PRINCIPLES OF ELECTRONICS
It should be quite obvious to the student that the vast subject of electronics cannot be covered in one chapter or even in one text​book. However, this chapter will describe the basic principles of electronics and acquaint the student with the operation of simple electronic circuits. The information gained from this chapter will also enable him to continue on to more advanced studies.1 Further we shall discuss such circuit elements as inductors, capacitors, resis​tors, electron tubes, transistors, and other items used in the con​struction of electronic circuits. We shall describe the functions of these units and also the methods by which they are connected to​gether to produce certain effects. We shall also show how the principles discussed in this chapter are used in radio receivers, radio transmitters, electronic control systems, radar and other elec​tronic devices.
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ELECTRONIC CIRCUIT ELEMENTS
Resistors. A resistor is a circuit element designed to insert re​sistance in the circuit. A resistor may be of low value or of high value.
Resistors in electronic circuits are made in a variety of sizes and shapes.1 They are generally classed as2 fixed, adjustable or variable, depending upon their construction and use.
The resistance value of small fixed resistors is sometimes indi​cated by a code colour.
Resistors required to carry a comparatively high current3 and dissipate high power4 are usually of the wire-wound ceramic type.
Adjustable and variable resistors. An adjustable resistor is usu​ally of the wire-wound type with a metal collar which may be moved along the resistance wire to vary the value of the resistance placed in the circuit. In order to change the resistance, the contact band must be loosened and moved to the desired position and then tight​ened so that it will not slip. In this way the resistor becomes, for all practical purposes, a fixed resistor during operation.
A variable resistor is arranged so that it may be changed in value at any time by the operator of the electronic circuit. This change is usually accompanied by rotating a small adjustment knob or by turning a screw adjustment. Variable resistors are commonly known as rheostats or potentiometers.
It must be pointed out that the use of a resistor of any type must be very carefully considered. The capacity of a fixed resistor, rheostat or potentiometer must be such that it can handle the cur​rent5 through the circuit without damage computing the current by means of Ohm's law.
Inductors. The purpose of an inductor, or inductance coil, is to insert inductance into a circuit. The effect of an inductance is to oppose any change6 in the existing current flow in a circuit. The opposition to current flow in an a. c. circuit by an inductor is called inductive reactance and is measured in ohms.
Inductors are made in many shapes and designs. An inductor used in extremely high-frequency circuits may consist of only one turn or even less than one turn of wire. On the other hand, an inductor used as a choke coil in a low-frequency circuit or in a filter circuit may contain many turns of wire and also be wound on an iron core to increase the inductance.
Inductors are often used in radio in connection with capacitors to provide tuned circuits. These tuned circuits are most valuable in radio and television for filtering out unwanted frequencies7 and passing the desired frequencies.
Inductance coils are rated as to value in henrys. One henry is a comparatively large inductance. Therefore, many of the inductors used in electronic circuits are rated in millihenrys. One millihenry (mh) is one thousandth of a henry. One henry is the inductance of a coil which will produce a back voltage of 1 volt when the current change is at the rate of8 1  amp per second.
Capacitors. A capacitor may be defined as a device consisting of two or more conductor plates separated from one another by a di​electric and used for receiving and storing an electric charge. The effect of a capacitor in an electric circuit is to oppose any change in the existing voltage.
Capacitors are commonly used in d. с. circuits to reduce the effects of   transient voltages and currents. Electrical   transients are high voltages developed from time to time when the circuit is broken or reconnected, as when a switch is turned on or off. These transient voltages are usually caused by the inductance of a circuit. In an a. c. circuit the capacitor is often used to block the direct current but permit the flow of the alternating current. In effect, the alter​nating current appears to flow through the capacitor but is actually being stored first on one plate of the capacitor and then on the other.
Like many other electronic units, capacitors are manufactured in a wide variety of sizes and styles. Some very low-capacity capacitors are merely tiny wafers of metal separated by an insulator; large capacitors may weigh several pounds. Fixed capacitors are of two general types. One is the dry capacitor which consists of metal plates separated by a dry dielectric such as mica or waxed paper, and the other is the electrolytic capacitor, whose dielectric is a chemical paste or one electrolyte. The electrolytic capacitor is effective in only one direction. This means that it must be connected in such a manner that the positive and negative polarities are correct. If it is connected in reverse, the current will flow through the capacitor and destroy it. Fixed capacitors of both the dry and electrolytic type are manufactured in a wide variety of shapes and sizes. The electrolytic capacitors are marked to indicate the correct method of connection into a circuit.
The unit of capacitance is a farad. A capacitor which will store 1 coulomb of electricity under an e. m. f. of 1 volt has a capacitance of 1 farad. The farad is an extremely high value of capacitance; therefore capacitors used in standard electronic circuits are rated in9 microfarads (1 mf = one millionth of a farad) or micromicrofarads (1 mf = one millionth of a microfarad).
PRINCIPLES OF TUNING
Resonant circuits. In the design and operation of electronic systems resonant circuits provide the key to frequency control. When a cer​tain frequency is to be produced, it is necessary to establish a circuit which is resonant at that frequency.1 Also, when a certain frequency is to be passed through a circuit and others eliminated, it is neces​sary to have a circuit which is resonant at the frequency to be passed. When a certain frequency is to be blocked,2 it is necessary to place in the circuit a resonant tank circuit, which will block the frequency for which it is resonant. Resonant circuits are most essential in radio and television receivers and transmitters.
Filters. The characteristics of resonant circuits, as just described, make them very useful for filtering various frequencies in an elec​tronic circuit. Among the types of filters used in electronic circuits are high-pass filters, low-pass filters, and band-pass filters. A high-pass filter tends to pass frequencies in the higher ranges and to at​tenuate or reduce the current at frequencies in low ranges. The low-pass filter will pass frequencies in the lower ranges and attenuate or reduce the current frequencies of the higher ranges. A band-pass filter will allow a certain band of frequencies to pass and will reduce the current at frequencies below or above the band range. A filter may be made a tuning circuit by making either the inductance or the capacitance variable. A typical tuning circuit consists of a variable capacitor used with a fixed inductance. In some cases, however, the capacitor is fixed and the inductance is tuned by means of a "slug" or movable core. Tuning circuits are usually designed to have fairly high selectivity, that is, they allow only a very narrow band of frequencies to pass and reject all others.
THE ELECTRON TUBE
It may be stated that the modern electronic industry was born with the invention of the electron tube. The first discoveries in electron-tube phenomena were made by Thomas Edison in 1883 during his experiments with the incandescent lamp. Edison discovered that the heated filament of an incandescent lamp gives off electrons which pass to another electrode in the bulb and thus create an actual current flow from the filament to the other electrode, or plate.
The diode tube. An electron tube, also called a vacuum valve, consists of a glass or metal enclosure in which electrodes are placed and sealed in either a gaseous or an evacuated atmosphere.3 The simplest of electron tubes is the diode, which has two operating electrodes. One of these is the heated cathode, which emits the electrons, and the other is the plate or anode. The cathode may be directly heated or indirectly heated. The tube with the directly heated cathode utilizes the heated filament for the cathode, in this case the filament is coated with a special material which greatly increases the number of electrons emitted. If the tube has an indi​rectly heated cathode, the cathode consists of a metal tube in the centre of which is a filament or heater. The heater is insulated from the metal tube. The outside of the cathode tube is covered with an electron-emitting material such as barium oxide, strontium oxide or thorium oxide.
The principal advantage of the diode tube is that it permits the flow of current in one direction only, that is, from the heated cathode to the anode. If an alternating current is applied to the cathode, the tube will conduct only during one half of each cycle, that is, while the cathode is negative and the anode or plate is pos​itive. For this reason diode tubes are often used as rectifiers to change alternating current to direct current. Diode tubes are used in the power-supply circuits of such electronic devices as radio and television, which obtain their primary power from a. c. sources.
Another use of the diode tube is as a detector.4 In this application the tube changes the h. f. a. c. carrier wave into a direct current which displays the modulation of the a. f. signal, separates the audio portion of a radio signal from the r. f. portion which is the carrier wave.
The triode tube. The triode tube was discovered by Dr. Lee De Forest. De Forest found that by adding a third element to the diode tube the electron flow from the cathode to the plate could be ef​fectively controlled by changing the electrical charge on the grid placed between them.
The effect of the grid in a triode makes it possible for the tube to act as an amplifier, that is, small changes in voltage on the grid will cause very substantial changes in the current flow from the cathode to the plate.

TRANSISTORS
Among the most important discoveries in electronics during recent years is the invention of the transistor. The transistor is a very small device which is replacing and is doing the work of a much larger electron tube. One of its principal advantages, however, is that no current is required for a heater circuit, as the transistor works at room temperature. During operation a transistor becomes heated, and so it is necessary to make certain that the transistor circuit is not overloaded beyond its operating limits.5
Semiconductors. The operation of a transistor depends upon the nature and characteristics of a crystal substance such as germanium, or silicon. Pure germanium and silicon are good insulators because there are no free electrons to carry current through the material. However, when a very small percentage of an impurity is added, their crystal lattice 
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structure remains the same, but the extra electrons brought in by the impurity remain free in the material to act as current carriers. This makes the material a semiconductor, that is, it will carry current in one direction and block the flow of current in another direction. Germanium with an impurity which leaves an excess of electrons in the material is called n-type germanium because of its negative characteristic. When an impurity such as aluminium is added to germanium, p-type germanium is formed. This is because aluminium atoms have fewer valence electrons, and when combined with germanium, they leave vacant spots or holes where an electron should be in order to balance the charges between the atoms. A current flows in p-type germanium, electrons move into the holes, leaving other holes at the points from which they came. This is the hole current.
Junction transistor. There are two principal types of transistors: the point-contact transistor and the junction transistor.
A junction transistor consists of three principal sections and may be manufactured as one piece. In a n-p-n transistor the crystal consists of a section of n-type germanium, and another larger section of n-type germanium. One end of this transistor is called the emitter, the small p-type section is called the base, and the other end is called the collector. The collector is biased positive with respect to the base; hence there will normally be no current flow across the base-to-collector junction. The positive col​lector will draw the electrons away from the junction and the nega​tive base will draw the holes away1 from the junction, and so there can be no transfer of holes or electrons at this point. Since the emitter is negative with respect to the base, the electrons will flow from the emitter to the base and the holes will move from the base to the emitter. This results in a substantial flow of electrons from the emitter to the base, and since the base is very thin, these electrons move across the base and into the positively charged collector.
The result is that a substantial collector current will flow. This collector current will vary in accordance with the changes of the current flow across the emitter-to-base junction. Generally speaking, we may consider the operation of this transistor similar to that of a triode tube with the emitter representing the cathode,2 the base representing the control grid and the collector representing the plate.
The advantages of a transistor are its very small size and weight, the fact that no power is necessary for heating it, and its compar​atively rugged construction.
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Vocabulary
electronic circuits электронные схемы
inductor индукционная катушка
capacitor конденсатор

resistor сопротивление
electron tube электронная лампа
transistor транзистор
radio receiver радиоприемник
radio transmitter радиопередатчик
electronic control system система электронного управления
electronic device электронное устройство
code colour условный цвет
fixed resistor постоянное сопротивление
wire-wound ceramic type проволочно-керамический тип
adjustable (variable) resistor переменное сопротивление
metal collar металлический хомут
contact band контактное кольцо
adjustment knob установочная ручка
screw adjustment установочный винт
potentiometer потенциометр
to handle the current пропускать ток
to compute the current рассчитать силу тока
inductance coil катушка самоиндукции
inductive reactance реактивное сопротивление

high-frequency circuit высокочастотная цепь
choke coil дроссельная катушка
filter circuit цепь фильтра
iron core железный сердечник
tuned circuits настроенные цепи
back voltage обратное напряжение
conductor plates проводящие  пластины
transient voltages, electrical transients неустановившиеся напряжения
to block блокировать
dry capacitor сухой конденсатор 

electrolytic capacitor электролитический конденсатор
e.m.f. = electromotive force электродвижущая сила
resonant circuits резонансные цепи 

frequency control регулирование частоты 

tank circuit промежуточный контур 

high-pass filter фильтр верхних частот 

low-pass filter фильтр низких частот
band-pass filter полосовой фильтр

"slug" or movable core подвижной сердечник

selectivity избирательность

incandescent lamp лампа накаливания

filament нить накала

bulb лампочка

metal enclosure металлический баллон

electron-emitting material электронно-излучающий материал
barium oxide окись бария

strontium oxide окись стронция

thorium oxide окись тория

rectifier выпрямитель

h. f. а. с. carrier высокочастотная несущая волна переменного тока

audio portion низкочастотная часть

r. f. portion высокочастотная часть

fine wire тонкая проволока

spacing between the grid wires пространство между витками сетки

amplifier усилитель

semiconductor полупроводник

crystal substance кристаллическое вещество

silicon кремний

antimony сурьма

crystal lattice кристаллическая решетка

n-type germanium n-германий
p-type germanium р-германий

valence electron валентный электрон

hole дырка

hole current дырочный ток

junction transistor плоскостный транзистор
point-contact transistor точечный полупроводниковый транзистор

п-р-п transistor п-р-п транзистор

emitter эмиттер
base база полупроводникового транзистора
collector коллектор
biased positive с положительным смещением
base-to-collector junction переход база — коллектор
emitter-to-base junction переход эмиттер — база
rugged construction прочная конструкция






