Exam question 1a

ATOMIC POWER STATIONS

Part I
The application of nuclear energy to electricity is increasingly developing. This is a vital necessity as it is the only known potential capable of meeting mankind's various power requirements. These requirements are growing and natural fuels like coal, oil, and gas are being rapidly exhausted. Thus, it is to atomic power that man turns to solve the above problem. In effect, nuclear fuel greatly exceeds in its power equivalent all the world's reserves of coal and oil taken together.

The first atomic power station in France was put into operation at the end of September, 1956. Britain's first atomic power plant went into operation in October, 1956. It is in the Soviet Union that the world's first nuclear power plant generated the first commercial current in June, 1954. Nuclear power generation has made tremendous progress since then and scores of similar power plants are now operating in the world.

Our country has built and is building powerful atomic stations as well as reactors of a new type. Nuclear energy being developed in a reactor in the form of heat, its use supplies us with both cheap heat and power available in large quantities wherever needed.

The total capacity of our atomic power stations reached a million kilowatts. That is far from being the limit. As a matter of fact, it is expected that by 1980 the total power capacity of Soviet nuclear power plants will have reached tens of millions kw.

Exam question 2a

ATOMIC POWER STATIONS

Part II
We know of chemical processes where the energy of the atom accelerates a number of reactions, the latter developing under conditions which can do without complicated equipment. Atomic energy in these cases makes needless ultra high temperatures and pressures.

Ionising radiation helps obtaining materials with new physical and chemical properties in the desirable direction. Glass, for instance, becomes stronger besides its withstanding high temperatures. As for wood, it is found to obtain a number of properties similar to those of metal. Great possibilities are opening up in the atomic energy use for transport purposes since its advantages arise not only from the limitless power but also from the small quantity of nuclear fuel required.

Nuclear instruments used in metallurgy control the operation and the state of certain processes in blast furnaces. Isotope instruments measure the thickness of hot rolled sheet metals, find out faults in metals besides their doing many other things.

It is the atom that has accelerated the testing of minerals and the study of the earth's surface structure.

Medicine represents another promising example of nuclear energy utilization. Here, this mighty force has found a wide application.

All that has been done so far in the use of nuclear energy for peaceful purposes is but a beginning. It is obvious that in due course other possibilities will come to light. At any rate, the reader can think of ways and means that have not been mentioned here.

Exam question 3a

SOLAR ENERGY AND ITS UTILIZATION
Part I
Annually the Sun supplies the Earth with 6 x 10" kilowatt hours of radiant energy, more than 20,000 times greater than the world's total power consumption. In other words, only a very small fraction of solar energy reaching the Earth is utilized. One of the main problems is the discovery of ways and means of making more effective use of solar radiation, the energy of which is practically unlimited.

The Sun is the source of all main forms of energy. It gives warmth and life. From very ancient times man has made attempts to harness the solar energy.

Today solar energy can be converted into electricity at an efficiency rate of about 10 per cent. This is not much of course.

Sunlight does not produce high temperatures. It may heat metal so as to make it uncomfortable to the touch, but this is obviously not enough to power an efficient motor. For this, powerful concentrators of solar energy have to be created.

Much has already been done to promote the industrial uses of solar energy. Thus in many countries solar water heaters are used. One square metre of such a heater saves as much as 200 kilograms of fuel a year. Solar energy is utilized in Britain, Algeria, Italy and other countries.

Exam question 4a

SOLAR ENERGY AND ITS UTILIZATION
Part II
Systematic work on the utilization of solar energy began in the Soviet Union in 1926. At present there are four centres concerned with solar power problems in this country. In Moscow, the Research Institute of Power Sources and the Power Institute are engaged mainly in direct conversion of sunligh into electricity. The Turkmen Academy of Sciences is working on solar desalinators and air conditioner; workers in Uzbekistan are studying high temperature physics, the concentration of solar energy and its conversion to mechanical energy; in Armenia the prospects for large scale solar power production are being investigated. The reason why so much work on solar energy utilization is being conducted in Central Asia and Armenia is simple enough: at Tashkent or Ashkhabad the amount of solar energy that hits the ground at noon is nearly equal to the capacity of the famous Dnieper Hydroelectric Station.

Special solar installations are used in deserts to produce distilled water. The sun is also used for producing low temperatures, solar air conditioners cost only about one-fifth or one-sixth as much as electric conditioners.

There already exists a project of a solar electric station for generating 2,500,000 kwh of electricity and 20,000 ton of steam a year. On the order of the day are power stations employing principles of direct conversion of solar energy into electricity.
Exam question 5a

THE ATOMIC POWER PLANT (I)
Industry depends on power. The industrial development of the last 200 years has been based primarily on the exploitation of coal and later of oil. In some parts of the world the force of flowing water has been used to generate electricity.

Now a new fuel and a new source of power is put to the service of mankind. The fuel is uranium and the source of power is atomic power.

Nuclear power plants offer a new means of making power available in regions where the cost of transport is nearing its economic limits. One of the great advantages of atomic power stations is the fact they can be built in the very region where power is to be used. As a result long electric transmission lines become unnecessary. The atomic power plant is a typical steam power installation with the electricity generated by a steam turbine operated by water converted into steam as a result of uranium fission. 

The principal components of the power plant equipment are: A. The nuclear reactor. B. The heat exchanger in which the steam is produced. C. The steam turbine.

The power plant has two main water circulation circuits: first — between the reactor and the steam exchanger for transferring heat and second — between the steam exchanger and the turbine for producing steam to drive the turbine.

The scientists have designed a few types of reactors. The reactors will operate with a mixture of natural and enriched uranium. Atomic power stations are advantageous because of their low fuel consumption. If the capacity of an atomic power station is assumed to be one million kilowatts and its efficiency 25 per cent, only about 500 kg of fuel will be required to ensure the operation of the reactors for 24 hours. 
Exam question 6a

THE ATOMIC POWER PLANT (II)

Atomic power plants are modern installations. They consist of several main units and a great numbers of auxiliary ones.

In a nuclear reactor uranium is utilized as a fuel. During operation process powerful heat and radioactive radiation are produced. The nuclear reactor is cooled by water circulatoin. Cooling water circulates through a system of tubes, in which the water is heated to a temperature of 250-300°C. In order to prevent boiling of water, it passes into the reactor at a pressure up to 150 atmospheres.

A steam generator includes a series of heat exchangers comprising tubes. The water heated in the reactor is delivered into the heat exchanger tubes. The water to be converted into steam flows outside these tubes. The steam produced is fed into the turbogenerator.

Besides, an atomic power plant comprises a common turbogenerator, a steam condenser with circulating water and a switchboard.

Atomic power plants have their advantages as well as disadvantages. Their reactors and steam generators operate noiselessly; the atmosphere is not polluted by dust and smoke. As to the fuel consumption, it is of no special importance and there is no problem of fuel transportation.

The disadvantage of power plants utilizing nuclear fuel is their radiation. Radioactive radiation produced in the reactors is dangerous for attending personnel. Therefore, the reactors and steam generators are installed underground. All their controls are operated by means of automatic devices. These measures serve to protect people from radioactive radiation.

Exam question 7a

THE STEAM POWER PLANT
The function of a steam power plant is to convert the energy in nuclear reactions or in coal, oil or gas into mechanical or electric energy through the expansion of steam from a high pressure to a low pressure in a suitable prime mover such as a turbine or engine. A non-condensing plant discharges the steam from the prime mover at an exhaust pressure equal to or greater than atmospheric pressure. A condensing plant exhausts from the prime mover into a condenser at a pressure less than atmospheric pressure.
The steam-generating unit consists of a furnace in which the fuel is burned, a boiler, superheater, and economizer, in which high-pressure steam is generated and an air heater in which the loss of the energy due to combustion of the fuel is reduced to a minimum. The boiler is composed of a drum and a bank of inclined tubes, connected to the drum in such a manner as to permit water to circulate from the drum through the tubes and back to the drum. The hot products of combustion from the furnace flow across the boiler tubes and evaporate part of the water in the tubes The furnace walls are composed of tubes which are also connected to the boiler drum to form very effective steam-generating surfaces. The steam which is separated from the water in the boiler drum then flows through a superheater which is in effect a coil of tubing surrounded by the hot products of combustion.The temperature of the steam is increased in the superheater to perhaps 800° to 1100° F, at which temperature the high-pressure superheated steam flows through suitable piping to the turbine.

Exam question 8a

STRUCTURE OF THE ATOM

The atom is the basic particle of all matter. All solids, gases and liquids are composed of atoms.

For a time the atom was considered to be indivisible but then it has been found that the atom in its turn can be divided into many different components.

In dividing the atom, man releases forces of great magnitude. These are forces that bind the central core of the atom. This central core — the nucleus — is extremely small in diameter.

The nucleus of the atom is of a highly complex structure. It is the three main components of the atom that we shall deal with below. These are called protons, neutrons and electrons.

The proton carries a positive charge of electricity, the number of protons in the nucleus determining the element that the atom forms. 

The second of these basic components of the nucleus is the neutron. The neutron does not carry a definite electric charge. The sub-particles that form the neutron do carry charges but the charge of one balances that of another, leaving the neutron neutral. It is from this state that it gets its name.

The third component of the atom is the electron. The electrons revolve around the nucleus. Each electron carries a negative charge of electricity that is equal to the positive charge of a proton in the nucleus.

Exam question 9a

ATOMIC ENERGY

A man trying to see a single atom is like a man trying to see a single drop of water in the sea while he is flying high above it. He will see the sea made up of a great many drops of water, but he certainly will not be able to see a single drop. By the way, there are so many atoms in the drop of water that if one could count one atom a second, day and night, it would take one hundred milliard years. But that is certainly impossible.

Man has, however, learned the secret of the atom. He has learned to split atoms in order to get great quantities of energy. At present, coal is one of the most important fuel and our basic source of energy. It is quite possible that some day coal and other fuel may be replaced by atom​ic energy. Atomic energy replacing the present sources of energy, the latter will find various new applications.

The nuclear reactor is one of the most reliable "furnaces" producing atomic energy. Being used to produce energy, the reactor produces it in the form of heat. In other words, atoms splitting in the reactor, heat is developed. Gas, water, melted metals, and some other liquids circulating through the reactor carry that heat away. The heat may be carried to pipes of the steam generator containing water. The resulting steam drives a turbine, the turbine in its turn driving an electric generator. So we see that a nuclear power-statjon is like any other power-station but the fa​miliar coal-burning furnace is replaced by a nuclear one, that is the reactor supplies energy to the turbines. By the way, a ton of uranium (nuclear fuel) can give us as much energy as 2.5 to 3 million tons of coal.

Exam question 10a
THERMODYNAMICS

Thermodynamics is that branch of physics which deals with the con​version of mechanical energy into thermal energy and the reverse process of transforming heat into work.

The production of heat by mechanical means may be illustrated by the phenomena of friction. For example, fire may be started while rubbing together two sticks of wood. Heat is developed when compressing a gas. The transformation of heat into work may be illustrated by operation of a steam or gas engine by means of which heat may be transformed inter mechanical energy.

To transform energy from any of its numerous forms into heat is a comparatively simple process. To transform heat into work is a different matter. Experience shows that any actual physical process, as the change of state of a system, is irreversible and is accompanied by frictional effect. All transformations of energy are subject to two far-reaching laws:

1) The general law of conservation of energy, of which the following
is a statement: the total energy of an isolated system remains constant and
cannot be increased or diminished by any physical process whatever.

2) The law of degradation of energy. According to this law, the result
of any transformation of energy is the reduction of the quantity of energy
that may be usefully transformed into mechanical work.

Exam question 11a
VARIETIES OF ENERGY

There exist many sources of energy in the world both potential and kinetic. One source consists in water falling from a high level such as an upland lake. Another source is wind or moving air. Others consist in tides in the sea, heat from subterranean sources and lastly coal depos​its and oil wells yielding mineral oil.

But all these sources and stores of energy are not equally useful to mankind. Moreover some more stores of energy such as coal and oil can never be replaced by us when once used up. On the other hand stores of high level water are continually being replaced by rain and wind and tides will not, as far as we know, ever cease to exist. Hence a very im​portant matter is the conversion of energy from one form to another. The form most required by us is mechanical rotational energy.

This energy is required to rotate shafts in a factory for driving va​rious machines and also for driving the wheels of vehicles of automobiles or locomotives. The energy of water power is very unequally distribut​ed, some countries such as Norway and Switzerland being rich in it and some such as England poor. England is rich in the potential energy of coal but has little or no oil wells.

Appliances for converting energy from one form to another are called engines. Thus a heat-engine is a machine for converting heat energy into mechanical energy of rotation by the combustion of coal or oil and a turbine or water engine can convert the kinetic energy of falling water into mechanical rotational energy.

The efficiency of an engine is the ratio of the energy delivered in the desired form to that given to the engine in the available form. Thus having given a heat-engine much energy by combusting coal or oil we take from it mechanical energy in kinetic form, rotational or motional.

Exam question 12a
CONSERVATION OF ENERGY AND MATTER

The Law of Conservation of energy means that no energy can be creat​ed or destroyed in any physical effects or transformations.

A similar generalization has long been recognized in chemical changes, viz., that there is no creation or destruction of mass. Thus in a closed vessel we may have chemical changes taking place but there is no alteration in the mass of the contents. Thus suppose in a glass bulb we have some water and some metal potassium and carefully weigh it. Then let the potassium be tilted into the water, a violent chemical action occurs producing hydrogen gas and also potassium hydroxide which dissolves in the rest of the water. But no change in the total weight of the contents of the bulb is observed. This truth is called the Law of Conservation of mass.
It has been shown however that matter can be converted into energy of radiation and that therefore the Law of Conservation of energy in​cludes or implies also the conservation of mass.
Einstein has stated the rule for the equivalence of mass m in grams and energy e in ergs. It is e=m (3x 1010)3 or 1 gram=9xlO20 ergs. Where 3xlO10 is the velocity of light in centimetres per second.
The fact that mass and energy can be changed into one another has given us means to explain the source of the energy radiated by the Sun for untold billions of years. It is from the melting away of the Sun's mass into radiation by degrees. The total energy radiated by the Sun as Light and Heat is 28 x 1026x 80-27 X 106=2248 x 1032ergs per minute. 
Exam question 13a
SOLAR LIGHT BY NIGHT

Most people living in towns consider it a usual thing that streets are lit at night. But street lights need a power supply therefore distant areas with no source of electricity remain in darkness until the sun comes up again. 

With new appliances now offered by several British firms, many distant places could be lit with solar-powered street lights. It may seem strange that the lamps can use the power of the sun which shines by day when the lamps are needed at night, but they work by using energy accumulated during the day from a solar panel. The solar panel produces electricity which charges a battery. When the sun goes down, the battery power is then used for lighting. Each lamp has its own panel so the system can be used for one individual light or a number of them. 

In the south of Saudi Arabia a motorway tunnel miles from any power supply is lit day and night by solar-powered devices. The solar panels provide power during the day and charge batteries which accumulate enough power to light the tunnel at   night. The generation of electricity by batteries is still expensive but the advantage of sun-powered lamps is that they can bring light to areas distant from any other power supply. 

There is one more advantage of solar power: not only it is unlimited, but also its use does not pollute the environment. That is why it is very important to develop devices which make it possible to transform solar power into mechanical or electric forms of power. 

Exam question 14a
HARNESSING SOLAR ENERGY
The experiments on solar cells gave the possibility to collect enough data to predict the possible performance of solar stations. These experiments have led to the building of a solar furnace developing temperatures of 3,000°C in a sunray focal point. Electricity generated by such an in​stallation costs less than that generated by a steam power-station.
The solar stations in the Kara-Kum desert will become producers of cheap electricity in the near future. The amount of solar energy per square meter here is equal to the energy generated by burning 200 kg of high quality coal.
Power cells of the size of a matchbox have been devel​oped to convert solar energy into electricity. Such cells can accumulate sufficient energy in one bright day to power a large transistor radio for ten days.
