SECTION 5

MODES OF RADIOACTIVE DECAY

LEAD-IN

 Describe the following processes.

1. Alpha decay

2. Beta-minus decay

3. Beta-plus decay

4. Electron capture

5. Internal conversions

6. Isomeric transitions

READING

TEXT 1

1.1.
Before reading the following text, work in small groups (3-4 students) and discuss the questions below basing on your possible knowledge of the topic. Then read the text and check your guesses.

1. Do you know how many and what radionuclides occur in nature?
2. What factors do affect the half-life (temperature, pressure, or gravitational, magnetic, or electrical fields, etc.)?

3. Does radionuclide disappear after decaying?

4. Particles of what mode of decay have higher velocity?

Radioactive Decay

The nucleus of each atom has a specific number of protons and neutrons and is either stable or unstable, de​pending on the relative number of each. The most stable atoms are those that have an equal number of protons and neutrons. Atoms that are unstable are radioactive. An atom that is radioactive can also be called a radionuclide. Of the known nuclides (approximately 2,000), only 264 are stable, and of the known radionuclides (approximate​ly 1,700), only 70 occur in nature. The rest are man-made. Unstable atoms undergo a process called radioac​tive decay to reach a more stable state.

While a radionuclide is going through the process of decay, energy is released from the atom in one of three modes: alpha, beta, or gamma radiation. These modes may take several steps, involving only the nucleus or the entire atom. Each radionuclide has one or more charac​teristic modes of decay. The particular mode of decay determines the type of energy, or radiation, released from the atom, and consists of either subatomic parti​cles, protons, or both.

Radionuclides are unstable to varying degrees. The more unstable a radionuclide is, the faster it decays. The quantity of a radioactive substance is expressed as disin​tegrations per second, in units of Curies (Ci) named for Marie Curie, or if Systeme International is used, Becquerels (Bq) named for Henri Becquerel. The rate at which a radionuclide decays depends upon its half-life, the expected time required for half of the nuclei to decay to a stable state. The half-life is typically not affected by temperature, pressure, or gravitational, magnetic, or electrical fields.

When radioactivity was first discovered, it was thought that all the energy given off by the radionuclide was basically the same, with differences only in pene​trating power. However, research conducted by Becquer​el and Pierre Curie proved that there were three distinct modes of radioactive decay, which differed not only in their ability to penetrate, but also in their velocity, as well as their susceptibility to magnetic fields.

Alpha and beta radioemissions are actually particulate matter that is thrown out from the nucleus. An alpha particle is two protons and two neutrons, or in other words, it is a helium atom without the electrons. After an alpha particle is emitted, the atomic mass de​creases by four, and the number of protons and neutrons decrease by two. Alpha decay occurs in radionuclides with an atomic number greater than 83 and a mass number greater than 209. Alpha particles interact with negatively charged electrons in the environment, which consequently use up the energy in the particle, slowing it down and greatly diminishing its penetrating power. Even a sheet of paper can stop an alpha particle. The di​rection of an alpha particle is only slightly affected by a magnetic field because the particle has a balanced charge. When a radionuclide decays by alpha radiation, it does not just disappear. Instead, the radionuclide trans​mutes into another radionuclide or nuclide. For example, uranium-238 transmutes into several other radionuclides, including radium-226 and radon-222, before ending up as lead-206, a stable nuclide.

Beta radiation, which also involves particulate emis​sions, can be either be negatively charged or positively charged. Beta particles are actually created in the nucleus by either a proton changing into a neutron (positron emission) or a neutron changing into a proton (negatron emission). A beta particle has a higher velocity than an alpha particle, and its path is markedly deflected by a magnetic field. When a negatron is emitted from an atom, the atomic mass of the atom is unchanged, the number of protons increases by one, and the number of neutrons de​creases by one. The mass remains unchanged when a positron is emitted, the number of neutrons increases by one, and the number of protons decreases by one.

An atom usually becomes excited from either of the above-mentioned decay processes and sheds excess en​ergy in the form of a gamma ray photon. With gamma emissions, the atomic mass, number of protons (atomic number), or the number of neutrons, remains unchanged. The velocity of a gamma ray is almost that of light and is not affected by magnetic fields.

1.2. Find the Russian equivalents of the following expressions (a-m) in the text above.

1. встречаться в природе

2. подвергаться распаду

3. проникающая способность

4. замедлять и снижать 

5. cубатомные частицы

6. превращать(ся), преобразовывать(ся)

7. проведенное исследование

8. заряженный положительно

9. траектория

10. увеличиваться на 1 

11. приходить в возбужденное состояние

12. избыточная энергия

13. излучать/ выделять
1.3. Find synonyms to the following words in the text above:

	Nouns 
	Verbs 
	Adjectives\adverbs\other 

	amount

method/ type

stage

speed
	to be subjected to

to experience

to arrive at/ attain

to turn away/ avert

to influence
	the same

about

artificial

generally/ usually

proportional




1.4. Work in pairs or small groups. Prepare short reports on the following topics connected with radioactive decay:
· Decays with emission of nucleons

· Different modes of beta decay

· Transitions between states of the same nucleus
TEXT 2

2.1. Read the text and decide which heading fits each paragraph. There is 1 extra heading that you do not need to use. 

1. Measuring half-life 

2. Count rate

3. Decay constant

4. Predicting Type of Decay
5. Spontaneous decay 

6. Decay graphs and equations

7. Randomness and decay

8. Decay constant and half-life

9. Activity 
Radioactive Decay

1____________

Listen to a Geiger counter that is detecting the radial ion from a weak source, so that the count rate is about one count per second. You will notice, of course, that the counts do not come reg​ularly. The counter beeps or dicks in a random, irregular manner. If you try to predict when the next clicks will come, you are unlikely to be right.

You can see the same effect if you have a rate meter, which can measure faster rates. The needle fluctuates up and down. Usually a ratemeter has a control for setting the 'time constant' - the time over which the meter averages out the fluctuations. Usually this can be set to 1 s or 5s. The fluctuations are smoothed out more on the 5s setting.

So it is apparent that radioactive decay is a ran​dom, irregular phenomenon. But is it completely unpredictable? Well, not really. We can measure the average rate of decay. We might measure the number of counts detected in 1000 s, and then calculate the average number per second. We can​not be sure about the average rate, either, because the number of counts in 1000 s will fluctuate, too. So all of our measurements of radioactive decay are inherently uncertain and imprecise.

2 _____________
Radioactive decay occurs within the nucleus of an atom. A nucleus emits radiation, and the atom becomes an atom of a different substance. This is a spontaneous process, which means that we cannot predict, for a particular nucleus, when it will happen. If we sit and stare at an individual nucleus, we cannot see any change that will tell us that it is getting ready to decay. And if it doesn't decay in the first hour when we are watching it, we cannot say that it is any more likely to decay in the next hour. What is more, we cannot affect the probability of an individual nucleus decaying, for example by changing its temperature.

This is slightly odd because it goes against our everyday experience of the way things around us change. We observe things changing. They gradu​ally age, die, rot away. But this is not how things are on the scale of atoms and nuclei. Many of the atoms of which we are made have existed for bil​lions of years and will still exist long after we are gone. The nucleus of an atom does not age.

If we look at a large number of atoms of a radioactive substance, we will see the number of undecayed nuclei gradually decreases. However, we cannot predict when an individual nucleus will decay, each nucleus “makes up its own mind” when to decay, independently from its neighbors. This is because neighboring nuclei do not interact with one another (unlike neighboring atoms). The nucleus is a tiny fraction of the size of the atom, and the nuclear forces do not extend very far outside the nucleus. So one nucleus can not affect a neighboring nucleus by means of the nuclear force. Being inside a nucleus is a bit like living in a detached house in the middle of nowhere: you can just see out into the garden, hut everything is darkness beyond, and the next house is 1000 km away.

The fact that individual nuclei decay sponta​neously, and independently of their neighbors and of environmental factors, accounts for the random pattern or clicks that we hear from a Geiger counter and the fluctuations of the needle on the ratemeter dial.

3 _____________
Because we cannot say when individual nuclei will decay, we have to start thinking about large numbers of nuclei. Then we can talk about the average number of nuclei that we expect to decay in a particular time interval; in other words, we can find out the average decay rate. Although we cannot make predictions for individual nuclei, we can say that certain nuclei are more likely to decay than others. For example, a nucleus of carbon-12 is stable; carbon-14 decays gradually over thousands of years; carboin-15 nuclei last, on average, a few seconds.

So, because of the spontaneous nature of radioactive decay, we have to make measurements on large numbers of nuclei and then calculate averages. One quantity we can determine is the probability that an individual nucleus will decay in a particular time interval. For example, suppose we observe one million nuclei of a particular radio-isotope. After one hour, 200000 have decayed. Then the probability that an individual nucleus will decay in 1 h is 0.2 or 20%, since 20% of the nuclei have decayed in this time. (Of course, this is only on approximate value, since we might repeat the experiment and find that only 199000 decay. The more times we repeat the experiment, the more reliable our answer will be.)

The probability that an individual nucleus will decay per unit time interval is called the decay constant, symbol λ (lambda). For the example above, we have:
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decay constant 

Note that, because we are measuring the probability of decay per unit time interval. λ has units of 
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4 ___________
The activity of a radioactive sample is the rate at which nuclei decay. Activity is measured in decays per second 
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 An activity of one decay per second is one Becquerel (1 Bq):
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Clearly, the activity of a sample depends on the decay constant λ of the radio-isotope under consideration. The greater the decay constant (the probability that an individual nucleus decays per unit time interval), the greater is the activity of the sample. It also depends on the size of the sam​ple. For a sample of N undecayed nuclei, we have A= λ N
5 _____________
Although we are often interested in finding the activity of a sam​ple of radioactive material, we cannot usually measure this directly. This is because we can​not easily detect all of the radia​tion emitted. Some will escape past our detectors, and some may be absorbed within the sample itself. So our measure​ments give a received count rate R that is significantly lower than the activity A. If we know how efficient our detecting sys​tem is, we can deduce A from R. If the level of background radia​tion is significant, then it must be subtracted to give the cor​rected count rate.

[image: image38.emf]6 ____________
Radioactive substances gradually diminish as time goes by. The atomic nuclei emit radiation and become different substances. The pattern of radioactive decay is an example of a very important pat​tern found in many different situations, a pattern called exponen​tial decay. Figure 14/12 shows the decay graphs for three different radio-isotopes, each with a different rate of decay.

Although the three graphs look different, they all have something in common - their shape. They are curved lines having a special property. If you know what is meant by the half-life of a radio-isotope, then you will understand what is special about the shape of these curves. The half-life     t ½ of a radio-isotope is the average (or mean) time taken for half of the nuclei in a sample to decay (Figure 14/13). It takes the same amount of time again for half of the remainder to decay, and a third half-life for half of the new remainder to decay.

In principle, the graph never reaches zero; it just gets closer and closer. (In practice, when only a few undecayed nuclei remain, it will cease to be a smooth curve and will eventually reach zero.) We use the idea of half-life, because we cannot say when a sample will have completely decayed.

7 _____________
If you are to measure the half-life of a radioactive substance in the laboratory, you need to choose something that will not decay too quickly or too slowly. In practice, the most suitable radio-isotope is protactinium-234, which decays by emitting ir​radiation. This is produced in a bottle containing uranium (Figure 14/14). By shaking the bottle, you can separate the protactinium into the top layer of solvent in the bottle. The Geiger counter allows you to measure the decay of the protactinium.

[image: image39.emf]After recording the number of counts in consec​utive 10-second intervals over a period of a few minutes, you can then draw a graph, and use it to find the half-life of protactinium-234.

8 _____________
A radio-isotope that decays rapidly has a short half-life t ½. Its decay constant must be high, since the probability per unit time of an individual nucleus decaying must be high. Hence there is a connection between half-life and decay constant. They are inversely related by the expression
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Thus if we know either t ½ or λ, we can calcu​late the other. For a nuclide with a very long half-life, we might not wish to sit around waiting to measure the half-life: it is easier to determine λ by measuring the activity (and using A= λ N), and then deduce t ½.

Note that the units of λ and t ½ must be compatible; for example, λ in s‾¹ and t ½ in s.

2.2. Work in pairs. Using information from the text say a few words about:

1. Geiger counter
2. Time constant
3. Decay constant
4. Exponen​tial decay
5. Half-life of a radio-isotope
2.3. Match the notions and their definitions:

1. ion 
a)  the microwave radiation pervading the universe that exhibits a corresponding blackbody temperature of 2.7 K and that is the principal evidence supporting the big bang theory
2. ratemeter 
b) a form of a chemical element which sends out radiation

3. fluctuations
c) a line defined by an equation so that the coordinates of its points are functions of a single independent variable or parameter
4.  radio-isotope 
d) an instrument that indicates the counting rate of an  electronic counter 

5.  detector 
e) a decrease that follows an exponential function

6. constant 


f) a number or quantity that does not vary

7. background radiation 
g) an atom or a molecule with a positive or negative electric charge caused by its losing or gaining one or more electrons 
8. exponential decay 
h) a piece of equipment for discovering the presence of smth,  such as metal, smoke, explosives or changes in pressure or temperature

9. curve
i) frequent changes in size, amount, quality, etc., especially from one extreme to another 

[image: image40.emf]2.4. Match the words and verbs with prepositions to form expressions. Make your own sentences using the expressions. 
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TEXT 3

3.1. Before reading the text below answer the following question:

Why does the nucleus emit an entire α particle or Helium 4 nucleus, instead of simply kicking out a single proton?
3.2. For questions 1-7, read the text below and decide which answer (A, B, C or D) best fits each gap. 

In 1898 Ernest Rutherford, a young research student in Cambridge University, England, 1) _______ that ra​dioactive substances 2) _______ two different kinds of rays which he named α rays and β rays after the first two letters of the Greek alphabet. The negatively charged β rays turned out to be beams of electrons, and the positive α rays were found to be beams of Helium 4 nuclei. Helium 4 nuclei, 3) ______ of 2 protons and 2 neutrons, are thus also called α particles. After Rutherford observed a third kind of radiation he called γ rays, which turned out to be 4) _______ photons. We have seen that β rays or electrons are emitted when a neutron sheds mass by decaying into a proton in a β decay reaction. But where do the α particles come from?

A nucleus with a(n) 5) ______ of electric potential energy can lose energy by converting one of its protons into a neutron in an inverse β decay reaction. This, however, is a relatively 6) _____ event. More commonly, the number of protons is reduced by ejecting an α particle. Why the nucleus emits an entire α particle or Helium 4 nucleus, instead of simply kicking out a single proton, is a consequence of an anomaly in the nuclear force. It turns out that a Helium 4 nucleus, with 2 neutrons and 2 protons, is an exceptionally            7) _____, tightly bound object. If protons are to be ejected, they come out in pairs in this stable configuration rather than individually.

1 A learned

B unearthed


C discovered
D supposed

2 A let out

B emitted


C ejected

D uttered

3 A consisting
B containing

C having

D including

4 A energetic
B high energy

C high-power
D dynamic

5 A excess

B surplus


C exuberance
D left-over

6 A extraordinary 
B rare



C scarce

D odd

7 A reliable

B stable


C strong

D firm

3.3. For questions 1-10, read the text below. Use the word given in capitals at the end of the lines to form a word that fits in the same line. 

Electron Capture (EC, K-capture)

	Nuclei having an 1)…………. of protons may capture an electron from one of the inner orbits which 2)……………… combines with a proton in the nucleus to form a neutron. This process is called electron capture (EC). The electron is normally captured from the innermost orbit (the K-shell), and, 3)……………, this process is sometimes called K-capture. 

A neutrino is formed at the same time that the neutron is formed, and energy carried off by it serves to 4)………… momentum. Any energy that is available due to the atomic mass of the product being appreciably less than that of the parent will appear as gamma 5)………. Also, there will always be characteristic x-rays given off when an electron from one of the higher energy shells moves in to fill the 6)……….. in the K-shell. 

Electron capture and positron 7)……….. result in the production of the same daughter product, and they exist as competing processes.

For positron emission to occur, however, the mass of the daughter product must be less than the mass of the parent by an amount equal to at least twice the mass of an electron. This mass 8)…………… between the parent and daughter is necessary to account for two items present in the parent but not in the daughter. One item is the positron ejected from the nucleus of the parent. The other item is that the daughter product has one less 9)………… election than the parent. If this 10)………… is not met, then orbital electron capture takes place exclusively.
	1. EXCESSIVE
2. IMMEDIATE
3. CONSEQUENCE
4. CONSERVATION
5. RADIATE
6. VACANT
7. EMIT
8. DIFFERENT
9. ORBIT

10. REQUIRE


3.4. Translate the sentences summarizing the topic on the modes of radioactive decay:

1. Alpha decay is the emission of an alpha particle (2 protons and 2 neutrons) from an unstable nucleus. The daughter nuclide has an atomic number 2 less than the parent nuclide and a mass number 4 less than the parent nuclide. The daughter nucleus commonly releases its excitation energy by gamma emission.

2. Beta-minus decay effectively converts a neutron to a proton and an electron, which is immediately ejected from the nucleus. The daughter nuclide has its atomic number increased by 1 and the same mass number compared to the parent.

3. Beta-plus decay effectively converts a proton to a neutron and a positron, which is immediately ejected from the nucleus. The daughter nuclide has its atomic number decreased by 1 and the same mass number compared to the parent.

4. In electron capture, the nucleus absorbs an electron from the innermost orbit-This electron combines with a proton to form a neutron.

5. Internal conversion occurs when a gamma ray, emitted by the nucleus as it goes from the excited state to the ground state, interacts with one of the innermost electrons of the same atom.  The electron is ejected from the atom.

6. An isomeric transition is the decay of an excited nucleus to a lower-energy level by the emission of a gamma ray.

7. Decay chains can be found by tracing the steps an unstable atom goes through as it tries to achieve stability.

8. Many modes of radioactive decay result in a daughter nuclide that has an energy level above the ground state. This excitation energy is usually released immediately in the form of a gamma ray.

9. The type of decay that a nuclide will typically undergo can be determined by its relationship to the line of stability on the Chart of the Nuclides. Nuclides that lie below and to the right of the line of stability will typically beta minus decay. Nuclides above and to the left of the line will typically beta plus decay or electron capture. Most alpha emitters are found in the upper, right-hand corner of the chart.

LISTENING

1. You are going to listen to the staff report “Agency’s Initiatives on Environment Recognized on World Environment Day “. Mind the proper names.

World Environment Day slogan for 2008 is "Kick the Habit! Towards a Low Carbon Economy"
Metro Manila, Philippines
World Environment Day 2008 
Wellington, New Zealand
Vienna-based UN organizations 
United Nations General Assembly 
Stockholm Conference on the Human Environment
2. Read the title of the staff report and the proper names and predict what the text is about. Then while listening check your suppositions. 

3. Speed listening. Note only the essential details of what you hear:

1. The IAEA…..

2. The event highlights…..

3. The IAEA supports…..

4. Projects…

5. The event is marked…

6. World Environment Day
4. General information: Complete the chart with the basic ideas:
	What?
	Where?
	When?
	Who?
	How? 


	Why?

	
	
	
	
	
	


5. Decide whether these statements are true or false and make necessary corrections:

1. The IAEA accepts that climate change is among the most important questions of our era.

2. On the World Environment Day the main attention was paid to improved energy efficiency.

3. The IAEA is not ready to support existing nuclear programmes but not to share nuclear information.

4. Nuclear power emits the same quantity of carbon dioxide (CO2) as wind and hydro power.

5. Today, nuclear power supplies about 15 regions in the world with electricity.

6. Projects in Metro Manila, Philippines, and in Mexico City are the only examples of the IAEA’s activities which address environmental issues.

7. The main celebrations of World Environment Day took place at the Vienna International Centre.

6. Gap filling: Listen once again and complete the gaps in the summary of the passage below with the correct word or phrase you hear:
On the World Environment Day the IAEA once again recognizes that climate change is among ________________. The initiatives of the Agency are aimed at promoting _______________ such as improved energy efficiency, alternative energy sources, __________and _________.

Through the work of the Department of Nuclear Energy, the IAEA supports___________, catalyzes___________, conducts _________.

The volume of carbon dioxide emitted by nuclear power is ________. 

Two examples of how the IAEA is dealing with the environmental issues with the help of nuclear technologies include_____________. 

World Environment Day is marked all over the world by __________.

7. Work in pairs or groups. Discuss the topic mentioned in the staff report «Agency’s Initiatives on Environment Recognized on World Environment Day». 

PRESENTATION

Make up a presentation “MODES OF RADIOACTIVE DECAY”
 (See appendix 4)

SECTION 6

RADIOACTIVITY
LEAD-IN

1. Describe the figure below.


[image: image8.emf]
2. Comment the following points.

1. The rate at which a sample of radioactive material decays is not constant.

2. As individual atoms of the material decay, there are fewer of those types of atoms remaining. 

3. Since rate of decay is directly proportional to the number of atoms, the rate of decay will decrease as the number of atoms decreases.

READING

TEXT 1

1.1. Before reading the text below answer the following questions.

1. Who discovered radioactivity?

2. When was radioactivity discovered?

3. How was radioactivity discovered?

1.2. Skim through the text and underline the sentences or the words that best sum up the main idea of the text (key words). With a partner discuss the main idea of the text using the key words or sentences.
Discovery of Radioactivity

Like Thomson's discovery of the electron, the discovery of radioactivity in uranium by the French physicist Henri Becquerel in 1896 forced scientists to radically change their ideas about atomic structure. Radioactivity demonstrated that the atom was neither indivisible nor immutable. Instead of serving merely as an inert matrix for electrons, the atom could change form and emit an enormous amount of energy. Furthermore, radioactivity itself became an important tool for revealing the interior of the atom.

The German physicist Wilhelm Conrad Röntgen had discovered X-rays in 1895, and Becquerel thought they might be related to fluorescence and phosphorescence, processes in which substances absorb and emit energy as light. In the course of his investigations, Becquerel stored some photographic plates and uranium salts in a desk drawer. Expecting to find the plates only lightly fogged, he developed them and was surprised to find sharp images of the salts. He then began experiments that showed that uranium salts emit a penetrating radiation independent of external influences. Becquerel also demonstrated that the radiation could discharge electrified bodies. In this case, discharge means the removal of electric charge, and it is now understood that the radiation ionizing molecules of air allows the air to conduct an electric current. Early studies of radioactivity relied on measuring ionization power or on observing the effects of radiation on photographic plates.

In 1898 the French physicists Pierre and Marie Curie discovered the strongly radioactive elements polonium and radium, which occur naturally in uranium minerals. Marie coined the term radioactivity for the spontaneous emission of ionizing, penetrating rays by certain atoms.

Experiments conducted by the British physicist Ernest Rutherford in 1899 showed that radioactive substances emit more than one kind of ray. It was determined that part of the radiation is 100 times more penetrating than the rest and can pass through aluminum foil 1/50 of a millimetre thick. Rutherford named the less penetrating emanations alpha rays and the more powerful ones beta rays, after the first two letters of the Greek alphabet. Investigators who, in 1899, found that beta rays were deflected by a magnetic field concluded that they are negatively charged particles similar to cathode rays. In 1903 Rutherford found that alpha rays were deflected slightly in the opposite direction, showing that they are massive, positively charged particles. Much later, Rutherford proved that alpha rays are nuclei of helium atoms by collecting the rays in an evacuated tube and detecting the buildup of helium gas over several days. A third kind of radiation was identified by the French chemist gamma rayPaul Villard in 1900. Designated as the , it is not deflected by magnets and is much more penetrating than alpha particles. Gamma rays were later shown to be a form of electromagnetic radiation, like light or X-rays, but with much shorter wavelengths. Because of these shorter wavelengths, gamma rays have higher frequencies and are even more penetrating than X-rays. In 1902, while studying the radioactivity of thorium, Rutherford and the English chemist Frederick Soddy discovered that radioactivity was associated with changes inside the atom that transformed thorium into a different element. They found that thorium continually generates a chemically different substance that is intensely radioactive. The radioactivity eventually makes the new element disappear. Watching the process, Rutherford and Soddy formulated the exponential decay law, which states that a fixed fraction of the element will decay in each unit of time. For example, half of the thorium product decays in four days, half the remaining sample in the next four days, and so on.

Until the 20th century, physicists had studied such subjects as mechanics, heat, and electromagnetism that they could understand by applying common sense or by extrapolating from everyday experiences. The discovery of the electron and radioactivity, however, showed that classical Newtonian mechanics could not explain phenomena at atomic and subatomic levels. As the primacy of classical mechanics crumbled during the early 20th century, quantum mechanics was developed to replace it. Since then, experiments and theories have led physicists into a world that is often extremely abstract and seemingly contradictory.

1.3. Work in pairs or groups. Read the following definitions and decide what they mean. Then enlarge the list of definitions and ask your groupmates to guess what they mean. 
1. the number of atoms likely to decay in a given infinitesimal time interval (dN/dt) is proportional to the number (N) of atoms present.

2. any material capable of attracting iron and producing a magnetic field outside itself.

3. radiation that produces ions in matter during interaction with atoms in the matter.

4. electromagnetic radiation that can be detected by the human eye.

5. emission of light from a substance exposed to radiation and persisting as an afterglow after the exciting radiation has been removed.

6. spontaneous loss of water by a hydrated salt, which occurs when the aqueous tension of the hydrate is greater than the partial pressure of the water vapour in the air.

7. a set of numbers arranged in rows and columns so as to form a rectangular array.

8. is the property of certain nuclides of spontaneously emitting particles or gamma radiation.

9. ………………………………………………………………………………

10. …………………………………………………………………………….

11. …………………………………………………………………………….

12. …………………………………………………………………………….

1.4. Explain the meanings of the words below.

1. indivisible 
2. immutable
3. inert
4. external
5. powerful
6. magnetic
7. similar
8. contradictory
1.5. Pay attention to the Complex Object after the verbs: to allow, to permit, to enable, to let, to make, to cause. 

1. This model enables us to estimate how thick dense plasma must be to absorb all the incident laser light. 

2. Spectroscopic studies of the radiation have enabled determination of the temperature to be made. 

3. Other scanning methods will enable the over-all optical gain to be accomplished which is equal to the refractive index, n, of the optical material employed. 

4. Classical physics doesn't allow physicists to describe phenomena on the atomic or molecular level, it is appropriate to seek a quantum-mechanical description of such phenomena. 

5. Dependence of the phase relation between cavity field and the signal does not permit the signal to be amplified or attenuated. 

6. These effects let the viewer infer a three-dimensional structure from a two-dimensional micrograph. 

7. Some modern computers let eight programmes run simultaneously if all the necessary equipment is available. 

8. In an ordinary TV set an electron beam causes the luminous image to appear on the tube. 

9. There is no way to make a black hole rotate any faster than a=l; in effect a hole with a rotation parameter very close to 1 should slow down. 

10. If there were no earth's gravitation the satellites would move through airless space in a straight line at a uniform speed. 

11. Constant temperature must be maintained to make the process continue at any rate. 

12. The pressure in the cylinder makes the piston descend; the piston is made to descend as the pressure in the cylinder rises. 

13. And eventually more sensitive instruments made it possible to detect X-rays from distant sources at very high energies, corresponding to wavelength of Angstroms or less. 

14. Indeed, new results make it necessary to modify the picture that has emerged from earlier experiments.

1.6. Mind the translation of the verb "to prove". 

Example: We proved this metal to be an alloy. 

Мы доказали, что этот металл является сплавом. 

The metal proved to be an alloy. 

Оказалось, что этот металл является сплавом. 

The metal was proved to be an alloy. 

Было доказано, что этот металл является сплавом. 

1. Former tests proved these figures to be equally important. 

These figures proved to be equally important. 

These figures were proved to be equally important. 

2. We proved the two reports to be contradictory. 

The two reports proved to be contradictory. 

The two reports were proved to be contradictory. 

3. They proved the influence of the environmental conditions to be profound. 

The influence of the environmental conditions proved to be profound. 

The influence of the environmental conditions was proved to be profound.

1.7. According to the text complete the following and answer the questions of the audience.

1. My name is Sir Joseph John Thomson and I would like to tell about my discovery. ………………………………………………………………..

2. My name is Henri Becquerel and I would like to tell about my discovery. …………………………………………………………………….
3. My name is Wilhelm Conrad Röntgen and I would like to tell about my discovery. ………………………………………………………………..

4. Our names are Pierre and Marie Curie and we would like to tell about our discovery. ………………………………………………………..

5. My name is Ernest Rutherford and I would like to tell about my discovery. …………………………………………………………………….

6. My name is Paul Villard and I would like to tell about my discovery. ………………………………………………………………………………… 

7. Our names are Ernest Rutherford and Frederick Soddy and we would like to tell about our discovery. ……………………………………..
TEXT 2

2.1. You are going to read a text about radioactivity. Six phrases have been removed from the text. Choose from the sentence A – G the one which fits each gap (1 – 6). There is one extra phrase, which you don’t need to use.

A. varying yields
B. daughter activities

C. special hazard

D. cosmic ray
E. fission power
F. atmospheric shield
G. fresh falls
Occurrence of Radioactivity

Some species of radioactivity occur naturally on Earth. A few species have half-lives comparable to the age of the elements (about 6 × 109 years), so that they have not decayed away after their formation in stars. Notable among these are uranium-238, uranium-235, and thorium-232. Also, there is potassium-40, the chief source of irradiation of the body through its presence in potassium of tissue. Of lesser significance are the beta emitters vanadium-50, rubidium-87, indium-115, tellurium-123, lanthanum-138, lutetium-176, and rhenium-187, and the alpha emitters cerium-142, neodymium-144, samarium-147, gadolinium-152, dysprosium-156, hafnium-174, platinum-190, and lead-204. Besides these approximately 109-year species, there are the shorter-lived 1__________ fed by one or another of the above species; e.g., by various nuclei of the elements between lead (Z = 82) and thorium (Z = 90).

Another category of natural radioactivity includes species produced in the upper atmosphere by Meteorites2__________ bombardment. Notable are 5,720-year carbon-14 and 12.3-year tritium (hydrogen-3), 53-day beryllium-7, and 2,700,000-year beryllium-10.  are found to contain additional small amounts of radioactivity, the result of cosmic ray bombardments during their history outside the Earth's atmospheric shield. Activities as short-lived as 35-day argon-37 have been measured in 3__________of meteorites. Nuclear explosions since 1945 have injected additional radioactivities into the environment, consisting of both nuclear fission products and secondary products formed by the action of neutrons from nuclear weapons on surrounding matter.

The fission products encompass most of the known beta emitters in the mass region 75–160. They are formed in 4__________, rising to maxima of about 7 percent per fission in the mass region 92–102 (light peak of the fission yield versus atomic mass curve) and 134–144 (heavy peak). Two kinds of delayed hazards caused by radioactivity are recognized. First, the general radiation level is raised by fallout settling to Earth. Protection can be provided by concrete or earth shielding until the activity has decayed to a sufficiently low level. Second, ingestion or inhalation of even low levels of certain radioactive species can pose a 5__________, depending on the half-life, nature of radiations, and chemical behaviour within the body. 

Nuclear reactors also produce fission products but under conditions in which the activities may be contained. Containment and waste-disposal practices should keep the activities confined and eliminate the possibility of leaching into ground waters for times that are long compared to the half-lives. A great advantage of thermonuclear fusion power over 6__________, if it can be practically realized, is not only that its fuel reserves, heavy hydrogen and lithium, are vastly greater than uranium, but also that the generation of radioactive fission product wastes can be largely avoided. In this connection, it may be noted that a major source of heat in the interior of both the Earth and the Moon is provided by radioactive decay. Theories about the formation and evolution of the Earth, Moon, and other planets must take into account these large heat production sources.

Desired radioactivities other than natural activities and fission products may be produced either by irradiation of certain selected target materials by reactor neutrons or by charged particle beams or gamma ray beams of accelerators.

2.2. Give the definitions of the following notions.

1. irradiation 
2. tissue 
3. emitters 
4. bombardment 
5. hazards 
6. leaching  
2.3. Translate the sentences below. Pay attention to the Complex Subject. 

1. Alpha particles were found to penetrate deeply within an atom without undergoing any appreciable deflection. 

2. There has been found to be spectra of higher orders corresponding to particles which lost more than one electron. 

3. The spin vector of the proton and the neutron has been stated to have two directions usually referred to as "up"' and "down". 

4. The neutrinos can interact only by the weak force and as a result they scarcely interact with matter at all. 

5. For some time light has been considered to consist of a stream of particles emitted radially from light sources such as the sun or a candle. 

6. Oscillations in a closed system consisting of a homogenous mixture, however, were thought to be impossible because they would violate a basic law of physics and chemistry. 

7. These ions are presumed to be sited so that they form a geometrically perfect lattice which repeats itself with no faults throughout the crystal. 

8. The sharpness of spectral lines emitted or absorbed by atoms is taken to be an immediate verification of Bohr's postulate. 

9. In high performance tubes voltage adjustments have been accepted to compensate for the effect of the relative inaccuracies in the geometry of the electrodes. 

10. Because of the tendency to contract (сжиматься) the interior of a liquid is subject to an enormous pressure, which for water has been estimated to be roughly 10,000 atm. 

11. The electrical conductivity of beryllium was anticipated to be not so great as was formerly assumed. 

12. Upon thorough examination the departure of the experimental curve from the predicted one seems to be negligible. 

13. Along with a list of attractive characteristics of reactors there seem to be dangerous points. 

14. The interpretation of small-angle scattering appears to be a straightforward procedure, if the structure can be assumed to be spherical. 

15. If a wave from some point source P strikes a flat surface and is reflected from it, the reflected wave will appear to come from point D behind the surface. 

2.4. Translate the sentences below. Mind the form of the Infinitive. 

Example: 

1. We know the research to be completed successfully. 

Мы знаем, что исследование будет закончено. 

We know the research to have been completed successfully. 

Мы знаем, что исследование было закончено. 

2. The research is known to be completed successfully. 

Известно, что исследование будет закончено. 

The research is known to have been completed ... 

Известно, что исследование было закончено... 

1. This scientist could show the penetration depth to be essentially the same regardless of the strength of the magnetic field. 

2. Scientists suppose magnets and their properties of attraction to have been known for nearly 5.000 years. 

3. The discovery of new superconducting elements and compounds has proved to be harder than was anticipated. 

4. The effect of weightlessness appears to have given cosmonauts little discomfort, if any. 

5. In addition to the above mentioned properties X-rays were found to produce ionization in gases. 

6. He proved this process to have hindered the reaction. 

7. In designing the machine they were reported to have been guided mostly by the consideration of safety and reliability. 

8. The gauge is sure to have recorded all the changes accurately. 

9. We have been able to explain all the experimental facts and found them to be consistent with the assumptions. 

10. We expect a computer to have operated for at least several hours without fault. 

11. The concept of spin is known to have been introduced into the physics of elementary particles in 1925 by Goudsmit and Uhlenbeck. 

12. The proton and the neutron have been found to have the same spin as the electron.

13. The absorption and reflection of the optical elements which seem to have been caused by higher losses are among the disadvantages. 

14. In its younger days, however, the moon is likely to have had appreciable atmosphere but we have no justification to assume that this atmosphere was similar in composition to ours.

2. 4. Work in pairs. Complete the table below. Then make up a report about any element from the table.

	Element
	Atomic number
	Atomic weight
	Melting point
	Boiling point
	Specific gravity
	Valence
	Electronic config.

	potassium


	
	
	
	
	
	
	

	vanadium


	
	
	
	
	
	
	

	rubidium


	
	
	
	
	
	
	

	tellurium


	
	
	
	
	
	
	

	lanthanum


	
	
	
	
	
	
	

	lutetium


	
	
	
	
	
	
	

	rhenium


	
	
	
	
	
	
	

	cerium


	
	
	
	
	
	
	

	neodymium


	
	
	
	
	
	
	

	samarium


	
	
	
	
	
	
	

	gadolinium


	
	
	
	
	
	
	

	dysprosium


	
	
	
	
	
	
	

	hafnium


	
	
	
	
	
	
	

	platinum


	
	
	
	
	
	
	

	lead


	
	
	
	
	
	
	


TEXT 3

3.1. You are going to read the text. Look at the figures and say what you think the text below is about. Then read the text and see if your guesses are correct.
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Energetics and Kinetics of Radioactivity

A. Energy release in radioactive transitions


Figure 2: Map of the nuclei

[image: image45.emf]Consideration of the energy release of various radioactive transitions leads to the fundamental question of nuclear binding energies and stabilities. A much-used method of displaying nuclear-stability relationships is an Figure 2isotope chart, those positions on the same horizontal row corresponding to a given proton number (Z) and those on the same vertical column to a given neutron number (N). Such a map is shown in . The irregular bold line surrounds the region of presently known nuclei. The area encompassed by this is often referred to as the valley of stability because the chart may be considered a map of a binding energy surface, the lowest areas of which are the most stable. The most tightly bound nuclei of all are the abundant iron and nickel isotopes. Near the region of the valley containing the heaviest nuclei (largest mass number A; i.e., largest number of nucleons, N + Z), the processes of alpha decay and spontaneous fission are most prevalent; both these processes relieve the energetically unfavourable concentration of positive charge in the heavy nuclei.

Along the region that borders on the valley of stability on the upper left-hand side are the positron-emitting and electron-capturing radioactive nuclei, with the energy release and decay rates increasing the farther away the nucleus is from the stability line. Along the lower right-hand border region, beta-minus decay is the predominant process, with energy release and decay rates increasing the farther the nucleus is from the stability line.

The grid lines of the graph are at the nucleon numbers corresponding to extra stability, the “magic numbers”. The circles labeled “deformed regions” enclose regions in which nuclei should exhibit cigar shapes; elsewhere the nuclei are spherical. Outside the dashed lines nuclei would be unbound with respect to neutron or proton loss and would be exceedingly short-lived (less than 10−19 second).

 B. Calculation and measurement of energy

By the method of alphaclosed energy cycles, it is possible to use measured radioactive-energy-release (Q) values for  and beta decay to calculate the energy release for unmeasured transitions. An illustration is provided by the cycle of four nuclei below:


[image: image10.emf]
In this cycle, energies from two of the alpha decays and one beta decay are measurable. The unmeasured beta-decay energy for bismuth-211, Qβ−(Bi), is readily calculated because conservation of energy requires the sum of Q values around the cycle to be zero. Thus, Qβ−(Bi) + 7.59 − 1.43 − 6.75 = 0. Solving this equation gives Qβ−(Bi) = 0.59 MeV. This calculation by closed energy cycles can be extended from stable lead-207 back up the chain of alpha and beta decays to its natural precursor uranium-235 and beyond. In this manner the nuclear binding energies of a series of nuclei can be linked together. Because alpha decay decreases the mass number A by 4, and beta decay does not change A, closed α−β-cycle calculations based on lead-207 can link up only those nuclei with mass numbers of the general type A = 4n + 3, in which n is an integer. Another, the 4n series, has as its natural precursor thorium-232 and its stable end product lead-208. Another, the 4n + 2 series, has uranium-238 as its natural precursor and lead-206 as its end product.

In early research on natural radioactivity, the classification of isotopes into the series cited above was of great significance because they were identified and studied as families. Newly discovered radioactivities were given symbols relating them to the family and order of occurrence therein. Thus, thorium-234 was known as UX1, the isomers of protactinium-234 as UX2 and UZ, uranium-234 as UII, and so forth. These original symbols and names are occasionally encountered in more recent literature but are mainly of historical interest. The remaining 4n + 1 series is not naturally occurring but comprises well-known artificial activities decaying down to stable thallium-205.

To extend the knowledge of nuclear binding energies, it is clearly necessary to make measurements to supplement the radioactive-decay energy cycles. In part, this extension can be made by measurement of Q values of artificial nuclear reactions. For example, the neutron-binding energies of the lead isotopes needed to link the energies of the four radioactive families together can be measured by determining the threshold gamma-ray energy to remove a neutron (photonuclear reaction); or the energies of incoming deuteron and outgoing proton in the reaction can be measured to provide this information.

Further extensions of nuclear-binding-energy measurements rely on precision mass spectroscopy. By ionizing, accelerating, and magnetically deflecting various nuclides, their masses can be measured with great precision. A precise measurement of the masses of atoms involved in radioactive decay is equivalent to direct measurement of the energy release in the decay process. The atomic mass of naturally occurring but radioactive potassium-40 is measured to be 39.964008 amu. Potassium-40 decays predominantly by β-emission to calcium-40, having a measured mass 39.962589. Through Einstein's equation, energy is equal to mass (m) times velocity of light (c) squared, or E = mc2, the energy release (Q) and the mass difference, Δm, are related, the conversion factor being one amu, equal to 931.478 MeV. Thus, the excess mass of potassium-40 over calcium-40 appears as the total energy release Qβ in the radioactive decay Qβ− = (39.964008 − 39.962589) × 931.478 MeV = 1.31 MeV. The other neighbouring isobar (same mass number, different atomic number) to argon-40 is also of lower mass, 39.962384, than potassium-40. This mass difference converted to energy units gives an energy release of 1.5 MeV, this being the energy release for EC decay to argon-40. The maximum energy release for positron emission is always less than that for electron capture by twice the rest mass energy of an electron (2m0c2 = 1.022 MeV); thus, the maximum positron energy for this reaction is 1.5 − 1.02, or 0.48 MeV.

To connect alpha-decay energies and nuclear mass differences requires a precise knowledge of the alpha-particle (helium-4) atomic mass. The mass of the parent minus the sum of the masses of the decay products gives the energy release. Thus, for alpha decay of plutonium-239 to uranium-235 and helium-4 the calculation goes as follows:
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By combining radioactive-decay-energy information with nuclear-reaction Q values and precision mass spectroscopy, extensive tables of nuclear masses have been prepared. From them the Q values of unmeasured reactions or decay may be calculated.

Alternative to the full mass, the atomic masses may be expressed as mass defect, symbolized by the Greek letter delta, Δ (the difference between the exact mass M and the integer A, the mass number), either in energy units or atomic mass units.

3.2. Give the definitions of the following notions.

1. closed energy cycles
2. radioactive-energy-release 
3. conservation of energy
4. natural precursor 
5. natural radioactivity
6. threshold gamma-ray energy 
7. excess mass 
8. mass spectroscopy
3.3. Translate the sentences below. Mind the functions of the Infinitive and the Infinitive Constructions.

1. To anticipate is to look forward, to see what must be done and to do it in advance. 

2. To allow for all possible types of interactions and reflections, however, would be a formidable task in this event. 

3. To eliminate the inconsistency of measuring the force on a unit area by a unit of length, the air pressure is now measured for meteorological purposes in terms of a unit of 1.000 dynes cm- called a millibar (mb). 

4. According to the law of conservation of energy, any energy acquired by an atom is to be eventually given off. 

5. Each atom is to be governed by the mean potential due to all the other atoms at rest in their mean positions. 

6. Your prime task has been to record the directions to be executed exceedingly accurately. 

7. The problem is to confine hot plasma long enough for a fusion reaction to take place. 

8. A traditional approach to the problem is to eliminate bulky calculations. It may require a lot of auxiliary operations. 

9. An amplifier to boost the signal would be required before the signal is fed to the input. 

10. The discovery of uranium fission is one to exert greater influence on the events to come than any other discovery in the past century. 

11. There are a number of advantages to be gained from using a liquid as the active medium in a laser rather than a solid or a gas.

12. Apart from this, eigenvalues to be obtained for excited electronic states in most cases agree reasonably with experimental binding energy. 

13. These electrons are always freely available to conduction. A partially filled band is created whenever the orbitals that combine to form the band are not fully occupied. 

14. In the modern conception, the strong nuclear force binds quarks together to form elementary particles such as protons and neutrons. 

15. Unfortunately the period of visibility of a comet is generally too short to allow any extensive measurements.

16. The combination of three quarks is sufficient to account for the hadrons that have been observed or predicted by the rigorous theory. 

17. When two identical atoms are brought together closely enough for their orbits to overlap, each energy level is split to create two new levels, below and above the original level. 

18. Positrons typically live a few hundred picoseconds, roughly the time it takes for a light to travel one centimeter. 

19. For the effect to be readily observable a great deal of energy must be concentrated in a narrow band of wavelengths, the narrower the better. 

20. It is possible for excitation to take place in successive steps by the absorption of two or more quanta of energy.

3.4. Work in 2 groups. Read the text again and extract the information required for the chosen theme (1-2) and start discussion.

1. Energy release in radioactive transitions

2. Calculation and measurement of energy
LISTENING

1. You are going to listen to the staff report “Uranium Report: Plenty More Where That Came From“. Mind the proper names.

IAEA
Organization for Economic Co-operation and Development Nuclear Energy Agency (OECD/NEA)
2. Listen to the staff report “Uranium Report: Plenty More Where That Came From“. Note only the essential details of what you hear:

1. A report released today …
2. Growing demand and higher prices …
3. Uranium 2007: Resources, Production and Demand …
4. Red Book …
5. The uranium market … 
6. The demand picture is increasingly complex …
7. In contrast to some other energy resources …
8. Since 1965, the IAEA and the Organization for Economic Co-operation and Development Nuclear Energy Agency (OECD/NEA) …
3. Listen to the staff report again and complete the gaps in sentences below with the correct word or phrase you hear:

1. Amid heightened international interest in nuclear energy, countries are _______________ to a finite resource that helps to make nuclear power possible: uranium.
2. … and led to larger identified _______________ over the past two years.
3. … it tracks present ______________ and assesses market dynamics to 2030 and beyond
4. Over _______________ was spent globally on exploration in 2006.
5. Yet the report notes that new builds along with plant life extensions should increase global installed ______________ in the coming decades, thereby increasing demand for uranium.
6. Currently uranium is mined in 20 countries, with Iran being _____________. 

7. Canada and Australia currently account for _____ of global uranium production, and other top uranium producers are Kazakhstan (_____), Niger (_____), Russian Federation (_____), Namibia (_____), Uzbekistan (_____), and the United States (_____).

8. The report’s contents are made possible through _______________ obtained by questionnaires sent to relevant IAEA and OECD/NEA member countries, which number 40 in total.

4. Work in pairs or groups. Discuss the topic mentioned in the staff report “Uranium Report: Plenty More Where That Came From “. 

PRESENTATION
Make up a presentation “RADIOACTIVITY”

 (See appendix 4)
SECTION 7

NEUTRON INTERACTIONS

LEAD-IN

Comment the statement below.

Neutrons can cause many different types of interactions. The neutron may simply scatter off the nucleus in two different ways, or it may actually be absorbed into the nucleus. If a neutron is absorbed into the nucleus, it may result in the emission of a gamma ray or a subatomic particle, or it may cause the nucleus to fission.

READING

TEXT 1
1.1. Before reading the text, decide in small groups (2-3 students) whether these statements are true or false using your knowledge of the subject. Then read the text and check your guesses.

1. Light scattering explains colour of some objects, usually shades of red.

2. The main factor influencing the process of scattering is the ratio of the particle diameter to the wavelength of the radiation.

3. The problem of electromagnetic scattering for large diameters is still being solved and attracts much attention.

4. When the ratio of particle diameter to wavelength is more than about 10, the term scattering is not usually applied.  

5. A laser beam is a model for studying coherent backscattering. 

1.3. The following sentences have been removed from the text. Choose from the sentences A-J the one which fits each gap (1 – 9). There is one extra sentence which you don’t need to use.
A
In the Mie regime, the shape of the scattering center becomes much more significant and the theory only applies well to spheres and, with some modification, spheroids and ellipsoids.

B
The first is fairly obvious, that it is difficult to measure the direct backscatter without blocking the beam, but there are methods for overcoming this problem.

C
In this size regime, the exact shape of the scattering center is usually not very significant and can often be treated as a sphere of equivalent volume.

D
Major forms of elastic light scattering (involving negligible energy transfer) are Rayleigh scattering and Mie scattering.

E
When one looks at the sky during the day, rather than seeing the black of space, one sees light from Rayleigh scattering off the air.

F
For relatively large and complex structures, these models usually require substantial execution times on a computer.

G
The absence of surface scattering leads to a shiny or glossy appearance.

H
Weak localization of light can be detected since it is manifested as an enhancement of light intensity in the backscattering direction.

I
This phenomenon, is the result of many sinusoidal two-wave interference patterns which add up.

J
This shift involves a slight change in energy.

Electromagnetic Scattering

Electromagnetic (EM) waves are one of the best known and most commonly encountered forms of radiation that undergo scattering. Scattering of light and radio waves (especially in radar) is particularly important. Several different aspects of electromagnetic scattering are distinct enough to have conventional names. 1) _____. Inelastic EM scattering effects include Brillouin scattering, Raman scattering, inelastic X-ray scattering and Compton scattering.

Light scattering is one of the two major physical processes that contribute to the visible appearance of most objects, the other being absorption. Surfaces described as white owe their appearance almost completely to the scattering of light by the surface of the object. 2) _____. Light scattering can also give color to some objects, usually shades of blue (as with the sky, the human iris, and the feathers of some birds), but resonant light scattering in nanoparticles can produce different highly saturated and vibrant hues, especially when surface plasmon resonance is involved.

Rayleigh scattering is a process in which electromagnetic radiation (including light) is scattered by a small spherical volume of variant refractive index, such as a particle, bubble, droplet, or even a density fluctuation. This effect was first modeled successfully by Lord Rayleigh, from whom it gets its name. In order for Rayleigh's model to apply, the sphere must be much smaller in diameter than the wavelength (λ) of the scattered wave; typically the upper limit is taken to be about 1/10 the wavelength. 3) _____. The inherent scattering that radiation undergoes passing through a pure gas is due to microscopic density fluctuations as the gas molecules move around, which are normally small enough in scale for Rayleigh's model to apply. This scattering mechanism is the primary cause of the blue color of the Earth's sky on a clear day, as the shorter blue wavelengths of sunlight passing overhead are more strongly scattered than the longer red wavelengths according to Rayleigh's famous 1/λ 4 relation. Along with absorption, such scattering is a major cause of the attenuation of radiation by the atmosphere. The degree of scattering varies as a function of the ratio of the particle diameter to the wavelength of the radiation, along with many other factors including polarization, angle, and coherence.

For larger diameters, the problem of electromagnetic scattering by spheres was first solved by Gustav Mie, and scattering by spheres larger than the Rayleigh range is therefore usually known as Mie scattering. 4) _____. Closed-form solutions for scattering by certain other simple shapes exist, but no general closed-form solution is known for arbitrary shapes.

Both Mie and Rayleigh scattering are considered elastic scattering processes, in which the energy (and thus wavelength and frequency) of the light is not substantially changed. However, electromagnetic radiation scattered by moving scattering centers does undergo a Doppler shift, which can be detected and used to measure the velocity of the scattering center/s in forms of techniques such as LIDAR and radar. 5) _____.

At values of the ratio of particle diameter to wavelength more than about 10, the laws of geometric optics are mostly sufficient to describe the interaction of light with the particle, and at this point the interaction is not usually described as scattering.

For modeling of scattering in cases where the Rayleigh and Mie models do not apply such as irregularly shaped particles, there are many numerical methods that can be used. The most common are finite-element methods which solve Maxwell's equations to find the distribution of the scattered electromagnetic field. Sophisticated software packages exist which allow the user to specify the refractive index or indices of the scattering feature in space, creating a 2- or sometimes 3-dimensional model of the structure.       6) _____.

Another special type of EM scattering is coherent backscattering. This is a relatively obscure phenomenon that occurs when coherent radiation (such as a laser beam) propagates through a medium which has a large number of scattering centers, so that the waves are scattered many times while traveling through it. A thick cloud is a typical example of this sort of multiple-scattering medium. The effect produces a very large peak in the scattering intensity in the direction from which the wave travels—effectively, the light scatters preferentially back the way it came. For incoherent radiation, the scattering typically reaches a local maximum in the backward direction, but the coherent backscatter peak is two times higher than the level would have been if the light were incoherent. It is very difficult to detect and measure for two reasons. 7) _____. The second is that the peak is usually extremely sharp around the backward direction, so that a very high level of angular resolution is needed for the detector to see the peak without averaging its intensity out over the surrounding angles where the intensity can undergo large dips. At angles other than the backscatter direction, the light intensity is subject to numerous essentially random fluctuations called speckles.

This is one of the most robust interference phenomena that survives multiple scattering, and it is regarded as an aspect of a quantum mechanical phenomenon known as weak localization. In weak localization, interference of the direct and reverse paths leads to a net reduction of light transport in the forward direction. This phenomenon is typical of any coherent wave which is multiple scattered. It is typically discussed for light waves, for which it is similar to the weak localization phenomenon for electrons in disordered (semi)conductors and often seen as the precursor to Anderson (or strong) localization of light. 8) _____. This substantial enhancement is called the cone of coherent backscattering.

Coherent backscattering has its origin in the interference between direct and reverse paths in the backscattering direction. When a multiply scattering medium is illuminated by a laser beam, the scattered intensity results from the interference between the amplitudes associated with the various scattering paths; for a disordered medium, the interference terms are washed out when averaged over many sample configurations, except in a narrow angular range around exact backscattering where the average intensity is enhanced.            9) _____. The cone is the Fourier transform of the spatial distribution of the intensity of the scattered light on the sample surface, when the latter is illuminated by a point-like source. The enhanced backscattering relies on the constructive interference between reverse paths. One can make an analogy with a Young's interference experiment, where two diffracting slits would be positioned in place of the "input" and "output" scatterers.

1.2. Match the notions and their definitions

a. Scattering
1. a process of making waves of light, etc. vibrate in a single direction
b. Absorption
2. the sound or other vibration produced in an object by sound or vibrations of a similar frequency from another object
c. Radar
3. the greatest distance that a wave, especially a sound or radio wave, vibrates
d. Resonance
4. a process of a liquid, gas or other substance being taken in 

e. Polarization
5. a process of spreading in different directions 
f. Coherence
6. the situation in which all the parts of smth fit together well
g. Software package
7. a small colored mark or spot on a background of a different color
h. Speckle
8. a set of related programs for a particular type of task, sold and used as a single unit 

i. Amplitude
9. a system that uses radio waves to find the position and movement of objects 

1.3. Find the Russian equivalents of the following expressions in the text above:

1. Наиболее распространенный вид
2. Общепринятое название
3. Показатель преломления
4. Верхний предел

5. Ослабление излучения

6. Произвольная форма

7. Метод конечных элементов

8. Неясное, малоизученное явление
9. Распространяться сквозь среду
10. Применять модель
11. Локальный максимум
12. Случайные флуктуации

13. Явление интерференции

14. Слабая локализация
15. Узкий/ ограниченный угловой диапазон

16. Распределение в пространстве

17. Точечный источник

1.4. Find the synonyms to the following words in the text above:

	Noun
	Verb
	Adjective/ adverb

	exhaustion/ depletion

reason/ motive

rate/ speed

displacement 
	to promote/ encourage

to explain/ clear up

to alter

to evaluate
	traditional

very/ specifically

different/ various

technically complicated


1.5. Translate the sentences below paying attention to concessive clauses 

As (though) ... - Хотя и; как бы ни; как ни

Example: Difficult as ii was, the author tried to cite the data.

Хотя это и трудно, автор пытался привести данные.

1. Incomplete though the information about the constitution of the atmosphere of the planet may be it is still of value.

2. This hypothesis, surprising as it may seem at first, contains a considerable element of truth.

3. Important though the question may be in itself the debate on the subject went far beyond its original bounds.

4. Safe though an alternative method seemed thus far it was not extended to electronic states of low density plasma.

5. Difficult though it is to observe the surface of Mercury, it is more difficult to obtain certain evidence of the atmosphere.

6. Acceptable though these models proved in a general case they also suffer from shortcomings in the data available.

7. Strange as it may seem, the theory of numbers can be called an empirical or even experimental science.
1.6. Prepare short reports to explain the following topics:

· Brillouin scattering

· Raman scattering

· X-ray scattering

· Compton scattering

· LIDAR

· Rayleigh scattering

· Mie scattering 

· Young's interference experiment
· Anderson localization
TEXT 2

2.1. Before reading the text below explain the following notions.

1. attenuation

2. the Beer-Lambert law
3. absorption 

4. spectroscopy

5. deforestation
6. global warming 
7. albedo
Absorption in Physics

In physics, absorption is the process by which the energy of a photon is taken up by another entity, for example, by an atom whose valence electrons make transition between two electronic energy levels. The photon is destroyed in the process. The absorbed energy may be re-emitted as radiant energy or transformed into heat energy. The absorption of light during wave propagation is often called attenuation.

The absorbance of an object quantifies how much light is absorbed by it (not all photons get absorbed; some are reflected or refracted instead). This may be related to other properties of the object through the Beer-Lambert law.

For most substances, the amount of absorption varies with the wavelength of the light, leading to the appearance of color in pigments that absorb some wavelengths but not others. For example, an object that absorbs blue, green and yellow light will appear red when viewed under white light. More precise measurements at many wavelengths allow the identification of a substance via absorption spectroscopy.

The specific phenomena involving absorption of electromagnetic radiation at the Earth's surface have several important aspects. These phenomena include regulating the temperature of the Earth's crust, surface waters and lower atmosphere. Changes in the Earth's crust such as glaciation, deforestation, polar ice melting, will necessarily alter the quantity and wavelength selectivity of electromagnetic absorption at the Earth's surface; correspondingly, changes in climate such as global warming may accompany changes in electromagnetic absorption or its inverse, the albedo. Regulation of the temperature of surface waters has been analyzed with respect to the influence of electromagnetic radiation absorption, indicating the effects of total solar insolation and the local albedo.

Absorption refers to the absorption of sound waves by a material. The absorption is the "missing piece", when comparing the total reflected and transmitted energy with the incident energy.

It is the property of a material that changes acoustic energy into usually heat energy. A material or surface that absorbs sound waves does not reflect them. Absorption of a given material is frequency dependent as well as being affected by the size, shape, location, and mounting method used.

A good sound absorber is normally a porous material e.g. mineral wool, glass wool, but also Micro perforated plates work as sound absorbers.

Absorption is not a single mechanism of sound attenuation. Propagation through a heterogeneous system is affected by scattering as well.

2.2. Match the words to form collocations:

2.3. Translate the sentences below paying attention to the emphatic constructions.

1. It was only very gradually that the ideas of atoms became advanced and useful.

2. It is the "optical theorem" put in precise form by Niels Bohr that enabled us to compute the total cross section.

3. Again, it was the temperature change that turned out to be sufficient to account for an appreciable part of resistance change while the field was on.

4. It was Heinrich Hertz who in 1887 - 1888 succeeded in showing that rapidly oscillating electric charges do indeed produce electromagnetic waves.

5. Therefore one can conclude that Cygnus X-I docs comprise a black hole. At least this conclusion is the most reasonable cue.

6. Not until mechanics of fluids, mechanics of solids and applied mathematics were sufficiently advanced was ii possible io solve the main problems of fluid mechanics.

7. The first radio noise from outerspace was detected in 1930, but it was not until after the Second World War that a new branch of science, radio astronomy, was developed.

8. Not only did they collect material on the problem but they also arranged it properly.

9. Thus not only docs elastic scattering respond to the overall charge magnetic moment of the neutron but also reveals what is going on inside.

10. Not only did the newly discovered electron provide an entity (сущность, нечто реально существующее) which was assumed to be a constituent of all atoms, but it also provided a natural unit of electricity.

11. Perhaps, never before has been achieved more extensive and complete cooperation among scientists as in this task to prevent war.

12. There is no denying the fact that never before was there any discrepancy in our work between theoretical and experimental data.

13.  No sooner had the existence of the electron been established than many phenomena were nicely accounted for.

14. No sooner did the electron flow through the coil cease than the magnetic field collapsed and the iron was no longer magnetized.

15. This circuit will not be suitable for many applications, neither will it greatly facilitate the attainment of the amplified signal.

16. Mercury is not known to have atmosphere, nor is a permanent gaseous envelope expected to occur under the conditions existing on the planet.

17. The history of modern optics is related to two theories of light. Neither concept has been rejected. Nor is there any paradox in the occurrence of both wave and particle theory of light.

TEXT 3
3.1. For questions 1-6, read the text below and decide which answer (A, B, C or D) best fits each gap. 

Elastic and Inelastic Scattering

In physical descriptions of scattering, physicists commonly 1) ______ between two broad types, elastic and inelastic. Elastic scattering involves no (or a very small) loss or gain of energy by the radiation, 2) ______ inelastic scattering does involve some change in the energy of the radiation. These terms 3) _______ from the kinetic theory of the collision of solid bodies, which can often be used to model scattering processes.

If the radiation is substantially or completely 4) ______ by the interaction (losing a significant proportion of its energy), the process is known as absorption. In some contexts, absorption is considered to be merely a(n)       5) ______ form of inelastic scattering. Generally speaking, in classical physics absorption and scattering tend to be treated as different phenomena, while in quantum physics absorption is treated as a form of scattering via the S-matrix. To be 6) ______, absorption cannot occur without some degree of scattering, and scattering is rarely completely elastic, but on a macroscopic    7) ______ it is common for "absorption" and "scattering" to take place without any appreciable contribution from the other process, so treating them separately is often convenient.

1
A discriminate
B differ
   C discern

D distinguish
2
A whereas

B however
   C although
D as far as

3
A obtain

B gain
   C derive

D draw

4
A quenched

B destroyed 
   C liquidated
D extinguished
5
A extreme

B maximum   C farthest

D utmost

6
A punctual

B precise
   C clear

D accurate

7
A measure

B scope
   C scale

D range

3.2. For questions 1-13, read the text below. Use the word given in capitals at the end of the lines to form a word that fits in the same line. 

Neutron Scattering
	Neutron scattering from materials allows scientists to (1)_________ the structure and (2)____________ of materials down to atomic (3) _______ scales. Materials can be studies that are of interest to scientists in many fields including materials science and engineering, physics, chemistry, earth science and biology. Because neutrons are (4) _________ they can penetrate deeply into materials and it is possible to obtain the bulk properties of large samples, or to scan at (5) ________ for the residual stress in engineering components to ensure they will perform safely in operation. It is also possible by low-angle                 (6) __________ to explore the properties of surfaces, buried interfaces and (7) ________ layered structures. The structure of membranes and materials of biological (8) ___________ can also be determined. The magnetic moment of the neutron allows             (9) ______ of magnetic properties and highly correlated systems.

Since the 1950s many hundreds of neutron scattering experiments have been carried out at the NRU reactor at Chalk River, solving   (10) _________ problems for industry sometimes with substantial economic impact and pushing back the frontiers of human                 (11) ________ of the world around us. Those experiments have contributed to the (12) _________ of many hundreds of highly qualified people across the spectrum of science. The NRC Canadian Neutron Beam Centre enjoys a strong international reputation, and connects Canadian scientists to international     (13) __________ with over a 100 institutions in more than 20 countries during a typical five-year period.
	1. EXPLORATION

2. DYNAMIC

3. LONG
4. CHARGE
5. DEEP
6. REFLECT

7. synthesis
8. SIGNIFICANT
9. STUDY
10. PRACTICE
11. UNDERSTAND

12. EDUCATE
13. collaborate


3.3. Read the text below and fill in the gaps with a suitable word (verb, preposition, conjunction or article)

Materials Science and Engineering

The high penetration depth and characteristic wavelength of neutrons make neutrons well suited (1) ___ investigations of materials. Specimens can       (2) ___ studied (3) ___ temperatures as high as 2000°C or as low as 1.5 K (-272°C). Specimens can also be studied under tensile and compressive loads ((4) ___ to 45 kN), for standard dog-bone specimens as (5) ___ as u-bends and compact tension specimens. It is possible to study specimens under load and at elevated temperatures (up to 550°C).

Other environments (6) ___ as electro-chemical potential and hostile environments have been developed. We also have the ability to examine radioactive samples. We develop new environments to meet user needs, for example (7) ___ furnace for determining crystallographic texture at elevated temperatures is currently (8) ___ development, as is an in-situ welding system.

In most cases, measurements can be made non-destructively, leaving the specimen intact for subsequent measurement (9) ___ other techniques. Special surface preparation is typically (10) ___ required. Due to the high penetration depth of neutrons, it is relatively easy to create a variety of specimen environments for in-situ experiments. 

LISTENING
1. Speed listening. Note only the essential details of what you hear:

1. An IAEA proposal…….

2. Head of the IAEA´s Planning and Economic Studies Section explained….

3. Power supply in South Africa…

4. Drought….

5. Interest in biofuel…

6. The project would aim…

7. The new approach to resource planning….

2.  General information: Complete the chart with the basic ideas:
	What?
	Where?
	When?
	Who?
	How? 


	Why?

	
	
	
	
	
	


3.  Gap filling: Listen once again and complete the gaps in the summary of the passage below with the correct word or phrase you hear:

The IAEA proposed a new service aimed at helping planners and policymakers to _______________. 

Now most of resource arrangements occur in ______________ and the new service will seek ______________ in order to plan resource use globally. 

Hans-Holger Rogner spoke that previously work of his Section focused __________. But when the issue of biofuels arose, they decided to employ __________ and integrate ____________ in order to get a clear vision how ________________.

Services of three IAEA programs include: 

1 ___________________

2 ___________________management

3 ___________________service

Proponents of the proposal that was presented at a meeting of____________________________ hope to integrate it into the IAEA’s planning portfolio by the year ____________.

4. Listen to the examples of conflicts in the use of resources once again and make cause-and-effect relations between the ideas:

1
increasing the country’s power supply 



water’s availability


destruction of vegetation


desertification

2  
drought

  
drinking water supply

  
nuclear reactors’ operations

  
cooling water

3
interest in biofuel  


land for food stocks

production of biofuels


harvesting biomass


irrigation of food crops
PRESENTATION

Make up a presentation “NEUTRON INTERACTIONS” 

(See appendix 4)

APPENDIX 1

Mathematical signs, symbols and abbreviations.

	+

 —

 ±

 X

 : 

 ( )

 {}


 [ ]

 ~
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a=b

a 
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b

a 
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b

a ± b

a > b

a » b

a<b

a2>ad

x 
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a 
[image: image18.wmf]³

b

p = q

a'

a" 

a'"

ā

a1
a2

an

90°

10//  

a + b=c   

(a + b)2

4+7=11

12>5+5

5+5<12

с— b=a              

(2x—y)   
	plus 

minus

plus or minus

sign of multiplication, multiplication sign

sign of division, division sign

round brackets; parentheses

curly brackets; braces

square brackets; brackets

approaches, equivalent, similar
is approximately equal

a equals b; a is equal to b

a is not equal to b; a is not b

a approximately equals b

a plus or minus b

a is greater than b
a is substantially greater than b

a is less than b

a second is greater than a d-th

x tends to infinity

a is greater than or equals b   

p is identically equal to q

a prime

a double prime, a second prime

a triple prime

a vector; the mean value of a

a) a first

b) a sub one             

 c) a suffix one

a) a second

b) a sub two

c) a suffix two

a) a nth
b) a sub n

c) a suffix n

ninety degrees  

ten seconds, also ten  inches

a plus b is c 

a plus b equals с 

a plus b is equal to c    

a plus b makes с    

a plus b all squared

four plus seven is eleven

four plus seven equals eleven 

four plus seven is equal to eleven

twelve is greater than five plus five

five plus five is less than twelve

с minus b is a

с minus b equals a

с minus b is equal to a

с minus b leaves a 

bracket two x minus у close the bracket

eighteen minus six is equal to twelve

eighteen minus six equals twel​ve

eighteen minus six is twelve

eighteen minus six leaves twelve

once one is one

twice two is four

twice two makes four

five times five is twenty five 

five multiplied by five equals twenty five

five by five is equal to twenty five  

	18—6=12    

1Х1=1

2X2=4

5Х5 =25

	

	a =
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	a is equal to the ratio of e to 1
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ab

2

=ab
	ab square (divided) by b equals ab
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=0
	a) a divided by infinity is infinitely small

	
[image: image22.wmf]y

y

x

x

2

2

-

±


	X plus minus square root of x square minus y square all over y

	16:4=4
	sixteen divided by four is four 

sixteen by four equals four 

sixteen by four is equal to four
the ratio of sixteen to four is four



	20 : 5=16 : 4
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16


	the ratio of twenty to five equals to the ratio of sixteen to four


	1 :2
	the ratio of one to two     

	51 : 1
	the ratio of fifty one to оne

	2 : 3= 4:6
	two to three is as four to six

	1/2
	a (one) half

	1/3
	a (one) third

	1/4
	a (one) quarter, a (one) fourth

	2/3
	two thirds               

	3/4   
	three quarters; three fourth

	5/6   
	five sixths              

	25/57
	twenty five fifty sevenths

	2 1/2
	two and a half           

	3 3/4
	three and three quarters

	1/273
	one two hundred and seventy

	0.5

.5
	o [ou] point five

zero point five

nought point five

 point five

one half

	0.002

.002               
	о [ou] point о [ou] о [ou] two 

zero point zero zero two 

point two oes [ouz]two 

point two noughts two

	0.0000001
	o[ou]point six noughts one

	1.1
	one point one

	2.1
	two point one two

	15.505
	 Fifteen point five nought five

	2.12
	Two point one two

	x2  
	a)x square; x squared

b) the square of x

c) the second power of x

d) x raised to the second power

e) x to the second power

	42=16        
	a)the second power of four is sixteen

b) four squared is sixteen

	у3
	а) у cube, у cubed

b) the cube of у
c) the third power of у
d) у raised to the third power

e) у to the third power

	33 =27              
	the cube of three is twenty seven

	a5
	a to the n-th power

a raised to the fifth power

	an
	a to the n-th power

a to the n-th power

	y-10            
	у to the minus tenth power
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 = 4           
	the square root of sixteen is four
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	the square root of a
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27

=3
	the cube root of twenty seven is three
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	the cube root of a
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16

=2
	the fourth root of sixteen is two

	
[image: image30.wmf]5

2

a


	the fifth root of a square
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	alpha equals the square root of capital R square plus x square
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	the square root of 7 first plus capital A ,divided by two xa double prime 
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	a) dz over dx

b) the first derivative of z with respect to x                   
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	a) the second derivative of у with respect to x

b) d two у over d x square

	m
∫

n
	a) the integral from n to m  

b) integral between limits n and m

	tan r
	Tangent r

	Log 2
	The logarithm of two

	logcd
	Logarithm of d to the base c
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	The integral of dy divided by the square root out of c square minus y square


APPENDIX 2

Greek Alphabet

	Αα
	Alpha
	[`life]

	Ββ
	Beta
	[`bi:tə]

	Γγ
	Gamma 
	[`gæmə]

	Δδ
	Delta 
	[`deltə]

	Εε
	Epsilon
	[`epsilən]

	Ζζ
	Zeta
	[`zi:tə]

	Ηη
	Eta
	[`i:tə]

	Θθ
	Theta
	[`θi:tə]

	Ιι
	Iota
	[ai`outə]

	Κκ
	Kappa
	[`kæpə]

	Λλ
	Lambda
	[`læmdə]

	Μμ
	Mu
	[mju:]

	Νν
	Nu
	[nju:]

	Ξξ
	Xi
	[ksi:]

	Οο
	Omicron
	[`omikrən]

	Ππ
	Pi
	[pai]

	Ρρ
	Rho
	[rεu]

	Σσ
	Sigma
	[`sigmə]

	Ττ
	Tau
	[tau]

	Υυ
	Phi
	[fai]

	Φφ
	Chi
	[kai]

	Χχ
	Upsilon
	[`Λpsilən]

	Ψψ
	Psi
	[psai]

	Ωω
	Omega
	[`əumigə]


APPENDIX 3

Units and Dimensions
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APPENDIX 4

REPORT

When we make a report we divide it into three parts:

· introduction

· main body

· conclusion

In the introduction we clearly state the purpose of the report.

In the main body we present each main topic in a new paragraph with an appropriate heading. We discuss the positive and negative aspects (if there any of each feature).

In the conclusion we give our overall impression and make our recommendation. 

Use the following as phrase-openings:

· I would like to tell/say/speak …

· Let me say some/a few words/ideas about …

· I need/have to point out that …

· The problem(s) I want to tell about concern(s) …

· As far as I know …

· Finally/In the end I must/shall mention

PRESENTATION

Include these four parts into your presentation:

1. Introducing yourself

2. Preparing the audience

3. Delivering the message

4. Winding up

Use the following phrases:

· Good afternoon.

· First, let me introduce myself: I’m …….. from     

· The problem(s) I want to tell about concern(s) …

· I’ll begin by describing ………., and go on to ……….., and I’ll end with………… .

· I would like to tell/say/speak …

· Feel free to interrupt if you have any questions.

· Let me say some/a few words/ideas about …

· I need/have to point out that …

· I’d like to talk about ………

· First of all ………… Next …………

· I’d like now to turn to ………..

· I want to stress ……..

· At this point we have to bear in mind ………..

· Now, to change a subject for a moment …

· To return to the point I made earlier …..

· Before I finish, I’d like to run through the main points again …

· In conclusion ………

· Finally/In the end I must/shall mention …

· That brings me to the end of my presentation.

· Thank you for your attention.

· If you have any questions, I’ll be glad to answer them

Use visual aids such as chart, drawings and equations.

Be ready to answer the questions of the audience after your presentation. 
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random	 spontaneous





environmental	detecting





nuclear	 top	count





approximate 	consecutive








rate 	force	  layer





process	pattern 





factor		value





interval 	system
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to average 	to smooth 	to go
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electrons	attenuation





energy	(3)	 propagation





waters	insolation





albedo		material 
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