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“ l)Metamorphosis in the particle world >

The Nobel Prize in Physics 2015 recognises Takaaki Kajita in Japan and Arthur B. McDonald in Canada,
for their key contributions to the experiments which demonstrated that neutrinos change > identities. This meta-
morphosis requires that neutrinos have mass. The discovery has changed our understanding of the ? innermost
workings of matter and can prove crucial to our view of the universe.

A) Around the turn of the millennium, Takaaki Kajita presented the discovery that neutrinos from the at-

mosphere switch between two identities on their way to the Y Super-Kamiokande detector in Japan.

Meanwhile, the research group in Canada led by Arthur B. McDonald could demonstrate that the neutri-
nos from the Sun were not disappearing on their way to Earth. Instead they were captured with a different identi-

ty when arriving to the > Sudbury Neutrino Observatory.

B) A neutrino puzzle that physicists had wrestled with for decades had been resolved. Compared to theo-
retical calculations of the number of neutrinos, up to two thirds of the neutrinos were missing in measurements

performed on Earth. Now, the two experiments discovered that the neutrinos had changed identities.

The discovery led to the far-reaching conclusion that neutrinos, which for a long time were considered
massless, must have some mass, however small.

For particle physics this was a historic discovery. Its % Standard Model of the innermost workings of mat-
ter had been incredibly successful, having resisted all experimental challenges for more than twenty years. How-
ever, as it requires neutrinos to be massless, the new observations had clearly showed that the Standard Model
cannot be the complete theory of the fundamental constituents of the universe.

c) The discovery rewarded with this year's Nobel Prize in Physics have yielded crucial insights into the all

but hidden world of neutrinos. After photons, the particles of light, neutrinos are the most numerous in the entire

cosmos. The Earth is constantly bombarded by them.

Many neutrinos are created in reactions between cosmic radiation and the Earth's atmosphere. Others are
produced in nuclear reactions inside the Sun. Thousands of billions of neutrinos are streaming through our bodies
each second. Hardly anything can stop them passing; neutrinos are nature's most elusive elementary particles.

Now the experiments continue and intense activity is underway worldwide in order to capture neutrinos
and examine their properties. New discoveries about their deepest secrets are expected to change our current un-
derstanding of the history, structure and future fate of the universe.

(“The 2015 Nobel Prize in Physics - Press Release”, The Royal Swedish Academy of Sciences & ¥ $iFr. )
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Standard Units and " Systems of Units

A) To describe nature, we make measurements and express these measurements in terms of the magni-

tudes of units. Units enable us to describe things in a concrete way, that is, numerically. Suppose that you are

given the following directions to find the way to campus when you first arrive in town: “Keep going on this street

for a few blocks, turn left at a traffic light, go a little ways, and you’re there.” Certainly some units or numbers

would be helpful.
Many objects and phenomena can be described in terms of the fundamental physical quantities of length,

mass, and time (fundamental because they are the most basic quantities or properties we can imagine). In fact,
the topics of mechanics—the study of motion and force— require only these physical quantities. Another fun-
damental quantity, electric charge, will be discussed later. For now, let’s focus on the units of length, mass, and
time.

To measure g) these fundamental quantities, we compare them with a reference, or standard, that is taken

to be a standard unit. That is, a standard unit is a fixed and reproducible value for the purpose of taking accurate
measurements. Traditionally, a government or international body establishes a standard unit.

A group of standard units and their combinations is called a system of units. Two major systems of units
in use today are the metric system and the ? British system. The latter is used primarily in the United States but is
gradually being replaced in favor of in favor of the metric system, which is used throughout most of the world.

The United States is the only major country that has not gone completely metric.

Length

The description of space might refer to a location or to the size of an object (amount of space occupied).
To measure these properties, we use the fundamental quantity of length, the measurement of space in any direc-
tion.

Space has three dimensions, each of which can be measured in terms of length. The three dimensions are
easily seen by considering a rectangular object such as a bathtub. It has length, width, and height, but each di-
mension is actually a length. The dimensions of space are commonly represented by a three-dimensional Carte-
sian coordinate system (named in honor of French mathematician René Descartes, 1596-1650, who developed
the system).

c) The standard unit of length in the metric system is the meter (m), from the Greek metron, “to measure.”

It was defined originally as one ten-millionth of the distance from the Earth’s equator to the geographic North

Pole. A portion of the % meridian between ¥ Dunkirk, France, and 4)Barcelona, Spain, was measured to deter-

mine the meter length, and that unit was first adopted in France in the 1790s. One meter is slightly longer than 1

yard.

p) From 1889 to 1960, the standard meter was defined as the length of a platinum—iridium bar kept at the
International Bureau of Weights and Measures in Paris, France. However, the stability of the bar was questioned




(for example, length variations occur with temperature changes), so new standards were adopted in 1960 and
again in 1983. The current definition links the meter to the speed of light in a vacuum. Light travels at a speed of
299,792 A58 meters/second (usually listed as 3.00 x 108 m/s). So, by definition, 1 meter is the distance light trav-
els in 1/299,792 458 of a second.

(“An Introduction to Physical Science, 13" Edition”, By J. T. Shipman, J. D. Wilson, and C. A. Higgins, Jr.,
Brooks Cole 2012 X 0 #if (—HBZE). )
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