to explain many
illusions including the Duck-Rabbit illusion where
the image as a whole switches back and forth
from being a duck then being a rabbit and why
in the figure-ground illusion the figure and
ground are reversible.
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Kanizsa triangle

In addition, Gestalt theory can be used to explain the
illusory contours in the Kanizsa Triangle. A floating white
triangle, which does not exist, is seen. The brain has a
need to see familiar simple objects and has a tendency to
create a "whole" image from individual elements. Gestalt
means "form" or "shape" in German. However, another
explanation of the Kanizsa Triangle is based in
evolutionary psychology and the fact that in order to
survive it was important to see form and edges. The use of perceptual organization
to create meaning out of stimuli is the principle behind other well-known illusions
including impossible objects. Our brain makes sense of shapes and symbols putting
them together like a jigsaw puzzle, formulating that which isn't there to that which
is believable.
Depth and motion perception

Illusions can be based on an individual's ability to see in
three dimensions even though the image hitting the retina is
only two dimensional. The Ponzo illusion is an example of an
illusion which uses monocular cues of depth perception to fool
the eye.
Ponzo illusion

In the Ponzo illusion the converging parallel lines tell
the brain that the image higher in the visual field is
farther away therefore the brain perceives the image to
be larger, although the two images hitting the retina
are the same size. The Optical illusion seen in a
diorama/false perspective also exploits assumptions
based on monocular cues of depth perception. The M.
C. Escher painting Waterfall exploits rules of depth and
proximity and our understanding of the physical world
to create an illusion. Like depth perception, motion perception is responsible for a
number of sensory illusions. Film animation is based on the illusion that the brain
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perceives a series of slightly varied images produced in rapid succession as a moving
picture. Likewise, when we are moving, as we would be while riding in a vehicle,
stable surrounding objects may appear to move. We may also perceive a large object,
like an airplane, to move more slowly, than smaller objects, like a car, although the
larger object is actually moving faster. The Phi phenomenon is yet another example
of how the brain perceives motion, which is most often created by blinking lights in
close succession.
Simultaneous Contrast Illusion.

The horizontal grey bar is the same shade throughout
in this illusion, the colored regions appear rather different,
roughly orange and brown. In fact they are the same
color, and in identical immediate surrounds, but the brain
changes its assumption about colour due to the global
interpretation of the surrounding image. Also, the white
tiles that are shadowed are the same color as the grey
tiles outside of the shadow.
Perceptual constancies are sources of illusions. Color
constancy and brightness constancy are responsible for
the fact that a familiar object will appear the same color
regardless of the amount of or colour of light reflecting
from it. An illusion of color or contrast difference can be
created when the luminosity or colour of the area
surrounding an unfamiliar object is changed. The contrast
of the object will appear darker against a black field which reflects less light
compared to a white field even though the object itself did not change in color.
Similarly, the eye will compensate for colour contrast depending on the colour cast of
the surrounding area.
Object consistencies

Like color, the brain has the ability to understand familiar
objects as having a consistent shape or size. For example a
door is perceived as rectangle regardless as to how the
image may change on the retina as the door is opened and
closed. Unfamiliar objects, however, do not always follow the
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rules of shape constancy and may change when the perspective is changed. The
Shepard illusion of the changing table is an example of an illusion based on
distortions in shape constancy.
Future perception

Researcher Mark Changizi of Rensselaer Polytechnic
Institute in New York says optical illusions are due
to a neural lag which most humans experience while
awake. When light hits the retina, about one-tenth of
a second goes by before the brain translates the
signal into a visual perception of the world. Scientists
have known of the lag, yet they have debated over
how humans compensate, with some proposing that
our motor system somehow modifies our movements
to offset the delay.
Changizi asserts that the human visual system has evolved to compensate for
neural delays, generating images of what will occur one-tenth of a second into the
future. This foresight enables human to react to events in the present. This allows
humans to perform reflexive acts like catching a fly ball and to maneuver smoothly
through a crowd. Illusions occur when our brains attempt to perceive the future, and
those perceptions don't match reality. For example, one illusion called the Hering
illusion, looks like bike spokes around a central point, with vertical lines on either
side of this central, so-called vanishing point.
The illusion tricks us into thinking we are moving forward, and thus, switches on
our future-seeing abilities. Since we aren't actually moving and the figure is static,
we misperceive the straight lines as curved ones.
Changizi said: "Evolution has seen to it that geometric drawings like this elicit in
us premonitions of the near future. The converging lines toward a vanishing point
(the spokes) are cues that trick our brains into thinking we are moving forward - as
we would in the real world, where the door frame (a pair of vertical lines) seems to
bow out as we move through it - and we try to perceive what that world will look
like in the next instant."
An optical illusion. The two circles seem to move when the viewer's head is
moving forwards and backwards while looking at the black dot.
Floor tiles at the Basilica of St. John Lateran in Rome. The pattern creates an
illusion of three-dimensional boxes.
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The Spinning Dancer appears to move both clockwise and
counter-clockwise
Artists have worked with optical illusions, including M.
C. Escher, Bridget Riley, Salvador Dalí, Giuseppe
Arcimboldo, Marcel Duchamp, Oscar Reutersvärd, Victor
Vasarely and Charles Allan Gilbert. Also some
contemporary artists are experimenting with illusions,
including: Octavio Ocampo, Dick Termes, Shigeo Fukuda, Patrick Hughes (artist),
István Orosz, Rob Gonsalves and Akiyoshi Kitaoka. Optical illusion is also used in
film by the technique of forced perspective.
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1-5

Hologram

Let's Check It Out!

We can explain the principle of production of holography after we observe 3
dimensional figures in a picture on the flat screen.
Associated Area

Kindergarten, Elementary School : Going straight of light beam
Middle School, High School : interference of light wave
Let's learn!

Holography (from the Greek, ὅλος hóloswhole + γρ
αφή grafēwriting, drawing) is a technique that allows
the light scattered from an object to be recorded and
later reconstructed so that it appears as if the object
is in the same position relative to the recording
medium as it was when recorded. The image changes
as the position and orientation of the viewing system
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changes in exactly the same way as if the object were still present, thus making the
recorded image (hologram) appear three dimensional.
The technique of holography can also be used to optically store, retrieve, and
process information. While holography is commonly used to display static 3-D
pictures, it is not yet possible to generate arbitrary scenes by a holographic
volumetric display.
Overview and history

Holography was invented in 1947 by the
Hungarian-British physicist
Dennis Gabor (Hungarian name: Gábor Dénes),
work for which he received the Nobel Prize in
Physics in 1971. Pioneering work in the field of
physics by other scientists including Mieczysław
Wolfke resolved technical issues which previously
had prevented advancement. The discovery was an
unexpected result of research into improving electron
microscopes at the British Thomson-Houston Company in Rugby, England, and the
company filed a patent in December 1947 (patent GB685286). The technique as
originally invented is still used in electron microscopy, where it is known as electron
holography, but holography as a light-optical technique did not really advance until
the development of the laser in 1960.
The first practical optical holograms that recorded 3D objects were made in 1962
by Yuri Denisyuk in the Soviet Union and by Emmett Leith and Juris Upatnieks at
University of Michigan, USA. Advances in photochemical processing techniques to
produce high-quality display holograms were achieved by Nicholas J. Phillips.
Several types of holograms can be made. Transmission
holograms, such as those produced by Leith and
Upatnieks, are viewed by shining laser light through
them and looking at the reconstructed image from the
side of the hologram opposite the source. A later
refinement, the "rainbow transmission" hologram, allows
more convenient illumination by white light rather than by lasers. Rainbow holograms
are commonly seen today on credit cards as a security feature and on product
packaging. These versions of the rainbow transmission hologram are commonly
formed as surface relief patterns in a plastic film, and they incorporate a reflective
aluminum coating that provides the light from "behind" to reconstruct their imagery.
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Another kind of common hologram, the reflection or Denisyuk hologram, is capable
of multicolour image reproduction using a white light illumination source on the same
side of the hologram as the viewer.
One of the most promising recent advances in the short history of holography has
been the mass production of low-cost solid-state lasers, such as those found in
millions of DVD recorders and used in other common applications, which are
sometimes also useful for holography. These cheap, compact, solid-state lasers can,
under some circumstances, compete well with the large, expensive gas lasers
previously required to make holograms, and are already helping to make holography
much more accessible to low-budget researchers, artists and dedicated hobbyists.
Theory
Holographic recording process

Though holography is often referred to as 3D photography, this is a misconception.
A better analogy is sound recording where the sound field is encoded in such a way
that it can later be reproduced. In holography, some of the light scattered from an
object or a set of objects falls on the recording medium. A second light beam, known
as the reference beam, also illuminates the recording medium, so that interference
occurs between the two beams. The resulting light field is a seemingly random
pattern of varying intensity which is the hologram. It can be shown that if the
hologram is illuminated by the original reference beam, a light field is diffracted by
the reference beam which is identical to the light field which was scattered by the
object or objects. Thus, someone looking into the hologram "sees" the objects even
though they are no longer present. There are a variety of recording materials which
can be used, including photographic film.
The first cameras used something called a "pinhole lens". They consisted of a
completely blacked-out box with a tiny pinhole on the side away from the film or
screen. As a result, they only caught the scene before them from a single, tiny
vantage point. The glass lenses that followed, were, in effect, simply giant pinholes,
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with all the light they collected being passed through a tiny point--a pinhole as it
were--at the focal point of the glass lens before spreading out again before hitting
the film or screen behind the lens.
The problem Dennis Gabor, the inventor of holography, set out to solve was how
to take a picture of all the light passing through a large window, rather than just the
light passing through one tiny pinhole. The person looking through this captured
"window" would see the image in 3D by virtue of each of his or her eyes seeing the
scene from a different viewpoint. Further, the person would be able to move his or
her head around to the extent the window would allow to see the object from a
variety of vantage points. (An early hologram from the 1960s featured an object with
a glass magnifying lens mounted a few inches/centimeters in front of it. The viewer
could, by ducking and bobbing his or her head, "look through" the image of the
magnifier and, just as with a real magnifier, see different parts of the object behind it
enlarged as they swept into view.)
Dennis Gabor, in effect, needed a fast shutter, one so fast that it could "freeze" all
the light waves at their current phase just as they were passing through the window,
a shutter that moved at the speed of light. His successful approach worked in a way
analogous to the way a strobe light is used to "freeze" the motion of rapidly moving
mechanical equipment, such as engines: If the light comes on at the exact same
moment during every rotation of a piece of equipment, the rotating part(s) will appear
to be standing still.
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1-6

Numerical Progression

Let's Check It Out!

With a device, students can figure out the principle of geometric progression,
arithmetical progression, and harmonic progression by using secrets hidden in seven
numerical sequence.
Associated Area

Elementary School : Number & Calculation
Middle School : Number & Arithmetic operation
Let's learn!

Sequences. Limits of numerical sequences. Some remarkable limits
Numerical sequences. General term of a sequence.
General term formula. Limit of numerical sequence.
Convergent sequence. Divergent sequence. Bounded sequence.
Monotone sequence. Weierstrass's theorem.
- 26 -

u
1
, u2
, u3
, …, un
1 , un
, …, marked shortly as { un }

Basic properties of limits. Some remarkable
limits.
Sequences. Consider the series of natural
numbers: 1, 2, 3, … , n –1, n, … . If to
change each natural number n in this series
by some number unfollowing to some law,
we’ll receive a new series of numbers:

and called a numerical sequence.
A value is called a general term of a sequence. Usually a numerical sequence is
given by some formula un
=f(n)
, permitting to find any term of the sequence by its number n; this formula is
called a general term formula. Note, that it is not always possible to give the
numerical sequence by a general term formula; sometimes a sequence is given by
description of its terms ( see below the last example).
E x a m p l e s of numerical sequences:
1, 2, 3, 4, 5, … - a series of natural numbers ;
2, 4, 6, 8, 10, … - a series of event numbers;
1.4, 1.41, 1.414, 1.4142, … - a numerical sequence of approximate,
defined more precisely values of
For the last sequence it is impossible to give a general term formula,
nevertheless this sequence is described completely.
Limit of numerical sequence. Consider a numerical sequence, a general term of
which approaches to some number a at increasing an ordinal number n. In this case
we say, that the numerical sequence has a limit. This notation has a more strict
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definition:A numbera is called a limit of a numerical sequence { un }:

This definition means, that a is a limit of a numerical sequence, if its general term
approaches unrestrictedly to a at increasing n. Geometrically it means, that for any
> 0 it’s possible to find such a number N , that beginning from n> N all terms of
the sequence are placed within an interval ( a – , a + ). A sequence, having a
limit, is called convergent; otherwise - a divergent sequence. A sequence is bounded,
if such a number M exists that | un
| M for all n. Increasing and decreasing sequences are called monotone
sequences.
Weierstrass’s theorem. Each monotone and bounded sequence has a limit
( this theorem is used in a high school without a proof ).Basic properties of limits.
The below mentioned properties of limits are valid not only for numerical sequences,
but also for functions.
If { un } and { vn }- two convergent sequences, then:

If terms of sequences { un
}, { vn
},{ wn
}satisfy the inequalities un
vn
wn
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and
lim un
= lim wn
= a , then lim vn
=a.
Some remarkable limits.

Numerical Sequences Explanations

Note that there are alternate ways to express the sequences besides those listed
here.
1. There are two alternating rules for this sequence.
The first rule is to always add 1 to the previous number.
The second rule begins by adding 0 to the previous number; the amount added to
the previous number is then incremented by 1 for each application of the rule.
Therefore, the second rule will add 0, then add 1, then add 2, etc.
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1-7

Image Altering

Let's Check It Out!

Students can understand computer graphics by using Image Altering and chnaging
images on a screen.
Associated Area
Elementary School : Understanding of computer
Middle High School : Using computer
Let's learn!

Image editing encompasses the processes of
altering images, whether they be digital photographs,
traditional analog photographs, or illustrations.
Traditional analog image editing is known as photo
retouching, using tools such as an airbrush to
modify photographs, or editing illustrations with any
traditional art medium. Graphic software programs,
which can be broadly grouped into vector graphics
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editors, raster graphics editors, and 3d modelers, are the primary tools with which a
user may manipulate, enhance, and transform images. Many image editing programs
are also used to render or create computer art from scratch.
Basics of image editing

Raster images are stored in a computer in the
form of a grid of picture elements, or pixels.
These pixels contain the image's color and
brightness information. Image editors can
change the pixels to enhance the image in
many ways. The pixels can be changed as a
group, or individually, by the sophisticated
algorithms within the image editors. The
domain of this article primarily refers to bitmap
graphics editors, which are often used to alter
photographs and other raster graphics. However, vector graphics software, such as
Adobe Illustrator or Inkscape, are used to create and modify vector images, which are
stored as descriptions of lines, Bézier splines, and text instead of pixels. It is easier
to rasterize a vector image than to vectorize a raster image; how to go about
vectorizing a raster image is the focus of much research in the field of computer
vision. Vector images can be modified more easily, because they contain descriptions
of the shapes for easy rearrangement. They are also scalable, being rasterizable at
any resolution.
Editing programs

Further information: List of raster graphics editors
Due to the popularity of digital cameras, image
editing programs are readily available. Minimal
programs, that perform such operations as rotating
and cropping are often provided within the digital
camera itself, while others are returned to the user
on a compact disc (CD) when images are processed
at a discount store. The more powerful programs
contain functionality to perform a large variety of advanced image manipulations.
Popular raster-based digital image editors include Adobe Photoshop, GIMP, Corel
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Photo-Paint, Paint Shop Pro and Paint.NET.
Besides programs that mainly concentrate on editing one image at a time, such as
those listed above, there exist many batch image processing tools that let one resize,
convert, watermark, or otherwise edit images.
Digital data compression

Many image file formats use data compression to reduce
file size and save storage space. Digital compression of
images may take place in the camera, or can be done in
the computer with the image editor. When images are
stored in JPEG format, compression has already taken
place. Both cameras and computer programs allow the user
to set the level of compression.
Some compression algorithms, such as those used in
PNG file format, are lossless, which means no information
is lost when the file is saved. By contrast, the JPEG file
format uses a lossy compression algorithm by which the
greater the compression, the more information is lost, ultimately reducing image
quality or detail that can not be restored. JPEG uses knowledge of the way the
human brain and eyes perceive color to make this loss of detail less noticeable.
Image editor features

Listed below are some of the most used
capabilities of the better graphic manipulation
programs. The list is by no means all inclusive.
There are a myriad of choices associated with the
application of most of these features.
Selection

One of the prerequisites for many of the applications mentioned below is a method
of selecting part(s) of an image, thus applying a change selectively without affecting
the entire picture. Most graphics programs have several means of accomplishing this,
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such as a marquee tool, lasso, vector-based pen tools as well as more advanced
facilities such as edge detection, masking, alpha compositing, and color and
channel-based extraction.
Layers

Main article: Layers (digital image editing)
Another feature common to many graphics applications
is that of Layers, which are analogous to sheets of
transparent acetate (each containing separate elements
that make up a combined picture), stacked on top of each
other, each capable of being individually positioned,
altered and blended with the layers below, without
affecting any of the elements on the other layers. This is
a fundamental workflow which has become the norm for
the majority of programs on the market today, and
enables maximum flexibility for the user while
maintaining non-destructive editing principles and ease of use.
Image size alteration

Image editors can resize images in a process often called image scaling, making
them larger, or smaller. High image resolution cameras can produce large images
which are often reduced in size for Internet use. Image editor programs use a
mathematical process called resampling to calculate new pixel values whose spacing
is larger or smaller than the original pixel values. Images for Internet use are kept
small, say 640 x 480 pixels which would equal 0.3 megapixels.
Cropping an image

Main article: Cropping (image)
Digital editors are used to crop images. Cropping creates a new image by selecting
a desired rectangular portion from the image being cropped. The unwanted part of
the image is discarded. Image cropping does not reduce the resolution of the area
cropped. Best results are obtained when the original image has a high resolution. A
primary reason for cropping is to improve the image composition in the new image.

- 33 -

Lilly cropped from larger image

Uncropped image from camera
Histogram

Main article: Curve (tonality)
Image editors have provisions to create an image histogram of the image being
edited. The histogram plots the number of pixels in the image (vertical axis) with a
particular brightness value (horizontal axis). Algorithms in the digital editor allow the
user to visually adjust the brightness value of each pixel and to dynamically display
the results as adjustments are made. Improvements in picture brightness and contrast
can thus be obtained.

Histogram of Sunflower image

Sunflower imag
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1-8

Computer Music

Let's Check It Out!

Students can understand computer music with touch screen and computer for the
various musical instrument and melodies.
Associated Area

Kindergarten, Elementary School : computer applications.
Middle High School : computer and software
Let's learn!

Computer music is a term that was originally used
within academia to describe a field of study relating to the
applications of computing technology in music composition;
particularly that stemming from the Western art music
tradition. It includes the theory and application of new and
existing technologies in music, such as sound synthesis,
digital signal processing, sound design, sonic diffusion,
acoustics, and psychoacoustics. The field of computer
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music can trace its roots back to the origin of electronic music, and the very first
experiments and innovations with electronic instruments at the turn of the 20th
century. More recently, with the advent of personal computing, and the growth of
home recording, the term computer music is now sometimes used to describe any
music that has been created using computing technology.
History

See also: Computer music programming languages
Much of the work on computer music has drawn on the relationship between music
theory and mathematics. The world's first computer to play music was CSIRAC
which was designed and built by Trevor Pearcey and Maston Beard. Mathematician
Geoff Hill programmed the CSIRAC to play popular musical melodies from the very
early 1950s. In 1951 it publicly played the Colonel Bogey March of which no known
recordings exist. However, CSIRAC played standard repertoire and was not used to
extend musical thinking or composition practice which is current computer-music
practice.
The oldest known recordings of computer generated music were played by the
Ferranti Mark 1 computer, a commercial version of the Baby Machine from the
University of Manchester in the autumn of 1951. The music program was written by
Christopher Strachey. During a session recorded by the BBC, the machine managed
to work its way through "Baa Baa Black Sheep", "God Save the King" and part of
"In the Mood".
Two further major 1950s developments were the origins of digital sound synthesis
by computer, and of algorithmic composition programs beyond rote playback. Max
Mathews at Bell Laboratories developed the influential MUSIC I program and its
descendents, further popularising computer music through a 1962 article in Science.
Amongst other pioneers, the musical chemists Lejaren Hiller and Leonard Isaacson
worked on a series of algorithmic composition experiments from 1956-9, manifested in
the 1957 premiere of the Illiac Suite for string quartet.
Early computer-music programs typically did not run in real time. Programs would
run for hours or days, on multi-million-dollar computers, to generate a few minutes
of music.[citation needed]
John Chowning's work on FM synthesis from the 1960s to the 1970s, and the
advent of inexpensive digital chips and microcomputers opened the door to real-time
generation of computer music. By the early 1990s, the performance of
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microprocessor-based computers reached the point that real-time generation of
computer music using more general programs and algorithms became possible.[citation
needed
Advances

Advances in computing power and software for manipulation of digital media have
dramatically affected the way computer music is generated and performed.
Current-generation micro-computers are powerful enough to perform very
sophisticated audio synthesis using a wide variety of algorithms and approaches.
Computer music systems and approaches are now ubiquitous, and so firmly embedded
in the process of creating music that we hardly give them a second thought:
computer-based synthesizers, digital mixers, and effects units have become so
commonplace that use of digital rather than analog technology to create and record
music is the norm, rather than the exception.
Research

Despite the ubiquity of computer music in contemporary culture, there is
considerable activity in the field of computer music, as researchers continue to pursue
new and interesting computer-based synthesis, composition, and performance
approaches.Throughout the world there are many organizations and institutions
dedicated to the area of computer and electronic music study and research, including
the ICMA (International Computer Music Association), IRCAM, GRAME, SEAMUS
(Society for Electro Acoustic Music in the United States), and a great number of
institutions of higher learning around the world.
Computer-generated music

Computer-generated music is music composed by, or
with the extensive aid of, a computer. Although any music
which uses computers in its composition or realisation is
computer-generated to some extent, the use of computers
is now so widespread (in the editing of pop songs, for
instance) that the phrase computer-generated music is
generally used to mean a kind of music which could not
have been created without the use of computers.
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We can distinguish two groups of computer-generated music: music in which a
computer generated the score, which could be performed by humans, and music
which is both composed and performed by computers.There is a large genre of music
that is organized, synthesized, and created on computers.
Computer-generated scores for performance by human players

Many systems for generating musical scores
actually existed well before the time of computers.
One of these was Musikalisches Würfelspiel, a
system which used throws of the dice to randomly
select measures from a large collection of small
phrases. When patched together, these phrases
combined to create musical pieces which could be
performed by human players. Although these works
were not actually composed with a computer in the
modern sense, it uses a rudimentary form of the
random combinatorial techniques sometimes used in computer-generated composition.
The world's first digital computer music was generated in Australia by programmer
Geoff Hill on the CSIRAC computer which was designed and built by Trevor Pearcey
and Maston Beard, although it was only used to play standard tunes of the day.
Subsequently, one of the first composers to write music with a computer was Iannis
Xenakis. He wrote programs in the FORTRAN language that generated numeric data
that he transcribed into scores to be played by traditional musical instruments. An
example is ST/48 of 1962. Although Xenakis could well have composed this music by
hand, the intensity of the calculations needed to transform probabilistic mathematics
into musical notation was best left to the number-crunching power of the computer.
Computers have also been used in an attempt to imitate the music of great
composers of the past, such as Mozart. A present exponent of this technique is David
Cope. He wrote computer programs that analyse works of other composers to produce
new works in a similar style. He has used this program to great effect with
composers such as Bach and Mozart (his program Experiments in Musical Intelligence
is famous for creating "Mozart's 42nd Symphony"), and also within his own pieces,
combining his own creations with that of the computer.
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1-9

Virtual Reality Aquarium

Let's Check It Out!

Students can understand the life of fish with virtual experience by experiencing
virtually.
Associated Area

Kindergarten : Observation of shape of fish
Elementary School : Characteristics of fish
Let's learn!

Virtual reality (VR) is a term that applies to computer-simulated environments that
can simulate places in the real world as well as in imaginary worlds. Most current
virtual reality environments are primarily visual experiences, displayed either on a
computer screen or through special stereoscopic displays, but some simulations include
additional sensory information, such as sound through speakers or headphones. Some
advanced, haptic systems now include tactile information, generally known as force
feedback, in medical and gaming applications.
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Users can interact with a virtual environment or a
virtual artifact (VA) either through the use of
standard input devices such as a keyboard and
mouse, or through multimodal devices such as a
wired glove, the Polhemus boom arm, and
omnidirectional treadmills. The simulated environment
can be similar to the real world, for example, in
simulations for pilot or combat training, or it can
differ significantly from reality, as in VR games. In
practice, it is currently very difficult to create a
high-fidelity virtual reality experience, due largely to technical limitations on
processing power, image resolution and communication bandwidth. However, the
technology's proponents hope that such limitations will be overcome as processor,
imaging and data communication technologies become more powerful and
cost-effectiveness over time.
Virtual reality is often used to describe a wide
variety of applications commonly associated with
immersive, highly visual, 3D environments: the
development of CAD software, graphics hardware
acceleration, head mounted displays, database gloves
and miniaturization have helped popularize the notion.
In the book The Metaphysics of Virtual Reality,
Michael R. Heim identifies seven different concepts of Virtual Reality: simulation,
interaction, artificiality, immersion, telepresence, full-body immersion, and network
communication. The definition still has a certain futuristic romanticism attached.
People often identify VR with Head Mounted Displays and Data Suits.
An aquarium (plural aquariums or aquaria) is a
vivarium consisting of at least one transparent side in
which water-dwelling plants or animals are kept.
Fishkeepers use aquaria to keep fish, invertebrates,
amphibians, marine mammals, turtles, and aquatic
plants. The term combines the Latin root aqua,
meaning water, with the suffix -arium, meaning "a
place for relating to".
An aquarist owns fish or maintains an aquarium,
typically constructed of glass or high strength plastic.
Cuboid aquaria are also known as fish tanks or simply tanks, while bowl-shaped
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aquaria are also known as fish bowls. Size can range from a small glass bowl to
immense public aquaria. Specialized equipment maintains appropriate water quality and
other characteristics suitable for the aquarium's residents.
History and popularization

In the Roman Empire, the first fish to be brought
indoors was the sea barbel, which was kept under
guest beds in small tanks made of marble.
Introduction of glass panes around the year 50
allowed Romans to replace one wall of marble tanks,
improving their view of the fish. In 1369, the Chinese
Emperor, Hóngwǔ, established a porcelain company
that produced large porcelain tubs for maintaining
goldfish; over time, people produced tubs that
approached the shape of modern fish bowls. Leonhard
Baldner, who wrote
Vogel-, Fisch- und Tierbuch (Bird, Fish, and Animal Book) in 1666, maintained
weather loaches and newts.
Goldfish in a glass: portrait of Therese Krones, 1824 In 1836, soon after his
invention of the Wardian case, Ward proposed to use his tanks for tropical animals.
In 1841 he did so, though only with aquatic plants and toy fish. However, he soon
housed real animals. In 1838, Félix Dujardin noted owning a saltwater aquarium,
though he did not use the term. In 1846, Anna Thynne maintained stony corals and
seaweed for almost three years, and was credited as the creator of the first balanced
marine aquarium in London. At about the same time, Robert Warington experimented
with a 13-gallon container, which contained goldfish, eelgrass, and snails, creating one
of the first stable aquaria. He published his findings in 1850 in the Chemical
Society'sjournal.
An aquarium of the 1850s containing

Vallisneria spiralis and coldwater fish
The keeping of fish in an aquarium became a popular hobby
and spread quickly. In the United Kingdom, it became popular
after ornate aquaria in cast iron frames were featured at the
Great Exhibition of 1851. In 1853, the first large public
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aquarium opened in the London Zoo and came to be
known as the Fish House.
Philip Henry Gosse was the first person to actually
use the word "aquarium", opting for this term (instead
of "vivarium") in 1854 in his book The Aquarium: An
Unveiling of the Wonders of the Deep Sea. In this book,
Gosse primarily discussed saltwater aquaria. In the
1850s, the aquarium became a fad in the United
Kingdom.
"What an Aquarium Should Be" - a humorous 1876
British engraving, apparently showing Thomas Huxley
dreaming about sea creatures Germans soon rivaled the British in their interest. In
1854, an anonymous author had two articles published about the saltwater aquaria of
the United Kingdom: Die Gartenlaube (The Garden House) entitled Der Ocean auf
dem Tische (The Ocean on the Table). However, in 1856, Der See im Glase (The
Lake in a Glass) was published, discussing freshwater aquaria, which were much
easier to maintain in landlocked areas. During the 1870s, some of the first aquarist
societies were appearing in Germany. The United States soon followed. Published in
1858, Henry D. Butler's The Family Aquarium was one of the first books written in
the United States solely about the aquarium. According to the July issue of The
North American Review of the same year, William Stimson may have owned some of
the first functional aquaria, and had as many as seven or eight. The first aquarist
society in the United States was founded in New York City in 1893, followed by
others. The New York Aquarium Journal, first published in October 1876, is
considered to be the world's first aquarium magazine.
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1-10

Playing Music Robot

Let's Check It Out!

Students can understand how robots work while listening to playing robot
performance.
Associated Area

Kindergarten, Elementary School : Taking advantage of computer
Middle High School : Industry and automation
Let's learn!

A robot is an automatically guided machine which
is able to do tasks on its own. Another common
characteristic is that by its appearance or movements,
a robot often conveys a sense that it has intent or
agency of its own.
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Since the beginnings of civilisation man has had a
fascination for a human-like creation that would
assist him. Societies in the early part of the first
millennium engaged in slavery and used those slaves
to perform the tasks which were either dirty or
menial labours. Having slaves freed the enslavers to
carry on their society and concentrate on what they
perceived as more important tasks such as business
and politics. Man had discovered mechanics and the
means of creating complex mechanisms which would
perform repetitive functions such as waterwheels and pumps. Technological advances
were slow but there were more complex machines, generally limited to a very small
number, which performed more grandiose functions such as those invented by Hero
of Alexandria.
In the first half of the second millennium man began to develop more complex
machines as well as rediscovering the Greek
engineering methods. Men such as Leonardo Da Vinci
in 1495 through to Jacques de Vaucanson in 1739
have made plans for, and built, automata and robots
leading to books of designs such as the Japanese
Karakuri zui (Illustrated Machinery) in 1796. As
mechanical techniques developed through the
Industrial age we find more practical applications
such as Nikola Tesla in 1898 who designed a
radio-controlled torpedo and the Westinghouse Electric Corporation creation Televox
in 1926. From here we find a more android development as designers tried to mimic
more human-like features including designs such as those of biologist Makoto
Nishimura in 1929 and his creation Gakutensoku, which cried and changed its facial
expressions, and the more crude Elektro from Westinghouse in 1938.
Electronics now became the driving force of development instead of mechanics with
the advent of the first electronic autonomous robots created by William Grey Walter
in Bristol, England in 1948. The first digital and programmable robot was invented by
George Devol in 1954 and was ultimately called the Unimate. Devol sold the first
Unimate to General Motors in 1960 where it was used to lift pieces of hot metal
from die casting machines in a plant in Trenton, New Jersey.
Since then we have seen robots finally reach a more true assimilation of all
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technologies to produce robots such as ASIMO which
can walk and move like a human. Robots have
replaced slaves in the assistance of performing those
repetitive and dangerous tasks which humans prefer
not to do or unable to do due to size limitations or
even those such as in outer space or at the bottom
of the sea where humans could not survive the
extreme environments.
Robots come in those two basic forms: Those
which are used to make or move things, such as
Industrial robots or mobile or servicing robots and those which are used for research
into human-like robots such as ASIMO and TOPIO as well as
those into more defined and specific roles such as Nano robots
and Swarm robots.
Man has developed a fear of the autonomous robot and how it
may react in society, such as Shelley's Frankenstein and the
EATR, and yet we still use robots in a wide variety of tasks
such as vacuuming floors, mowing lawns, cleaning drains,
investigating other planets, building cars, entertainment and in
warfare.
Robots in literature

A scene from Karel Čapek's 1920 play R.U.R.
(Rossum's Universal Robots), showing three
robots The word robot was introduced to the
public by Czech writer Karel Čapek in his play
R.U.R. (Rossum's Universal Robots), published in
1920. The play begins in a factory that makes
artificial people called robots, but they are closer to the modern ideas of androids,
creatures who can be mistaken for humans. They can plainly think for themselves,
though they seem happy to serve. At issue is whether the robots are being exploited
and the consequences of their treatment.
Karel Čapek himself did not coin the word. He wrote a short letter in reference to
an etymology in the Oxford English Dictionary in which he named his brother, the
painter and writer Josef Čapek, as its actual originator.
In an article in the Czech journal Lidové noviny in 1933, he explained that he had
originally wanted to call the creatures laboři ("workers", from Latinlabor). However,
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he did not like the word, and sought advice from his brother
Josef, who suggested "roboti". The word robota means
literally "work", "labor" or "serf labor", and figuratively
"drudgery" or "hard work" in Czech and many Slavic
languages. Traditionally the robota was the work period a
serf (corvee) had to give for his lord, typically 6 months of
the year. Including Slovak, Ukrainian, Russian and Polish.
The origin of the word is the Old Church Slavonicrabota
"servitude" ("work" in contemporary Bulgarian and
Russian), which in turn comes from the Indo-European root
Serfdom was outlawed in 1848 in Bohemia, so at the time
Čapek wrote R.U.R., usage of the term robota had broadened
to include various types of work, but the obsolete sense of
"serfdom" would still have been known.
The word robotics, used to describe this field of study, was
coined by the science fiction writer Isaac Asimov. Asimov also created the "Three
Laws of Robotics" which are a recurring theme in his books. These have since been
used by many others to define laws used in fact and fiction. Introduced in his 1942
short story "Runaround" the Laws state the following:

1. A robot may not injure a human being or, through inaction, allow a
human being to come to harm.
2. A robot must obey any orders given to it by human beings, except
where such orders would conflict with the First Law.
A robot must protect its own existence as long as such protection
does not conflict with the First or Second Law.

”

History

Main article: History of robots

Many ancient mythologies include
artificial people, such as the mechanical
servants built by the Greek god
Hephaestus (Vulcan to the Romans), the
clay golems of Jewish legend and clay
giants of Norse legend, and Galatea, the
mythical statue of Pygmalion that came to
life. In Greek drama, Deus Ex Machina
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was contrived as a dramatic device that usually involved lowering a deity by wires
into the play to solve a seemingly impossible problem.
In the 4th century BC, the Greek mathematician Archytas of Tarentum postulated a
mechanical steam-operated bird he called "The Pigeon". Hero of Alexandria(10–70
AD), a Greek mathematician and inventor, created numerous user-configurable
automated devices, and described machines powered by air pressure, steam and water.
Su Song built a clock tower in China in 1088 featuring mechanical figurines that
chimed the hours.
Al-Jazari (1136–1206), a Muslim inventor during the Artuqid dynasty, designed and
constructed a number of automated machines, including kitchen appliances, musical
automata powered by water, and programmable automata. The robots appeared as
four musicians on a boat in a lake, entertaining guests at royal drinking parties. His
mechanism had a programmable drum machine with pegs (cams) that bumped into
little levers that operated percussion instruments. The drummer could be made to
play different rhythms and different drum patterns by moving the pegs to different
locations.
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1-11

Kinds of Communication

Let's Check It Out!

Let's learn about the many ways of communication.
Associated Area

Preschool, Elementary School : Sound production, Waves
Secondary School : Energy, Digital Communication
Let's learn!

Communication is a process that involves exchange of information, thoughts, ideas
and emotions. Communication is a process that involves a sender who encodes and
sends the message, which is then carried via the communication channel to the
receiver where the receiver decodes the message, processes the information and sends
an appropriate reply via the same communication channel.
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Types of Communication

Communication can occur via various processes
and methods and depending on the channel used and
the style of communication there can be various
types of communication. Based on the channels used
for communicating, the process of communication can
be broadly classified as verbal communication and
non-verbal communication. Verbal communication
includes written and oral communication whereas the
non - verbal communication includes body language,
facial expressions and visuals diagrams or pictures used for communication.
Verbal Communication

Verbal communication is further divided into
written and oral co- mmunication. The oral
communication refers to the spoken words in
the communication process. Oral communication can either be face-to-face
communication or a conversation over the
phone or on the voice chat over the Internet.
Spoken conversations or dialogs are influenced by voice modulation, pitch, volume and
even the speed and clarity of speaking. The other type of verbal communication is
written communication. Written communication can be either via snail mail, or email.
The effectiveness of written communication depends on the style of writing,
vocabulary used, grammar, clarity and precision of language.
Nonverbal Communication

Non-verbal communication includes the
overall body language of the person who is
speaking, which will include the body posture,
the hand gestures, and overall body
movements.
The facial expressions also play a major role
while communication since the expressions on
a person’s face say a lot about his/her mood.
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On the other hand gestures like a handshake, a smile or a hug can independently
convey emotions. Non verbal communication can also be in the form of pictorial
representations, signboards, or even photographs, sketches and paintings.
Formal Communication

Formal communication includes all the
instances where communication has to occur in
a set formal format. Typically this can include
all sorts of business communication or
corporate communication. The style of
communication in this form is very formal and
official. Official conferences, meetings and
written memos and corporate letters are used
for communication. Formal communication can also occur between two strangers
when they meet for the first time. Hence formal communication is straightforward,
official and always precise and has a stringent and rigid tone to it.
Informal Communication

Informal communication includes instances of
free unrestrained communication between people
who share a casual rapport with each other.
Informal communication requires two people to
have a similar wavelength and hence occurs
between friends and family. Informal
communication does not have any rigid rules
and guidelines. Informal conversations need not necessarily have boundaries of time,
place or even subjects for that matter since we all know that friendly chats with our
loved ones can simply go on and on.
I Want to Know Even More!!

TELEMEDICINE

Telemedicine is a rapidly developing application of clinical medicine where medical
information is transferred through interactive audiovisual media for the purpose of
consulting, and sometimes remote medical procedures or examinations.
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Telemedicine may be as simple as two health professionals discussing a case over
the telephone, or as complex as using satellite technology and videoconferencing
equipment to conduct a real-time consultation between medical specialists in two
different countries. Telemedicine generally refers to the use of communications and
information technologies for the delivery of clinical care. Care at a distance (also
called in absentia care), is an old practice which was often conducted via post. There
has been a long and successful history of in absentia health care which, thanks to
modern communication technology, has evolved into what we know as modern
telemedicine.
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1-12

Image Transition

Let's Check It Out!

Let's learn the difference between analog image and digital image.
Let's learn the way and process how we appear on TV.
Associated Area

Preschool, Elementary School : Energy
Secondary School : Energy Transition
Let's Learn!

Digital Vs. Analog

What makes digital television so special? A digital image isn't inherently better
than an analog image, and in some cases it can be worse. An HDTV picture doesn't
have to be digital either; Japanese HDTV is broadcast over an analog signal. There
has to be another reason why the United States is choosing to go through the pain
of switching from analog to digital.
In fact, there are several good reasons to go digital, including: how much data it
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can transmit, how consistent the data
stays over distance, and what type of
data the signal can carry. For the same
amount of bandwidth, you can stuff a
lot more information into a digital
signal than an analog signal. A digital
signal doesn't produce the same
problems with the picture we see on a distant analog television, either. And television
in the digital age won't be limited to video and audio; our televisions will become
truly interactive. Combined with HDTV and digital sound, this means a better picture,
better sound, and digital data. But how are we going to fit all this into the same
amount of frequency?
The Many Faces of HDTV

Sometime in the future you see an
advertisement for digital, high-definition televisions
and you decide that it's time to take the leap.
You buy one at your local electronic appliance
store and bring it home to your living room. It's
big and intimidating, but you're excited about the
possibilities. After finding the right spot, plugging
it in, and putting batteries in the new remote,
you're staring at a 16:9, high-definition, multi-casting, surround -sound, enhanced
television. Now what?
With a firm press of the power button the set flashes to life. It scans for channels
and maybe brings up an electronic guide so you can navigate through all the
available programming. After a quick scan, you decide to try out a documentary on
National Parks in Africa.
Your first impression is a picture that looks incredibly real. Every detail is revealed
with amazing clarity. You're looking over your shoulder for wildlife because the 5.1
channel sound makes it seem like you're there on the Serengeti. Your favorite nature
programs are now more real and educational.
Next, you decide to catch up on the news. A box pops up asking you which stocks
to follow, where to check for weather conditions, which college basketball scores to
list, and which stories to read more about. Watching the news just became a
personalized report.
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Video Conference

A videoconference or video
conference (also known as a video
teleconference) is a set of interactive
telecommunication tech -nologies
which allow two or more locations
to interact via two-way video and
audio trans missions simultaneously.
It has also been called visual collabo
-ration and is a type of groupware.

Video conferencing differs from
videophone calls in that it's designed to serve a conference rather than individuals. It
is an intermediate form of videotelephony, first deployed commercially by AT&T
during the early 1970s using their Picturephone technology.
The core technology used in a videoconferencing system is digital compression of
audio and video streams in real time. The hardware or software that performs
compression is called a codec (coder/decoder). Compression rates of up to 1:500 can
be achieved. The resulting digital stream of 1s and 0s is subdivided into labeled
packets, which are then transmitted through a digital network of some kind (usually
ISDN or IP). The use of audio modems in the transmission line allow for the use of
POTS, or the Plain Old Telephone System, in some low-speed applications, such as
videotelephony, because they convert the digital pulses to/from analog waves in the
audio spectrum range
The other components required for a video conferencing system include:
․Video input : video camera or web cam
․Video output : computer monitor, television or projector
․Audio input : microphones, CD/DVD player, cassette player, or any other source
of PreAmp audio outlet.
․Audio output : usually loudspeakers associated with the display device or
telephone
․Data transfer : analog or digital telephone network, LAN or Internet
There are basically two kinds of video conferencing systems:
Dedicated systems have all required components packaged into a single piece of
equipment, usually a console with a high quality remote controlled video camera.
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These cameras can be controlled at a distance to pan left and right, tilt up and down,
and zoom. They became known as PTZ cameras. The console contains all electrical
interfaces, the control computer, and the software or hardware-based codec.
Omnidirectional microphones are connected to the console, as well as a TV monitor
with loudspeakers and/or a video projector. There are several types of dedicated video
conferencing devices:
1. Large group videoconferencing are non-portable, large, more expensive devices
used for large rooms and auditoriums.
2. Small group videoconferencing are non-portable or portable, smaller, less
expensive devices used for small meeting rooms.
Individual videoconferencing are usually portable devices, meant for single users,
have fixed cameras, microphones and loudspeakers integrated into the console.
Desktop systems are add-ons (hardware boards, usually) to normal PCs,
transforming them into videoconferencing devices. A range of different cameras and
microphones can be used with the board, which contains the necessary codec and
transmission interfaces. Most of the desktops systems work with the H.323standard.
Videoconferences carried out via dispersed PCs are also known as e-meetings.
Sign Language Communications via Video conferencing

One of the first demonstrations of the ability
for telecommunications to help sign language
users communicate with each other occurred
when AT&T's video phone (trade marked as
the 'Picture phone') was introduced to the
public at the 1964 New York World's Fair–two
deaf users were able to freely communicate
with each other between the fair and another
city. Various other organizations have also conducted research on signing via video
telephony.
Using such video equipment, the deaf, hard-of-hearing and speech-impaired can
communicate between themselves and with hearing individuals using sign language.
The United States and several other countries compensate companies to provide
'Video Relay Services' (VRS). Telecommunication equipment can be used to talk to
others via a sign language interpreter, who uses a conventional telephone at the same
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time to communicate with the deaf person's party. Video equipment is also used to
do on-site sign language translation via Video Remote Interpreting (VRI). The
relative low cost and widespread availability of 3Gmobile phone technology with video
calling capabilities have given deaf and speech-impaired users a greater ability to
communicate with the same ease as others. Some wireless operators have even
started free sign language gateways.
Sign language interpretation services via VRS or by
VRI are useful in the present-day where one of the
parties is deaf, hard-of-hearing or speech-impaired
(mute). In such cases the interpretation flow is
normally within the same principal language, such as
French Sign Language (FSL) to spoken French,
Spanish Sign Language (SSL) to spoken Spanish,
British Sign Language (BSL) to spoken English, and
American Sign Language (ASL) also to spoken English
(since BSL and ASL are completely distinct), etc.... Multilingualsign language
interpreters, who can also translate as well across principal languages (such as to
and from SSL, to and from spoken English), are also available, albeit less frequently.
Such activities involve considerable effort on the part of the translator, since sign
languages are distinct natural languages with their own construction, semantics and
syntax, different from the aural version of the same principal language.
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1-13

How to Transmit

Let's Check It Out!

Let's learn about the principle of transmit in communication
Associated Area

Preschool, Elementary School : Computer
Secondary School : Information Communication
Let's Learn!

Data Transmission

Data transmission, digital transmission or
digital communications is the physical transfer
of data (a digital bit stream) over a
point-to-point
or
point-to-multipoint
communication channel. Examples of such
channels are copper wires, optical fibres,
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wireless communication channels, and storage media. The data is represented as an
electro-magnetic signal, such as an electrical voltage, radiowave, microwave or
infra-red signal.
While analog communications is the transfer of continuously varying information
signal, digital communications is the transfer of discrete messages. The messages are
either represented by a sequence of pulses by means of a line code (baseband
transmission), or by a limited set of continuously varying wave forms (passband
transmission), using a digital modulation method. The passband modulation and
corresponding demodulation (also known as detection) is carried out by modem
equipment. According to the most common definition of digital signal, both baseband
and passband signals representing bit-streams are considered as digital transmission,
while an alternative definition only considers the baseband signal as digital, and
passband transmission of digital data as a form of digital-to-analog conversion.
Data transmitted may be digital messages originating from a data source, for
example a computer or a keyboard. It may also be an analog signal such as a phone
call or a video signal, digitized into a bit-stream for example using pulse-code
modulation (PCM) or more advanced source coding (analog-to-digital conversion and
data compression) schemes. This source coding and decoding is carried out by codec
equipment.
Types of communication channels

◎

Simplex communication

Simplex communication refers to communica -tion
that occurs in one direction only. Two definitions
have arisen over time: a common definition, which is
used in ANSI standard and elsewhere, and an ITU-T
definition. The ITU definition of simplex is termed
"half duplex" in other contexts.

◎

Half-duplex communication

A half-duplex system provides for
communication in both directions, but only one
direction at a time (not simultaneously).
Typically, once a party begins receiving a
signal, it must wait for the transmitter to stop
transmitting, before replying.
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An example of a half-duplex system is a two-party system such as a
"walkie-talkie" style two-way radio, wherein one must use "Over" or another
previously-designated command to indicate the end of transmission, and ensure that
only one party transmits at a time, because both parties transmit on the same
frequency.
A good analogy for a half-duplex system would be a one-lane road with traffic
controllers at each end. Traffic can flow in both directions, but only one direction at
a time, regulated by the traffic controllers.

◎

Full-duplex

A full-duplex, or sometimes
double-duplex
system,
allows
communication in both directions, and,
unlike half-duplex, allows this to happen
simultaneously. Land-line
telephone
networks are full-duplex, since they allow
both callers to speak and be heard at the
same time. A good analogy for a
full-duplex system would be a two-lane
road with one lane for each direction.

Examples: Telephone, Mobile Phone, etc.
Two-way radios can be, for instance, designed as full-duplex systems, which
transmit on one frequency and receive on a different frequency. This is also called
frequency-division duplex. Frequency-division duplex systems can be extended to
farther distances using pairs of simple repeater stations, because the communications
transmitted on any one frequency always travel in the same direction.
Full-duplex Ethernet connections work by making simultaneous use of two physical
pairs of twisted cable (which are inside the jacket), wherein one pair is used for
receiving packets and one pair is used for sending packets (two pairs per direction
for some types of Ethernet), to a directly-connected device. This effectively makes
the cable itself a collision-free environment and doubles the maximum data capacity
that can be supported by the connection.
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1-14

Principle of Optical
Communication

Let's Check It Out!

Let's look at the total internal reflection in a stream of water.
Let's learn the principle of optical communication.
Associated Area

Preschool, Elementary School : Light and Shadow
Secondary School : Light and Wave, Optical Communication
Let's Learn!
Optical Communication

Optical communication is any form of telecommun
icaton that uses light as the transmission medium.
An optical communication system consists of a
transmitter, which encodes a message into an optical
signal, a channel, which carries the signal to its
destination, and a receiver, which reproduces the
message from the received optical signal. Optical fiber
is the most common medium for modern digital optical communication.
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Optical fiber

An optical fiber is made up of the core (carries the
light pulses), the cladding (reflects the light pulses
back into the core) and the buffer coating (protects
the core and cladding from moisture, damage, etc.).
Together, all of this creates a fiber optic which can
carry up to 10 million messages at any time using
light pulses. Fiber optics is the overlap of applied
science and engineering concerned with the design
and application of optical fibers. Optical fibers are
widely used in fiber-optic communications, which
permits transmission over longer distances and at higher bandwidths (data rates) than
other forms of communications. Fibers are used instead of metal wires because
signals travel along them with less loss and are also immune to electromagnetic
interference. Fibers are also used for illumination, and are wrapped in bundles so they
can be used to carry images, thus allowing viewing in tight spaces. Specially
designed fibers are used for a variety of other applications, including sensors and
fiber lasers.
Light is kept in the core of the optical fiber by
total internal reflection. This causes the fiber to act
as a waveguide. Fibers which support many
propagation paths or transverse modes are called
multi-mode fibers (MMF), while those which can
only support a single mode are called single -mode
fibers (SMF). Multi-mode fibers generally have a
larger core diameter, and are used for short-distance
communication links and for applications where high
power must be transmitted. Single-mode fibers are
used for most communication links longer than 550 meters (1,800 ft).
Optical fiber communication

Optical fiber can be used as a medium for telecommunication and networking
because it is flexible and can be bundled as cables. It is especially advantageous for
long-distance communications, because light propagates through the fiber with little
attenuation compared to electrical cables. This allows long distances to be spanned
with few repeaters. Additionally, the per-channel light signals propagating in the fiber
have been modulated at rates as high as 111 gigabits per second by NTT, although
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10 or 40 Gb/s is typical in deployed systems. Each
fiber can carry many independent channels, each
using a different wavelength of light (wave
length-division multi plexing (WDM)). The net
data rate (data rate without overhead bytes) per
fiber is the per-channel data rate reduced by the
FEC overhead, multiplied by the number of
channels (usually up to eighty in commercial dense
WDM systems as of 2008[update]). The current
laboratory fiber optic data rate record, held by Bell
Labs in Villarceaux, France, is multiplexing 155
channels, each carrying 100 Gb/s over a 7000 km fiber.Nippon Telegraph and
Telephone Corporation have also managed 69.1 Tb/s over a single 240 km fibre
(multiplexing 432 channels, equating to 171 Gb/s per channel). Bell Labs also broke a
100 Petabit per second kilometer barrier (15.5 Tb/s over a single 7000 km fibre).
Total Internal Reflection

Total internal reflection is an optical
phenomenon that occurs when a ray of light
strikes a medium boundary at an angle
larger than a particular critical angle with
respect to the normal to the surface. If the
refractive index is lower on the other side
of the boundary, no light can pass through
and all of the light is reflected. The critical
angle is the angle of incidence above which

the total internal reflection occurs.
When light crosses a boundary between materials with different refractive indices,
the light beam will be partially refracted at the boundary surface, and partially
reflected. However, if the angle of incidence is greater (i.e. the ray is closer to being
parallel to the boundary) than the critical angle ? the angle of incidence at which
light is refracted such that it travels along the boundary? then the light will stop
crossing the boundary altogether and instead be totally reflected back internally. This
can only occur where light travels from a medium with a higher [n1=higher refractive
index] to one with a lower refractive index [n2=lower refractive index]. For example,
it will occur when passing from glass to air, but not when passing from air to glass.
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1-15

The principle of
Multiplexing

Let's Check It Out!

Let's learn about the principle of multiplexing..
Associated Area

Preschool, Elementary School : Sound-making
Secondary School : Convenient Life, Digital Communication
Let's Learn!
Multiplexing

In telecommunications and computer
network, multiplexing is a process where
multiple analog message signals or digital
data streams are combined into one signal
over a shared medium. The aim is to share
an expensive resource. For example, in
telecommunications, several phone calls may be transferred using one wire. It
originated in telegraphy, and is now widely applied in communications.
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The multiplexed signal is transmitted over a communication channel, which may be
a physical transmission medium. The multiplexing divides the capacity of the
low-level communication channel into several higher-level logical channels, one for
each message signal or data stream to be transferred. A reverse process, known as
demultiplexing, can extract the original channels on the receiver side.
Space-division multiplexing

In wired communication, space-division multiplexing
simply implies different point-to-point wires for
different channels. One example is an analogue
stereo audio cable, with one pair of wires for the
left channel and another for the right channel.
Another example is a switched star network
such as the analog telephone access network
(although inside the telephone exchange or
between the exchanges, other multiplexing techniques are typically employed) or a
switched Ethernet network. A third example is a mesh network. Wired space-division
multiplexing is typically not considered as multiplexing.
Frequency-division multiplexing(FDM)

The spectrums of each input signal are
swifted in several distinct frequency ranges.
Frequency-division multiplexing is inherently
an analog technology. FDM achieves the
combining of several digital signals into one
medium by sending signals in several
distinct frequency ranges over that medium.
One of FDM's most common applications is cable television. Only one cable reaches
a customer's home but the service provider can send multiple television channels or
signals simultaneously over that cable to all subscribers. Receivers must tune to the
appropriate frequency (channel) to access the desired signal.
Time-division multiplexing(TDM)

Time-division multiplexing is a digital technology. TDM involves sequencing groups
of a few bits or bytes from each individual input stream, one after the other, and in
such a way that they can be associated with the appropriate receiver. If done
sufficiently and quickly, the receiving devices will not detect that some of the circuit
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time was used to serve another logical
communication path. Consider an
application requiring four terminals at an
airport to reach a central computer. Each
terminal communicated at 2400 bps, so
rather than acquire four individual circuits
to carry such a low-speed transmission,
the airline has installed a pair of
multiplexers. A pair of 9600 bps modems
and one dedicated analog communications
circuit from the airport ticket desk back to the airline data center are also installed.
Code-division multiplexing(CDM)

Code division multiplexing is a technique in
which each channel transmits its bits as a
coded channel-specific sequence of pulses. This
coded transmission typically is accomplished by
transmitting a unique time- dependent series of
short pulses, which are placed within chip times
within the larger bit time. All channels, each
with a different code, can be transmitted on the
same fiber and asynchronously demultiplexed.
Other widely used multiple access techniques are Time Division Multiple Access
(TDMA) and Frequency Division Multiple Access (FDMA). Code Division Multiplex
techniques are used as an access technology, namely Code Division Multiple Access
(CDMA), in Universal Mobile Telecommunications System (UMTS) standard for the
third generation (3G) mobile communication identified by the ITU. Another important
application of the CDMA is the Global Positioning System (GPS).
International Mobile Telecommunications(IMT)-2000

IMT-2000, better known as 3G or 3rd Generation, is a family of standards for
mobile tele- communications fulfilling specifications by the International
Telecommunication Union, which includes UMTS, and CDMA2000 as well as the
non-mobile wireless standards and WiMAX. While the GSM EDGE standard also
fulfils the IMT-2000 specification, DGE phones are typically not branded 3G. Services
include wide-area wireless voice telephone, video calls, and wireless data, all in a
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mobile environment. Compared to 2G and
2.5G services, 3G allows simultaneous use of
speech and data services and higher data
rates (at least 200 kbit/s peak bit rate to
fulfill to IMT-2000 specification). Today's
3G systems can in practice offer up to 14.0
Mbit/s (1.75 MB/s) on the downlink and 5.8
Mbit/s (0.725 MB/s) on the uplink.
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1-16

Floating Ring

Let's Check It Out!

Let's learn about the optical illusion which is easy to be overlooked unconsciously.
Let's learn about the difference between objective feature of a thing and optical one
by men's eye.
Associated Area

Preschool, Elementary School : Appearance of Our Body
Secondary School : Stimulus and Response
Let's Learn!

An optical illusion is characterized by visually
perceived images that differ from objective
reality. The information gathered by the eye is
processed in the brain to give a percept that does
not tally with a physical measurement of the
stimulus source. There are three main types:
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literal optical illusions that create images that are different from the objects that
make them, physiological ones that are the effects on the eyes and brain of excessive
stimulation of a specific type (brightness, tilt, color, movement), and cognitive illusions
where the eye and brain make unconscious inferences. They can also be known as
"mind games".
Physiological Illusions

A scintillating grid illusion. Shape, position, colour,
and 3D contrast converge to produce the illusion of
black dots at the intersections. Physiological illusions,
such as the afterimages following bright lights, or
adapting stimuli of excessively longer alternating
patterns, are presumed to be the effects on the eyes or
brain of excessive stimulation of a specific type brightness, tilt, color, movement, etc. The theory is that
stimuli have individual dedicated neural paths in the early stages of visual processing,
and that repetitive stimulation of only one or a few channels causes a physiological
imbalance that alters perception.
The Hermann grid illusion and Mach bands are two illusions that are best
explained using a biological approach. Lateral inhibition, where in the receptive field
of the retina light and dark receptors compete with one another to become active, has
been used to explain why we see bands of increased brightness at the edge of a
color difference when viewing Mach bands. Once a receptor is active it inhibits
adjacent receptors. This inhibition creates contrast, highlighting edges. In the
Hermann grid illusion the gray spots appear at the intersection because of the
inhibitory response which occurs as a result of the increased dark surround. Lateral
inhibition has also been used to explain the Hermann grid illusion, but this has been
disproved.

◎

Cognitive illusions
Perceptual organization

To make sense of the world it is necessary to
organize incoming sensations into information which
is meaningful. Gestalt sychologists believe one way
this is done is by perceiving individual sensory
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stimuli as a meaningful whole. Gestalt organization can be used to explain many
illusions including the Duck-Rabbit illusion where the image as a whole switches
back and forth from being a duck then being a rabbit and why in the figure-ground
illusion the figure and ground are reversible.
In addition, Gestalt theory can be used to explain the illusory contours in the
Kanizsa Triangle. A floating white triangle, which does not exist, is seen. The brain
has a need to see familiar simple objects and has a tendency to create a "whole"
image from individual elements. Gestalt means "form" or "shape" in German.
However, another explanation of the Kanizsa Triangle is based in evolutionary
psychology and the fact that in order to survive it was important to see form and
edges. The use of perceptual organization to create meaning out of stimuli is the
principle behind other well-known illusions including impossible objects. Our brain
makes sense of shapes and symbols putting them together like a jigsaw puzzle,
formulating that which isn't there to that which is believable.

◎

Depth and motion perception

Illusions can be based on an individual's ability to
see in three dimensions even though the image
hitting the retina is only two dimensional. The Ponzo
illusion is an example of an illusion which uses
monocular cues of depth perception to fool the eye.
Ponzo illusionIn the Ponzo illusion the converging
parallel lines tell the brain that the image higher in
the visual field is farther away therefore the brain
perceives the image to be larger, although the two images hitting the retina are the
same size. The Optical illusion seen in a diorama/false perspective also exploits
assumptions based on monocular cues of depth perception. The M. C. Escher painting
Waterfall exploits rules of depth and proximity and our understanding of the physical
world to create an illusion.
Like depth perception, motion perception is responsible for a number of sensory
illusions. Film animation is based on the illusion that the brain perceives a series of
slightly varied images produced in rapid succession as a moving picture. Likewise,
when we are moving, as we would be while riding in a vehicle, stable surrounding
objects may appear to move. We may also perceive a large object, like an airplane, to
move more slowly, than smaller objects, like a car, although the larger object is
actually moving faster. The Phi phenomenon is yet another example of how the brain
perceives motion, which is most often created by blinking lights in close succession.
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◎

Color and brightness constancies

Perceptual constancies are sources of
illusions. Color constancy and brightness
constancy are responsible for the fact that
a familiar object will appear the same
color regardless of the amount of or
colour of light reflecting from it. An
illusion of color or contrast difference can
be created when the luminosity or colour
of the area surrounding an unfamiliar
object is changed. The contrast of the
object will appear darker against a black field which reflects less light compared to a
white field even though the object itself did not change in color. Similarly, the eye
will compensate for colour contrast depending on the colour cast of the surrounding
area.
Usage in Optical Illusion in Advertisement

NASA Uses an Optical Illusion to See in Space

How can astronomers perceive depth in space when determining the distance to
certain mysterious bodies in and around our Milky Way galaxy? Well, using only one
telescope doesn't really do the job so they use a mathematical solution that looks
more like an optical illusion.
Astronomers use NASA's Spitzer's Space Telescope, due to its unique position,
since it orbits the sun some 40 million kilometers behind Earth, and a
depth-perceiving trick called parallax, to pinpoint celestial objects in the deep space.
"Forty years ago a visionary astronomer named Dr. Sjur Refsdal theorized that
dark bodies could be located using parallax and a space telescope," said Andrew
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Gould of Ohio State University, Columbus, Ohio,
who led the project. "It is truly remarkable that
we have been able to prove him right with this
Spitzer observation."
A stellar parallax is the change of angular
position of two stationary points relative to each
other as seen by an observer, caused by the
motion of an observer. Simply put, it is the
apparent shift of an object against a background
caused by a change in observer position.
The most famous example of using a
parallax to calculate an astronomical distance
is the first measurement of the distance
between the Moon and the Earth.
As Jules Verne said in his famous book
From the Earth to the Moon in 1865, "Up till
then, many people had no idea how one
could calculate the distance separating the
Moon from the Earth. The circumstance
was exploited to teach them that this distance was obtained by measuring the
parallax of the Moon. If the word parallax appeared to amaze them, they were told
that it was the angle subtended by two straight lines running from both ends of the
Earth's radius to the Moon. If they had doubts on the perfection of this method, they
were immediately shown that not only did this mean distance amount to a whole two
hundred thirty-four thousand three hundred and forty-seven miles (94,330 leagues),
but also that the astronomers were not in error by more than seventy miles (- 30
leagues)."
This sort of optical illusion is still the best way to calculate distances in space and
it's the only way astronomers can say that a certain space object is located at X
light-years from Earth.
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1-17

Analog and Digital

Let's Check It Out!

Let's learn about the differences between analog and digital.
Associated Area

Secondary School : Convenient Life, Data Communication
Let's Learn!
What is Analog?

Analog, also spelled analogue, describes a device or
system that represents changing values as continuously
variable physical quantities. A typical analog device is
a clock in which the hands move continuously around
the face. Such a clock is capable of indicating every
possible time of day. In contrast, a digital clock is
capable of representing only a finite number of times
every tenth of a second.
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What is digital?

Digital describes any system based on discontinuous data
or events. Computers are digital machines because at their
most basic level they can distinguish between just two
values, 0 and 1, or off and on. There is no simple way to
represent all the values in between, such as 0.25. All data
that a computer processes must be encoded digitally, as a
series of zeroes and ones.
The opposite of digital is analog. A typical analog device
is a clock in which the hands move continuously around the
face. Such a clock is capable of indicating every possible time of day. In contrast, a
digital clock is capable of representing only a finite number of times (every tenth of
a second, for example).
Difference Between Analog and Digital?

As a technology, analog is the process of
taking an audio or video signal (the human
voice) and translating it into electronic pulses.
Digital on the other hand is breaking the signal
into a binary format where the audio or video
data is represented by a series of "1"s and "0"s.
Simple enough when it's the device analog or
digital phone, fax, modem, or likewise that does
all the converting for you. Digital versus analog
can refer to method of input, data storage and
transfer, the internal working of an instrument,
and the kind of display. The word comes from the same source as the word digit
and digitus.
Cordless phone

The very nature of digital technology breaking a
signal into binary code and recreating it on the receiving
end gives you clear, distortion-free cordless calls.
Cordless phones with digital technology are also able to
encrypt all those 1s and 0s during transmission so your
conversation is safe from eavesdroppers. Plus, more
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power can be applied to digital signals and thus, you'll enjoy longer range on your
cordless phone conversations. The advantage to analog cordless products? Well,
they're a bit cheaper. And the sound quality is richer. So unless you need digital
security, why not save a few bucks and go with an analog phone? After all, in home
or small office environments where you may be the only cordless user, you won't
have any interference issues.
Cellular Phones

Perhaps the most effective use of the digital versus
analog technology is in the booming cellular market. With
new phone activations increasing exponentially, the limits
of analog are quickly being realized. Digital cellular lets
significantly more people use their phones within a single
coverage area. More data can be sent and received
simultaneously by each phone user. Plus, transmissions
are more resistant to static and signal fading. And with
the all-in-one phones out now phone, pager, voice mail,
internet access digital phones offer more features than
their analog predecessors.
Analog Transmission

Analog transmission is a transmission method
of conveying voice, data, image, signal or video
information using a continuous signal which
varies in amplitude, phase, or some other
property in proportion to that of a variable. It
could be the transfer of an analog source signal
using an analog modulation method such as FM
or AM, or no modulation at all. Analog
transmission is still very popular, in particular
for shorter distances, due to significantly lower
costs and complex multiplexing and timing
equipment is unnecessary, and in small
"short-haul" systems that simply do not need multiplexed digital transmission.
- 74 -

Digital Transmission

A digital signal is a discontinuous signal that
changes from one state to another in discrete
steps. A popular form of digital modulation is
binary, or two level, digital modulation. In
binary modulation the optical signal is switched
from a low-power level (usually off) to a
high-power level. Digital transmission offers an
advantage with regard to the acceptable
signal-to-noise ratio (SNR) at the optical
receiver.
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1-18

Space Travel Simulator

Let's Check It Out!

Let's experience simulated space travel boarding stereo-scopic image and moving
motion base device
Associated Area

Preschool, Elementary school : Fantasy & Science
Secondary School : Computer Engineering
Let's Learn!
Simulation

Simulation is the imitation of some real thing,
state of affairs, or process. The act of simulating
something generally entails representing certain
key characteristics or behaviors of a selected
physical or abstract system. Simulation is used in
many contexts, including the modeling of natural
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systems or human systems in order to gain insight into their functioning. Other
contexts include simulation of technology for performance optimization, safety
engineering, testing, training and education. Simulation can be used to show the
eventual real effects of alternative conditions and courses of action.
Key issues in simulation include acquisition of valid source information about the
relevant selection of key characteristics and behaviours, the use of simplifying
approximations and assumptions within the simulation, and fidelity and validity of the
simulation outcomes.
Computer simulation

A computer simulation is an attempt to model a
real-life or hypothetical situation on a computer so
that it can be studied to see how the system
works. By changing variables, predictions may be
made about the behaviour of the system.
Computer simulation has become a useful part of
modeling many natural systems in physics,
chemistry and biology, and human systems in economics and social science (the
computational sociology) as well as in engineering to gain insight into the operation
of those systems. A good example of the usefulness of using computers to simulate
can be found in the field of network traffic simulation. In such simulations, the model
behaviour will change each simulation according to the set of initial parameters
assumed for the environment.
Simulation in education and training

Simulation is often used in the training of
civilian and military personnel. This usually
occurs when it is prohibitively expensive or
simply too dangerous to allow trainees to use
the real equipment in the real world. In such
situations they will spend time learning valuable
lessons in a "safe" virtual environment. Often the convenience is to permit mistakes
during training for a safety-critical system. For example, in simSchool teachers
practice classroom management and teaching techniques on simulated students, which
avoids "learning on the job" that can damage real students. There is a distinction,
though, between simulations used for training and Instructional simulation.
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Simulations in education are somewhat like training simulations. They focus on
specific tasks. The term 'microworld' is used to refer to educational simulations
which model some abstract concept rather than simulating a realistic object or
environment, or in some cases model a real world environment in a simplistic way so
as to help a learner develop an understanding of the key concepts. Normally, a user
can create some sort of construction within the microworld that will behave in a way
consistent with the concepts being modeled. Seymour Papert was one of the first to
advocate the value of microworlds, and the Logo (programming language)
programming environment developed by Papert is one of the most famous
microworlds. As another example, the Global Challenge Award online STEM learning
web site uses microworld simulations to teach science concepts related to global
warming and the future of energy. Other projects for simulations in educations are
Open Source Physics and its EJS environment.
Examples of entertainment simulation

Simulation games, as opposed to other
genres of video and computer games,
represent or simulate an environment
accurately. Moreover, they represent the
interactions between the playable characters
and the environment realistically. These
kinds of games are usually more complex
in terms of game play. Simulation games
have become incredibly popular among people of all ages and the industry has proven
to be one of the few resistant to recession conditions. Popular simulation games
include SimCity, Tiger Woods PGA Tour and Virtonomics.
Virtual Reality

Virtual reality (VR) is a term that applies to
computer- simulated environments that can
simulate places in the real world as well as in
imaginary worlds. Most current virtual reality
environments are primarily visual experiences,
displayed either on a computer screen or
through special stereoscopic displays, but some
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simulations include additional sensory information, such as sound through speakers or
headphones. Some advanced, haptic systems now include tactile information, generally
known as force feedback, in medical and gaming applications.
Users can interact with a virtual environment or a virtual artifact (VA) either
through the use of standard input devices such as a keyboard and mouse, or through
multimodal devices such as a wired glove, the Polhemus boom arm, and
omnidirectional treadmills. The simulated environment can be similar to the real
world, for example, in simulations for pilot or combat training, or it can differ
significantly from reality, as in VR games. In practice, it is currently very difficult to
create a high-fidelity virtual reality experience, due largely to technical limitations on
processing power, image resolution and communication bandwidth. However, the
technology's proponents hope that such limitations will be overcome as processor,
imaging and data communication technologies become more powerful and
cost-effectiveness over time.
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2-1

Mirror

Let's Check It Out!

Let's find about the types of mirrors and various applications in lives.
Associated Area

Preschool, Elementary school : Mirror & Lens
Secondary School : Reflection of Light
Let's Learn!
Mirror

A mirror is a shiny object with at least one
reflective surface. The most familiar type of
mirror is the plane mirror, which has a flat
surface. Curved mirrors are also used, to
produce magnified or diminished images or
focus light or simply distort the reflected image.
Mirrors are commonly used for personal
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grooming or admiring one's self, decoration, and architecture. Mirrors are also used in
scientific apparatus such as telescopes and lasers, cameras, and industrial machinery.
Most mirrors are designed for visible light; however, mirrors designed for other types
of waves or other wavelengths of electromagnetic radiation are also used, especially
in non-optical instruments.
History

The first mirrors used by people
were most likely pools of dark, still
water, or water collected in a
primitive vessel of some sort. The
earliest manufactured mirrors were
pieces of polished stone such as
obsidian, a naturally occurring
volcanic glass. Examples of obsidian
mirrors found in Anatolia
(modern-day Turkey) have been
dated to around 6000 BC. Polished stone mirrors from central and south America date
from around 2000 BC onwards. Mirrors of polished copper were crafted in
Mesopotamia from 4000 BC, and in ancient Egypt from around 3000 BC. In China,
bronze mirrors were manufactured from around 2000 BC, some of the earliest bronze
and copper examples being produced by the Qijia culture. Mirrors made of other
metal mixtures (alloys) such as copper and tin speculum metal may have also been
produced in China and India. Mirrors of speculum metal or any precious metal were
hard to produce and were only owned by the wealthy.
Metal-coated glass mirrors are said to have been invented in Sidon (modern-day
Lebanon) in the first century AD, and glass mirrors backed with gold leaf are
mentioned by the Roman author Pliny in his Natural History, written in about 77 AD.
The Romans also developed a technique for creating crude mirrors by coating blown
glass with molten lead.
Some time during the early Renaissance, European manufacturers perfected a
superior method of coating glass with a tin-mercury amalgam. The exact date and
location of the discovery is unknown, but in the 16th century, Venice, a city famed
for its glass-making expertise, became a centre of mirror production using this new
technique. Glass mirrors from this period were extremely expensive luxuries.
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Types of Mirros

※ Concave Mirror

A concave mirror is a converging mirror which works
much like a convex lens. A concave mirror bends further
away in the middle than at the edges, like the inside of
bowl. The image produced is dependent on the positioning
of the object being viewed in the mirror. If the object is
beyond 2F, the image is real, inverted, and reduced, at 2F
real, inverted, the same height, between F and 2F real,
inverted, and magnified, at F there is no image, and closer
then F the image is virtual, erect, and magnified.

※

Convex Mirror

※

Plane mirror

A convex mirror is a diverging mirror that words like a
concave mirror. This is the opposite of a concave mirror,
bending further away at the edges than in the middle like
the outside of a bowl. Convex mirrors always produce
virtual, erect, reduced images.
These do suffer from spherical aberration, which is why
you cant see images well one a perfectly spherical
reflective surface, which is why parabolic mirrors have been adopted, these do not
suffer the same effect.
Plane mirrors are simple straight up mirrors. In a plane
mirror, the image is always virtual and the same size as
the object.

※

Applications
Rear-view Mirror

Rear-view mirrors are widely used in and on
vehicles (such as automobiles, or bicycles), to allow
drivers to see other vehicles coming up behind
them. Convex mirrors are used to provide a wider
field of view than a flat mirror, and are often used
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on vehicles, especially large trucks, to minimize blind spots. They are sometimes
placed at road junctions, and corners of places such as parking lots to allow people to
see around corners to avoid crashing into other vehicles or shopping carts.
※ Dental Mirror
Mouth mirrors or "dental mirrors" are used
by dentists to allow indirect vision and lighting
within the mouth. Their reflective surfaces may
be either flat or curved. Mouth mirrors are also
commonly used by engineers to allow vision in
tight spaces and around corners in equipment.

※

It has been said that Archimedes used a
large array of mirrors to burn Roman ships
during an attack on Syracuse. This has never
been proven or disproved; however, it has been
put to the test. Recently, on a popular
Discovery Channel show, Myth Busters, a team
from MIT tried to recreate the famous
"Archimedes Death Ray". They were successful
at starting a fire on a ship at 75 feet away; however, previous attempts to light the
boat on fire using only the bronze mirrors available in Archimedes' time were
unsuccessful, and the time taken to ignite the craft would have made its use
impractical, resulting in the MythBusters team deeming the myth "busted". (See solar
power tower for a practical use of this technique.)
Military applications
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2-2

The World of Microscope

Let's Check It Out!

Let's observe microorganisms and cells division that we can't see with our eyes
through microscope.
Associated Area

Elementary School : Structure and Function of Plants
Second School : Structure of Cells
Let's Learn
What is Microscope?

A microscope is an instrument to see objects too small for
the naked eye. The science of investigating small objects using
such an instrument is called microscopy. Microscopic means
invisible to the eye unless aided by a microscope. There are
many types of microscopes, the most common and first to be
invented is the optical microscope which uses light to image
the sample. Other major types of microscopes are the electron
microscope (both the transmission electron microscope and the
scanning electron microscope) and the various types of scanning probe microscope.
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Types of Microscope

※

Optical Microscope

※

Electron Microscope(EM)

Microscopes can be separated into several
different classes. One grouping is based on what
interacts with the sample to generate the image,
i.e. light(optical) micro-scope, electrons (electron
microscopes) or a probe (scanning probe)
microscopes.

The most common type of microscope and the
first invented is the optical microscope. This is
an optical instrument containing one or more
lenses producing an enlarged image of an
sample placed in the focal plane. Optical
microscopes ave refractive glass and occasionally
of plastic or quartz, to focus light into the eye
or another light detector. Mirror-based optical
microscopes operate in the same manner. Typical magnification of a light microscope,
assuming visible range light, is up to 1500x with a theoretical resolution limit of
around 0.2 micrometres or 200 nanometers.
An electron microscope is a type of microscope
that produces an electro- nically magnified image
of a specimen for detailed observation. The EM
uses a particle beam of electrons to illuminate the
specimen and create a magnified image of it. The
microscope has a greater resolving power than a
light-powered optical microscope, because it uses
electrons that have wavelengths about 100,000
times shorter than visible light (photons), and can
achieve magnifications of up to 1,000,000x, whereas light microscopes are limited to
2000x magnification.
Electron microscopes are used to observe a wide range of biological and inorganic
specimens including microorganisms, cells, large molecules, biopsy samples, metals,
and crystals. Industrially, the electron microscope is primarily used for quality control
and failure analysis in semiconductor device fabrication.
- 85 -

※

Scanning Probe Microscopes

※

General Procedures of Using a Microscope

SPM is a branch of microscopy that forms images of
surfaces using a physical probe that scans the specimen.
An image of the surface is obtained by mechanically
moving the probe in a raster scan of the specimen, line by
line, and recording the probe-surface interaction as a
function of position. SPM was founded with the invention
of the scanning tunneling microscope in 1981. Many
scanning probe microscopes can image several interactions
simultaneously. The manner of using these interactions to
obtain an image is generally called a mode.
The resolution varies somewhat from technique to technique, but some probe
techniques reach a rather impressive atomic resolution. They owe this largely to the
ability of piezoelectric actuators to execute motions with a precision and accuracy at
the atomic level or better on electronic command. One could rightly call this family of
technique 'piezoelectric techniques'. The other common denominator is that the data
are typically obtained as a two-dimensional grid of data points, visualized in false
color as a computer image.
1. Obtain a glass slide and a cover slip.
2. Place a very small portion of the soil-water mixture onto the center of the slide.
The mixture should only be a small drop.
3. Cover the solution with the cover slip. Instead of just dropping the cover slip on
the top, gently place it first on one end then the other to remove the air
bubbles.
4. Leave the slide on the table and plug in your microscope.
5. Flip the switch on the side and turn it on.
6. Now put a drop of oil on your cover slip.
7. Place the slide on the stage, and make sure that the metal clips hold the slide
securely.
8. Adjust the lens first to 10X then to 100X, or to oil immersion (where 100X lens
first touches oil).
9. Gently, turn the coarse adjustment knob (the large knob) towards you until the
lens reaches the oil. The oil should change from a bubble shape to a flat shape
once the lens touches it. Do not grind the lens into the cover slip.
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10. Now look through the eye piece and rotate the fine adjustment knob (the
smaller knob) until the view becomes clear.
11. If you have problems will step #10, turn the coarse adjustment knob away from
you, and repeat steps #9.10.
12. Draw a picture of the image with captions in your laboratory notebook.
13. When finished operating the microscope, gently wipe off the 100X (oil immersion)
lens with lens paper. (Use only lens paper since other material will scratch the
lens).
14. Safely store the microscope.
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2-3

Who's faster?

Let's Check It Out!

As soon as you hear a sound, you can step on the board or push the electronic
switch using hands. By measuring visual, auditory, and tactile instant response time
respectively, we can see the different response time according to the type of sense.
Associated Area

Elementary : Shape of a Human Body
Secondary : Stimulation and Response
Nervous System

The brain is the center of the nervous system, like the microprocessor in a
computer. The spinal cord and nerves are the connections, like the gates and wires in
the computer. Nerves carry electrochemical signals to and from different areas of the
nervous system as well as between the nervous system and other tissues and organs.
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Nerves are divided into four classes:
·Cranial nerves connect your sense organs (eyes, ears, nose, mouth) to your brain
·Central nerves connect areas within the brain and spinal cord
·Peripheral nerves connect the spinal cord with your limbs
·Autonomic nerves connect the brain and spinal cord with your organs
(heart, stomach, intestines, blood vessels, etc.)
The central nervous system consists of the brain and spinal cord, including cranial
and central nerves. The peripheral nervous system consists of the peripheral nerves,
and the autonomic nervous system is made of autonomic nerves. Fast reflexes, like
removing your hand quickly from a heat source, involve peripheral nerves and the
spinal cord. Thought processes and autonomic regulation of your organs involve
various parts of the brain and are relayed to the muscles and organs through the
spinal cord and peripheral/autonomic nerves.
·Senses your external and internal surroundings
·Communicates information between your brain and
spinal cord and other tissues
·Coordinates voluntary movements
·Coordinates and regulates involuntary
functions like breathing, heart rate, blood
pressure and body temperature.
How Nerves Work

Consider this. You touch a hot object
and immediately drop it or withdraw your
hand from the heat source. You do this so
quickly you don't even think about it.
How does this happen? Your nervous
system coordinated everything. It sensed
the hot object and signaled your muscles
to let it go. Your nervous system, which
consists of your brain, spinal cord,
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peripheral nerves and autonomic nerves, coordinates all movements, thoughts and
sensations that you have. In this article, we'll examine the structure and functions of
your nervous system, how nerve cells communicate with each other and various
tissues and what can go wrong when nerves become damaged or diseased.
Reflex

According to a rule called Dale's principle, which
has only a few known exceptions, a neuron releases
the same neurotransmitters at all of its synapses.
This does not mean, though, that a neuron exerts
the same effect on all of its targets, because the
effect of a synapse depends not on the
neurotransmitter, but on the receptors that it
activates. Because different targets can (and
frequently do) use different types of receptors, it is
possible for a neuron to have excitatory effects on
one set of target cells, inhibitory effects on others, and complex modulatory effects on
others still. Nevertheless, it happens that the two most widely used neurotransmitters,
glutamate and GABA, each have largely consistent effects. Glutamate has several
widely occurring types of receptors, but all of them are excitatory or modulatory.
Similarly, GABA has several widely occurring receptor types, but all of them are
inhibitory. Because of this consistency, glutamatergic cells are frequently referred to
as "excitatory neurons", and GABAergic cells as "inhibitory neurons".
Visual Perception

The visual system in humans allows individuals to assimilate information from the
environment. The act of seeing starts when the lens of the eye focuses an image of
its surroundings onto a light-sensitive membrane
in the back of the eye, called the retina. The
retina is actually part of the brain that is isolated
to serve as a transducer[citation needed] for the
conversion of patterns of light into neuronal
signals. The lens of the eye focuses light on the
photoreceptive cells of the retina, which detect the
photons of light and respond by producing neural
impulses.
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Auditory Perception

Not all sounds are normally audible to all
animals. Each species has a range of normal
hearing for both loudness (amplitude) and pitch
(frequency). Many animals use sound to
communicate with each other, and hearing in
these species is particularly important for
survival and reproduction. In species that use
sound as a primary means of communication,
hearing is typically most acute for the range of
pitches produced in calls and speech.
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2-4

Discharge Tube

Let's Check It Out!

After infusing gas into a discharge tube with a low tension current, let it flow
high-frequency current. Then you can observe a light of the gas and understand it
as a flow of an electricity.
Associated Area

Elementary : Turning on a Lightbulb
Secondary : Wave and Particle
Gases that Emit Light

When an electric current is passed through a gas, the gas emits light. This
emission is exploited in many electric lamps. Fluorescent lamps, “neon” signs, and
mercury-vapor and sodium-vapor lamps are common examples of this kind of electric
lighting, called gas-discharge lamps. The colors of gas-discharge lamps vary widely
depending on the identity of the gas and the construction of the lamp.
- 92 -

The light emitted by a gas, when an electric current flows through it, results from
collisions between atoms in the gas and electrons of the current. When a voltage is
applied to the two electrodes of a gas discharge tube, an electric field is created
between the electrodes. In an electric field, a free electron will accelerate away from
the negative electrode and toward the positive electrode. When such an electron
collides with a gas molecule in its path, it may transfer some of its energy to the
gas molecule, producing a gas molecule in an excited (high-energy) state.
A gas-discharge tube is the heart of many lasers, such as the He-Ne laser. This
laser contains a discharge tube filled with 85% helium and 15% neon at a pressure of
2–3 torr. At each end of the tube is a mirror. Some of the light emitted by the
excited gas molecules becomes trapped between the mirrors, being reflected back and
forth repeatedly. When this light passes excited gas molecules, it stimulates them to
emit their energy parallel to the passing light.
Neon Tube

Neon signs are luminous-tube signs that
contain neon or other inert gases at a low
pressure. Applying a high voltage (usually a
few thousand volts) makes the gas glow
brightly. They are produced by the craft of bending glass tubing into shapes. A
worker skilled in this craft is known as a glass bender, neon or tube bender.
Neon sign tubes are distinguished from neon lamp bulbs by their length, customized
shapes, higher operating voltages, and range of colors.
Argon Gas

Argon has approximately the same solubility in water as oxygen gas and is
2.5 times more soluble in water than nitrogen gas. Argon is colorless,
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odorless, and nontoxic as a solid, liquid,
and gas. Argon is inert under most
conditions and forms no confirmed stable
compounds at room temperature.

Although argon is a noble gas, it has been
found to have the capability of forming some
compounds. For example, the creation of argon
fluorohydride, a marginally stable compound of argon with fluorine and hydrogen, was
reported by researchers at the University of Helsinki in 2000. Although the neutral
ground-state chemical compounds of argon are presently limited to HArF, argon can
form clathrates with water when atoms of it are trapped in a lattice of the water
molecules. Also argon-containing ions and excited state complexes, such as ArH+ and
ArF, respectively, are known to exist. Theoretical calculations have predicted several
argon compounds that should be stable, but for which no synthesis routes are
currently known.
Strobe Light

Strobe light or stroboscopic lamp, commonly called a
strobe, is a device used to produce regular flashes of
light. It is one of a number of devices that can be
used as a stroboscope. The word originated from the
Greek strobos, meaning "act of whirling."
Strobe lights are used in scientific and industrial
applications, in clubs where they are used to give an
illusion of slow motion (cf. stroboscopic effect) and for
aircraft anti-collision lighting. Other applications are in
alarm systems, theatrical lighting (most notably to
simulate lightning), and as high-visibility running
lights. They are still widely used in law enforcement
and other emergency vehicles, though they are slowly being replaced by LED
technology in this application, as they themselves largely replaced halogen lighting.
Strobes are used by scuba divers as an emergency signaling device. Strobe lighting
has also been used to see the movements of the vocal cords in slow motion during
speech, a procedure known as video-stroboscopy.
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A Lightning Rod

A lightning rod is a metal rod or conductor
mounted on top of a building and electrically
connected to the ground through a wire, to protect
the building in the event of lightning. If lightning
strikes the building it will preferentially strike the
rod, and be conducted harmlessly to ground
through the wire, instead of passing through the
building, where it could start a fire or cause
electrocution. A lightning rod is a single component
in a lightning protection system. In addition to rods
placed at regular intervals on the highest portions
of a structure, a lightning protection system
typically includes a rooftop network of conductors,
multiple conductive paths from the roof to the ground, bonding connections to metallic
objects within the structure and a grounding network. The rooftop lightning rod is a
metal strip or rod, usually of copper or aluminum. Lightning protection systems are
installed on structures, trees, monuments, bridges or water vessels to protect from
lightning damage. Individual lightning rods are sometimes called finials, air terminals
or strike termination devices. The United States Patent Office labels "Lightning
protectors" in Class 174 (Electricity: conductors and insulators), Subclass 2 (Lightning
protectors) and Subclass 3 (Rods). The lightning rod was invented by Benjamin
Franklin in the Americas in 1749 and, perhaps independently, by Prokop Diviš in
Europe in 1754.
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2-5

Magma and
Volcanic Activity

Let's Check It Out!

You can observe the structure beneath the surface of the Earth, explore the process
of the volcanic activity and explain the formation of igneous rocks.
Associated Area

Elementary : Diastrophism
Secondary : Volcanic Activity and Diastrophism
Magma

Magma is a mixture of molten rock, volatiles and solids that is found beneath the
surface of the Earth, and may also exist on other terrestrial planets. Besides molten
rock, magma may also contain suspended crystals and gas bubbles. Magma often
collects in magma chambers that may feed a volcano or turn into a pluton. Magma is
capable of intrusion into adjacent rocks, extrusion onto the surface as lava, and
explosive ejection as tephra to form pyroclastic rock.
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Magma is a complex high-temperature fluid substance. Temperatures of most
magmas are in the range 700 °C to 1300 °C (or 1300 °F to 2400 °F), but very rare
carbonatite melts may be as cool as 600 °C, and komatiite melts may have been as
hot as 1600 °C. Most are silicate mixtures.
Volcano

A volcano is an opening, or rupture, in a
planet's surface or crust, which allows hot
magma, ash and gases to escape from below the
surface.
Volcanoes are generally found where tectonic
plates are diverging or converging. A mid-oceanic
ridge, for example the Mid-Atlantic Ridge, has
examples of volcanoes caused by divergent
tectonic plates pulling apart; the Pacific Ring of
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Fire has examples of volcanoes caused by convergent tectonic plates coming together.
By contrast, volcanoes are usually not created where two tectonic plates slide past
one another. Volcanoes can also form where there is stretching and thinning of the
Earth's crust (called "non-hotspot intraplate volcanism"), such as in the East African
Rift, the Wells Gray-Clearwater volcanic field and the Rio Grande Rift in North
America.
Lava

A lava flow is a moving outpouring of lava, which is created during a
non-explosive effusive eruption. When it has stopped moving, lava solidifies to form
igneous rock. The term lava flow is commonly shortened to lava. Explosive eruptions
produce a mixture of volcanic ash and other fragments called tephra, rather than lava
flows. The first use in connection with extruded magma (molten rock below the
Earth's surface) was apparently in a short account written by Francesco Serao on
the eruption of Vesuvius between May 14 and June 4, 1737. Serao described "a flow
of fiery lava" as an analogy to the flow of water and mud down the flanks of the
volcano following heavy rain.
Tephra

Tephra is fragmental material produced by
a volcanic eruption regardless of composition,
fragment size or emplacement mechanism.
Tephra fragments are classified by size:
·Ash - particles smaller than 2 mm (0.08
inches) in diameter
·Lapilli or volcanic cinders - between 2
and 64 mm (0.08 and 2.5 inches) in diameter
·Volcanic bombs or volcanic blocks - larger than 64 mm (2.5 inches) in diameter
Igneous Rocks

Igneous rocks are called fire rocks and are formed either underground or above
ground. Underground, they are formed when the melted rock, called magma, deep
within the earth becomes trapped in small pockets. As these pockets of magma cool
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slowly underground, the magma becomes
igneous rocks.
Igneous rocks are also formed when
volcanoes erupt, causing the magma to rise
above the earth's surface. When magma
appears above the earth, it is called lava.
Igneous rocks are formed as the lava cools
above ground.
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2-6

Principle of an Electric
Dynamo & an Electromotor

Let's Check It Out!

You can understand how an electric dynamo and an electromotor work through the
righthand rule, comparing each structure.
Associated Area

Elementary : Turning on a Lightbulb
Secondary : Electricity
Fleming's Rule

Fleming's Rule, first presented in
1895, identifies the directions of
magnetic field, electrical current and
motion relative to each other.
When the left-hand thumb, first (or
index) finger and centre (or middle)

Righthand Rule> <Lefthand Rule>

<
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finger are all extended to point outwards at 90° to each other, then the directions of
each will indicate the directions of motion, field and current passing through an
electromagnetic motor.
When the right-hand thumb, first finger and centre finger are all extended at 90°
to each other, then the directions of each will indicate the directions of motion, field
and current passing through a dynamo.
Electric motors use electricity to move a coil and supply motive power, while
dynamos convert mechanical into electrical energy (ie. they work on the reverse
principle of a motor and are mostly used for large-scale electricity production).
Fleming's rule therefore uses the left hand to describe positive charges (as a
conventional current is the flow of positively charged moving particles) and uses the
right hand to describe negative charges.
Right-Hand Grip Rule

Fleming's Rule governing electrodynamics should not
be confused with the limited Right-Hand Grip Rule (or
Corkscrew Rule) of electromagnetics. A conventional
current running through a conducting wire creates a
magnetic field around the wire. The direction of the
field can be found using the "right-hand grip rule". If
you point the thumb of your right hand in the direction
of the current, then the fingers wrapped around the
conductor indicate the direction of the magnetic field
lines.

Sources of Energy

Power stations use the energy from wave or
tidal motion , wind, sunlight or the energy of
falling water, hydroelectricity. These types of
energy sources are called renewable energy.
A hydroelectric dam and plant on the
Muskegon river in Michigan, United States.
Dams built to produce hydroelectricity impound a
reservoir of water and release it through one or
more water turbines, connected to generators, and generate electricity, from the
energy provided by difference in water level upstream and downstream.
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Solar Wind

A solar photovoltaic power plant uses photovoltaic
cells to convert sunlight into direct current electricity
using the photoelectric effect. This type of plant does
not use rotating machines for energy conversion.
Wind turbine in front of a thermal power station in
Amsterdam, the Netherlands.Wind turbines can be used
to generate electricity in areas with strong, steady
winds, sometimes offshore. Many different designs have
been used in the past, but almost all modern turbines
being produced today use a three-bladed, upwind design.
Grid-connected wind turbines now being built are much
larger than the units installed during the 1970s, and so
produce power more cheaply and reliably than earlier
models. With larger turbines (on the order of one
megawatt), the blades move more slowly than older,
smaller, units, which makes them less visually
distracting and safer for airborne animals. Old turbines are still used at some wind
farms, for example at Altamont Pass and Tehachapi Pass.
Electromotor

An electric motor uses electrical energy to produce
mechanical energy, very typically through the
interaction of magnetic fields and current-carrying
conductors. The reverse process, producing electrical
energy from mechanical energy, is accomplished by an
alternator, generator or dynamo. Many types of electric
motors can be run as generators, and vice versa. For
example a starter/generator for a gas turbine or
Traction motors used on vehicles often perform both
tasks. Electric motors are found in applications as
diverse as industrial fans, blowers and pumps, machine
tools, household appliances, power tools, and disk drives. They may be powered by
direct current (e.g., a battery powered portable device or motor vehicle), or by
alternating current from a central electrical distribution grid.
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2-7

Fossils and Prehistoric Life

Let's Check It Out!

By observing facies fossil in geologic time, you can understand the history of the
geologic time and process of an evolution.
Associated Area

Elementary : Stratum and Rocks
Secondary : Substances on Earth
Fossils

The modern use of the word 'fossil' refers
to the physical evidence of former life from a
period of time prior to recorded human history.
This prehistoric evidence includes the fossilised
remains of living organisms, impressions and
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moulds of their physical form, and marks/traces created in the sediment by their
activities. There is no universally agreed age at which the evidence can be termed
fossilised, however it's broadly understood to encompass anything more than a few
thousand years. Such a definition includes our prehistoric human ancestry and the ice
age fauna (e.g. mammoths) as well as more ancient fossil groups such as the
dinosaurs, ammonites and trilobites.
The earliest reported fossil discoveries date from 3.5 billion years ago, however it
wasn't until approximately 600 million years ago that complex multi-cellular life
began to enter the fossil record, and for the purposes of fossil hunting the majority
of effort is directed towards fossils of this age and younger.
Fossils occur commonly around the world although just a small proportion of life
makes it into the fossil record. Most living organisms simply decay without trace
after death as natural processes recycle their soft tissues and even hard parts such
as bone and shell. Thus, the abundance of fossils in the geological record reflects the
frequency of favourable conditions where preservation is possible, the immense
number of organisms that have lived, and the vast length of time over which the
rocks have accumulated.
How Do Fossils Form?

A live Fish>

Death>

<

<

Decay and Sediment accumulation>

Uplift and Exposure>

<

<
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Discovery>

Extraction>

<

<

Stratum

In geology and related fields, a stratum
(plural: strata) is a layer of rock or soil
with internally consistent characteristics
that distinguishes it from contiguous
layers. Each layer is generally one of a
number of parallel layers that lie one upon
another, laid down by natural forces. They
may extend over hundreds of thousands of
square kilometers of the Earth's surface.
Strata are typically seen as bands of
different colored or differently structured
material exposed in cliffs, road cuts,
quarries, and river banks. Individual bands may vary in thickness from a few
millimeters to a kilometer or more. Each band represents a specific mode of
deposition—river silt, beach sand, coal swamp, sand dune, lava bed, etc.
Geologists study rock strata and categorize them by the material in the beds. Each
distinct layer is usually assigned to a "formation" name usually based on a town,
river, mountain, or region where the formation is exposed and available for study. For
example, the Burgess Shale is a thick exposure of dark, occasionally fossiliferous,
shale exposed high in the Canadian Rockies near Burgess Pass. Slight distinctions in
material in a formation may be described as "members" or sometimes "beds."
Formations are collected into "groups." Groups may be collected into "supergroups."
The stratum is the fundamental unit in a stratigraphic column and forms the basis
of the study of stratigraphy.
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Fossils in Chronological Order
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2-8

Rocks and Ore

Let's Check It Out!

With the process of the formation you can classify rocks into igneous, sedimentary,
and metamorphic rocks.
Associated Area

Elementary : Rocks and Soil
Secondary : Substances on earth
Types of Rocks

Igneous Rock
Igneous rock is formed through the cooling and solidification of magma or lava.
Igneous rock may form with or without crystallization, either below the surface as
intrusive (plutonic) rocks or on the surface as extrusive (volcanic) rocks. This magma
can be derived from partial melts of pre-existing rocks in either a planet's mantle or
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crust. Typically, the melting is caused by one or more of three processes: an increase
in temperature, a decrease in pressure, or a change in composition. Over 700 types of
igneous rocks have been described, most of them having formed beneath the surface
of Earth's crust. These have diverse properties, depending on their composition and
how they were formed.
Sedimentary Rock
Sedimentary rock is a type of rock that is formed by sedimentation of material at
the Earth's surface and within bodies of water. Sedimentation is the collective name
for processes that cause mineral and/or organic particles (detritus) to settle and
accumulate or minerals to precipitate from a solution. Particles that form a
sedimentary rock by accumulating are called sediment. Before being deposited,
sediment was formed by weathering and erosion in a source area, and then
transported to the place of deposition by water, wind, mass movement or glaciers
which are called agents of denudation.
Metamorphic rock
Metamorphic rock is the result of the transformation of an existing rock type, the
protolith, in a process called metamorphism, which means "change in form".
Metamorphic rocks make up a large part of the Earth's crust and are classified by
texture and by chemical and mineral assemblage (metamorphic facies). They may be
formed simply by being deep beneath the Earth's surface, subjected to high
temperatures and the great pressure of the rock layers above it. They can form from
tectonic processes such as continental collisions, which cause horizontal pressure,
friction and distortion. They are also formed when rock is heated up by the intrusion
of hot molten rock called magma from the Earth's interior.
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Rock Cycle

Ore

An ore is a type of rock that contains minerals with important elements including
metals. The ores are extracted through mining; these are then refined to extract the
valuable element(s).
The grade or concentration of an ore mineral, or metal, as well as its form of
occurrence, will directly affect the costs associated with mining the ore. The cost of
extraction must thus be weighted against the contained metal value of the rock to
determine what ore can be profitably extracted and what ore is of too low a grade to
be worth mining. Metal ores are generally oxides, sulfides, silicates, or "native"
metals (such as native copper) that are not commonly concentrated in the Earth's
crust or "noble" metals (not usually forming compounds) such as gold. The ores must
be processed to extract the metals of interest from the waste rock and from the ore
minerals. Ore bodies are formed by a variety of geological processes. The process of
ore formation is called ore genesis.
Ore deposits

An ore deposit is an accumulation of ore. This is distinct from a mineral resource
as defined by the mineral resource classification criteria. An ore deposit is one
occurrence of the particular ore type. Most ore deposits are named according to either
their location (for example, the Witswatersrand, South Africa), or after a discoverer
(e.g. the kambalda nickel shoots are named after drillers), or after some whimsy, an
historical figure, a prominent person, something from mythology (phoenix, kraken,
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serepentleopard, etc.) or the code name of the resource company which found it (e.g.
MKD-5 is the in-house name for the Mount Keith nickel ).
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2-9

Various Animals

Let's Check It Out!

By observing stuffed specimen, you can tell the characteristics of reptiles and
mammals.
Associated Area

Elementary : Shapes of Various Animals
Secondary : Classifying Animals
The Animal Kingdom

There are many different types of animals in the world. Many animals are quite
similar to each other. Others are quite different. Animals can be classified based on
their similarities. Continue on, and learn more about your fellow Earth inhabitants.
Here are some of the animals you can investigate in our Science Reference Library.
The first name you read is the common name for the animal. The name in
parentheses ( ) is the Latin word for the group (the phylum or subphylum or class
or group or order) that scientists sometimes use to refer to animals.
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Invertebrates :

Animals without a Backbone or Spinal Column

․Protozoa(phyla: protozoa)

Protozoa are simple, single-celled animals. They are
the smallest of all animals. Most protozoa are
microscopic in size, and can only be seen under a
microscope. However, they do breathe, move and
reproduce like multicelled animals.
․Echinoderms (phyla: Echinodermata)

Echinoderms are marine animals that live in the ocean.
Common echinoderms include the sea star, sea urchin,
sand dollar and sea cucumber. Most echinoderms have
arms or spines that radiate from the center of their body.
The central body contains their organs, and their mouth
for feeding.
․Annelids (phyla: Annelida) such as earthworms

Annelids have bodies that are divided into segments. They have very
well-developed internal organs. One common characteristic of annelids is that they
don't have any limbs.
Some annelids may have long bristles. Others have shorter bristles and seem
smooth, like the earthworms
․Mollusks (phyla: Mollusca) such as octopus

Most mollusks have a soft, skin-like organ covered
with a hard outside shell. Some mollusks live on land,
such as the snail and slug. Other mollusks live in
water, such as the oyster, mussel, clam, squid and
octopus. Land living mollusks, like the snail, move
slowly on a flat sole called a foot.

․Arthropods (phyla: Arthropoda) such as crabs, spiders and insects

Arthropods make up over 75% of the world's animal species. Arthropods include
animals such as insects, crustaceans and arachnids. The largest group of Arthropods
are the insects. The next largest group are the crustaceans, including lobsters and
crabs. The arachnids include spiders and ticks. Other Arthropods include centipedes
and millipedes.
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․Crustaceans (subphyla: Crustacea) such as crabs

Crustaceans are a type of Arthropod. The name may
not sound familiar, but you probably know them. You may
even have eaten one. Crustaceans live mostly in the ocean
or other waters. Most commonly known crustaceans are
the crab, lobster and barnacle.

․Arachnids (subphyla: Chelicerata class: Arachnida) such as spiders

Arachnids are a type of arthropod. You know many of
them as spiders. Common arachnids are spiders, scorpions,
ticks and mites.
․Insects (subphyla: Uniramia class: Insecta)

Insects have an exoskeleton that covers their entire
body. An insect's body consists of 3 parts: the head,
thorax and abdomen. The insect's head has a pair of
antennae, and a pair of compound eyes. Compound
eyes are different from human eyes which have a
single lens for each eye. Compound eyes have many
lenses for each eye. For example, the fly has about
4,000 lenses in a single eye. This provides them with
very good eyesight.
Vertebrates :

Animals with a Backbone or Spinal Column:

(All these animals are in the phyla Chordata and the subphyla Vertebrata.)
․ Fish (group: Pisces)
․ Amphibians (class: Amphibia) such as frogs
․ Reptiles (class: Reptilia) such as crocodiles
․ Birds (class: Aves)
․ Mammals (class: Mammalia)
․ Marsupials (order: Marsupialia) such as kangaroos
․ Primates (order: Primates) such as gorillas and chimpanzees
․ Rodents (order: Rodentia) such as mice
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2-10

Structure and
Functions of Brain

Let's Check It Out!

You can know about the structure and function of brain.
Associated Area

Elementary : Stimulation and response
Structure and Function of Human Brain

The human brain is the center of the human nervous
system and is a highly complex organ. Enclosed in the
cranium, it has the same general structure as the brains of
other mammals, but is over three times as large as the brain
of a typical mammal with an equivalent body size.
Most of the expansion comes from the cerebral cortex, a
convoluted layer of neural tissue that covers the surface of
the forebrain. Especially expanded are the frontal lobes, which
are associated with executive functions such as self-control,
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planning, reasoning, and abstract thought. The portion of the brain devoted to vision
is also greatly enlarged in human beings.
The brain monitors and regulates the body's actions and reactions. It continuously
receives sensory information, and rapidly analyzes this data and then responds,
controlling bodily actions and functions. The brainstem controls breathing, heart rate,
and other autonomic processes that are independent of conscious brain functions. The
neocortex is the center of higher-order thinking, learning, and memory. The
cerebellum is responsible for the body's balance, posture, and the coordination of
movement.
Researchers who study the
functions of the cortex divide it
into three functional categories of
regions, or areas. One consists of
the primary sensory areas, which
receive signals from the sensory
nerves and tracts by way of relay
nuclei in the thalamus. Primary
sensory areas include the visual
area of the occipital lobe, the auditory area in parts of the temporal lobe and insular
cortex, and the somatosensory area in the parietal lobe. A second category is the
primary motor area, which sends axons down to motor neurons in the brainstem and
spinal cord. This area occupies the rear portion of the frontal lobe, directly in front of
the somatosensory area. The third category consists of the remaining parts of the
cortex, which are called the association areas. These areas receive input from the
sensory areas and lower parts of the brain and are involved in the complex process
that we call perception, thought, and decision making.
Lateralization

Each hemisphere of the brain interacts
primarily with one half of the body, but for
reasons that are unclear, the connections are
crossed: the left side of the brain interacts
with the right side of the body, and vice
versa.
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Sources of information

Neuroscientists, along with researchers from allied disciplines, study how the human
brain works. Such research has expanded considerably in recent decades. The
"Decade of the Brain", an initiative of the United States Government in the 1990s, is
considered to have marked much of this increase in research.
Information about the structure and function of the human brain comes from a
variety of experimental methods. Most information about the cellular components of
the brain and how they work comes from studies of animal subjects, using
techniques described in the brain article. Some techniques, however, are used mainly
in humans, and therefore are described here.
Structural and functional imaging

A scan of the brain using fMRIThere are
several methods for detecting brain activity
changes by three-dimensional imaging of local
changes in blood flow. The older methods are
SPECT and PET, which depend on injection of
radioactive tracers into the bloodstream. The
newest method, functional magnetic resonance
imaging (fMRI), has considerably better spatial
resolution and involves no radioactivity.[18] Using the most powerful magnets
currently available, fMRI can localize brain activity changes to regions as small as
one cubic millimeter. The downside is that the temporal resolution is poor: when
brain activity increases, the blood flow response is delayed by 1–5 seconds and lasts
for at least 10 seconds. Thus, MRI is a very useful tool for learning which brain
regions are involved in a given behavior, but gives little information about the
temporal dynamics of their responses. A major advantage for fMRI is that, because it
is non-invasive, it can readily be used on human subjects.
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2-11

Multimedia Tools

Let's Check It Out!

Knowing various scientific contents in the future using computer.
Associated Area

Elementary : Usage of computer
Let's Learn
Multimedia

Multimedia is media and content that uses a
combination of different content forms. The term
can be used as a noun (a medium with multiple
content forms) or as an adjective describing a
medium as having multiple content forms. The
term is used in contrast to media which only use
traditional forms of printed or hand-produced
material. Multimedia includes a combination of text, audio, still images, animation,
video, and interactivity content forms.
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Multimedia is usually recorded and played, displayed or accessed by information
content processing devices, such as computerized and electronic devices, but can also
be part of a live performance. Multimedia (as an adjective) also describes electronic
media devices used to store and experience multimedia content. Multimedia is
distinguished from mixed media in fine art; by including audio, for example, it has a
broader scope. The term "rich media" is synonymous for interactive multimedia.
Hypermedia can be considered one particular multimedia application.
Creative industries

Creative industries use multimedia for a
variety of purposes ranging from fine arts, to
entertainment, to commercial art, to journalism,
to media and software services provided for any
of the industries listed below. An individual
multimedia designer may cover the spectrum
throughout their career. Request for their skills
range from technical, to analytical, to creative.

Entertainment and fine arts

In addition, multimedia is heavily used in the
entertainment industry, especially to develop
special effects in movies and animations.
Multimedia games are a popular pastime and are
software programs available either as CD-ROMs
or online. Some video games also use multimedia
features. Multimedia applications that allow users
to actively participate instead of just sitting by
as passive recipients of information are called Interactive Multimedia. In the Arts
there are multimedia artists, whose minds are able to blend techniques using different
media that in some way incorporates interaction with the viewer. One of the most
relevant could be Peter Greenaway who is melding Cinema with Opera and all sorts
of digital media. Another approach entails the creation of multimedia that can be
displayed in a traditional fine arts arena, such as an art gallery. Although multimedia
display material may be volatile, the survivability of the content is as strong as any
traditional media. Digital recording material may be just as durable and infinitely
reproducible with perfect copies every time.
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Education

In Education, multimedia is used to produce
computer-based training courses (popularly called
CBTs) and reference books like encyclopedia and
almanacs. A CBT lets the user go through a
series of presentations, text about a particular
topic, and associated illustrations in various
information formats. Edutainment is an informal
term used to describe combining education with
entertainment, especially multimedia entertainment.

Medicine

In Medicine, doctors can get trained by looking at a
virtual surgery or they can simulate how the human
body is affected by diseases spread by viruses and
bacteria and then develop techniques to prevent it.

Engineering

Software engineers may use multimedia in Computer
Simulations for anything from entertainment to training
such as military or industrial training. Multimedia for
software interfaces are often done as a collaboration
between creative professionals and software engineers.
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2-12

Nature of Light

Let's Check It Out!

Through an experiment with optical instruments, you can understand of the
reflection and refraction of light.
Associated Area

Elementary : Mirrors and lenses
Secondary : Nature of light
Let's Learn
Reflection

Reflection is the change in direction of a
wavefront at an interface between two
different media so that the wavefront returns
into the medium from which it originated.
Common examples include the reflection of
light, sound and water waves.
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The law of reflection says that for specular reflection the angle at which the wave
is incident on the surface equals the angle at which it is reflected. Mirrors exhibit
specular reflection.
In acoustics, reflection causes echoes and is used in sonar. In geology, it is
important in the study of seismic waves. Reflection is observed with surface waves
in bodies of water. Reflection is observed with many types of electromagnetic wave,
besides visible light. Reflection of VHF and higher frequencies is important for radio
transmission and for radar. Even hard X-rays and gamma rays can be reflected at
shallow angles with special "grazing" mirrors.
Laws of Reflection

If the reflecting surface is very smooth, the
reflection of light that occurs is called specular
or regular reflection. The laws of reflection are
as follows:
․ The incident ray, the reflected ray and the
normal to the reflection surface at the point of

the incidence lie in the same plane.
․ The angle which the incident ray makes with the normal is equal to the angle
which the reflected ray makes to the same normal.
․ Light paths are reversible.
Other Types of Reflecion

․ Diffuse reflection

When light strikes the surface of a
(non-metallic) material it bounces off in all
directions due to multiple reflections by the
microscopic irregularities inside the material
(e.g. the grain boundaries of a poly crystalline
material, or the cell or fiber boundaries of an
organic material) and by its surface, if it is rough. Thus, an 'image' is not formed.
This is called diffuse reflection.
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Retroreflection

The structure of these surfaces is
such that light is returned in the
direction from which it came.
When flying over clouds illuminated
by sunlight the region seen around the
aircraft's shadow will appear brighter,
and a similar effect may be seen from
dew on grass. This partial retro-reflection is created by the refractive properties of
the curved droplet's surface and reflective properties at the backside of the droplet. A
simple retroreflector can be made by placing three ordinary mirrors mutually
perpendicular to one another.
Refraction

Refraction is the change in direction of a wave due to a change in its speed. This
is most commonly observed when a wave passes from one medium to another at an
angle. Refraction of light is the most commonly observed phenomenon, but any type
of wave can refract when it interacts with a medium, for example when sound waves
pass from one medium into another or when water waves move into water of a
different depth.
Refraction of Light by Water

Light entering or exting a water surface is
bent by refraction. The index of refracton for
water is 4/3, implying that light travels 3/4 as
fast in water as it does in vacuum.
Refraction at the water surface gives the
"broken pencil" effect shown above. Submerged
objects always appear to be shallower than they are because the light from them
changes angle at the surface, bending downward toward the water.
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The Camera and the Eye

Images are formed in a camera by
refraction in a manner similar to
image formation in the eye. However,
accommodation to image closer
objects is done differently in the eye
and camera.
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2-13

Chemical Battery

Let's Check It Out!

Let's learn about the manyㅓinds of chemical batteries.
Associated Area

Elementary School : B6attery
Secondary School : Substances Reaction, Chemical Reaction
Let's learn!

An electrical battery, first named by Benjamin Franklin in 1748, is a combination of
two or more electrochemical cells used to convert stored chemical energy into
electrical energy. Since the invention of the first voltaic pile in 1800 by Alessandro
Volta, the battery has become a common power source for many household and
industrial applications.
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Types of Batteries

․Primary Batteries

Primary Batteries (disposable batteries)
are designed to be used once and
discarded when they are exhausted. They
irreversibly (within limits of practicality)
transform chemical energy to electrical
energy. When the initial supply of
reactants is exhausted, energy cannot be
readily restored to the battery by
electrical means. Primary batteries used,
for example, for telegraph circuits, were
restored to operation by replacing the components of the battery consumed by the
chemical reaction.
Common types of disposable batteries include zinc-carbon batteries and alkaline
batteries. Generally, these have higher energy densities than rechargeable batteries,
but disposable batteries do not fare well under high-drain applications with loads
under 75 ohms (75 Ω).
ㆍSecondary Batteries

Secondary batteries (rechargeable
batteries) are designed to be used
multiple times. They can be recharged;
that is, they can have their chemical
reactions reversed by supplying
electrical energy to the cell, restoring
their original composition. They are not
indefinitely rechargeable due to
dissipation of the active materials, loss
of electrolyte and internal corrosion.
Cells of this type (in order of increasing power density and cost) include
nickel-cadmium (NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH) and
lithium-ion (Li-ion) cells.
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I Want to Know Even More!

A nickel-metal hydride batteries

A nickel-metal hydride cell, abbreviated
NiMH, is a type of secondary electrochemical
cell similar to the nickel-cadmium cell. The
NiMH battery uses a hydrogen-absorbing alloy
for the negative electrode instead of cadmium.
As in NiCd cells, the positive electrode is
nickel oxyhydroxide (NiOOH). A NiMH battery
can have two to three times the capacity of an
equivalent size ynickel- cadmium battery.
However, compared to the lithium-ion cell, the
volumetric energy density is lower and
self-discharge is higher. (Compare: low self-discharge NiMH battery)
Lithium Polymer Batteries

Another new battery type is the lithium polymer
batteries. Lithium polymer batteries are
rechargeable batteries(secondary cell batteries) and
an improvement over the lithium-ion batteries that
used in many electronic items such as notebooks,
or laptops, computers and cell phones and often
run cameras and portable phones. Their light
weight, high power output and slow rate of
self-discharge have made them extremely popular

in R/C, especially electric aircraft.
Lithium polymer batteries are thin, rectangular, lightweight batteries and "LiPo"
and "LiPoly" are common short names for lithium polymer batteries. Lithium
polymer batteries are considered to be a safer alternative to lithium ion batteries.
They are desirable in applications where small form factors and energy density
outweigh cost considerations.
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Fuel Cell

A fuel cell is an electrochemical cell that
converts a source fuel into an electrical current.
It generates electricity inside a cell through
reactions between a fuel and an oxidant,
triggered in the presence of an electrolyte. The
reactants flow into the cell, and the reaction
products flow out of it, while the electrolyte
remains within it. Fuel cells can operate
continuously as long as the necessary reactant
and oxidant flows are maintained. Fuel cells are
different from conventional electrochemical cell
batteries in that they consume reactant from an external source, which must be
replenished – a thermodynamically open system. By contrast, batteries store electrical
energy chemically and hence represent a thermodynamically closed system. Many
combinations of fuels and oxidants are possible. A hydrogen fuel cell uses hydrogen
as its fuel and oxygen (usually from air) as its oxidant. Other fuels include
hydrocarbons and alcohols. Other oxidants include chlorine and chlorine dioxide.
Electric vehicles

These batteries may also power the next generation of battery electric vehicles.
The cost of an electric car of this type is prohibitive, but proponents argue that with
increased production, the cost of Li-poly batteries will go down. Hyundai Motor
Company plans to use this battery type in its hybrid electric vehicles.
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2-14

Downhill Race

Let's Check It Out!

Let's learn about the cycloid curve.
Associated Area

Elementary School : An object's position and its energy
Secondary School : Strength and energy, Work and energy
Let's learn!
What is Cycloid?

A cycloid is the curve defined by the path of a point on the edge of circular wheel
as the wheel rolls along a straight line. It is an example of a roulette, a curve
generated by a curve rolling on another curve.
The cycloid is the solution to the brachistochrone problem (i.e. it is the curve of
fastest descent under gravity) and the related tautochrone problem (i.e. the period of
an object in descent without friction inside this curve does not depend on the ball's
starting position).
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History

Galileo (1599) apparently named the cycloid, and attempted to find its area by
weighing various pieces of metal slices representing the rolling disc. His student
Torricelli, as well as Fermat, Roberval and Descartes all published articles on finding
the exact area under the cycloid, and Christopher Wren succeeded in establishing the
length of a cycloid as four times the diameter of the generating circle.
So it's a pretty cool curve, in fact it has been called "the most beautiful curve in
the world". Either because of its aesthetic qualities or because of the frequency with
which it provoked quarrels among mathematicians in the 17th century, the cycloid has
been referred to as the "Helen of Geometers", i.e. the Helen of Troy of the curve
world.
Unique Properties

The cycloid has a unique property in that it is the curve between two points that
is covered in the least time by a body that starts at the first point with zero speed
and passes along the curve to the second point, under the action of constant gravity
and ignoring friction. Note that this is always true even though the body may be
travelling uphill for some part of the journey. This type of curve (of which the
cycloid is the only one !) is called a brachistochrone (Greek: brachistos: shortest,
chronos: time).
So a straight line may be the shortest distance between two points, but if you
want to make a bead travel under gravity along a zero-friction wire from one of
those points to the other in the fastest time, you'll need to make the wire follow a
cycloid path, not a straight one...
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A consequence of this effect is that if you invert a cycloid so that the ends are at
the same level, the time taken for the hypothetical bead to reach the middle of the
curve from any other point on the cycloid will be constant - it takes the same time
to get to the bottom regardless of where you start it off!
Rotating an inverted cycloid around its vertical axis above gives a 3-D bowl shape
with a cycloidal cross-section. This brachistochronal surface exhibits the same
properties as the 2-D curve described above: the time taken for a particle to reach
the centre of the bowl from any point on the surface is minimal and constant. A
marble released from the top of the brachistochrone will reach the centre in the
shortest time possible and at the same time as one released simultaneously from
halfway down the surface.
Cycloidal Pendulum

If its length is equal to that of half the cycloid, the bob
of a pendulum suspended from the cusp of an inverted
cycloid, such that the "string" is constrained between the
adjacent arcs of the cycloid, also traces a cycloid path.
Such a cycloidal pendulum is isochronous, regardless of
amplitude. This is because the path of the pendulum bob
traces out a cycloidal path (presuming the bob is
suspended from a supple rope or chain); a cycloid is its
own involute curve, and the cusp of an inverted cycloid
forces the pendulum bob to move in a cycloidal path.
The 17th Century Dutch mathematician Christiaan Huygens discovered this property
of the cycloid and applied it to the design of more accurate clocks for use in
navigation.
Cycloidal Motion

Suppose you have a reflector mounted right
at the rim of a bicycle wheel. If you hold the
wheel up in the air and spin it, the reflector
traces out a circular path. The equation
describing the position is as a function of time
is give by eq. 5.7. But when a camel is riding
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the bicycle, the wheel is on the ground so that the center of the wheel is moving.
We'll see in a month or so that the velocity of the center of the wheel is . That
implies that the position of the center of the wheel as a function of time is
. So from equation 5.22 we have that the position of this reflector
relative to the ground is the sum of two terms. The position of the reflector relative
to the center of the wheel, plus the position of the center of the wheel relative to the
ground:
This traces out a ``cycloid'' as shown in the
figure below. Notice the series of cusps that
occur when the reflector is close to the
ground. When you look at a bicyclist at night,
if they're being good and have reflectors on
their wheels, you should be able to see these
cycloidal trajectories.
I Want to Know Even More!!

Use in architecture

The cycloidal arch was used by architect Louis Kahn in his design for the Kimbell
Art Museum in Fort Worth, Texas. It was also used in the design of the Hopkins
Center in Hanover, New Hampshire.
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2-15

Colored Shadow

Let's Check It Out!

Let's learn about the three primary colors.
Let's learn about the mixture of light through colored shadow.
Associated Area

Elementary School : Shadow
Secondary School : The mixture of light
Let's learn!
Reflected Light

What happens when light hits an object that it
can't pass through? If the object is black, the light
is absorbed and changed to heat energy. If the
object is white, most of the light is reflected back.
Can you think of an object you probably use
everyday that reflects light? If you guessed a mirror, you were correct! A mirror
reflects almost all the light that falls on it.
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Try these experiments with a classmate to find out more about how mirrors reflect
light.
Materials: 3 mirrors

1. Place one mirror in the path of sunlight.
2. Place the second mirror in such a way that light
rays are reflected from the first mirror.
3. Place the third mirror in the path of the reflected
rays of the second mirror.
Where can you see the light?
Colored Shadows

On the left you see an image with shadows in
it. The image shows a square card on a shelf
with a wall behind it. There are colored lights
just this side of the shelf that cast huge shadows
on the wall.
• The two circles at the bottom are the lights.
• The square in the middle casts a shadow.
See if you can figure out the following.
• How to make MAGENTA.
• Why the black parts of the shadows are

the shapes they are.
• The rule for what color each shadow is—and why the rule makes sense.
• How to make just one shadow—and why it looks the way it does.
It looks as if the green light casts a red shadow and the red one casts a green
shadow. What's going on?
Both the red and the green lights are shining on region D (the yellow part). It may
seem odd, but in light, red and green mix together to make yellow. Neither light can
get to region C, so it shows up black. This leaves regions A and B. In region A, the
red light is shining but the green is blocked by the card. Here's another way to
think of this: From region A, you can see the red light bulb but not the green one.
Just the opposite is true for region B.
When you put more light in, the colors add. The more colors you put in, the closer
you get to white, the mixture of all colors. With light, red and green make yellow,
red and blue make MAGENTA, and blue and green make CYAN.
- 133 -

Primary Colors

Colors are indeed beautiful, and most of the
colors that we observe in our day-to-day life
are a mixture of different colors. However, this
is not the case with primary colors. So what
are the three primary colors? The word
'primary' with reference to colors are the ones
that are not possible to create by mixing
together different colors. The three pigment
colors considered to be primary are: Red,
Yellow, Blue.
When 2 primary colors combine, they form secondary colors. For instance,
combining yellow and red gives another beautiful color known as orange. Combination
of yellow and blue color forms green.
Spectrum from Prism

Sunlight is often called white light, since it is a combination of all the visible
colors. Since the index of refraction is different for each color, the angle of refraction
will be different for each color when the
light passes from air into glass or other
transparent material. This is according to
Snell's Law. (Snell's Law for the
Refraction of Light)
Now if the piece of glass has parallel
sides-such as with a window-the light
will return in the same direction that it
entered the material. But if the material is
shaped like a prism, the angles for each
color will be exaggerated, and the colors
will be displayed as a spectrum of light.
Prism spreading white light into a spectrum of light. The visible colors are in the
order of the spectrum. You can remember the order by the name ROY G. BIV. Note
that in the illustration above, the colors are distinctly separated. In realty, they blend
into each other, such that there are colors in between. For example, there is
red-orange in between red and orange.
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Rainbow

※

Tiny droplets of water refract the white light
from the Sun and create a spectrum of colors
similar to what happens in a prism. Since the
droplets are spheres, the light is reflected
internally in the droplets and the spectrum or
rainbow returns toward the direction of the
light. That is why the Sun will always be
behind you when you see a rainbow.

I Want to Know Even More!!
Interesting Experiment

What do you think would happen if you placed another mirror in the path of the
light?
♠

Can you use the mirrors to direct the light to a specific spot? Set up your own
experiment with reflected light. Start with a question you want to answer. Design an
experiment that will help you find out. Write your procedure below.
Materials: ruler, paper, small mirror, protractor, pencil
1. Draw a dotted or broken line on the paper with a ruler.
2. Draw a straight line across it at any angle.
3. Place a mirror upright at the point where the two lines meet. Turn it until the
reflection of the dotted line is in line with the real dotted line.
4. Look into the mirror and line up one edge of the ruler with the reflection of the
straight line.
5. Draw this line and then measure the angles on each side of the dotted line with
a protractor.
6. Repeat, changing the size of the angle.
What can you conclude?
What are your overall conclusions about reflected light?
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2-16

Laser Show

Let's Check It Out!

Let's learn about the laser.
Let's learn about the use of lasers.
Associated Area

Elementary School : Dispersion of light
Secondary School : The refraction of light, Quantum mechanics
Let's learn!

What is a laser?
Light Amplification by Stimulated Emission of
Radiation (LASER or laser) is a mechanism for
emitting electromagnetic radiation, typically light or
visible light, via the process of stimulated emission.
The emitted laser light is (usually) a spatially
coherent, narrow low-divergence beam, that can be
manipulated with lenses. In laser technology, "coherent
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light" denotes a light source that produces (emits) light of in-step waves of identical
frequency, phase, and polarization. The laser's beam of coherent light differentiates it
from light sources that emit incoherent light beams, of random phase varying with
time and position. Laser light is generally a narrow-wavelengthelectromagnetic
spectrum mono chromatic light; yet, there are lasers that emit a broad spectrum of
light, or emit different wavelengths of light simultaneously.
How is laser light different?

what is "ordinary" or natural light?
Ordinary light, like sunlight, is made up of many different wavelengths, or colors,
of light. If you put all the different colors together, you get white light.
and how is laser light different?
First, the light from a laser contains exactly one color or wavelength rather than a
lot of different wavelengths. Scientists say that laser light is “monochromatic,”
meaning of one color.
Second, all the wavelengths are in phase. That is, they are all “waving” together,
like a well-timed audience “wave” at a football game. All the wave crests (high
points) and troughs (low points) are lined up. Scientists say the laser light is
“coherent.”
And third, while light waves from ordinary sources (such as flashlights, lightbulbs,
or the Sun) spread out in all directions.
Laser light waves all travel in the same direction, exactly parallel to one another.
This means that laser light beams are very narrow and can be concentrated on one
tiny spot. Scientists say the laser light is “collimated.”
Because the laser light is monochromatic, coherent, and collimated, all of its energy
is focused to produce a small point of intense power. This focused power makes laser
light useful for cutting and welding. It also makes it possible to control laser light
very precisely and make it do all kinds of useful things.
Laser Applications
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Many very useful inventions use lasers. So do many inventions to entertain us. CD
and DVD players use lasers. Bar code readers in stores use lasers. Doctors use lasers
to do delicate surgery, such as eye surgery. Lasers carry TV and telephone signals
over special cables. Metal workers use lasers to cut and weld metal into everything
from street light poles to cars. Workers in clothing factories use lasers to cut through
hundreds of layers of fabric at once.
Lasers are a special form of light. Laser light does not exist in nature.
Only human technology can create laser light.
I Want to Know Even More!
Laser Show

A laser light show involves the use of laser
light to entertain an audience. A laser light
show may consist only of projected laser beams
set to music, or may accompany another form
of entertainment, typically a dance concert or
other musical performance.
Laser light is useful in entertainment because
the coherent nature of laser light allows a
narrow beam to be produced, which allows the use of optical scanning to draw
patterns or images on walls, ceilings or other surfaces including theatrical smoke and
fog without refocusing for the differences in distance, as is common with video
projection. This inherently more focused beam is also extremely visible, and is often
used as an effect. Sometimes the beams are "bounced" to different positions with
mirrors to create laser sculptures.
Laser Printer

A laser printer is a common type of computer
printer that rapidly produces high quality text
and graphics on plain paper. As with digital
photocopiers and multifunction printers (MFPs),
laser printers employ a xerographic printing
process but differ from analog photocopiers in
that the image is produced by the direct
scanning of a laser beam across the printer's photoreceptor.
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Laser Pointer

A laser pointer is a small laser designed to
highlight something of interest by projecting a
small bright spot of colored light onto it. Most
laser pointers have low enough power that the
projected beam presents a minimal hazard to
eyes for incidental exposure. The laser beam is
not in itself visible from the side, but is visible
as a result of light scattered by dust particles
along the beam path. The small width of the
beam and low power of typical laser pointers make the beam itself invisible in a
reasonably clean atmosphere, showing a point of light when striking an opaque
surface.
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2-17

Strange Wheel

Let's Check It Out!

Let's learn about the principals an object's movement.
Associated Area

Elementary School : Speed of an object
Secondary School : Wave and Particles
Let's learn!

What is Gravity (Gravitation)?

♠

The law of gravity applies to all objects.

If you throw a ball into the air, it rises then falls to the Earth. If you throw it
straight ahead, it begins curving toward the Earth and finally falls. If you hold the
ball in your hand and drop it, it falls again. In every case, the ball falls to the
ground. The reason the ball always falls is gravity.
Gravity is a force — a push or a pull. Every time you drop a ball from your hand
- 140 -

or throw it upward or straight ahead, it is pulled back to the Earth. When an event
in nature occurs repeatedly in the same way, we say that it takes place according to
natural law. Since the ball or any object is always pulled to the Earth by gravity, the
force of gravity acts according to a natural law that is called the law of gravity.
Newton's Discovery of Gravity

The first person to work out the law of gravity
was Isaac Newton (1642-1727), during his studies of
the motions of objects. Newton was puzzled about
the motion of the moon and wondered why the
moon did not just fly off into space; what force kept
it in its orbit, or curved path, around the Earth.
Newton's study of motion was influenced by his
observation of an apple falling from a tree. This
events helped him determine that the Earth appeared to be pulling all objects to itself
and that the force that pulled the apple to the ground must have been the same one
that kept the moon in its orbit around the Earth. Newton went on to discover that
this force was indeed universal.
Universal Gravitation

Newton determined that everybody in the
universe must have gravity and that every
body pulls on every other body. ("Body" is the
word scientists use for an object in space.) His
idea that every body possesses gravity is
known as the theory of universal gravitation.
The words "gravity" and "gravitation" are
both used by scientists to describe the pull of
one object upon another. They usually use
"gravitation" to refer to the idea that every object in the universe attracts every other
object. They use "gravity" when speaking of this attraction at the surface of bodies
such as the Earth.
Newton used the idea of gravitation to explain how the planets stay in orbit around
the sun. All the planets orbiting the sun would fly off into space if some force did
not pull them toward the sun. Newton reasoned that the planets are held in their
orbits by the same force that holds the moon in its orbit — the force of gravitation.
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The Earth's Gravity

Gravitation, or gravity, is one of the
four fundamental interactions of nature
(along with the strong force,
electromagnetism and the weak force), in
which objects with mass attract one
another. In everyday life, gravitation is
most familiar as the agent that gives
weight to objects with mass and causes them to fall to the ground when dropped.
Gravitation causes dispersed matter to coalesce, thus accounting for the existence of
the Earth, the Sun, and most of the macroscopic objects in the universe. Gravitation
is responsible for keeping the Earth and the other planets in their orbits around the
Sun; for keeping the Moon in its orbit around the Earth; for the formation of tides;
for natural convection, by which fluid flow occurs under the influence of a density
gradient and gravity; for heating the interiors of forming stars and planets to very
high temperatures; and for various other phenomena observed on Earth.
I Want to Know Even More!!
Dokkebi Doro on Jeju Island

There is a place on Jeju Island called Dokkebi Doro.
It has been named Dokkebi Doro because of a street
there that appears to be going uphill. However, if you
place something round on the ground, it will strangely
appear to roll uphill! For example, a parked car on a
slight hill road rolls uphill instead of going down hill. The people of Jeju Island
thought this to be the works of the Dokkebies. This is a result of an optical illusion.
The ground, in reality, slopes downwards. The lower part looks higher because of its
surrounding environment.
A roly-poly toy

A roly-poly toy is a toy that rights itself when pushed over. The bottom of
a roly-poly toy is round, roughly a hemisphere. It has a center of mass below
the center of the hemisphere, so that any tilting raises the center of mass.
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When such a toy is pushed over, it wobbles for a few moments while it
seeks the upright orientation, which has an equilibrium at the minimum
gravitational potential energy.
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2-18

Binary System &
Decimal System

Let's Check It Out!

Let's learn about the binary system and decimal system.
Let's learn about the number systems used in computers.
Associated Area

Elementary School : A system of notation, Understanding of the Computers
Secondary School : Integer, A system of notation
Let's learn!
The Binary System

The binary numeral system, or base-2 number
system, represents numeric values using two
symbols, 0 and 1. More specifically, the usual
base-2 system is a positional notation with a radix
of 2. Owing to its straight forward implementation
in digital electronic circuitry using logic gates, the
binary system is used internally by all modern
computers.
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The Decimal System

Decimal notation often refers to the base-10 positional notation such as the
Hindu-Arabic numeral system, however it can also be used more generally to refer to
non-positional systems such as Roman or Chinese numerals which are also based on
powers of ten.
In some contexts, especially mathematics education, the term decimal can refer
specifically to decimal fractions, described below. In such cases, a single decimal
fraction is called a "decimal", and non-fractional numbers, even when written in base
10, are not considered "decimals".
Why Binary in the Computer?

The binary numeral system, or base-2 number
system, represents numeric values using two
symbols, 0 and 1. More specifically, the usual
base-2 system is a positional notation with a radix
of 2. Owing to its straightforward implementation
in digital electronic circuitry using logic gates, the
binary system is used internally by all modern
computers.
• Computers use Boolean logic, which is a two-valued logic, and thus the two
states of a binary system can relate directly to the two states of a Boolean logical
system.
• It was easier to make hardware which can distinguish between two values than
multiple values. Imagine a light switch compared to a clock.
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• Binary is slightly more efficient than decimal. Many early computers used
decimal (usually in binary-coded decimal representation). This seemingly-natural
approach was eventually largely abandoned due to the increase in processing circuitry
(as compared to binary) which reduced reliability.
• Other bases have been tried. A few experimental computers have been built
with ternary (base 3) representation, as it was thought it might be more efficient
than binary.
I Want to Know Even More!!

Binary-coded Decimal

In computing and electronic systems, binary-coded decimal (BCD) (sometimes called
natural binary-coded decimal, NBCD) or, in its most common modern implementation,
packed decimal, is an encoding for decimal numbers in which each digit is
represented by its own binary sequence. Its main virtue is that it allows easy
conversion to decimal digits for printing or display, and allows faster decimal
calculations. Its drawbacks are a small increase in the complexity of circuits needed
to implement mathematical operations. Uncompressed BCD is also a relatively
inefficient encoding—it occupies more space than a purely binary representation.
In BCD, a digit is usually represented by four bits which, in general, represent the
decimal digits 0 through 9. Other bit combinations are sometimes used for a sign or
for other indications (e.g., error or overflow).
Although uncompressed BCD is not as widely used as it once was, decimal
fixed-point and floating-point are still important and continue to be used in financial,
commercial, and industrial computing.
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Recent decimal floating-point representations use base-10 exponents, but not BCD
encodings. Current hardware implementations, however, convert the compressed
decimal encodings to BCD internally before carrying out computations. Software
implementations of decimal arithmetic typically use BCD or some other 10n base,
depending on the operation.
Procedure to Converting a Decimal Number to a Binary Number

Example:
①Convert Binary 1010 to a Decimal ②Convert Binary 11011 to a Decimal
Multiply

Result

Answer

27

1 * (2^0)
1 * (2^1)
0 * (2^2) or 2*2
1 * (2^3) or 2*2*2
1 * (2^4) or 2*2*2*2

1
2
0
8
16

Multiply

0 * (2^0)
1 * (2^1)
0 * (2^2) or 2*2
1 * (2^3) or 2*2*2
Answer

Result

0
2
0
8

10

There are about five steps involved in converting the number 35 to a binary
number.
1. First you need to determine the greater power of 2 that is less than or equal to
35. So, starting with the largest number, 2 to the 5 (32) is smaller than 35. Place a
"1" in that column and, then, calculate how much is left over by subtracting 32 from
35. The result is 9.
2. Next, you'll want to check to see if 16 (the next lower power of 2) that fits into
Because it does not, an "0" is placed in that column. The value of the next number
is 8, which is larger than 3, so an "0" is placed in that column too.
3. The next value that we'll work with is 4, which is still larger than 3. So, again,
we'll make this a "0."
4. Okay, our next value will be 2, which is smaller than 3. And, because it is,
we'll place a "1" into the column. Now, you'll need to subtract 2 from 3, and the
result will be 1.
5. The value of the last number is 1, which still works with the remaining number.
Therefore, we'll place a "1" in the last column. Now we see that the binary number
for the decimal number 35 is 100011.
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2-19

Electronic Parrot

Let's Check It Out!

Let's learn about the principal of making sound.
Associated Area

Elementary School : Computers
Secondary School : Using a Robot
Let's learn!
What is Speech Synthesis?

Speech synthesis is the artificial production of human speech.
A computer system used for this purpose is called a speech
synthesizer, and can be implemented in software or hardware.
A text-to-speech (TTS) system converts normal language text
into speech; other systems render symbolic linguistic
representations like phonetic transcriptions into speech.
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How can Synthesized Speech be created?

Synthesized speech can be created by
concatenating pieces of recorded speech
that are stored in a database. Systems
differ in the size of the stored speech
units; a system that stores phones or
diphones provides the largest output
range, but may lack clarity. For specific usage domains, the storage of entire words
or sentences allows for high-quality output. Alternatively, a synthesizer can
incorporate a model of the vocal tract and other human voice characteristics to create
a completely "synthetic" voice output.
The quality of a speech synthesizer is judged by its similarity to the human voice
and by its ability to be understood. An intelligible text-to-speech program allows
people with visual impairments or reading disabilities to listen to written works on a
home computer.
Synthesizer Technologies

The most important qualities of a speech synthesis
system are naturalness and intelligibility. Naturalness
describes how closely the output sounds like human
speech, while intelligibility is the ease with which the
output is understood. The ideal speech synthesizer is
both natural and intelligible. Speech synthesis systems
usually try to maximize both characteristics.
The two primary technologies for generating synthetic speech waveforms are
concatenative synthesis and formant synthesis. Each technology has strengths and
weaknesses, and the intended uses of a synthesis system will typically determine
which approach is used.
I Want to Know Even More!

Applications
♥ Screen Readers

Speech synthesis has long been a vital assistive
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technology tool and its application in this area is significant and widespread. It allows
environmental barriers to be removed for people with a wide range of disabilities.
The longest application has been in the use of screen readers for people with visual
impairment, but text-to-speech systems are now commonly used by people with
dyslexia and other reading difficulties as well as by pre-literate children. They are
also frequently employed to aid those with severe speech impairment usually through
a dedicated voice output communication aid.
♥ Entertainment Productions

Speech synthesis techniques are used as well in the
entertainment productions such as games, anime and
similar. In 2007, Animo Limited announced the development
of a software application package based on its speech
synthesis software FineSpeech, explicitly geared towards
customers in the entertainment industries, able to generate
narration and lines of dialogue according to user
specifications. The application reached maturity in 2008,
when NEC Biglobe announced a web service that allows
users to create phrases from the voices of Code Geass:
Lelouch of the Rebellion R2 characters.
Robotic Surgery

Robotic surgery is the use of robots in performing surgery. Three major advances
aided by surgical robots have been remote surgery, minimally invasive surgery and
unmanned surgery. Some major advantages of robotic surgery are precision,
miniaturization, smaller incisions, decreased blood loss, less pain, and quicker healing
time. Further advantages are articulation beyond normal manipulation and threedimensional magnification, resulting in improved ergonomics.
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2-20

Fly a Plane

Let's Check It Out!

Let's learn about the structure of a plain.
Let's learn about the principals of the flight.
Associated Area

Secondary School : Forces
Let's learn!
What Makes An Airplane Fly

For an airplane to fly, it must always engage in a
tug of war between the opposing forces of lift versus
weight and thrust versus drag.
For a moment, think of an airplane moving from
right to left and the flow of air moving from left to
right. The weight or force due to gravity pulls down
on the plane opposing the lift created by air flowing over the wing. Thrust is
generated by the propeller and opposes drag caused by air resistance to the airplane.
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During take off, thrust must be greater than drag and lift must be greater than
weight so that the airplane can become airborne. For landing thrust must be less
than drag, and lift must be less than weight.
The Four Forces acting on a Plane

An airplane in flight is the center of a continuous
tug of war between four forces: lift, gravity force or
weight, thrust, and drag. Lift and Drag are considered
aerodynamic forces because they exist due to the
movement of the aircraft through the air. The weight
pulls down on the plane opposing the lift created by
air flowing over the wing. Thrust is generated by the propeller and opposes drag
caused by air resistance to the frontal area of the airplane. During take off, thrust
must overcome drag and lift must overcome the weight before the airplane can
become airborne. In level flight at constant speed, thrust exactly equals drag and lift
exactly equals the weight or gravity force. For landings thrust must be reduced
below the level of drag and lift below the level of the gravity force or weight
Gravity(Weight)

The force of gravity is the force exerted by the
gravitational field of a massive object on any body
within the vicinity of its surface. This force is
dependent on three factors: the mass of the massive
object, the mass of the smaller body, and the separation
between the two, measured between their geometrical
centers. Since planets are typically spherical, then their
cores are taken to be their geometrical centers.
Lift
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Lift is produced by a lower pressure created on the upper surface of an airplane's
wing compared to the pressure on the wing's lower surface, causing the wing to be
"lifted" upward. The special shape of the airplane wing (airfoil) is designed so that
air flowing over it will have to travel a greater distance faster, resulting in a lower
pressure area (see illustration) thus lifting the wing upward. Lift is that force which
opposes the force of gravity (or weight).
Thrust

Thrust is a force created by a power source which
gives an airplane forward motion. It can either "pull" or
"push" an airplane forward. Thrust is that force which
overcomes drag. Conventional airplanes utilize engines as
well as propellers to obtain thrust.

Drag

Drag is the force which delays or slows the
forward movement of an airplane through the air
when the airflow direction is opposite to the
direction of motion of the airplane. It is the friction
of the air as it meets and passes over and about
an airplane and its components. The more surface
area exposed to rushing air, the greater the drag.
An airplane's streamlined shape helps it pass through the air more easily.
I Want to Know Even More!!

The Structure of a Plane

Although airplanes are designed for a
variety of purposes, most of them have the
same major components. The overall
characteristics are largely determined by the
original design objectives. Most airplane
structures include a fuselage, wings, an
empennage, landing gear, and a power plant.
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Pilot Certification

Pilot certification in the United States is required
for an individual to act as a pilot of an aircraft. It is
regulated by the Federal Aviation Administration
(FAA), a branch of the Department of
Transportation (DOT). A pilot is certificated under
the authority of Parts 61 and 141 of Title 14 of the
Code of Federal Regulations, also known as the
Federal Aviation Regulations (FARs).
An FAA-issued pilot certificate is evidence that
an individual is duly authorized to exercise piloting
privileges. The pilot certificate is one of several
kinds of airman certificates issued by the FAA.
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2-21

Sound Tunnel

Let's Check It Out!

Let's learn why we can hear the sound when we pass the sound tunnel.
Let's learn about the infrared light.
Associated Area

Secondary School : Light
Let's learn!
What is the infrared light?

Infrared (IR) light is electromagnetic
radiation with a wavelength between 0.7 and
300 micrometres, which equates to a frequency
range between approximately 1 and 430 THz.
Infrared light lies between the visible and
microwave portions of the electromagnetic
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spectrum. Infrared light has a range of wavelengths, just like visible light has
wavelengths that range from red light to violet. "Near infrared" light is closest in
wavelength to visible light and "far infrared" is closer to the microwave region of the
electromagnetic spectrum. The longer, far infrared wavelengths are about the size of
a pin head and the shorter, near infrared ones are the size of cells, or are
microscopic.
Some Applications of Infrared Light
♥ Night Version

Night vision devices make use of
infrared by either capturing the naturally
emitted IR from the subjects or by using
infrared light sources that are not as
noticeable as visible light. Devices like
these are mostly used in the military.
♥ Thermal imaging

Devices that make use of thermal images are able to display
outlines of the subjects based on the amount of infrared radiation
(which corresponds to the amount of heat) emitted by the body.
Applications range from medical diagnostic to search and rescue
devices. These are highly favored devices because of their
non-invasive capabilities.
♥ Communications

You're probably most familiar with this than other
applications. Before the introduction of Bluetooth, IR was the
dominant wireless means of transferring data between two
mobile devices or between mobile devices and a computer.
This method required line-of-sight and was only possible at
short distance separations (a few centimeters).

♥ Astronomy

Infrared telescopes are pretty much like ordinary telescopes such that they make
use of components like mirrors and lenses in addition to digital detectors. To avoid
the interference of water vapor found in the atmosphere, most of these telescopes are
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placed at very high altitudes. There are many advantages of infrared telescopes over
those that rely on visible light. One of them is the better penetration capability of IR.
Infrared telescopes can either be used to detect the IR that are emitted by the
celestial bodies themselves or the IR that is bounced off a cooler celestial body from
a nearby star.

You can read more about infrared light here in Universe Today. Want to know
how a balloon experiment solved the mystery of far infrared background? We've also
written about the crucial role played by infrared in explaining why galaxies are
smooth.
There are also interesting stories from NASA and Physics World:
NASA Infrared Images May Provide Clues About Mt. St. Helens' Eruption
Decimal notation often refers to the base-10 positional notation such as the
Hindu-Arabic numeral system, however it can also be used more generally to refer to
non-positional systems such as Roman or Chinese numerals which are also based on
powers of ten.
In some contexts, especially mathematics education, the term decimal can refer
specifically to decimal fractions, described below. In such cases, a single decimal
fraction is called a "decimal", and non-fractional numbers, even when written in base
10, are not considered "decimals".
Who discovered Infrared Light?

Infrared light was discovered in 1800 by Sir Frederick William Herschel. Herschel,
born in Hanover, Germany, decided to investigate the temperature of each color of the
spectrum produced when sunlight is passed through a prism. To do this, he used
three thermometers whose bulbs he blacked out (the better to absorb heat with). He
placed one bulb directly in the color and the other two past the spectrum to act as
controls. Herschel noticed two trends, first that the temperature of the thermometer
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placed in the color was greater than the controls. The
second trend was a temperature increase from violet to
red.
Another remarkable observation made by Herschel
was when he noticed that the temperature of the region
just beyond the red part of the spectrum was even
higher than the red itself! He dubbed this radiation
"calorific rays." Herschel carried out further experiments
in which he demonstrated that what is now known as
infrared radiation can be absorbed, transmitted,
reflected, and refracted.
I Want to Know Even More!!

Light Therapy

Light therapy has found many uses in different areas.
For example, it is used to treat a variety of skin
diseases and it is used to treat mood and sleep related
disorders as well.
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2-22

Birds in Korea

Let's Check It Out!

Let's learn about the different kinds of birds and their distinct features.
Let's learn about the different kinds of insects and their distinct features.
Associated Area

Elementary School : The appearances of various kinds of animals
Secondary School : The living creatures around us
Let's learn!
What's a bird?

Birds are a class of vertebrates. They are bipedal, warm-blooded, have a covering
of feathers, and their front limbs are modified into wings. Some birds, such as
penguins and ostriches, have lost the power of flight. All birds lay eggs. Because
birds are warm-blooded, their eggs have to be incubated to keep the embryos inside
warm, or they will perish.
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What makes a bird different from other animals?

1) Is it the pretty colors?

Blue Jay - bird

No - other animals, like fish
and insects, come in all sorts of
beautiful colors too.

Karner Blue
Butterfly - insect

2) Is it the bill or beak?

toucan - bird

No - other animals, like the
duck billed platypus (a
mammal), have bills too.

platypus - mammal

3) Is it the eggs?

penguin egg

No - other animals, like
fish, amphibians, reptiles,
insects and even some
mammals, hatch from eggs as
well.

crocodile egg

4) Is it the wings?

bald eagle - bird

No - other animals, like
insects and some mammals,
have wings.
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dragonfly - insect

Then what is it?
Feathers!

peacock - bird

All birds have feathers and birds are the only
animals that do!
Feathers do many jobs for birds. Soft down
keeps them warm, wing feathers allow flight and
tail feathers are used for steering. The color of
the feathers can be used to hide the bird or to
help the bird find a boyfriend or a girlfriend!

What's an insect?

Insects are small creatures (animal kingdom) with
three pair of legs, a body with three main sections,
and tough shell-like outer covering. Insects do not
have a backbone. Most have one or two pair of wings
and a pair of antennae.
Insects and their relatives, including spiders and
scorpions, belong to a huge group of animals called
the arthropods. The main thing that all arthropods
have in common is their hard outer coat, which is
called an exoskeleton and protects their soft insides.
What makes an insects different from other animals?

1. Insects ar arthropods, animals that lack
backbones and have jointed legs and external
skeletons, or exoskeletons. Arthropods include such
diverse animals as roaches, millipedes, tarantulas, and
lobsters.
2. Insects have three distinct body parts: a head, a
thorax, and an abdomen: many other arthropods have
either most or fewer body areas.
3. All insects have two antennae and six legs.
Most other arthropods have eight or more legs.
4. Almost all insects have wings. No other group of arthropods can fly.
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I Want to Know Even More!!

Magpie, the national bird of Korea!

Magpie is the national bird of Korea. Magpies
passerine birds of the crowd family, Corvidae.
Magpie is a large black and white bird with a long
tail and they are resident birds.
The magpie is considered a bird of good luck in
Korea.
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