Exam question 1a

HEAT

What is heat? There have been many theories to explain the nature of heat. About a century ago heat was considered to be an invisible substance that passed from a hot to a cold object. This supposed substance was called caloric.

According to the caloric theory, when an object was heated in a flame it became full of caloric. The object would transfer part of its caloric to a colder substance when placed next to it. Only Robert Boyle and Isaac Newton began to think about heat in terms of molecular motion. Our great scientist M. V. Lomonosov was among the first to state that heat phenomena were due to the motion of molecules. That statement of his was the result of many carefully per​formed laboratory experiments, of study and observations. Lomonosov's theory laid the foundation for the present-day molecular-kinetic theory of heat.

Today heat is known to be a form of energy. The coal that burns in a boiler vaporizes the water and speeds up the steam molecules. The molecules of steam bombard the pis​tons in the cylinders of the locomotive so that a heavy train can be hauled across a continent. The chemical energy of coal is transformed into heat energy of the molecules of steam. The motion of the steam molecules is transformed to the motion of wheels by which the train is moved.

Exam question 2a

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 ef​fect. 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 3a

HEAT AND ENERGY. CONSERVATION OF ENERGY

The study of heat and its transformations was one of great intellectual, and even greater technical and eco​nomic, importance for the development of modern civi​lization. Originally, it was merely observations of Nature, of feelings of warmth and cold, of the operations of cooking, of the changes of the weather. There had been plenty of early speculations about heat. It was clearly connected with both life and fire.

Aristotle, especially in his meteorology, fixed the doctrine of the qualities of hot and cold, which, with wet and dry, determined the canonical four elements of fire (hot, dry), water (cold, wet), air (hot, wet), and earth (cold, dry). This doctrine, a fusion of chemistry and physics, was particularly important in medicine and seemed to be supported by the experience of chills and fevers. Indeed it is from medicine that came the first el​ementary ideas of heat measurement, the idea of temper​ature.

However, heat began to become a quantitative science with the gradual expansion and increase in scale of the industrial operations. Dr. Black was the originator of the new view of heat. His approach was a medical-physical one. He found different substances to be heated to dif​ferent degrees by the same amount of what he called the "matter of heat" establishing the heat capacity or specific heat of different substances. He also noticed that snow and ice took time to melt - that is absorb heat without getting hotter - and that the heat must be hidden or latent in melted water. 

Exam question 4a

WHAT IS HEAT?
Part I
What makes one thing hot and another cold? What do the terms "hot" and "cold" really mean?

Scientists are known to have worked for a long time to find an answer to the last question. They decided at last that the manifestation of heat was caused by a weightless substance or fluid called "caloric" which flowed from a hot body to a cold one. However, experience showed that certain heat effects could not be explained by the above theory, namely: the development of heat owing to friction as well as the tem​perature changes during the compression or expansion of a gas.

Lomonosov was the first to state that heat phenomena were due to molecular motion. His statement proved to be correct years after his death.

At present, we know heat to be a form of energy. Besides, we are quite familiar with the fact that all substances are made up of little particles called molecules. These are so minute that a single drop of water, for example, is assumed to have millions of them. Although a drop of water left on the table may seem to be at rest, everyone of its molecules is really moving about, colliding with other molecules, push​ing them, and changing direction. Of course, while one mole​cule is travelling, all the other millions of molecules in the, drop of water are doing the same thing.

Exam question 5a

WHAT IS HEAT?
Part II

What process takes place when we place & kettle full of cold water on the fire, in other words, when we want to heat water? The molecules begin to move much faster then, so that every time there is a collision, they jump away from each other much farther than they did before. As a result, the drop of water becomes larger, that is to say, it expands. In scientific language this property is called expansion.

The faster molecular movement makes the water first warm and then hot. On taking the kettle from the fire, we expect the molecules to slow down, and indeed the water be​gins to get cold. When our tea is said to be "hot" it really means that its molecules are travelling very fast. On the contrary, they are moving more slowly, when the tea is cold.

Although heat and temperature arc certainly connected, it is necessary to understand the difference between them. To show that similar quantities of heat may produce different effects in. different substances is not difficult at all. Placing a needle on the fire at the same time as a kettle of cold water, we find that the needle is red-hot before there is any marked difference in the water temperature.

One must say here that a red-hot needle receives far less heat than a kettle full of boiling water but its temperature is nevertheless much higher. On the other hand, if we place it in the boiling water, although the latter is certain to pos​sess far more heat than the former, the needle gives up heat to the water and not vice versa. When two bodies at different temperatures are brought into contact, we expect the warmer body to get cold while the colder one will be warmed. In this case, heat is said to flow from one body to the other by con​duction.

Exam question 6a

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 7a

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 8a

SOUND

The sounds vary in loudness, pitch, and quality. The sound waves may be reflected to produce echoes. They may also be amplified or absorbed as we please. Some sounds are harsh and discordant, and their intensity measured in decibels may be almost painful. Other sounds are pleasing, and seem to act as a sedative for everwrought nerves and weary muscles. Above the range of frequencies which the normal human ear can hear is a wide range of inaudible sound vibrations called ultrasonic waves. Their frequency may vary from 15,000 to as high as 500,000,000 vibrations per second.
Velocity of Sound. The velocity of sound depends on the density and the elasticity of the medium. The greater the elasticity and the less the density, the greater is the veloc​ity. The relation between the velocity, the density, and the elasticity of the medium is expressed by the formula
v=   , where v=the velocity of sound; E=the modulus of elasticity of the medium; p=the density of the medium. 
The Intensity of Sound. When sound waves spread out in every direction from a source of sound, the intensity varies inversely as the square of the distance from the source. In this case, the sound waves spread out as spheres. The same amount of energy is transmitted across every spherical sur​face having its centre at the source of sound. The larger the surface of these spheres, the smaller the energy that goes through each square centimetre of surface. The surfaces of these spheres increase as the squares of their radii increase. Hence, the energy that passes through unit area decreases as the squares of the radii increase.
Exam question 9a

LIGHT
The Nature of Light. Scientists have always been puzzled by the nature of light. In the seventeenth century there were two schools of thought concerning it. Isaac Newton regarded light as a stream of corpuscles or tiny particles travelling in straight lines, whilst the Dutch physicist Huygens held that light consisted of waves in a substance called the "ether", which he supposed filled the whole of space including that between the atoms of matter and which could not be removed even from a vacuum.
As time went on and more became known about the behav​iour of light, Huygens' wave theory came to be accepted as the better one. At present, however, we have evidence to suppose that light consists of streams of tiny wave-like pack​ets of energy called "quanta", which travel at a speed of 186,000 miles per second.
Atoms emit light at high temperatures produced by chemi​cal reaction in a flame, by the electrical heating of thin tung​sten wire in the ordinary electric lamp or by the bombard​ment of gas molecules by electrons in a discharge lamp tube.
Sources of Light. The sun is the chief source of light and heat, but there are many artificial sources. Any body when heated to a sufficient high temperature becomes a source of light. As the temperature of a body is raised, the body emits invisible radiations. When it becomes red-hot, visible radia​tions begin to be emitted. The higher the temperature, the greater is the amount of both heat and light waves that are emitted, but the percentage of visible radiations becomes larger as the temperature of the source of radiations is increased. 
Exam question 10a
FUELS
   Part I
The fuels used in industry are either solid, liquid or gaseous, the predominant class in the Soviet Union being the first named. Liquid and gaseous fuels are employed to a lesser, but still important extent. In speaking of "fuel" it is still the universal practice to mean the combustible material which in conjunction with atmospheric oxygen, forms the source of heat. Actually the fuel in the ordinary sense is only one of two components needed for the generation of heat by combustion. Air being the source of the oxygen required to produce the combustible mixture is, therefore, equally a part of the fuel, as are the other mate​rials already mentioned. Thus, an air jet to be introduced into an atmosphere of, say, coal gas will burn in an identical manner to a gas jet in air. Excess of either of these components beyond the correct proportions is expected to lead to waste of heat.
A feature common to all industrial fuels is that the basic combustible is carbon and, with the exception of blast furnace gas, this is combined in various proportions with hydrogen together with small portions of oxygen and sulphur. Non-combustible components are practically only met with in the case of solid fuels, and go to form the ash residue after the combustible matter has been consumed. There will also be a widely varying percentage of moisture associated with solid fuels when delivered and fired.
Exam question 11a
FUELS
   Part II
Solid fuels are composed, from the practical point of view, of "fixed" carbon, volatile matter, sulphur and moisture. The fixed carbon, the volatile matter and, to a minor extent, the sulphur compose the combustible matter, the classification of solid fuels being usually based upon the ratio of volatile matter to the fixed carbon.
The volatile matter is that proportion of the fuel which is distilled and gasified on heating to a temperature of 900° C, without access of air, leaving a residue of solid coke consisting of carbon and the incombustible ash and a portion of the sulphur. The fixed carbon is that remaining in the coke after distillation of the volatile matter. It is determined by complete combustion of the coke in a stream of oxygen so that only the ash remains.
Moisture occurs in fuel as free or acquired moisture which is largely or mainly influenced as to percentage by external conditions such as weather encountered in transit and storage or by deliberate wetting. It also occurs as inherent or hygroscopic moisture, the former being removed by exposure to an air current at ordinary room temperature (say, 60° F) for about twenty-four hours, when it is said to be air-dried. The inherent moisture is that remaining after air drying. It is removed only by exposure to a temperature of about 212° F, when it will be fully evaporated. If the fuel is allowed to cool down and to be exposed to the atmosphere, it will once more take up inherent moisture. The line of demarcation between free and inherent moisture is somewhat vague and arbitrary, since the ratio must be to a large extent influenced by atmospheric humidity.
Exam question 12a
TURBINES

The steam turbine is prime mover in which a part of that form of energy of the steam evidenced by a high pressure and temperature is converted into kinetic energy of the steam and then into shaft work.
The basic advantage of the turbine over other forms of prime movers is the absence of any reciprocating parts. With only rotating motion involved, high speeds are attainable.
Since power is directly proportional to torque times speed, and increase in the rotative speed materially decreases the value of the torque required for a given power output. A decrease in the required torque permits a reduction in the size of the prime mover by reducing the length of the torque arm or the force acting on the torque arm. Also, with the absence of any reciprocating parts, vibration is greatly minimized. Owing to the high rotative speeds available with relatively little vibration, the size and cost of the driven machinery, of the building space, and of the foundations are greatly reduced. These advantages are most apparent in large prime movers and permit the steam turbine to be built in sizes of over 350,000 hp in single units, and 760,000 hp in compound units.
Exam question 13a
TYPES OF TURBINES

Steam turbines may be broadly grouped into three types, the classification being made in accordance with the conditions of operation of the steam on the rotor blades.
The groups are as follows :
1. Impulse.  This may be divided into:
a) Simple impulse
Pressure compounded
b) Compound impulse    Velocity compounded
c) Combined  impulse.     Pressure velocity compounded
2.
Reaction  subdivided  into
        a) Axial flow b) Radial and axial flow
3.
Combination of 1 and 2.
1. Impulse Turbines. In an impulse turbine the potential energy in the steam due to pressure and superheat is converted into kinetic energy in the form of weight and velocity by expanding it in suitably shaped nozzles.
The whole of the expansion takes place in the fixed nozzle passages. As there is no expansion in the passage between the rotor blades, the steam pressure is the same at the inlet and outlet edges of these blades. The steam impinges on the wheel blades causing the wheels to rotate. The expansion is carried out in stages referred to as "pressure stages", each stage-being separated from the next by a diaphragm with nozzle openings through which the steam passes on its way through the turbine.
Exam question 14

SEMI-CONDUCTORS
Part I

The term "Semi-conductors" means "half-conductor", that is, a material whose conductivity ranges between that of conductors and non-conductors of insulators.
They include a great variety of elements (selicon, germanium, selenium, phosphorus and others), many chemical compounds (oxides, sulphides) as well as numerous ores and minerals.
While the conductivity of metals is very little influenced by temperature, the conductivity of semi-conductors increases sharply with heating and falls with cooling. This dependence has opened great prospects for employing semi-conductors in measuring techniques. Light as well as heat increases the con​ductivity of semi-conducting materials, this principle being used in creating photo resistances. It is also widely applied for switching on engines, for counting parts on a conveyer belt, as well as for various systems of emergency signals and for reproducing sound in cinematography. Besides reacting to light, semi-conductors react to all kinds of radiations and are therefore employed in designing electronic counters.
Exam question 15a
SEMI-CONDUCTORS

Part II
Converting heat into electricity without using boilers or other machines was one of the most complicated engineering problems. This could be done by means of metal thermocouples which later were made of semi-conductors that generat​ed ten times as much electricity as the metal ones.
Sunlight, like heat, can feed our electric circuits. Photocells made of semi-conducting materials are capable of transforming ten per cent of sun-ray energy into electric power. By burning wood which has accumulated the same amount of solar energy, we obtain only fractions of one per cent of electric power. The electricity generated by semi-conductor thermocouples can produce not only heat but also cold, this principle being used in manufacturing refrigerators.
Semi-conducting materials are also excellent means of maintaining a constant temperature irrespective of the surrounding temperature changes. The latter can vary over a wide range, for example, from 50° below 0' to 100" above 0°.
Semi-conductors are determining the progress of radio engineering, automation, chemistry, electrical engineering and many other fields of science and technique.
Exam question 16a
THE IMPELLERS

The types of impellers installed in centrifugal pumps are as numerous as the uses to which the pumps are put. Classification, however, can be made by designating the direction of flow of the fluid leaving the impeller. All pumps have the intake parallel to the impeller shaft. The discharge, however, may be radial, partially radial and axial, or axial. In the radial-type impeller the suction and discharge are at right angles. The radial impeller may be of the closed or the open type. The term closed or open refers to the fluid passage within the impeller. The open impeller has one side of the flow path open to the pump casing or housing. The closed impeller has both sides of the flow path enclosed by the sides of the impeller. The partially radial impeller discharges at an angle greater than 90 degrees with intake" and is of the open-impeller design.
The axial-flow impeller discharges at an angle of approximately 180 degrees with the intake and is generally of the propeller type.
Each of the impeller types has a specific purpose. The axial-flow type is used to pump large quantities of' fluid against a relatively small static head.
It is not a true centrifugal pump but is designed on the principles of airfoil shapes. The radial pump is used for handling smaller quantities of fluid against a high head, because the centrifugal force is high but the flow path is small and restrictive. The open impeller is designed to handle dirty liquids such as sewage, where the flow path must be less restrictive. The partially radial impeller covers intermediate pumping conditions.

Exam question 17a
FANS

Fans are used extensively in the heating and ventilating industry and in most power plants. Their basic design principles fall into two classes: axial-flow fans and centrifugal-or radial-flow fans. Axial-flow fans are basically rotating airfoil sections similar to the propeller of an airplane.
The simplest axial-flow fan is the small electric fan used for circulating air in rooms against very little resistance. Axial-flow fans for industrial purposes are the two-blade or multiblade propeller type, and the multiblade air-foil type. Air enters the fan section from the left and flows over the rotor with a mini​mum of turbulence owing to the streamline form of the rotor and drive mechanism. The air stream is straightened by guide vanes located on the discharge side, thus decreasing the rotational energy of the air by converting it to energy of transla​tion.
The axial-flow fan operates best under conditions where the resistance of the system is low, as in the ventilating field. The axial-flow fan occupies a small space, is light in weight, is easy to install, and handles large volumes of air.
Centrifugal fans may be divided into two major classes: 1) the long-blade or plate-type fan, and 2) the short-blade multi-blade fan. The blades of either type may be pitched toward the direction of motion of the fan, radially, or away from the direction of motion of the fan.
Exam question 18a
AUTUMATION
Part I
Automation is performing certain tasks, previously done by people, by machines only. The sequences of operations are controlled automatically. The most familiar example of a highly automated system is an assembly plant for automobiles or other complex products.
The term automation is also used to describe nonmanufacturing systems in which automatic devices can operate independently of human control. Such devices as auto​matic pilots, automatic telephone equipment and automated control systems are used to perform various operations much faster and better than could be done by people.
Automated manufacturing had several steps in its development. Mechanization was the first step necessary in the development of automation. The simplification of work made it possible to design and build machines that resembled the motions of the worker. These specialized machines were motorized and they had better production efficiency.
Exam question 19a
AUTUMATION
Part I
Industrial robots, originally designed only to perform simple tasks in environments dangerous to human workers, are now widely used to transfer,' manipulate, and position both light and heavy workpieces performing all the functions of a transfer machine.
In the 1920s the automobile industry for the first time used an integrated system of production. This method of production was adopted by most car manufacturers and became known as Detroit automation.
The feedback principle is used in all automatic-control mechanisms when machines have ability to correct themselves. The feedback principle has been used for centuries. An outstanding early example is the flyball governor, invented in 1788 by James Watt to control the speed of the steam engine. The common household thermostat is another example of a feedback device.
Using feedback devices, machines can start, stop, speed up, slow down, count, inspect, test, compare, and measure. These operations are commonly applied to a wide variety of production operations
