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After centuries of consuming fossil fuels, people are now facing problems, although
some controversies over the causes exist. First, some predict that reserves of
petroleum will last for only 40 years and natural gases for only 60 years. Such a
time span seems long for people who are over 40 years old but could become a serious
issue for young people. The second problem is global warming due to the emission
of greenhouse gases such as carbon dioxide. According to a recent report from
NASA, global temperature has obviously been increasing since 1980. The
significant increase of global temperature has caused the disappearance of glaciers in
many areas, such as North America, South America, Africa, Europe, and Asia.
(Global warming has led to dramatic changes in weather. The global change in
weather cannot be experimentally verifted in the laboratory but the coincidence
between the temperature rose in the recent decade and recently detrimental weather
should alert us to make efforts to reduce global warming. Therefore, replacing fossil
fuels with other energy resources that do not emit greenhouse gases should be
considered seriously.

Nuclear power had been thought of as a good alternative to replace fossil fuels.
For example, Japan has 54 nuclear power plants that generate 30% of its electricity.
In the beginning of the 2011, Japan planned to build another 14 nuclear power
plants by 2030 and hoped to have 50% of its electricity generated by nuclear power.
Nevertheless, the earthquake on March 11, 2011 induced a giant tsunami that
destroyed the Fukushima nuclear power reactors. This disaster made Japan
abandon its plans and stopped the operation of the other nuclear power plants.
Other countries also reconsidered their plans to build new nuclear power plants and
have given more thought to renewable energies that are more environmentally
friendly. The renewable energies include solar, hydropower, ocean wave, tide,

biomass, wind, and geothermal energies.

Ching-Fuh Lin, “Why Solar Energy” in Organic, Inorganic, and Hybrid Solar Cells.
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Science Magazine 10.1126/science. 1239057
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Internet of Things for Smart Cities

The Internet of Things (IoT) is a recent communication paradigm that envisions
a near future, in which the objects of everyday life will be equipped with
microcontrollers, transceivers for digital communication, and suitable protocol
stacks that will make them able to communicate with one another and with the
users, becoming an integral part of the Internet. The IoT concept, hence, aims
at making the Internet even more immersive and pervasive. Furthermore, by
enabling easy access and interaction with a wide variety of devices such as, for
instance, home appliances, surveillance cameras, monitoring sensors,
actuators, displays, vehicles, and so on, the IoT will foster the development of a
number of applications that make use of the potentially enormous amount and
variety of data generated by such objects to provide new services to citizens,
companies, and public administrations. This paradigm indeed finds application
in many different domains, such as home automation, industrial automation,
medical aids, mobile healthcare, elderly assistance, intelligent energy
management and smart grids, automotive, traffic management, and many
others.

Source: Zanella, A. et al. Internet of things for smart cities. Internet of Things
Journal IEEE, 2014, 1.1: 22-32.
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The informal notion of force as a push or pull is a surprisingly good starting
point for our discussion of forces. We are certainly conscious of the forces that
we exert ourselves. When I hold up a sack of cement, I am very aware that [ am
exerting an upward force on the sack; when I push a heavy crate across a rough
floor, I am aware of the horizontal force that I have to exert in the direction of
motion. Forces exerted by inanimate objects are a little harder to pin down, and
we must, in fact, understand something of Newton's laws to identify such
forces. If 1 let go of the sack of cement, it accelerates toward the ground;
therefore, I conclude that there must be another force — the sack's weight, the
gravitational force of the earth — pulling it downward. As I push the crate
across the floor, I observe that 1t does not accelerate, and I conclude that there
must be another force — friction — pushing the crate in the opposite direction.
One of the most important skills for the student of elementary mechanics is to
learn to examine an object's environment and identify all the forces on the
object: What are the things touching the object and possibly exerting contact
forces, such as friction or air pressure? And what are the nearby objects
possibly exerting action-at-a-distance forces, such as the gravitational pull of
the earth or the electrostatic force of some charged body? If we know how to
identify forces, it remains to decide how to measure them. As the unit of force
we naturally adopt the newton (abbreviated as N) defined as the magnitude of
any single force that accelerates a standard kilogram mass with an acceleration
of 1 m/s2.

From dJohn Taylor, “Classical Mechanics” University Science Books (2004).
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Polymers have existed in natural from since life began, and those such as DNA,
RNA, proteins and polysaccharides play crucial roles in plant and animal life. From
the earliest times, man has exploited naturally-occurring polymers as materials for
clothing, decoration, shelter, tools, weapons, writing materials and other
requirements. However, the origing of today’s polymer industry commonly are
accepted as being in the nineteenth century when important discoveries were made
concerning the modification of certain natural polymers.

Although the polymer industry was now firmly established, its growth was
restricted by the considerable lack of understanding of the nature of polymers. For
over a century, scientists had been reporting the unusual properties of the nature of
polymers, and by 1920, the common belief was that they considered of
physically-associated aggregates of small molecules. Few scientists gave credence to
the viewpoint so passionately believed by Hermann Staudinger, that polymers were
composed of very large molecules containing long sequences of simple chemical units
linked together by covalent bonds. Staudinger introduced the word “macromolecule”
to describe polymers, and during the 1920s, vigorously set about proving his
hypothesis to be correct. Staudinger’'s hypothesis was further substantiated by the
crystallographic studies of natural polymers reported by Herman Mark and Kurt
Meyer, and by the classic work of Wallace Carothers on the preparation of polyamides
and polyesters.

Macromolecules are formed by linking together monomer molecules through
chemical vreactions, the process by which this is achieved being known as
polymerization. For example, polymerization of ethylene yields polyethylene, a
typical sample of which may contain molecules with 50,000 carbon atoms linked
together in a chain. [t is this long chain nature which sets polymers apart from other
materials and gives rise to their characteristic properties.

By Robert J. Yong and Peter A. Lovell, “Introduction to Polymers”
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Physics and Information Technology

Information technology, IT, which comprises electronic computer technology
and telecommunications technology, has in a few decades changed our society
radically. Behind this development lies a very advanced scientific and technieal
development originating largely from fundamental scientific inventions in physics.

The rapid development of electronic computer technology really started with
the invention of the integrated circuit around 1960 and the microprocessor in the
1970s, when the number of components on a chip became sufficiently large to allow
the creation of a complete microcomputer. The rapid increase in the number of
components was formulated as a prediction in "Moore's law": the number of
components on a chip will double every eighteen months. This has happened since
the 1960s and today there are chips with millions of separate components, at
prices that are largely unchanged.

Chip development has been matched by equally dynamic and powerful
developments in telecommunications technology. Just as the integrated circuit has
been and is a prime mover for electronic computer technology, ultra-rapid
transistors and semiconductor lasers based on heterostructures of semiconductors
are playing a decisive part in modern telecommunications.

Nobel Prize in Physics 2000
hitp//www.nobelprize.org/mobel prizes/phvsics/laureates/2000/popular.html
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Knocking out a gene in an organism and studying the consequences is
perhaps the most powerful approach for understanding the function of a
gene, but there is a much faster and easier way to inactivate genes in cells
and organisms. Called RNA interference (RNAI), this method exploits a
natural mechanism used in a wide variety of plants and animals to
regulate selected genes and to destroy ‘foreign’ RNA molecules. The
technique relies on introducing into a cell or organism a double-stranded
RNA molecule whose nucleotide sequence matches that of the gene to be
inactivated. This double-stranded RNA is recognized as being foreign, and
the cell is tricked into degrading not only it but also the mRNA whose
sequence it matches. Small fragments of these degraded RNAs are
subseguently used by the cell to produce more double-stranded RNA that
directs the continued elimination of the target mRNA. Because these
short RNA fragments can be passed on to progeny cells, RNAi can cause
heritable changes in gene expression.

Excerpted from “Essential Cell Biology 3rd Edition” Garland Science,
2009
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