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[bookmark: _Toc57646638]

Unit 1
[bookmark: _Toc57646639]Text A
                                                   Ohm’s Law. 

Using Ohm's Law
The relationship defined by Ohm's law is generally expressed in three equivalent forms:
I = V / R
Current equals voltage divided by resistance.
R = V / I
Resistance equals voltage divided by current.
V = IR
Voltage equals current times resistance.
Voltage equals current multiplied by resistance.
with these variables defined across a conductor between two points in the following way:
[bookmark: _Hlk64545772]I represents the electric current, in units of amperes. 
[bookmark: _Hlk57149984]V represents the voltage measured across the conductor in volts, and
R represents the resistance of the conductor in ohms.
[bookmark: _Hlk64545782]One way to think of this conceptually is that as a current, I, flows across a resistor (or even across a non-perfect conductor, which has some resistance), R, then the current is losing energy. The energy before it crosses the conductor is therefore going to be higher than the energy after it crosses the conductor, and this difference in electrical is represented in the voltage difference, V, across the conductor.
[bookmark: _Hlk64545792]The voltage difference and current between two points can be measured, which means that resistance itself is a derived quantity that cannot be directly measured experimentally. However, when we insert some element into a circuit that has a known resistance value, then you are able to use that resistance along with a measured voltage or current to identify the other unknown quantity.
History of Ohm's Law
[bookmark: _Hlk64545801][bookmark: _Hlk57150043][bookmark: _Hlk64545807]German physicist and mathematician Georg Simon Ohm (March 16, 1789 - July 6, 1854 C.E.) conducted research in electricity in 1826 and 1827, publishing the results that came to be known as Ohm's Law in 1827 in his paper, The Galvanic Circuit Investigated Mathematically. He was able to measure the current with a galvanometer, and tried a couple of different set-ups to establish his voltage difference.
The first was a voltaic pile, similar to the original batteries created in 1800 by Alessandro Volta.
In looking for a more stable voltage source, he later switched to thermocouples, which create a voltage difference based to a temperature difference. What he actually directly measured was that the current was proportional to the temperature difference between the two electrical junctures, but since the voltage difference was directly related to the temperature, this means that the current was proportional to the voltage difference.
In simple terms, if you doubled the temperature difference, you doubled the voltage and also doubled the current. (Assuming, of course, that your thermocouple doesn't melt or something. There are practical limits where this would break down.)
[bookmark: _Hlk57150111]Ohm wasn't actually the first to have investigated this sort of relationship, despite publishing first. Previous work by British scientist Henry Cavendish (October 10, 1731 - February 24, 1810 C.E.) in the 1780's had resulted in him making comments in his journals that seemed to indicate the same relationship. Without this being published or otherwise communicated to other scientists of his day, Cavendish's results weren't known, leaving the opening for Ohm to make the discovery.
That's why this article isn't entitled Cavendish's Law. These results were later published in 1879 by James Clerk Maxwell, but by that point the credit was already established for Ohm.
[bookmark: _Hlk64545818]Other Forms of Ohm's Law
[bookmark: _Hlk57150198]Another way of representing Ohm's Law was developed by Gustav Kirchhoff , and takes the form of:
J = σE
where these variables stand for:
[bookmark: _Hlk57150234][bookmark: _Hlk64545824]J represents the current density (or electrical current per unit area of cross section) of the material. This is a vector quantity representing a value in a vector field, meaning it contains both a magnitude and a direction.
[bookmark: _Hlk64545832][bookmark: _Hlk64545839][bookmark: _Hlk57150285]sigma represents the conductivity of the material, which is dependent upon the physical properties of the individual material. The conductivity is the reciprocal of the resistivity of the material.
[bookmark: _Hlk64545849][bookmark: _Hlk57150307]E represents the electric field at that location. It is also a vector field.
The original formulation of Ohm's Law is basically an idealized model, which doesn't take into account the individual physical variations within the wires or the electric field moving through it. For most basic circuit applications, this simplification is perfectly fine, but when going into more detail, or working with more precise circuitry elements, it may be important to consider how the current relationship is different within different parts of the material, and that's where this more general version of the equation comes into play. 

Task 1. Read and translate text A.

[bookmark: _Hlk57404892][bookmark: _Hlk57272874]Task 2. Give the English equivalents of the following expressions:
Ток, сопротивление, напряжение, проводник, измерять, схема, величина/значение, производная величина, переменная, плотность тока, поперечное сечение, удельная проводимость, заряд, обратная величина.

[bookmark: _Hlk57229917]Task 3. Answer the following questions.
1. What are three forms of expressing Ohm’s Law?
2. What do letters I,V and R represent?
3. Was Ohm the first to investigate such relationship?
4. What is another way of representing Ohm’s Law? Who developed it?
5. What is conductivity?
6. What kinds of set-ups did Ohm try to establish his voltage difference?
7. What did he directly measured?
8. When and where did Ohm present the results of his investigations?


[bookmark: _Hlk57491017]Task 4. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. V represents the voltage measured across the insulator in volts.
2. German physicist and mathematician Georg Simon Ohm (March 16, 1789 - July 6, 1854 C.E.) conducted research in electricity in 1826 and 1829.
3. Ohm wasn't actually the first to have investigated this sort of relationship, despite publishing first.
4. Another way of representing Ohm's Law was developed by Gustav Kirchhoff.
5. J represents the current direction (or electrical current per unit area of cross section) of the material.
6. The conductivity is the reciprocal of the resistivity of the material.
7. E represents the electric field at that location. It is not a vector field.


[bookmark: _Hlk57405166]Task 5. Solve the following problems using the formulas of Ohm’s Law. Use the example given.
Example:
-Current equals 5 amps; resistance equals 10 ohms. How much is the voltage?
-Voltage equals current times resistance. 5x10=50V.
1. R=80 ohms, V=55 V, I=?
2. R=10.25 ohms, I=35 amp, V=?
3. V=50.05 V, I=120 amp, R=?
4. I=10,500 amp, V=2,000 V, I=?
5. V=20.05 V, R=0.015 ohm, I=?
6. I=0.24 amp, R=1.36 ohms, V=?

[bookmark: _Hlk57152556]Task 6. Make up similar problems of your own. Ask your groupmates to solve them.

Task 7. Retell the text.







[bookmark: _Toc57646640]Text B
How Voltage, Current, and Resistance Relate

An electric circuit is formed when a conductive path is created to allow free electrons to continuously move. This continuous movement of free electrons through the conductors of a circuit is called a current, and it is often referred to in terms of “flow,” just like the flow of a liquid through a hollow pipe. 
[bookmark: _Hlk64545856][bookmark: _Hlk57272413]Current is a flow of electricity through a circuit. Let us consider two main types of current: direct and alternating. A direct current (d.c.) flows through a conducting circuit in one direction only. It flows provided a direct voltage source is applied to the circuit.
[bookmark: _Hlk57272447][bookmark: _Hlk64546000]An alternating current (a.c.) is a current that changes its direction of flow through a circuit. It flows provided an alternating voltage source is applied to the circuit. 
 Alternating current flows in cycles. The number of cycles per second is called the frequency of the current. In a 60-cycle alternating current circuit the current flows in one direction 60 times and in the other direction 60 times per second.
[bookmark: _Hlk57272507][bookmark: _Hlk64545860][bookmark: _Hlk57272680]The force motivating electrons to “flow” in a circuit is called voltage. Voltage is a specific measure of potential energy that is always relative between two points. When we speak of a certain amount of voltage being present in a circuit, we are referring to the measurement of how much potential energy exists to move electrons from one particular point in that circuit to another particular point. Without reference to two particular points, the term “voltage” has no meaning.
[bookmark: _Hlk57272763]Free electrons tend to move through conductors with some degree of friction, or opposition to motion. This opposition to motion is more properly called resistance. The amount of current in a circuit depends on the amount of voltage available to motivate the electrons, and also the amount of resistance in the circuit to oppose electron flow. Just like voltage, resistance is a quantity relative between two points. For this reason, the quantities of voltage and resistance are often stated as being “between” or “across” two points in a circuit.
[bookmark: _Hlk57272808]Each unit of measurement is named after a famous experimenter in electricity: The amp after the Frenchman Andre M. Ampere, the volt after the Italian Alessandro Volta, and the ohm after the German Georg Simon Ohm.
The mathematical symbol for each quantity is meaningful as well. The “R” for resistance and the “V” for voltage are both self-explanatory, whereas “I” for current seems a bit weird. The “I” is thought to have been meant to represent “Intensity” (of electron flow), and the other symbol for voltage, “E,” stands for “Electromotive force.” From what research I’ve been able to do, there seems to be some dispute over the meaning of “I.” The symbols “E” and “V” are interchangeable for the most part, although some texts reserve “E” to represent voltage across a source (such as a battery or generator) and “V” to represent voltage across anything else. 
All of these symbols are expressed using capital letters, except in cases where a quantity (especially voltage or current) is described in terms of a brief period of time (called an “instantaneous” value). For example, the voltage of a battery, which is stable over a long period of time, will be symbolized with a capital letter “E,” while the voltage peak of a lightning strike at the very instant it hits a power line would most likely be symbolized with a lower-case letter “e” (or lower-case “v”) to designate that value as being at a single moment in time. This same lower-case convention holds true for current as well, the lower-case letter “i” representing current at some instant in time. Most direct-current (DC) measurements, however, being stable over time, will be symbolized with capital letters.

Task 1. Read and translate text B.

[bookmark: _Hlk57297934]Task 2. Answer the following questions.
1. What is current?
2. What types of current can you remember? What is the difference between them?
3. What is resistance? What is it measured in?
4. What is voltage? What is it measured in?
5. Why is voltage a specific measure of potential energy?
6. Who is each unit of measurement named after?
7. What can you say about the mathematical symbols for each quantity?
8. When are these symbols expressed using capital letters/lower-case letters?


[bookmark: _Hlk56250588]Task 3. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. A direct current (d.c.) flows through a conducting circuit in one direction only.
2. An alternating current (a.c.) is a current that cannot change its direction of flow through a circuit.
3. The force motivating electrons to “flow” in a circuit is called resistance.
4. Without reference to two particular points, the term “voltage” has no meaning.
5. Just like voltage, resistance is a quantity relative between two points.
6. Each unit of measurement is named after a famous experimenter in electricity.

[bookmark: _Hlk57407514]Task 4. Give the English equivalents of the following expressions:
Ток, проводник, позволять, схема/цепь, постоянный/переменный ток, направление, источник напряжения, при условии, частота, количество, сопротивление, величина, поток электронов, трение, зависеть от, ЭДС.

Task 5. Write the summary of text B. 7-10 sentences.

Task 6. Give the definitions of the following terms in English:
Current, voltage, resistance, conductor, circuit, frequency, AC, DC, EMF, friction, quantity, free electrons, voltage source.  

[bookmark: _Toc57646641]Text C
                                                           Batteries (1)

The word battery simply means a group of similar components. In military vocabulary, a “battery” refers to a cluster of guns. In electricity, a “battery” is a set of voltaic cells designed to provide greater voltage and/or current than is possible with one cell alone.
[bookmark: Cell][bookmark: _Hlk57404551]The symbol for a cell is very simple, consisting of one long line and one short line, parallel to each other, with connecting wires:

[image: https://sub.allaboutcircuits.com/images/00260.png]
[bookmark: _Hlk57404723]
The symbol for a battery is nothing more than a couple of cell symbols stacked in series:

[image: https://sub.allaboutcircuits.com/images/00261.png]
[bookmark: _Hlk57404514][bookmark: _Hlk57404599][bookmark: _Hlk57404755]
As was stated before, the voltage produced by any particular kind of cell is determined strictly by the chemistry of that cell type. The size of the cell is irrelevant to its voltage. To obtain greater voltage than the output of a single cell, multiple cells must be connected in series. The total voltage of a battery is the sum of all cell voltages. A typical automotive lead-acid battery has six cells, for a nominal voltage output of 6 x 2.0 or 12.0 volts:

[image: https://sub.allaboutcircuits.com/images/00262.png]

The cells in an automotive battery are contained within the same hard rubber housing, connected together with thick, lead bars instead of wires. The electrodes and electrolyte solutions for each cell are contained in separate, partitioned sections of the battery case. In large batteries, the electrodes commonly take the shape of thin metal grids or plates, and are often referred to as plates instead of electrodes.
For the sake of convenience, battery symbols are usually limited to four lines, alternating long/short, although the real battery it represents may have many more cells than that. On occasion, however, you might come across a symbol for a battery with unusually high voltage, intentionally drawn with extra lines. The lines, of course, are representative of the individual cell plates:

[image: https://sub.allaboutcircuits.com/images/00263.png]

If the physical size of a cell has no impact on its voltage, then what does it affect? The answer is resistance, which in turn affects the maximum amount of current that a cell can provide. Every voltaic cell contains some amount of internal resistance due to the electrodes and the electrolyte. The larger a cell is constructed, the greater the electrode contact area with the electrolyte, and thus the less internal resistance it will have.
[bookmark: Resistance,_internal_to_battery]Although we generally consider a cell or battery in a circuit to be a perfect source of voltage (absolutely constant), the current through it dictated solely by the external resistance of the circuit to which it is attached, this is not entirely true in real life. Since every cell or battery contains some internal resistance, that resistance must affect the current in any given circuit:

[image: https://sub.allaboutcircuits.com/images/00264.png]

The real battery shown above within the dotted lines has an internal resistance of 0.2 Ω, which affects its ability to supply current to the load resistance of 1 Ω. The ideal battery on the left has no internal resistance, and so our Ohm’s Law calculations for current (I=E/R) give us a perfect value of 10 amps for current with the 1 ohm load and 10 volt supply. The real battery, with its built-in resistance further impeding the flow of electrons, can only supply 8.333 amps to the same resistance load.
The ideal battery, in a short circuit with 0 Ω resistance, would be able to supply an infinite amount of current. The real battery, on the other hand, can only supply 50 amps (10 volts / 0.2 Ω) to a short circuit of 0 Ω resistance, due to its internal resistance. The chemical reaction inside the cell may still be providing exactly 10 volts, but voltage is dropped across that internal resistance as electrons flow through the battery, which reduces the amount of voltage available at the battery terminals to the load.
Since we live in an imperfect world, with imperfect batteries, we need to understand the implications of factors such as internal resistance. Typically, batteries are placed in applications where their internal resistance is negligible compared to that of the circuit load (where their short-circuit current far exceeds their usual load current), and so the performance is very close to that of an ideal voltage source.
[bookmark: _Hlk57404684]If we need to construct a battery with lower resistance than what one cell can provide (for greater current capacity), we will have to connect the cells together in parallel:

[image: https://sub.allaboutcircuits.com/images/00265.png]
[bookmark: _Hlk57404832]
Essentially, what we have done here is determine the Thevenin equivalent of the five cells in parallel (an equivalent network of one voltage source and one series resistance). The equivalent network has the same source voltage but a fraction of the resistance of any individual cell in the original network. The overall effect of connecting cells in parallel is to decrease the equivalent internal resistance, just as resistors in parallel diminish in total resistance. The equivalent internal resistance of this battery of 5 cells is 1/5 that of each individual cell. The overall voltage stays the same: 2.0 volts. If this battery of cells were powering a circuit, the current through each cell would be 1/5 of the total circuit current, due to the equal split of current through equal-resistance parallel branches.

Task 1. Read and translate text C.

Task 2. Answer the following questions.
1. What is the symbol for a cell?
2. What is the symbol for a battery?
3. Is the size of the cell relevant to its voltage?
4. How do you connect cells to obtain greater voltage?
5. What is the total voltage of a battery?
6. How do you connect cells to obtain greater current capacity?
7. What do cells consist of?
8. What does the physical size of a cell affect?

[bookmark: _Hlk57409005]Task 3. Complete the following sentences using the text.
1. the voltage produced by any particular kind of cell is determined strictly by …
2. The symbol for a cell is very simple, consisting of …
3. To obtain greater voltage than the output of a single cell, multiple cells must be connected …
4. If we need to construct a battery with lower resistance than what one cell can provide (for greater current capacity), we will have to connect the cells …
5. The symbol for a battery is nothing more than a …
6. The total voltage of a battery is …
7. The overall effect of connecting cells in parallel is to …

Task 4. Give the English equivalents of the following expressions:
Элемент питания, состоять из, провода, определять, напряжение, соединять последовательно, раствор, влиять, внутреннее сопротивление, схема, нагрузка, понижать, производительность, ток.

Task 5. Solve the following problems.
1. Suppose that you have four electric cells. The current capacity of each cell equals 1.5 amp, the voltage output equals 2V.
a) Connect the cells in series. In what way should it be done?
b) Connect the battery to a circuit whose resistance value equals 15 ohms. What is the value of current in the circuit?
2. Suppose that you have three cells of the same value.
a) Connect them in parallel/ In what way should it be done?
b) Connect the second battery to the same circuit: what will it result in?
3. Suppose that one of the cells stops operating. What should be done in this case?


[bookmark: _Toc57646642]Text D
                                                  Batteries (2)

When connecting batteries together to form larger “banks” (a battery of batteries?), the constituent batteries must be matched to each other so as to not cause problems. First we will consider connecting batteries in series for greater voltage:

[image: https://sub.allaboutcircuits.com/images/00273.png]
[bookmark: _Hlk57407016]
We know that the current is equal at all points in a series circuit, so whatever amount of current there is in any one of the series-connected batteries must be the same for all the others as well. For this reason, each battery must have the same amp-hour rating, or else some of the batteries will become depleted sooner than others, compromising the capacity of the whole bank. Please note that the total amp-hour capacity of this series battery bank is not affected by the number of batteries.
Next, we will consider connecting batteries in parallel for greater current capacity (lower internal resistance), or greater amp-hour capacity:

[image: https://sub.allaboutcircuits.com/images/00274.png]
[bookmark: _Hlk57407087]
We know that the voltage is equal across all branches of a parallel circuit, so we must be sure that these batteries are of equal voltage. If not, we will have relatively large currents circulating from one battery through another, the higher-voltage batteries overpowering the lower-voltage batteries. This is not good.
On this same theme, we must be sure that any overcurrent protection (circuit breakers or fuses) are installed in such a way as to be effective. For our series battery bank, one fuse will suffice to protect the wiring from excessive current, since any break in a series circuit stops current through all parts of the circuit:

[image: https://sub.allaboutcircuits.com/images/00275.png]
[bookmark: _Hlk57407132]
With a parallel battery bank, one fuse is adequate for protecting the wiring against load overcurrent (between the parallel-connected batteries and the load), but we have other concerns to protect against as well. Batteries have been known to internally short-circuit, due to electrode separator failure, causing a problem not unlike that where batteries of unequal voltage are connected in parallel: the good batteries will overpower the failed (lower voltage) battery, causing relatively large currents within the batteries’ connecting wires. To guard against this eventuality, we should protect each and every battery against overcurrent with individual battery fuses, in addition to the load fuse:

[image: https://sub.allaboutcircuits.com/images/00276.png]
[bookmark: Battery,_charging][bookmark: Charging,_battery]
[bookmark: _Hlk57407204][bookmark: _Hlk57407250][bookmark: _Hlk57407418][bookmark: _Hlk57407377]When dealing with secondary-cell batteries, particular attention must be paid to the method and timing of charging. Different types and construction of batteries have different charging needs, and the manufacturer’s recommendations are probably the best guide to follow when designing or maintaining a system. Two distinct concerns of battery charging are cycling and overcharging. Cycling refers to the process of charging a battery to a “full” condition and then discharging it to a lower state. All batteries have a finite (limited) cycle life, and the allowable “depth” of cycle (how far it should be discharged at any time) varies from design to design. Overcharging is the condition where current continues to be forced backwards through a secondary cell beyond the point where the cell has reached full charge. With lead-acid cells in particular, overcharging leads to electrolysis of the water (“boiling” the water out of the battery) and shortened life.
[bookmark: _Hlk57407313]Any battery containing water in the electrolyte is subject to the production of hydrogen gas due to electrolysis. This is especially true for overcharged lead-acid cells, but not exclusive to that type. Hydrogen is an extremely flammable gas (especially in the presence of free oxygen created by the same electrolysis process), odorless and colorless. Such batteries pose an explosion threat even under normal operating conditions, and must be treated with respect. The author has been a firsthand witness to a lead-acid battery explosion, where a spark created by the removal of a battery charger (small DC power supply) from an automotive battery ignited hydrogen gas within the battery case, blowing the top off the battery and splashing sulfuric acid everywhere. This occurred in a high school automotive shop, no less. If it were not for all the students nearby wearing safety glasses and buttoned-collar overalls, significant injury could have occurred.
When connecting and disconnecting charging equipment to a battery, always make the last connection (or first disconnection) at a location away from the battery itself (such as at a point on one of the battery cables, at least a foot away from the battery), so that any resultant spark has little or no chance of igniting hydrogen gas.
In large, permanently installed battery banks, batteries are equipped with vent caps above each cell, and hydrogen gas is vented outside of the battery room through hoods immediately over the batteries. Hydrogen gas is very light and rises quickly. The greatest danger is when it is allowed to accumulate in an area, awaiting ignition.
[bookmark: Battery,_sealed_lead-acid_cell]More modern lead-acid battery designs are sealed, fabricated to re-combine the electrolyzed hydrogen and oxygen back into water, inside the battery case itself. Adequate ventilation might still be a good idea, just in case a battery were to develop a leak.

Task 1. Read and translate text D.

Task 2. Write the summary of text D.

[bookmark: _Hlk57408740]Task 3. Look through the text and answer the following questions:
1. What do you know about the current at all points in a series circuit?
2. Is the voltage equal across all branches of a parallel circuit?
3. What should we protect batteries against?
4. What must particular attention be paid to when dealing with secondary-cell batteries?
5. How is hydrogen produced in batteries? What problems can it cause?
6. What does cycling mean?

Task 4. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. We know that the current is not equal at all points in a series circuit, so whatever amount of current there is in any one of the series-connected batteries must be different for all the others as well.
2. We know that the voltage is equal across all branches of a parallel circuit.
3. With a parallel battery bank, one fuse is adequate for protecting the wiring against load overcurrent.
4. Different types and construction of batteries have the same charging needs.
5. Cycling refers to the process of charging a battery to a “full” condition and then discharging it to a lower state.
6. Any battery containing water in the electrolyte is subject to the production of oxygen gas due to electrolysis.
7. Overcharging is the condition where current continues to be forced backwards through a secondary cell beyond the point where the cell has reached full charge. 
8. All batteries have an infinite (unlimited) cycle life.

Task 5. Give the English equivalents of the following expressions:
Емкость, влиять, плавкий предохранитель, автоматический выключатель, аккумулятор, заряжать, разряжать, оборудование, устанавливать, утечка, постоянный.

[bookmark: _Hlk57410512][bookmark: _Hlk57410547]Task 6. Read the text and find the answers to the following questions.
1. When does a cell supply energy?
2. What materials are commonly used for producing negative electrodes?
3. Explain, why iron and zinc are used.
4. How much is the voltage output of cells?
5. What does the value of the output depend on?
6. What is the relation between the size of the electrodes and the current capacity?
Electric cells.
In this text we shall consider electric cells. A cell supplies electric energy provided its electrodes are of different materials. In case the electrodes are of the same material they become charged but there is no difference of potential across the terminals. Iron and zinc plates are commonly used for producing negative electrodes since these materials produce a high charge. Carbon is commonly used to produce positive electrodes.
The voltage output of cells in use nowadays is from 1 to 2 V. The value of the output depends only on the materials used for the electrodes. Besides, it depends on the electrolyte of a cell. It does not depend on the size of a cell and its construction, while the current capacity of a cell depends on the size of the electrodes. The larger the size of the electrodes the more current capacity they can supply. When the size of the electrodes is increased the current capacity also increases while the voltage output does not increase. Such is the relation between the size of the electrodes and the current capacity.



[bookmark: _Toc57646643]Text E
                                               Battery types

[bookmark: _Hlk57409137]Batteries are classified into primary and secondary forms:
[bookmark: _Hlk57409190]Primary batteries are designed to be used until exhausted of energy then discarded. Their chemical reactions are generally not reversible, so they cannot be recharged. When the supply of reactants in the battery is exhausted, the battery stops producing current and is useless. 
[bookmark: _Hlk57409212]Secondary batteries can be recharged; that is, they can have their chemical reactions reversed by applying electric current to the cell. This regenerates the original chemical reactants, so they can be used, recharged, and used again multiple times. 
Some types of primary batteries used, for example, for telegraph circuits, were restored to operation by replacing the electrodes. Secondary batteries are not indefinitely rechargeable due to dissipation of the active materials, loss of electrolyte and internal corrosion.
[bookmark: _Hlk57409352]Primary batteries, or primary cells, can produce current immediately on assembly. These are most commonly used in portable devices that have low current drain, are used only intermittently, or are used well away from an alternative power source, such as in alarm and communication circuits where other electric power is only intermittently available. Disposable primary cells cannot be reliably recharged, since the chemical reactions are not easily reversible and active materials may not return to their original forms. Battery manufacturers recommend against attempting to recharge primary cells. In general, these have higher energy densities than rechargeable batteries, but disposable batteries do not fare well under high-drain applications with loads under 75 ohms (75 Ω). Common types of disposable batteries include zinc–carbon batteries and alkaline batteries.
Secondary batteries, also known as secondary cells, or rechargeable batteries, must be charged before first use; they are usually assembled with active materials in the discharged state. Rechargeable batteries are (re)charged by applying electric current, which reverses the chemical reactions that occur during discharge/use. Devices to supply the appropriate current are called chargers.
[bookmark: _Hlk57409402]The oldest form of rechargeable battery is the lead–acid battery, which are widely used in automotive and boating applications. This technology contains liquid electrolyte in an unsealed container, requiring that the battery be kept upright and the area be well ventilated to ensure safe dispersal of the hydrogen gas it produces during overcharging. The lead–acid battery is relatively heavy for the amount of electrical energy it can supply. Its low manufacturing cost and its high surge current levels make it common where its capacity (over approximately 10 Ah) is more important than weight and handling issues. A common application is the modern car battery, which can, in general, deliver a peak current of 450 amperes.
The sealed valve regulated lead–acid battery (VRLA battery) is popular in the automotive industry as a replacement for the lead–acid wet cell. The VRLA battery uses an immobilized sulfuric acid electrolyte, reducing the chance of leakage and extending shelf life. VRLA batteries immobilize the electrolyte. The two types are:
Gel batteries (or "gel cell") use a semi-solid electrolyte.
Absorbed Glass Mat (AGM) batteries absorb the electrolyte in a special fiberglass matting.
Other portable rechargeable batteries include several sealed "dry cell" types, that are useful in applications such as mobile phones and laptop computers. Cells of this type (in order of increasing power density and cost) include nickel–cadmium (NiCd), nickel–zinc (NiZn), nickel metal hydride (NiMH), and lithium-ion (Li-ion) cells. Li-ion has by far the highest share of the dry cell rechargeable market. NiMH has replaced NiCd in most applications due to its higher capacity, but NiCd remains in use in power tools, two-way radios, and medical equipment.
In the 2000s, developments include batteries with embedded electronics such as USBCELL, which allows charging an AA battery through a USB connector, nanoball batteries that allow for a discharge rate about 100x greater than current batteries, and smart battery packs with state-of-charge monitors and battery protection circuits that prevent damage on over-discharge. Low self-discharge (LSD) allows secondary cells to be charged prior to shipping.
Wet cell
[bookmark: _Hlk57409437]A wet cell battery has a liquid electrolyte. Other names are flooded cell, since the liquid covers all internal parts or vented cell, since gases produced during operation can escape to the air. Wet cells were a precursor to dry cells and are commonly used as a learning tool for electrochemistry. They can be built with common laboratory supplies, such as beakers, for demonstrations of how electrochemical cells work. A particular type of wet cell known as a concentration cell is important in understanding corrosion. Wet cells may be primary cells (non-rechargeable) or secondary cells (rechargeable). Originally, all practical primary batteries such as the Daniell cell were built as open-top glass jar wet cells. Other primary wet cells are the Leclanche cell, Grove cell, Bunsen cell, Chromic acid cell, Clark cell, and Weston cell. The Leclanche cell chemistry was adapted to the first dry cells. Wet cells are still used in automobile batteries and in industry for standby power for switchgear, telecommunication or large uninterruptible power supplies, but in many places batteries with gel cells have been used instead. These applications commonly use lead–acid or nickel–cadmium cells.
Dry cell
A dry cell uses a paste electrolyte, with only enough moisture to allow current to flow. Unlike a wet cell, a dry cell can operate in any orientation without spilling, as it contains no free liquid, making it suitable for portable equipment. By comparison, the first wet cells were typically fragile glass containers with lead rods hanging from the open top and needed careful handling to avoid spillage. Lead–acid batteries did not achieve the safety and portability of the dry cell until the development of the gel battery.
[bookmark: _Hlk57409479]A common dry cell is the zinc–carbon battery, sometimes called the dry Leclanché cell, with a nominal voltage of 1.5 volts, the same as the alkaline battery (since both use the same zinc–manganese dioxide combination). A standard dry cell comprises a zinc anode, usually in the form of a cylindrical pot, with a carbon cathode in the form of a central rod. The electrolyte is ammonium chloride in the form of a paste next to the zinc anode. The remaining space between the electrolyte and carbon cathode is taken up by a second paste consisting of ammonium chloride and manganese dioxide, the latter acting as a depolariser. In some designs, the ammonium chloride is replaced by zinc chloride.
Molten salt
Molten salt batteries are primary or secondary batteries that use a molten salt as electrolyte. They operate at high temperatures and must be well insulated to retain heat.

Task 1. Read and translate text E.

Task 2. Look through the text and answer the following questions:
1. How can batteries be classified?
2. What is the main difference between primary and secondary batteries?
3. What are common types of disposable batteries?
4. How are secondary batteries charged?
5. Give several examples of primary and secondary batteries.
6. Where are wet cells still used?
7. What does a standard dry cell comprise?


[bookmark: _Hlk57409508][bookmark: _Hlk57471003]Task 3. Complete the following sentences using the text.
1. Batteries are classified into ……….
2. Primary batteries are designed to ……..
3. Secondary batteries can …………..
4. Disposable primary cells cannot be ………….
5. The oldest form of rechargeable battery is …………
6. A wet cell battery has a ………….
7. A common dry cell is ………..


Task 4. Work in pairs, A and B. You have some details, but not all, about two kinds of cells. Find out the missing details from your partner so that you can complete your table.
Student A
	Cell
	Mercury
	Lithium

	Type
	?
	primary

	Output voltage
	1.35 V
	?

	Applications
	?
Hearing aids, watches, calculators
	Backup for computer RAM memories,
?

	Usual size
	?
	Button and small cylindrical cells

	Advantages
	Small size but high energy
	?
High voltages, last for long periods at low currents

	Disadvantages
	?
	Lithium is poisonous, used cells should be disposed of carefully





Student B
	Cell
	Mercury
	Lithium

	Type
	primary
	?

	Output voltage
	?
	3 V

	Applications
	Cameras, hearing aids, watches,
?
	?
Photographic equipment

	Usual size
	button
	Button and ?

	Advantages
	?
But high energy
	Long storage life, high voltages, last for long periods at low currents

	Disadvantages
	expensive
	?
Used cells should be disposed of carefully




Task 5. Read the text and find the answers to the following questions.
What are positive electrodes of the cells made of?
What are negative electrodes of the cells made of?
How are they used?
What is the electrolyte of the cells made of?
What is their EMF?
 
Zinc-carbon cell.
It has a zinc negative electrode, a manganese dioxide positive electrode, and the electrolyte is a solution of ammonium chloride. The carbon rod is in contact with the positive electrode (but is not involved in the chemical reaction) and is called the current collector. The EMF is 1.5 V and the internal resistance about 0.5 ohms. This is the most popular cell for low-current or occasional use, e.g. in torches.
Nickel-cadmium cell(NiCad)
The electrodes are of nickel (+) and cadmium (-) and the electrolyte is potassium hydroxide. It has an EMF of 1.2 V and is made in the same sizes as primary cells, e.g. HP2, PP3; button types are also available. High currents can be supplied. Recharging must be by a constant current power supply because of the very low internal resistance.

[bookmark: _Toc57646644]

Unit 2
[bookmark: _Toc57646645]Text A
                                          Digital signals and gates

[bookmark: _Hlk57471056]While the binary numeration system is an interesting mathematical abstraction, we haven’t yet seen its practical application to electronics. This chapter is devoted to just that: practically applying the concept of binary bits to circuits. What makes binary numeration so important to the application of digital electronics is the ease in which bits may be represented in physical terms. Because a binary bit can only have one of two different values, either 0 or 1, any physical medium capable of switching between two saturated states may be used to represent a bit. Consequently, any physical system capable of representing binary bits is able to represent numerical quantities and potentially has the ability to manipulate those numbers. This is the basic concept underlying digital computing.
Electronic circuits are physical systems that lend themselves well to the representation of binary numbers. Transistors, when operated at their bias limits, may be in one of two different states: either cut off (no controlled current) or saturation (maximum controlled current). If a transistor circuit is designed to maximize the probability of falling into either one of these states (and not operating in the linear, or active, mode), it can serve as a physical representation of a binary bit. A voltage signal measured at the output of such a circuit may also serve as a representation of a single bit, a low voltage representing a binary “0” and a (relatively) high voltage representing a binary “1.” Note the following transistor circuit:

[image: https://sub.allaboutcircuits.com/images/04068.png]
[bookmark: High,_logic_level][bookmark: Low,_logic_level][bookmark: Logic_level]
[bookmark: _Hlk57471112][bookmark: _Hlk57474338]In this circuit, the transistor is in a state of saturation by virtue of the applied input voltage (5 volts) through the two-position switch. Because its saturated, the transistor drops very little voltage between collector and emitter, resulting in an output voltage of (practically) 0 volts. If we were using this circuit to represent binary bits, we would say that the input signal is a binary “1” and that the output signal is a binary “0.” Any voltage close to full supply voltage (measured in reference to ground, of course) is considered a “1” and a lack of voltage is considered a “0.” Alternative terms for these voltage levels are high (same as a binary “1”) and low (same as a binary “0”). A general term for the representation of a binary bit by a circuit voltage is logic level.
Moving the switch to the other position, we apply a binary “0” to the input and receive a binary “1” at the output:

[image: https://sub.allaboutcircuits.com/images/04069.png]
[bookmark: Gate,_digital]
[bookmark: _Hlk57471153]What we’ve created here with a single transistor is a circuit generally known as a logic gate, or simply gate. A gate is a special type of amplifier circuit designed to accept and generate voltage signals corresponding to binary 1’s and 0’s. As such, gates are not intended to be used for amplifying analog signals (voltage signals between 0 and full voltage). Used together, multiple gates may be applied to the task of binary number storage (memory circuits) or manipulation (computing circuits), each gate’s output representing one bit of a multi-bit binary number. Just how this is done is a subject for a later chapter. Right now it is important to focus on the operation of individual gates.
[bookmark: Inverter_gate][bookmark: NOT_gate][bookmark: _Hlk57471201]The gate shown here with the single transistor is known as an inverter, or NOT gate because it outputs the exact opposite digital signal as what is input. For convenience, gate circuits are generally represented by their own symbols rather than by their constituent transistors and resistors. The following is the symbol for an inverter:

[image: https://sub.allaboutcircuits.com/images/04070.png]

An alternative symbol for an inverter is shown here:

[image: https://sub.allaboutcircuits.com/images/04099.png]
[bookmark: Bubble,_gate_symbol]
[bookmark: _Hlk57471258]Notice the triangular shape of the gate symbol, much like that of an operational amplifier. As was stated before, gate circuits actually are amplifiers. The small circle or “bubble” shown on either the input or output terminal is standard for representing the inversion function. As you might suspect, if we were to remove the bubble from the gate symbol, leaving only a triangle, the resulting symbol would no longer indicate inversion, but merely direct amplification. Such a symbol and such a gate actually do exist, and it is called a buffer.
[bookmark: _Hlk57471300]Like an operational amplifier symbol, input and output connections are shown as single wires, the implied reference point for each voltage signal being “ground.” In digital gate circuits, ground is almost always the negative connection of a single voltage source (power supply). Dual, or “split,” power supplies are seldom used in gate circuitry. Because gate circuits are amplifiers, they require a source of power to operate. Like operational amplifiers, the power supply connections for digital gates are often omitted from the symbol for simplicity’s sake. If we were to show all the necessary connections needed for operating this gate, the schematic would look something like this:

[image: https://sub.allaboutcircuits.com/images/04071.png]

Power supply conductors are rarely shown in gate circuit schematics, even if the power supply connections at each gate are. Minimizing lines in our schematic, we get this:

[image: https://sub.allaboutcircuits.com/images/04072.png]

“Vcc” stands for the constant voltage supplied to the collector of a bipolar junction transistor circuit, in reference to ground. Those points in a gate circuit marked by the label “Vcc” are all connected to the same point, and that point is the positive terminal of a DC voltage source, usually 5 volts.
[bookmark: _Hlk57471346]As we will see in other sections of this chapter, there are quite a few different types of logic gates, most of which have multiple input terminals for accepting more than one signal. The output of any gate is dependent on the state of its input(s) and its logical function.
[bookmark: Truth_table][bookmark: Table,_truth][bookmark: _Hlk57471377]One common way to express the particular function of a gate circuit is called a truth table. Truth tables show all combinations of input conditions in terms of logic level states (either “high” or “low,” “1” or “0,” for each input terminal of the gate), along with the corresponding output logic level, either “high” or “low.” For the inverter, or NOT, circuit just illustrated, the truth table is very simple indeed:

[image: https://sub.allaboutcircuits.com/images/14003.png]

Truth tables for more complex gates are, of course, larger than the one shown for the NOT gate. A gate’s truth table must have as many rows as there are possibilities for unique input combinations. For a single-input gate like the NOT gate, there are only two possibilities, 0 and 1. For a two input gate, there are four possibilities (00, 01, 10, and 11), and thus four rows to the corresponding truth table. For a three-input gate, there are eight possibilities (000, 001, 010, 011, 100, 101, 110, and 111), and thus a truth table with eight rows are needed. The mathematically inclined will realize that the number of truth table rows needed for a gate is equal to 2 raised to the power of the number of input terminals.

Task 1. Read and translate text A.

Task 2. Answer the following questions.
1. How many values can a binary bit have?
2. What are two different states of transistors operating at their bias limits?
3. What is a gate?
4. What is a general term for the representation of a binary bit by a circuit voltage?
5. What is an inverter?
6. How are gate circuits represented?
7. What does the truth table show?
8. What is the number of truth table rows needed for a gate equal to?

Task 3. Complete the following sentences using the text.
1. Because a binary bit can only have one of two different values, either 0 or 1..
2. Any voltage close to full supply voltage (measured in reference to ground, of course) is considered a “1” and a lack of voltage…...
3. A gate is a special type of amplifier circuit designed to…….
4. For convenience, gate circuits are generally represented by…...
5. The small circle or “bubble” shown on either the input or output terminal is standard for…...
6. Because gate circuits are amplifiers, they require…..
7. The output of any gate is dependent on…...
8. Truth tables show……..

Task 4. Find English equivalents of the following words.
Физическая среда, состояние насыщения, двоичный, вычисления, смещение, отсечка, приложенное напряжение, логический элемент, усилитель, хранение, источник питания, проводник, плоскостной транзистор, таблица истинности, в степени….

Task 5. Make a short summary of the text.


[bookmark: _Toc57646646]Text B
                      Analog and digital signals. Logic gates.

Difference Between Analog and Digital Signal 
[image: Analog-Signal-Vs-digital-Signal]
Analog and Digital are the different forms of signals. Signals are used to carry information from one device to another. Analog signal is a continuous wave that keeps on changing over a time period. Digital signal is discrete in nature.
[bookmark: _Hlk57577265]The fundamental difference between analog and digital signal is that analog signal is represented by the sine waves whereas, the digital signal is represented by square waves. Let us learn some more differences between analog and digital signal with the help of comparison chart shown below.
[bookmark: ComparisonChart]
	BASIS FOR COMPARISON
	ANALOG SIGNAL
	DIGITAL SIGNAL

	Basic
	An analog signal is a continuous wave that changes over a time period.
	A digital signal is a discrete wave that carries information in binary form.

	Representation
	An analog signal is represented by a sine wave.
	A digital signal is represented by square waves.

	Description
	An analog signal is described by the amplitude, period or frequency, and phase.
	A digital signal is described by bit rate and bit intervals.

	Range
	Analog signal has no fixed range.
	Digital signal has a finite numbers i.e. 0 and 1.

	Distortion
	An analog signal is more prone to distortion.
	A digital signal is less prone to distortion.

	Transmit
	An analog signal transmit data in the form of a wave.
	A digital signal carries data in the binary form i.e. 0 nad 1.

	Example
	The human voice is the best example of an analog signal.
	Signals used for transmission in a computer are the digital signal.


[bookmark: Definition]

Definition of Analog Signal
[bookmark: _Hlk57577401]Analog signal is a kind of continuous wave form that changes over time. An analog signal is further classified into simple and composite signals. A simple analog signal is a sine wave that cannot be decomposed further. On the other hand, a composite analog signal can be further decomposed into multiple sine waves.
An analog signal is described using amplitude, period or frequency and phase. Amplitude marks the maximum height of the signal. Frequency marks the rate at which signal is changing. Phase marks the position of the wave with respect to time zero.
[image: Analog-Signal]
An analog signal is not immune to noise hence, it faces distortion and decrease the quality of transmission. The range of value in an analog signal is not fixed.
Definition of Digital Signal
Digital signals also carry information like analog signals but is somewhat is different from analog signals. Digital signal is noncontinuous, discrete time signal. Digital signal carries information or data in the binary form i.e. a digital signal represent information in the form of bits.
[image: Digital-Signal]
Digital signal can be further decomposed into simple sine waves that are called harmonics. Each simple wave has different amplitude, frequency and phase. Digital signal is described with bit rate and bit interval. Bit interval describes the time require for sending a single bit. On the other hand, bit rate describes the frequency of bit interval.
A digital signal is more immune to the noise; hence, it hardly faces any distortion. Digital signals are easier to transmit and are more reliable when compared to analog signals. Digital signal has a finite range of values. The digital signal consists 0s and 1s.
[bookmark: KeyDifferences]Key Differences Between Analog and Digital Signal
An analog signal represents a continuous wave that keeps changing over a time period. On the other hand, a digital signal represents a noncontinuous wave that carries information in a binary format and has discrete values.
An analog signal is always represented by the continuous sine wave whereas, a digital signal is represented by square waves.
While talking of analog signal we describe the behaviour of the wave in respect of amplitude, period or frequency, and phase of the wave. On the other hand, while talking of discrete signals we describe the behaviour of the wave in respect of bit rate and bit interval.
The range of an anlaog signal is not fixed whereas the range of the digital signal is finite and which can be 0 or 1.
An analog signal is more prone to distortion in response to noise, but a digital signal has immunity in response to noise hence it rarely faces any distortion.
[bookmark: _Hlk57577563]An analog signal transmits data in the form of wave whereas, a digital signal transmits the data in the binary form i.e. in the form of bits.
[bookmark: _Hlk57577610]The best example of an analog signal is a human voice, and the best example of a digital signal is the transmission of data in a computer.
[bookmark: Conclusion]Conclusion
Digital signal is nowadays replacing the analog signal, but analog signal is still best for audio transmission.
[bookmark: _Hlk57577642]Digital electronics relies on the actions of just seven types of logic gates, called AND, OR, NAND (Not AND), NOR (Not OR), XOR (Exclusive OR) XNOR (Exclusive NOR) and NOT.
[bookmark: _Hlk57577826]An AND gate requires two or more inputs and produce only one output. The AND gate produces an output of logic 1 state when each of the inputs are at logic 1 state and also produces an output of logic 0 state even if any of its inputs are at logic 0 state. The symbol for AND operation is ‘.’, or we use no symbol for representing. If the inputs are of X and Y, then the output can be expressed as Z=XY. The AND gate is so named because, if 0 is called “false” and 1 is called “true,” the gate performs in the same way as the logical “and” operator. The AND gate is also named as all or nothing gate.
Discrete AND gates may be realized by using diodes or transistors. The inputs represented as X and Y may be either 0V or +5V correspondingly. The output is represented by Z . In the diode of AND gate, when both the inputs are of same value, X=+5V and Y= +5V, then the diodes are in OFF condition. As a result, no current flows through the resistor and there will not be any voltage drop across the resistor. Here the output will be Z=+5V. Similarly, when both the inputs such as X and Y are equal to 0V, then the corresponding diodes such as either D1 or D2 or both the diodes are at ON state and act as short circuits. Here the output will be Z corresponds to 0V. In practical cases the output z corresponds to 0.6V or 0.7V, which is treated as logic 0 state. 
In the case of transistor AND gate, When the inputs X, Y = 0V or when X=0V and Y= +5V or when X=+5V and Y=0V, both the transistors Q1 and Q2 are at OFF state. At the same time, Transistor Q3 gets enough base drive from the supply through Resistor R3 and so transistor Q3 will be ON. Thereby the output voltage Z= Vce(sat) corresponds to 0V. When both the inputs are equal to +5V, the transistors Q1 and Q2 will be ON and therefore the voltage at the collector of transistor Q1 will drop. Due to this the transistor Q3 doesn’t get enough base drive and turns OFF. As a result no current flows through the collector resistor of Q3 and , thereby no voltage drop across it. So the final output voltage corresponds to +5V. 
[bookmark: _Hlk57577875]Similar to AND gate, an OR gate may also have two or more inputs but produce only one output. The OR gate produces an output of logic 1 state even if any of its inputs is in logic 1 state and also produces an output of logic 0 state if any of its inputs is in logic 0 state. The symbol for OR operation is ‘+’.  If the inputs are of X and Y, then the output can be represented as Z=X+Y. An OR gate may also be defined as a device whose output is 1, even if one of its input is 1. OR gate is also called as any or all gate. It is also called as an inclusive OR gate because it consists of the condition of ‘both the inputs can be present’.  
Discrete OR gates may be realized by using diodes or transistors. The inputs represented as X and Y may be either  0V or +5V correspondingly. The output is represented by Z . In the diode of OR gate, when both the inputs are of same value, X=0V and Y= 0V, then both the diodes are in OFF condition. As a result, no current flows through the resistor and there will not be any voltage drop across the resistor. Here the output will be Z=0V. Similarly, when both the inputs or either the inputs such as X and Y are equal to +5V, then the corresponding diodes either D1 or D2 or both the diodes are at ON state and act as short circuits. Here the output will be Z corresponds to +5V. In practical cases the output Z corresponds to +5V-diode drop =  +5V – 0.7V = +4.3V, which is regarded as Logic 1 state.
In the case of transistor OR gate, when the inputs X=0V and Y = 0V both the transistors Q1 and Q2 are at OFF state. At the same time, Transistor Q3 gets enough base drive from the supply +5V through Resistor R3 and so transistor Q3 will be ON. Thereby the output voltage Z= Vce(sat) corresponds to 0V. When either the inputs X and Y or both the inputs are equal to +5V, then the corresponding transistors either Q1 or Q2 will be ON or both the transistors Q1 and Q2 will be ON and therefore the voltage at the collector of transistor Q1 is VCE(sat) corresponds to 0V. Due to this reason the transistor Q3 doesn’t forward bias the base-emitter junction and turns OFF. So the final output voltage corresponds to +5V (logic 1 state). 
[bookmark: _Hlk57578034]The NOT gate is also called as an inverter, simply because it changes the input to its opposite. The NOT gate is having only one input and one corresponding output. It is a device whose output is always the compliment of the given input. That means, the NOT gate produces an output of logic 1 state when the input is of logic 0 state and also produce the output of logic 0 state when the input is of logic 1 state. The NOT operation is denoted by ’-‘(bar). When the input variable to the NOT gate is represented by ‘X’ and the output is represented by ‘Z’. In the NOT operation it can be read as ‘Z is equal to X bar’. 
Discrete NOT gate may be realized by using transistors. The inputs represented as X may be either 0V or +5V correspondingly. The output is represented by Z. When the input X = 0V, then the transistor Q1 will be reverse biased and therefore it remains OFF. As a result no current flows through the resistor and thereby there will not be any voltage drop across the resistor. As a result, the output voltage Z corresponds to +5V. When the input X= +5V, transistor Q1 is ON and the output voltage Z=V ce(sat) corresponds to 0V. 
The NAND and NOR gates are the universal gates. Each of this gates can realize the logic circuits single handedly. The NAND and NOR are also called as universal building blocks. Both NAND and NOR has the ability to perform three basic logic functions such as AND,OR and NOT. NAND gate is a combination of an AND gate and a NOT gate. The expression for the NAND gate is ‘—‘whole bar. The output of the NAND gate is at logic 0 level only when each of the inputs assumes a logic 1 level.
 The two inputs are represented by X and Y. The output is represented by Z .When the input X and Y= +5V, then both the diodes D1 and D2 are OFF. The transistor Q1 gets enough base drive from the supply through resistor and therefore transistor Q1 is ON and the output Z=Vce(sat) corresponds to 0V. Similarly when inputs either x=0V or Y=0V or when both inputs are equal to 0V, at that time the transistor Q1 is OFF and therefore, output voltage Z= +5V. 
NOR means NOT OR. That means, NOR gate is a combination of an OR gate and a NOT gate. The output is logic 1 level, only when each of its inputs assumes a logic 0 level. For any other combination of inputs, the output is a logic 0 level.
Discrete two-input NOR gate is as shown in the figure. The inputs represented as X and Y may be 0V correspondingly. As a result the transistors Q1 and Q2 are OFF, as a result no current flows through the resistor and thereby there will not be any voltage drop across the resistor. Here, the output voltage Z corresponds to +5V. When either of the input X= +5V or Y=+5V or both the inputs corresponds to +5V, the corresponding transistor Q1or Q2 or both Q1 and Q2 are ON . Therefore the output voltage Z=V ce(sat) corresponds to ground and equal to 0V.
[bookmark: _Hlk57578125]An X-OR gate is a two input, one output logic circuit. X-OR gate assumes logic 1 state when any of its two inputs assumes a logic 1 state. When both the inputs assume the logic 0 state or when both the inputs assume the logic 1 state, the output assumes a logic 0 state. The output of the X-OR gate will be the sum of the modulo sum of its inputs. X-OR gate is also termed as anti-coincidence gate or inequality detector. An X-OR gate can also be used as inverter by connecting one of the two input terminals to logic1 and also by inputting the sequence to be inverted to the other terminal.
An X-NOR gate is a combination of an X-OR gate and a NOT gate. The X-NOR gate is also a two input, one output concept. The output of the X-NOR gate will be logic 1 state when both the inputs assume a 0 state or when both the inputs assume a 1 state. The output of the X-NOR gate will be logic 0 state when one of the inputs assume a 0 state and the other a 1 state. It is also named as coincidence gate, because its output will be 1 only when the inputs coincide. X-NOR gate can also be used as inverter by connecting one of the two input terminals to logic 0 and also by inputting the sequence to be inverted to the other terminal.

Task 1. Read and translate text B.

Task 2. Answer the following questions.
1. What is the difference between analog and digital signals? 
2. Give definitions of digital and analog signals.
3. How are digital and analog signals represented?
4. What are the best examples of analog and digital signals?
5. What are seven types of logic gates?
6. Give the main features of each gate.
7. Can you draw the truth table of each gate?
   
Task 3. Say whether the sentences are true or false. If they are false, correct them.
1. The fundamental difference between analog and digital signal is that analog signal is represented by the triangular waves whereas, the digital signal is represented by square waves.
2. Analog signal is a kind of continuous wave form that changes over time.
3. An analog signal transmits data in the form of digits whereas, a digital signal transmits the data in the binary form i.e. in the form of bits.
4. The best example of an analog signal is a human voice, and the best example of a digital signal is the transmission of data in a computer.
5. Digital electronics relies on the actions of just eight types of logic gates, called AND, OR, NAND (Not AND), NOR (Not OR), XOR (Exclusive OR) XNOR (Exclusive NOR) and NOT.
6. The AND gate produces an output of logic 1 state when each of the inputs are at logic 1 state and also produces an output of logic 0 state even if any of its inputs are at logic 1 state.
7. The OR gate produces an output of logic 1 state even if any of its inputs is in logic 1 state and also produces an output of logic 0 state if any of its inputs is in logic 0 state.
8. The NOT gate produces an output of logic 1 state when the input is of logic 0 state and also produce the output of logic 0 state when the input is of logic 0 state.
9. X-OR gate assumes logic 1 state when any of its two inputs assumes a logic 1 state.


[bookmark: _Toc57646647]Text C
                                              Combinational logic
The decision-making circuits used in modern computers are mainly composed of combinations of digital switching circuits known as logic gates. 
The output of each gate depends on the combination of its inputs. This is known as combinational logic. The output for all possible inputs is shown using a truth table. The truth tables show that the output of an AND gate is only high (i.e. level 1) when all its inputs are high. The output of a NAND gate, however, stays high unless all its inputs are high. The output of a NOT gate (also known as an inverter) is always the opposite of its input.
Computers use ICs which contain a number of logic gates on one chip. An IC pin-out diagram shows the arrangement of the gates and the function of each pin on the chip.
The number of ICs used in a computer, i.e. the chip count, can be reduced by connecting NAND gates together to form other types of gates.
The number of components in an IC is indicated by its scale of integration as shown in Table 1. Microprocessors used in computers are VLSI or SLSI devices.
Table 1
	Scale of integration
	Abbreviation
	No. of active components

	Small-scale integration
	SSI
	1 to 10

	Medium-scale integration
	MSI
	10 to 10 squared

	Large-scale integration
	LSI
	10 squared to 10 cubed

	Very large-scale integration
	VLSI
	10 cubed to 10 to the power of 4

	Super large-scale integration
	SLSI
	10 to the power of 4 to 10 to the power of 5




There are two common families of logic ICs used in computers. TTL (transistor-transistor logic) ICs use bipolar transistors to form each gate whereas CMOS (complementary metal oxide semiconductor) ICs use field effect transistors (FETs). The different characteristics of each family determine which will be used in a particular computer (see Table 2). For example, TTL ICs are used in large, high-speed computers and CMOS ICs are better for battery-powered portable computers.
Table 2
	Properties
	TTL
	CMOS

	Supply voltage
	+5 V +/- 0.25 %
	+3 V to + 15 V

	Supply current
	mA
	microA

	Power dissipation
	mW
	microW

	Switching speed
	fast
	Relatively slow

	Input impedance
	low
	high




Task 1. Read and translate text C.

Task 2. Answer the following questions.
1. What terms are used in the text for each of the following?
a. A digital switching circuit
b. The output of each gate depending on the combination of its inputs
c. The number of ICs used in a computer
d. An indication of the number of components used in an IC
2. What is shown by
a. A truth table?
b. A pin-out diagram?
3. What is another name for a NOT gate?
4. What are the two common families of logic ICs?
5. What do these abbreviations stand for?
a. TTL
b. VLSI
c. CMOS
d. MSI
6. Which of theses statements are true for CMOS ICs?
a. They contain bipolar transistors.
b. They contain field effect transistors.
c. They are particularly suitable for use in battery-operated portable computers.
d. They are particularly suitable for use in large, high-speed computers.

Task 3. Complete these statements with the help of the truth tables.
1. AND    When Ais high and B is low, ……………
2. NOT     ………………., the output is high.
3. OR        When A and B are high, …………..
4. NOT      When A is high, ………………..
5. NAND    ………………., the output is low.
6. NAND     When A is high and B is low, ………….
7. AND        ………………., the  output is high.
8. NAND      When A and B are low, ………………..

[bookmark: _Toc57646648]Text D
                                              What is Transistor?

Transistor Deﬁnition
A transistor is an electronic component used in a circuit to control a large amount of current or voltage with a small amount of voltage or current. This means that it can be used to amplify or switch (rectify) electrical signals or power, allowing it to be used in a wide array of electronic devices. It does so by sandwiching one semiconductor between two other semiconductors. Because the current is transferred across a material that normally has high resistance (i.e. a resistor), it is a "transfer–resistor" or transistor.
The ﬁrst practical point–contact transistor was built in 1948 by William Bradford Shockley. John Bardeen, and Walter House Brattain. Patents for the concept of a transistor date as far back as 1928 in Germany, though they seem to have never been built, or at least no one ever claimed to have built them. The three physicists received the 1956 Nobel Prize in Physics for this work.

Basic Point–Contact Transistor Structure
There are essentially two basic types of point–contact transistors, the n–p–n transistor and the p–n–p transistor, where the n and p stand for negative and positive, respectively. The only difference between the two is the arrangement of bias voltages.
To understand how a transistor works, you have to understand how semiconductors react to an electric potential. Some semiconductors will be n–type, or negative, which means that free electrons in the material drift from a negative electrode (say, a battery it's connected to) toward the positive.

Other semiconductors will be p–type, in which case the electrons ﬁll "holes" in the atomic electron shells, meaning that it behaves as if a positive particle is moving from the positive electrode to the negative electrode. The type is determined by the atomic structure of the speciﬁc semiconductor material.
Now, consider an n–p–n transistor. Each end of the transistor is an n–type semiconductor material and between them there is a p–type semiconductor material. If you picture such a device plugged into a battery, you’ll see how the transistor works:
– the n–type region attached to the negative end of the battery helps propel electrons into the middle p–type region.
– the n–type region attached to the positive end of the battery helps slow electrons coming out of the p–type region.	
– the p–type region in the center does both.
By varying the potential in each region,  you can drastically affect the rate of electron ﬂow across the transistor.

Beneﬁts of Transistors
Compared to the vacuum tubes that were used previously, the transistor was an amazing advance. Smaller in size, the transistor could easily be manufactured cheaply in large quantities. They had various operational advantages, as well, which are too numerous to mention here.
Some consider the transistor to be the greatest single invention of the 20th century, since it opened so much in the way of other electronic advancements. Virtually every modern electronic device has a transistor as one of its primary active components. Because they are the building blocks of microchips, computers, phones, and other devices couldn't exist without transistors.

Other Types of Transistors
There are a wide variety of transistor types that have been developed since 1948. Here’s a list (not necessarily exhaustive) of various types of transistors:
•	Bipolar junction transistor (BJ T)
•	Field–effect transistor (FET)
•	Heterojunction bipolar transistor
•	Unijunction transistor
•	Dual–gate FET
•	Avalanche transistor
•	Thin–ﬁlm transistor
•	Darlington transistor
•	Ballistic transistor
•	FinFET
•	Floating gate transistor
•	Inverted–T effect transistor
•	Spin transistor
•	Photo transistor
•	Insulated gate bipolar transistor                                                                                                                                         
•	Single–electron transistor
•	Nanoﬂuidic transistor
•	Trigate transistor (Intel prototype)
•	Ion–sensitive FET
•	Fast–reverse epitaxial diode FET (F REDF ET)
•	Electrolyte–Oxide–Semiconductor FET (EOSFET)


Task 1. Read and translate text D.

[bookmark: _Hlk57489274]Task 2. Answer the following questions.
1. What is a transistor?
2. When was the first practical transistor built?
3. Who built it?
4. What are the main types of transistors?
5. What are the advantages of transistors compared to vacuum tubes?
6. Where are transistors used?

Task 3. Agree or disagree with the statements. Give your arguments.
1. A transistor is an electronic component used in a circuit to control a small amount of current.
2. It does so by sandwiching one semiconductor between two conductors.
3. The first practical point–contact transistor was built in 1948.
4. Transistors were lager and less reliable than vacuum tubes.
5. There are only two types of transistors 
6. A lot of modern electronic devices are based on transistors.
[bookmark: _Hlk57485701]Task 4. Find the English equivalents of the following words and word combinations.
Схема, выпрямлять, точечный транзистор, смещение, электронная лампа, плоскостной транзистор, полевой транзистор, тонкопленочный, изолировать, затвор, сопротивление, усиливать, преимущества.

Task 5. Complete the sentences. Use the text to help you.
1. Transistors can be used to amplify or ________.
2. It sandwiches one semiconductor between ________.
3. The first point–contact transistor was built in ________ by ________.
4. The two basic types of point–contact transistors are ________.
5. To understand how a transistor works, you have to understand ________.
6. The n–type region attached to the negative end of the battery helps ________.
7. The n–type region attached to the positive end of the battery helps ________.
8. The p–type region in the centre ________.

Task 6. Translate the texts into Russian.
1. The Bipolar Transistor basic construction consists of two PN-junctions producing three connecting terminals with each terminal being given a name to identify it from the other two. These three terminals are known and labelled as the Emitter ( E ), the Base ( B ) and the Collector ( C ) respectively. Bipolar Transistors are current regulating devices that control the amount of current flowing through them in proportion to the amount of biasing voltage applied to their base terminal acting like a current-controlled switch. The principle of operation of the two transistor types PNP and NPN, is exactly the same the only difference being in their biasing and the polarity of the power supply for each type.

2. The Field Effect Transistor is a three terminal unipolar semiconductor device that has very similar characteristics to those of their Bipolar Transistor counterparts ie, high efficiency, instant operation, robust and cheap and can be used in most electronic circuit applications to replace their equivalent bipolar junction transistors (BJT) cousins. Field effect transistors can be made much smaller than an equivalent BJT transistor and along with their low power consumption and power dissipation makes them ideal for use in integrated circuits such as the CMOS range of digital logic chips. The field effect transistor is a three terminal device that is constructed with no PN-junctions within the main current carrying path between the Drain and the Source terminals, which correspond in function to the Collector and the Emitter respectively of the bipolar transistor. The current path between these two terminals is called the “channel” which may be made of either a P-type or an N-type semiconductor material.

[bookmark: _Toc57646649]Unit 3 
[bookmark: _Toc57646650]Text A
                                       Electrical and electronic circuits.

[bookmark: _Hlk57485860]An electrical circuit is a path in which electrons from a voltage or current source flow.
The point where those electrons enter an electrical circuit is called the "source" of electrons. The point where the electrons leave an electrical circuit is called the "return" or "earth ground". The exit point is called the "return" because electrons always end up at the source when they complete the path of an electrical circuit.
The part of an electrical circuit that is between the electrons' starting point and the point where they return to the source is called an electrical circuit's "load". A load of an electrical circuit may be as simple as those that power home appliances like refrigerators, televisions, or lamps or more complicated, such as the load on the output of a hydroelectric power generating station.
[bookmark: _Hlk57487054]An electronic circuit is composed of individual electronic components, such as resistors, transistors, capacitors, inductors and diodes, connected by conductive wires or traces through which electric current can flow. To be referred to as electronic, rather than electrical, generally at least one active component must be present. The combination of components and wires allows various simple and complex operations to be performed: signals can be amplified, computations can be performed, and data can be moved from one place to another.
Electronic elements that make up a circuit are connected together by conductors to form a complete circuit. If these connecting conductors are ideal conductors (i.e. they have no resistance) then all parts of the circuit can be classified into two main categories depending on whether they deliver or absorb energy from the circuit:
Active components
Passive components
Electrical symbols are used to represent both active and passive components.
[bookmark: _Hlk57487663]An active component is an electronic component which supplies energy to a circuit. Active elements have the ability to electrically control electron flow (i.e. the flow of charge). All electronic circuits must contain at least one active component.
[bookmark: _Hlk57487780]Common examples of active components include:
Voltage sources
Current sources
Generators (such as alternators and DC generators)
All different types of transistors (such as bipolar junction transistors, MOSFETS, FETs, and JFET)
Diodes (such as Zener diodes, photodiodes, Schottky diodes, and LEDs)
A voltage source is an example of an active component in a circuit. When current leaves from the positive terminal of the voltage source, energy is being supplied to the circuit. As per the definition of an active element, a battery can also be considered as an active element, as it continuously delivers energy to the circuit during discharging.
A current source is also considered an active component. The current supplied to the circuit by an ideal current source is independent of circuit voltage. As a current source is controlling the flow of charge in a circuit, it is classified as an active element.
Although not as obvious as a current or voltage source – transistors are also an active circuit component. This is because transistors are able to amplify the power of a signal.
[bookmark: _Hlk57487689]A passive component is an electronic component which can only receive energy, which it can either dissipate, absorb or store it in an electric field or a magnetic field. Passive elements do not need any form of electrical power to operate.
[bookmark: _Hlk57487733]Common examples of passive components include:
Resistors
Inductors
Capacitors
Transformers

A resistor is taken as a passive element since it cannot deliver any energy to a circuit. Instead resistors can only receive energy which they can dissipate as heat as long as current flows through it.
An inductor is also considered as passive element of а circuit, because it can store energy in it as a magnetic field, and can deliver that energy to the circuit, but not on continuous basis. The energy absorbing and delivering capacity of an inductor is limited and transient in nature. That is why an inductor is taken as a passive element of a circuit.
A capacitor is considered as a passive element because it can store energy in it as electric field. The energy dealing capacity of a capacitor is limited and transient – it is not actually supplying energy, it is storing it for later use.
A transformer is also a passive electronic component. Although this can seem surprising since transformers are often used to raise voltage levels – remember that power is kept constant.
When transformers step up (or step down) voltage, power and energy remain the same on the primary and secondary side. As energy is not actually being amplified – a transformer is classified as a passive element.
Types of Electric Circuit
There are following 5 main types of electric circuit:
1. Close Circuit
When load works on its own in a circuit then it is called Close Circuit or Closed Circuit. Under this situation, the value of current flow depends on load.
2. Open Circuit
When there is a faulty electrical wire or electronic component in a circuit or the switch is OFF, then it is called Open Circuit. In the below diagram you can see that the Bulb is Not glowing because either the switch is OFF or there is fault is the electrical wire.
3. Short Circuit
When both points (+ & –) of voltage source in a circuit gets joint with each other for some reason then it is called Short Circuit. Maximum current starts to flow under this situation. Short circuit generally happens when the conducting electrical wires get joint of even because of shorting in the load.
4. Series Circuit
When 2 or more loads (Bulb, CFL, LED, Fan etc) are connected to each other in a series, then it is called a Series Circuit. In a series circuit, if one load or bulb gets fuse, then rest of the bulbs will not get power supply and will not glow. 
5. Parallel Circuit
When 2 or more loads (Bulb, CFL, LED, Fan etc) are connected to each other in parallel, then it is called Parallel Circuit. In this type of circuit, the voltage capacity of all loads must be equal to input supply. Power of “load” can be different. In a parallel circuit, if one load or bulb gets fuse, then rest of the bulbs will still get power supply and will glow.

Task 1. Read and translate text A.

Task 2. Find the English equivalents of the following words and word combinations.
Ток, напряжение, нагрузка, конденсатор, усиливать, выполнять вычисления, поглощать, заряд, постоянный ток, полевой транзистор, светодиод, стабилитрон, рассеивать, трансформатор.

Task 3. Complete the sentences according to the text.
1. An electrical circuit is a path in which  …….
2. An electronic circuit is composed of ……..
3. An active component is an electronic component which …
4. A passive component is an electronic component which ….
5. Common examples of passive components include …
6. Common examples of active components include ………

[bookmark: _Hlk57488860]Task 4. Match the elements and their functions. Then draw circuit symbols of the elements described.
1. varies capacitance in a circuit
2. rectifies alternating current
3. adds resistance to a circuit
4. measures very small currents
5. breaks a circuit
6. protects a circuit
7. varies the current in a circuit
8. steps AC voltages up or down
9. receives RF signals
10. measures voltages

Transformer, capacitor, milliammeter, diode, switch, fixed resistor, potentiometer, fuse, arial, voltmeter.

Task 5. Read the text, translate it into Russian and write a short summary in English.
Series and parallel circuits.
Circuits consisting of just one battery and one load resistance are very simple to analyze, but they are not often found in practical applications. Usually, we find circuits where more than two components are connected together.
There are two basic ways in which to connect more than two circuit components: series and parallel. First, an example of a series circuit:

[image: https://sub.allaboutcircuits.com/images/00082.png]
Here, we have three resistors (labeled R1, R2, and R3), connected in a long chain from one terminal of the battery to the other. (It should be noted that the subscript labeling—those little numbers to the lower-right of the letter “R”—are unrelated to the resistor values in ohms. They serve only to identify one resistor from another.) The defining characteristic of a series circuit is that there is only one path for electrons to flow. In this circuit the electrons flow in a counter-clockwise direction, from point 4 to point 3 to point 2 to point 1 and back around to 4.
Now, let’s look at the other type of circuit, a parallel configuration:

[image: https://sub.allaboutcircuits.com/images/00083.png]
Again, we have three resistors, but this time they form more than one continuous path for electrons to flow. There’s one path from 8 to 7 to 2 to 1 and back to 8 again. There’s another from 8 to 7 to 6 to 3 to 2 to 1 and back to 8 again. And then there’s a third path from 8 to 7 to 6 to 5 to 4 to 3 to 2 to 1 and back to 8 again. Each individual path (through R1, R2, and R3) is called a branch. 
The defining characteristic of a parallel circuit is that all components are connected between the same set of electrically common points. Looking at the schematic diagram, we see that points 1, 2, 3, and 4 are all electrically common. So are points 8, 7, 6, and 5. Note that all resistors as well as the battery are connected between these two sets of points.
And, of course, the complexity doesn’t stop at simple series and parallel either! We can have circuits that are a combination of series and parallel, too:

[image: https://sub.allaboutcircuits.com/images/00084.png]
In this circuit, we have two loops for electrons to flow through: one from 6 to 5 to 2 to 1 and back to 6 again, and another from 6 to 5 to 4 to 3 to 2 to 1 and back to 6 again. Notice how both current paths go through R1 (from point 2 to point 1). In this configuration, we’d say that R2 and R3 are in parallel with each other, while R1 is in series with the parallel combination of R2 and R3.
This is just a preview of things to come. Don’t worry! We’ll explore all these circuit configurations in detail, one at a time!
[bookmark: Series,_definition_of]
The basic idea of a “series” connection is that components are connected end-to-end in a line to form a single path for electrons to flow:

[image: https://sub.allaboutcircuits.com/images/00085.png]
[bookmark: Parallel,_definition_of]The basic idea of a “parallel” connection, on the other hand, is that all components are connected across each other’s leads. In a purely parallel circuit, there are never more than two sets of electrically common points, no matter how many components are connected. There are many paths for electrons to flow, but only one voltage across all components:

[image: https://sub.allaboutcircuits.com/images/00086.png]
Series and parallel resistor configurations have very different electrical properties. We’ll explore the properties of each configuration in the sections to come.



[bookmark: _Toc57646651]Text B
                                               Transformers

[bookmark: _Hlk57490736][bookmark: _Hlk57490762]A transformer is used to transfer energy. Due to the transformer electric power may be transferred at a high voltage and reduced at the point where is must be used to any value. Besides, a transformer is used to change the voltage and current value in a circuit. A two-winding transformer consists of a closed core and two coils (windings). The primary winding is connected to the voltage source. It receives energy. The secondary winding is connected to the load resistance and supplies energy to the load.
[bookmark: _Hlk57490838]The value of voltage across the secondary terminal depends on the number of turns in it. In case it is equal to the number of turns in the primary winding the voltage in the secondary winding is the same as in the primary.
[bookmark: _Hlk57490884][bookmark: _Hlk57490914]In case the secondary has more turns than the primary the output voltage is greater than the input voltage. The voltage in the secondary is greater than the voltage in the primary by as many times as the number of turns in the secondary is greater than the number of turns in the primary. A transformer of this type increases or steps up the voltage and is called a step-up transformer. In case the secondary has fewer turns than the primary the output voltage is lower than the input. Such a transformer decreases or steps down the voltage, it is called a step-down transformer.
Compare T1 and T2. T1 has an iron core. For this reason it is used for low-frequency currents. T2 has an air core and is used for high frequencies.
[bookmark: _Hlk57490946]Common troubles in transformers are an open in the winding, a short between the primary and the secondary, and a short between turns. In case a transformer has a trouble it stops operating or operates badly. A transformer with a trouble should be substituted.

Task 1. Read and translate text B.

[bookmark: _Hlk57491626]Task 2. Answer the following questions.
1. What is a transformer used for?
2. What does it consist of?
3. What functions do transformer windings perform?
4. What type of transformer is called a step up transformer?
5. What type of transformer is called a step down transformer?
6. What types of transformers are used for high and low frequency currents?
7. What is the relation between the number of turns in the windings and the value of voltage?
8. What are common troubles in a transformer?
9. What should be done if a transformer has a trouble?

Task 3. Complete the sentences according to the text.
1. A transformer is used …
2. A two-winding transformer consists of …
3. The value of voltage across the secondary terminal depends …
4. In case the secondary has more turns than the primary the output …
5. In case the secondary has fewer turns than the primary the output …
6. Common troubles in transformers are………..

[bookmark: _Hlk57492095]Task 4. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. A transformer is used to prevent the change of energy. 
2. Electric power is transferred at a high voltage and reduced to any value due to resistors.
3. A transformer consists of a core and two windings.
4. The function of the primary is to supply energy.
5. The function of the secondary is to decrease the value of charge.
6. A step up transformer is used to decrease the secondary voltage.
7. In a step up transformer the number of turns of the secondary winding is greater than the number of turns of the primary.






[bookmark: _Toc57646652]

Text C
                                                   Capacitors

[bookmark: _Hlk57491923]A capacitor is one of the main elements of a circuit. It is used to store electric energy. A capacitor stores electric energy provided that a voltage source is applied to it.
The main parts of a capacitor are metal plates and insulators. The function of insulators is to isolate the metal plates and in this way to prevent a short.
[bookmark: _Hlk57491953][bookmark: _Hlk57491995]In the diagram one can see two common types of capacitors in use nowadays: a fixed capacitor and a variable one. The plates of a fixed capacitor cannot be moved; for this reason its capacity does not change. The plates of a variable capacitor move; its capacity changes. The greater the distance between the plates, the less is the capacity of a capacitor. Variable capacitors are commonly used by radiomen; their function is to vary the frequency in the circuit. Fixed capacitors are used in telephone and radio work.
[bookmark: _Hlk57492025]Fixed capacitors have insulators produced of paper, ceramics and other materials; variable capacitors have air insulators. Paper capacitors are commonly used in radio and electronics; their advantage is their high capacity: it may be higher than 1,000 picofarad.
Besides, electrolyte capacitors are highly in use. They also have a very high capacity: it varies from 0.5 to 2,000 microfarad. Their disadvantage is that they change their capacity when the temperature changes. They can operate without a change only at temperatures not lower than -40° С.
[bookmark: _Hlk57492056]Common troubles in capacitors are an open and a short. A capacitor stops operating and does not store energy in case it has a trouble. A capacitor with a trouble should be substituted by a new one.

Task 1. Read and translate text C.

[bookmark: _Hlk57492602]Task 2. Answer the following questions.
1. What is a capacitor used for?
2. What are the main components of a capacitor?
3. What does the capacity depend on?
4. What is the difference between fixed and variable capacitors?
5. What type of insulators are used in variable capacitors?
6. How can you change the value of capacity?
7. What should be done in case a capacitor have a trouble?

Task 3. Complete the sentences according to the text.
1. A capacitor stores electric energy provided …
2. The plates of a fixed capacitor …..
3. The greater the distance between the plates …
4. Fixed capacitors have insulators produced…..
5. Common troubles in capacitors are………..

[bookmark: _Hlk57493075]Task 4. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. A capacitor is used to store energy.
2. The capacity of a capacitor depends on the size of the plates.
3. The capacity of a fixed capacitor is varied.
4. The plates of a variable capacitor cannot be moved.
5. The greater the distance between the plates the less is the capacity.
6. Variable capacitors have air insulators.


[bookmark: _Hlk57495080]                                                         Text D
                                                       Resistors

A resistor is one of the most common elements of any circuit. Resistors are used:
1. to reduce the value of current in the circuit;
2. to produce IR voltage drop and in this way to change the value of the voltage.
When current is passing through a resistor its temperature rises high.
The higher the value of current the higher is the temperature of a resistor. Each resistor has a maximum temperature to which it may be heated without a trouble. If the temperature rises higher the resistor gets open and opens the circuit.
Resistors are rated in watts. The watt is the rate at which electric energy is supplied when a current of one ampere is passing at a potential difference of one volt. A resistor is rated as a I-W resistor if its resistance equals 1,000,000 ohms and its current-carrying capacity equals 1/1,000,000 amp, since P * I =IR * I = I2 R where P – power is given in watts, R – resistance is given in ohms and I – current is given in amperes.
If a resistor has a resistance of only 2 ohms but its current-carrying capacity equals 2,000 amp, it is rated as a 8,000,000-W resistor.
Some resistors have a constant value – these are fixed resistors, the value of other resistors may be varied – these are variable resistors.

[bookmark: _Hlk57495245][bookmark: _Hlk57495285]Task 1. Read and translate text D.

[bookmark: _Hlk57495323][bookmark: _Hlk57493052][bookmark: _Hlk57495366]Task 2. Answer the following questions.
1. What is a resistor used for?
2. When does the temperature of a resistor rise?
3. How are resistors rated?
4. What is the difference between a fixed resistor and a variable resistor?
5. What is the maximum current for a resistor having a 5-watt capacity and a resistance of 20000ohms?

[bookmark: _Hlk57493295][bookmark: _Hlk57496082]Task 3. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. A resistor is used to measure the resistance.
2. When current passes through a resistor its temperature drops.
3. Resistors are rated in ohms.
4. Fixed resistors have a constant value.
5. The value of a variable resistor is constant.
6. The higher the value of current the lower is the temperature of a resistor.

Task 4. Scan the text to find the answers to the following questions.
1. What type of resistor is called a rheostat?
2. What is a rheostat used for?
3. How does a rheostat vary the value of current?
4. What does it consist of?
5. What is the function of the switch?

Rheostat.
 A rheostat is a resistor whose resistance value can be varied. Thus, it is called a variable resistor.
A rheostat is used to change the resistance of circuits, and in this way to vary the value of current.
It consists of a coil and a switch. Take into consideration that wire used for the coil must have a very high resistance. When a rheostat is used its terminals are connected in series with the load. The switch is used to change the length of the wire through which the measured current passes. The resistance may be changed to any value from zero to maximum.
The longer the rheostat wire in the circuit is the greater the resistance

                                                                 Text E
                                                       Fuses
Fuses are widely used nowadays as protection devices. They are utilized in various circuits, electrical equipment and installations. Fuses serve to protect them against over currents and short-circuits.
There are different types of fuses in use nowadays. Of them, quartz-sand fuses serve for voltages up to 500 volts; fuses of this kind are produced with current ratings of 15 to 60 amp and of 100 to 350 amp.
Fuses are commonly used in low-voltage industrial installations rated up to 1,000 V.
Fuse protection is based on a very simple principle: in case of a short-circuit or overcurrent, when the maximum value of current has been exceeded, the fusible link of a fuse is heated to its melting point. This opens the circuit and disconnects the circuit from the power source. In case of a fault, one should replace the faulty fusible element by a new one.
Fuses are used both in direct current (d.c.) and alternating current (a.c.) circuits. 

[bookmark: _Hlk57496027][bookmark: _Hlk57495339]Task 1. Read and translate text E.

[bookmark: _Hlk57496042]Task 2. Answer the following questions.
1. What are fuses used for?
2. What principle is fuse protection based on?
3. What types of fuses are used nowadays?
4. Are they used only in direct current circuits?
 
[bookmark: _Hlk57497218]Task 3. Scan the text to mark the statements below true or false. If the statements are false correct them.
1. A fuse serves as a load.
2. Fuses are used for both a.c. and d.c.
3. In case of a fault the whole fuse should be replaced.
4. Fuse protection is based on a complex principle.
 
Task 3. Study the following circuit symbols and describe the circuit below.

[image: A circuit diagram]
Power supply symbols
[image: cell symbol]
Cell
Supplies electrical energy. The larger line is positive (+). A single cell is often called a battery, but strictly speaking a battery is two or more cells joined together.
[image: battery symbol]
Battery
Supplies electrical energy. A battery is more than one cell. The larger line is positive (+).
[image: solar cell symbol]
Solar Cell
Converts light to electrical energy.
The larger line is positive (+).
[image: DC power supply symbol]
DC supply
Supplies electrical energy.
DC = Direct Current, always flowing in one direction.
AC supply
[image: AC power supply symbol]
Supplies electrical energy.
AC = Alternating Current, continually changing direction.
[image: fuse symbol]
Fuse
A safety device which will 'blow' (melt) if the current flowing through it exceeds a specified value.
[image: transformer symbol]
Transformer
Two coils of wire linked by an iron core. Transformers are used to step up (increase) and step down (decrease) AC voltages. Energy is transferred between the coils by the magnetic field in the core, there is no electrical connection between the coils.
[image: earth symbol]
Earth (Ground)
A connection to earth. For some electronic circuits this symbol is used for the 0V (zero volts) of the power supply, but for mains electricity and some radio circuits it really means the earth. It is also known as ground.
Resistor symbols
[image: resistor symbol]
Resistor
A resistor restricts the flow of charge. Uses include limiting the current passing through an LED, and slowly charging a capacitor in a timing circuit.
Some publications use the old resistor symbol: [image: old zig-zag resistor symbol]
[image: rheostat symbol]
Rheostat variable resistor
A rheostat has 2 contacts and is usually used to control current. Uses include controlling lamp brightness or motor speed and changing the rate of flow of charge into a capacitor in a timing circuit.
[image: potentiometer symbol]
Potentiometer variable resistor
A potentiometer has 3 contacts and is usually used to control voltage. It can be used like this as a transducer converting position (angle of the control spindle) to an electrical signal.
[image: preset symbol]
Preset variable resistor
A preset is operated with a small screwdriver or similar tool. It is designed to be set when the circuit is made and then left without further adjustment. Presets are cheaper than standard variable resistors so they are sometimes used in projects to reduce the cost.
Capacitor symbols
Capacitor, unpolarised
[image: capacitor symbol]
A capacitor stores electric charge. It can be used with a resistor in a timing circuit, for smoothing a supply (it provides a reservoir of charge) and can be used as a filter (blocking DC signals but passing AC signals). Unpolarised capacitors usually have small values, less than 1µF.
[image: polarised capacitor symbol]
Capacitor, polarised
A capacitor stores electric charge. Polarised capacitors must be connected the correct way round. They usually have larger values, 1µF and greater. See above for uses.
[image: variable capacitor symbol]
Variable capacitor
A variable capacitor is used in a radio tuner.
[image: trimmer capacitor symbol]
Trimmer variable capacitor
This type of variable capacitor is designed to be set when a circuit is made and then left without further adjustment.
Diode symbols
[image: diode symbol]
Diode
A device which allows current to flow in only one direction.
[image: LED symbol]
Light Emitting Diode
A transducer which converts electrical energy to light. Usually abbreviated to LED.
[image: zener diode symbol]
Zener diode
A zener diode can be used to maintain a fixed voltage.
[image: photodiode symbol]
Photodiode
A light-sensitive diode.
Transistor symbols
[image: NPN transistor symbol]
Transistor NPN
A transistor amplifies current and can be used with other components to make an amplifier or switching circuit. This symbol is for a bipolar junction transistor (BJT), the type you are most likely to use at first.
[image: PNP transistor symbol]
Transistor PNP
A transistor amplifies current and can be used with other components to make an amplifier or switching circuit. This symbol is for a bipolar junction transistor (BJT), the type you are most likely to use at first.
[image: Phototransistor symbol]
Phototransistor
A light-sensitive transistor.
Audio and Radio symbols
[image: microphone symbol]
Microphone
A transducer which converts sound to electrical energy.
[image: earphone symbol]
Earphone
A transducer which converts electrical energy to sound.
[image: loudspeaker symbol]
Loudspeaker
A transducer which converts electrical energy to sound.
[image: piezo transducer symbol]
Piezo Transducer
A transducer which converts electrical energy to sound.
[image: amplifier symbol]
Amplifier (general symbol)
An amplifier circuit with one input. Really this is a block diagram symbol because it represents a circuit rather than just one component.
[image: aerial symbol]
Aerial (Antenna)
A device to receive or transmit radio signals. It is also known as an antenna.
Meters and Oscilloscope
[image: voltmeter symbol]
Voltmeter
Measures voltage. The proper name for voltage is 'potential difference' but voltage is more widely used.
[image: ammeter symbol]
Ammeter
Measures current.
[image: galvanometer symbol]
Galvanometer
A very sensitive meter used to measure tiny currents, usually 1mA or less.
[image: ohmmeter symbol]
Ohmmeter
Measures resistance. Most multimeters have an ohmmeter setting.
[image: oscilloscope symbol]
Oscilloscope
An oscilloscope is used to display the 'shape' of electrical signals - showing how they vary with time. It can be used to measure voltage and time periods.
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