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UNIT 1. ELECTRONS AND ELECTRICITY
Text A
Before reading the text
Task 1. Guess the meaning of these words.
electron, atom, element, molecule, proton, neutron, negative, positive,

neutral, opposite.

Task 2. Match the names of these elements.

1. copper a) CBHHEIb

2. hydrogen b) Byraeus

3. carbon C) KHCCHb

4. gold d) wmine

5. oxygen e) remiii

6. helium f) BomeHb

7. lead g) 3onoro

Task 3. Match these words with their definitions.

1. substance a) the number of protons in
the element

2. atom b) protons and neutrons
clumped together in the
center

3. molecule €) substance that gives up or
accepts an electron

4. element d) total number of protons

and neutrons in elements
e) substance that resists to

5. compound substance releasing or accepting
electrons
f) substance made up of just
6. nucleus one type of atom
g) the smallest unit of matter
7. atomic number recognizable as a

compound of atoms
h) made up of protons,



8. atomic weight neutrons and electrons
i) made up of tiny particles
9. conductor called atoms
J) two or more elements
10. insulator combined into a complex
substance

Task 4. Find the words that have opposite meaning to:

1. attract a) release

2. internal b) outermost
3. accept c) repel

4. innermost d) external
5. inside e) decrease
6. increase f) outside
7. surplus g) shortage

Task 5. Find the meaning of these adverbs in the list given below.

1. considerably 7. conversely

2. roughly 8. ordinarily

3. additionally 9. instantaneously
4. equally 10. separately

5. arbitrarily 11. approximately
6. similarly

JIOBIJIbHO, HABIAKH, OKPEMO, MPUOJIU3HO, 3BHYANHO, JOJATKOBO,
3HAYHO, MUTTEBO, OJJHAKOBO, MOII0HO

Task 6. Match these symbols with mathematical operations.

1.+ a) multiply
2. - b) equals
3. % c) add

4. d) subtract
5. = e) divide

Task 7. Find synonym to each word or expression.
1. substance a) revolve



2. circle b) wattage

3. remove c) tobereferredtoas ...
4. power d) matter

5. to be called e) delete

Task 8. Try to answer these questions.
1. What do you know about an atom and its structure?
2. Has the atom electrical charge?
3. Can an electric current pass through all substances?

Task 9. Read the text, translate it and check your answers.

Atoms and their structure. To understand electricity and
electronics, you need at least a basic grasp of the theoretical structure of
atoms. All substances are made up of tiny particles called atoms. There are
approximately 100 different kinds of atoms (92 occur in nature; others are
synthetic or created by human beings). A substance that is made up entirely
of just one type of atom is called an element. Copper, hydrogen, carbon,
gold, and oxygen are a few familiar elements.

Two or more elements can be chemically combined into a more
complex compound substance. For example, water is made up of hydrogen
and oxygen atoms. The smallest unit of matter that is recognizable as a
compound, rather than as its component elements, is a molecule. If you
broke a single molecule of water into smaller particles, you'd have two
hydrogen atoms and one oxygen atom. Billions of different substances can
be formed by various combinations of the basic elements, just as the 26
letters of the alphabet can be arranged into millions of different words.

Although an atom is the smallest particle recognizable as a specific
element, atoms themselves are made up of smaller particles. Atoms are
made up of particles called protons, neutrons, and electrons. Recent
discoveries have indicated the presence of a large number of additional
subatomic particles, but you can probably ignore them. The three kinds of
subatomic particles are all roughly of equal size, but protons and neutrons
are considerably more massive than electrons.

If 250 million hydrogen atoms were laid end to end, they'd span only
about one inch. It would take 100,000 electrons (or protons or neutrons)
laid side by side to span the width of a single hydrogen atom. Atoms don't
contain anywhere nearly that many particles. The hydrogen atom typically
consists of only a single proton and a single electron. Most of the space of



an atom is empty. The protons and neutrons are clumped together in the
center, forming a structure called the nucleus. The electrons revolve around
the nucleus. The basic structure of a typical atom (carbon) is usually drawn
as shown in Fig. 1.1

~ - —
Figure 1.1- Structure of an atom

You'll notice that this arrangement is roughly similar to the solar
system. The electrons revolve around the nucleus like the various planets
revolve around the sun. It is important to realize that a lead proton is
exactly the same as, say, a gold proton. What differentiates the elements is
simply the number of these particles contained within the atom.

Electrical charge. When an electron is isolated from an atom, it
exhibits a tiny electric charge. The basic unit for measuring electric charge
is the coulomb. The combined charge of 6,250,000,000,000,000,000 (6.25
x 10'®) electrons equals a charge of one coulomb.

There are actually two types of electrical charges. The type exhibited
by an electron is arbitrarily called a negative charge. A proton has the same
amount of electrical charge as an electron, but it is the opposite type. It is
referred to as a positive charge.

Two similarly charged particles (that is, two electrons or two
protons) tend to repel each other. Two oppositely charged particles (an
electron and a proton) tend to attract each other. This attraction is one of
the factors that keeps the electrons in orbit around the oppositely charged
protons in the nucleus.

Ordinarily, an atom has an equal number of electrons and protons;
therefore, the atom as a whole has no electrical charge. That is, it is
electrically neutral. But in most cases, an extra electron can be added to an



atom, giving the atom (as a unit) a negative charge. Conversely, an
electron can be deleted, leaving the atom as a unit with a positive electrical
charge.

Neutrons, which are contained within the nucleus along with the
protons, have no electrical charge. As their name implies, they are neutral.

Isotopes. The number of particles in an atom determines what kind
of atom it is. For instance, an ordinary hydrogen atom (hydrogen is the
simplest element) consists of a single proton, a single electron, and no
neutrons. Sometimes, however, a hydrogen nucleus does contain one or
even two neutrons (heavy hydrogen). In this case, it is still a hydrogen
atom, but it has a few different properties. This kind of atomic variation is
called an isotope.

Atomic number and atomic weight. Elements are often identified
by their atomic number, which is simply the number of protons they
contain. Each element has a unique atomic number. For example, hydrogen
has an atomic number of one. The atomic number for helium is 2, carbon is
6 and lead is 82. Atomic weight, on the other hand, is the total number of
both the protons and the neutrons.

Electron rings. Look again at the diagram of the atom in Fig.1.1.
Notice that the electrons circle the atom in a number of fixed, concentric
rings. These rings have a definite pattern in the maximum number of
electrons each ring can contain.

The first ring, the one closest to the nucleus, can only hold one or
two electrons. If the atom has three electrons, two are in this innermost
ring; the third is in the second ring, farther out. This second ring can hold
up to eight electrons. The third ring can hold 18, the fourth 32, the fifth 50,
and the sixth can hold 72 electrons. No known atom has more than six
rings. Usually the inner rings are completely filled before the outer rings
are started, but there are exceptions.

Obviously, the easiest electrons to remove, giving the atom a positive
charge, are those in the outermost ring. They are the easiest to strike with
an external force, and they are the farthest from the attraction of the
positively charged protons that try to hold the electrons in place.

Conductors and insulators. Certain substances give up an electron
(or accept an extra electron) more readily than others. Such substances
(typically metals) are called conductors, because they can conduct
electricity. That is, they allow an electric current to pass through them.



A substance that has strong internal attraction and is thus resistant to
releasing or accepting electrons is an insulator. Electric current can pass
through an insulator, but it takes a far greater amount of force than for a
conductor.

Any atom can be made to give up an electron. Conductors are simply
those substances that give up electrons without a great deal of external
force.

Vocabulary

electricity — enexrpuka

structure — crpykrypa

particle — gactka

synthetic — mryunuit

subatomic — BHYTpIIIHLOATOMHUI

space — pocTip

isolate — izomoBaru

charge — 3apsin

measure — BUMiproBaTu

coulomb — kynon

equal — omHakoOBHiA, piBHHUI, JTOPIBHIOBATH
amount — KiTbKiCcTh, BEIMYMHA, CTYIiHb, Mipa
extra — gomaTkoBuM

pattern — monens, 3pa3ok, MAJIFOHOK

Task 10. Answer these questions about the text.

What differentiates the elements?

What does an electron exhibit when it is isolated from an atom?
What is the basic unit for measuring electric charge?

What types of electrical charges are there?

What does the number of particles in an atom determine?

How are elements identified?

How do the electrons circle the atom?

NookrwdE

Task 11. Decide whether the following statements are true or false. If
you think a statement is false, change it to make true.
1. Protons and neutrons are considerably more massive than
electrons.
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5.
6.

10

The electrons revolve around the protons.

A proton and an electron have different amount of electrical
charge.

Two similarly charged particles tend to attract each other and
two oppositely charged particles tend to repel each other.

The atom is electrically neutral.

Electric current cannot pass through an insulator.

Task 12. Translate the sentences. Look carefully at the meaning of the

1.

2.

3.

words one, those and does in the following sentences.

The first ring, the one closest to the nucleus, can only hold one or
two electrons.

The easiest electrons to remove, giving the atom a positive
charge, are those in the outermost ring.

An ordinary hydrogen atom consists of a single proton, a single
electron, and no neutrons. Sometimes, however, a hydrogen
nucleus does contain one or even two neutrons.

Text B

Before reading the text

Task 1. Match the units of measurement with these electrical

oA wN R

guantities.

. current a) ohm

. voltage b) watt

power c) volt

. resistance d) ampere
. capacitance e) henry
. inductance f) farad

Task 2. Choose the correct word to complete each sentence.
1. resist, resistor, resistance, resistivity
a) Electrical circuits always have some ... .
b) A ... is designed to oppose the current flow.
¢) There is no substance that perfectly doesn’t ... current flow.
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2. measure, measuring, measurement, measurable
a) There are instruments that are employed to ... electrical quantities.
b) D’Arsonval movement has been around since the earliest days of
electricity, but it is still used in some ... devices today.
c) The ... of larger voltages requires special devices.

3. insulate, insulation, insulator, insulating
a) Most gases are good electrical ... .
b) Excellent ... materials can be used in capacitors.
€) Sometimes an ... gets perforated by a spark.

Task 3. Try to answer the following questions.
1. What is an electric current?
2. What can you tell about voltage?
3. Do you know what power is?

Task 4. Read the text, translate it and check your answers.

Electrical current. When an electron is knocked free from an atom,
it drifts through space until it collides with a second atom that accepts it
and throws off one of its own original electrons. This electron then strikes a
third atom, and so forth. Each individual electron doesn't travel very far,
but the energy of electron movement can be transmitted along the length of
the conductor.

A simplified model of this kind of process is shown in Fig. 1.2. A
cardboard tube is filled with three ping pong balls. When an extra ball, X,
is pushed into the tube, it displaces ball 1, which displaces ball 2, which
shoves ball 3 out of the far end of the tube. It all takes place almost
instantaneously - when X is pushed in, 3 is shoved out. Each ball moved
very little, and fairly slowly, but the energy was quickly transmitted
through the tube.
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Figure 1.2— Model of current flow

When this process takes place with electrons in a conductor, it is
called electricity, or electron current.

Another way to put it would be to consider current the effective flow
of electrons (usually simplified as electron flow). If a coulomb (6.25 x 10'
electrons) flows past a given point within one second, the current equals 1
ampere (A).

The ampere is the basic unit of measurement for electric current, but
in many practical cases, it is too large a unit to be convenient. In these
instances, it is simpler to use the milliampere(mA), which equals one
thousandth of an ampere, or microampere (pHA), which equals one
millionth of an ampere (one thousandth of a milliampere). For example,
50mA equals 0.05A, or 50,000pA. Generally you can use whichever unit
gives you the most manageable figures.

The word ampere is sometimes abbreviated as amp, or simply the
letter A as indicated above. Similarly, milliampere can be written as
milliamp or mA. Microampere is usually abbreviated as pA.

In electrical equations, current is usually represented by the letter I.
The value of | is generally assumed to be in amperes unless otherwise
stated.

Voltage. Because current specifies the number of electrons moving
past a given point within a given time period, it can be considered the speed
of the electron flow.

If you visualize electron flow as a toy car, you can draw a clear
analogy to the basic elements of electricity. If you set the toy car on a
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perfectly flat table top, the speed (current) is zero - there is nothing to make
it go. But if you tilt up one end of the table, the car starts to roll down the
hill. The steeper the slope, the faster it goes.

What is making the car move is the difference between the highest
point and the lowest point of the slope. In electricity the "highest point" is
a point with a surplus of electrons (negative charge), and the "lowest point"
is an electron shortage (positive charge). Because like charges repel and
opposite charges attract, a stream of electrons flows from the most negative
point to the most positive point.

Remember, each individual electron doesn't move very far, but the
disturbance travels through the entire circuit. A circuit is a complete path
for current flow. If the path is broken at any point, no current flows.

How strongly the current flows depend on the difference in charge
between the most negative point and the most positive point of the circuit.
This difference of electrical potential is also called voltage or
electromotive force.

Voltage is measured in units called volts (V). One volt pushes 1 A of
current through one ohm () of resistance. Resistance is discussed in the
next UNIT.

If the volt is too large a unit, you can measure voltage in millivolts
(mV). One volt equals 1000mV. If the volt is too small a unit, use the
kilovolt (kV) as the unit of measurement. One kV equals 1000V. For
example, 25V equals 25,000mV, or 0.025kV. Similarly, 2300V equals
2.3kV or 2,300,000mV.

In electrical equations, voltage is usually represented by the letter E.
E is given in volts unless otherwise stated.

Power. If you want to determine how much work the circuit is doing,
you need to consider both the voltage and the current. The total energy
consumed is called power and is measured in watts (W). One watt of power
is consumed when 1V pushes 1 A through a circuit.

The relationship between power, voltage, and current is stated in the
following formula:

P=El (1.1)

P is power, E is voltage, and | is current. So power in watts equals
voltage in volts times current in amperes.
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This formula can be rearranged if you know the wattage (power) and
the voltage and need to find the current. In this case:

| = P/E 1.2)

The meaning of the variables is the same as in Equation 1-1.
The final possibility is if you know the wattage and the current, but
not the voltage. Here you can write the equation as:

E= P/I (1.3)

Again, the variables are the same as above. P is usually given in units
of watts. You can use kilowatts (kW) or milliwatts (mW) if they are more
convenient. The conversion is the same as with volts to kilovolts or to
millivolts.

Vocabulary

energy — exepris

transmit — mepexaBaTu

displace — nepemimarn, BUTICHSITH

flow — morik, mpoTtikaTu

equation — piBHSHHS

slope — naxwmi

disturbance — 30ymKeHHs, TOPYLICHHSI, TTOIIKOPKCHHS
travel — mepeminarick, pO3MOBCIOIKYBATHCH

circuit — koo, JIaHLIOT

path — mutsax, Koo, yacTrHa Koja

potential — morentian

electromotive force — enexrpopyimiiina cuna

consider — Opatu 70 yBaru, BpaxoByBaTH

total — 3aranpHuii, MOBHMIA

consume — crnokuBaTu

relationship — cmiBBifgHOIIEHHS, BiTHONICHHS, 3AJIEKHICTH
formula — popmyna

CONVErsion — nmepeTBOPeHHS
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Task 5. Work in pairs. Ask your partner to answer these questions.
1. What is a difference of potential?
2. Can the difference of potential be called electromotive force?

Task 6. Underline the words expressing the comparison. Decide the
forms of comparison.

1. The steeper the slope, the faster object goes.

2. In the electricity the “highest point” is a point with a surplus of
electrons (negative charge), and the “lowest point” is an electron shortage
(positive charge).

3. Because like charges repel and opposite charges attract, a stream
of electrons flows from the most negative point to the most positive point.

TEST (UNIT 1. Electrons and electricity)

Choose the correct answer

Which of the following is not a basic part of an atom?
. Coulomb

. Electron

Proton

. Neutron

ooOw>r

n

What flows through a conductor to create an electrical
current?

A. Protons
B. Isotopes
C. Molecules
D. Electrons

3. If a coulomb flows past a given point within one second, the
current equals

A. 0.05A

B. 50mA

C. 50000mA

D. 1A
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4. What is the basic unit for measuring current flow?
A. Volt

B. Atomic weight

C. Ampere

D. Coulomb

5. Which of the following is not a unit for measuring voltage?
A. Volt

B. Millivolt

C. Isotope

D. Kilovolt

6. What is the basic unit for measuring electrical power?
A. Watt

B. Volt

C. Ampere

D. Electrolyte

7. How is the total energy consumed when the current flows
through the circuit called?

A. Watt

B. Power

C. Voltage

D. Equation

8. One watt of power is consumed when
A. Like charges repel

B. Electron strikes an atom

C. 1V pushes 1A though the circuit

D. Electron is knocked free from an atom

9. If the voltage applied to a circuit is 15V, and the current flow
is 2A, what is the wattage (power) consumed by the circuit?

A. 17TW

B. 30W

C.7.5W

D. 0.133W
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10. If 12V are applied to a circuit that consumes 78W, what is the
current flow through the circuit?

A. 936A

B. 0.15A

C.9.36A

D. 6.5A
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UNIT 2. RESISTANCE AND OHM’S LAW
Text A
Before reading the text

Task 1. Find the appropriate meaning to these phrases.

1. integrated circuit a) JOPOTOBHIl PE3UCTOP
2. fixed resistor b) pesucrop 3miHHOTO
OTopy, 3MiHHUIT peocTat
3. wirewound resistor C) KOMITO3MIIAHWIA PE3UCTOP
d) wmeranomIiBKOBHIA
4. composition or carbon pe3uctop
resistor €) iHTerpampHa cxema
5. metal-film resistor f) pesucrop MOCTIHOTO
6. variable resistor OTopy, MOCTIHHUI omip
g) rpadiune 300paskeHHS
7. resistance wire h) peocrarumii apit, apiT
8. schematic symbol BHCOKOT'O OIIOPY

Task 2. Try to answer these questions.
1. What can you compare a resistance with?
2. Is a resistance useful property or it has an adverse effect in the
circuit?

Task 3. Read the text, translate it and check your answers.

A resistance is an electrical equivalent to friction and is represented
by the letter R. Resistance impedes, or works against the flow of current.
You might think that resistance is something that should always be avoided
as much as possible, but it's actually quite a useful factor in practical
circuits.

Remember that the higher the current drawn from a battery or cell,
the faster the battery or cell will be discharged. Resistance limits the
amount of current drawn. It can also, as you'll see, reduce the voltage in
certain portions of a circuit.
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Ohm's law. The basic unit of resistance is the ohm, which is
sometimes written as Q (the Greek letter omega). One volt can push 1 A of
current through 1 Q of resistance. The relationship between these three
factors is perhaps the most important concept in electronics and electricity.
This relationship is defined by a principle called Ohm's law. According to
this law, voltage equals current times resistance, or:

E=IR 2.1)

E is the voltage in volts, | is the current in amperes, and R is the
resistance in ohms. E will also be in volts if the current is in milliamperes
and the resistance in kilohms (kQ) (see below)

With a little simple algebraic manipulation, you can rearrange the
equation to solve for current if voltage and resistance are known:

| =E/R (2.2)
Or, solving for resistance with known voltage and current:
R =E/I (2.3)

You learned that power in watts equals voltage times current
(P = EI). You can combine this equation with Ohm's law to find power
consumed when only the resistance and the current are known:

P=EI
and E=IR
so P = (IR)I
orP=1IR (2.4)

Similarly, if you know the resistance and the voltage:

P=EIl
and | =E/R
so P =E (E/R)
or P =E’R (2.5)
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These equations are quite versatile, and they are absolutely essential
to your understanding of electronics.

In most practical circuits the ohm is a too small unit, so the kilohm
(kQ -1000 ohms) and the megohm (MQ - 1,000,000) are often used.

Resistors. A resistoris an electric component that is designed to
introduce a specific amount of resistance into a circuit. Resistors are
probably the most commonly used class of components in electrical
engineering. Different size resistors can handle different amounts of power,
or wattage. The action of a resistor causes it to heat up. That is, it converts
electrical energy into thermal energy (heat). If a resistor gets too hot, it can
change its resistance value or it can become damaged. To prevent this
problem, always use a resistor that will dissipate (or handle) the required
amount of power. If in doubt, use a larger resistor. A 2W resistor, for
example, will work fine in a 1/2W circuit.

Unfortunately, large wattage resistors tend to be more expensive and
take up quite a bit of space. So generally, use the smallest resistor that will
comfortably handle the required wattage. For most electronic circuits,
1/4W resistors are more than sufficient. In circuits built around integrated
circuits, you would normally use 1/4W resistors.

Types of fixed resistors. If only a few ohms of resistance are needed
in a circuit, the resistor can simply be a piece of nichrome (nickel-
chromium) wire of suitable width and length. Nichrome wire has a much
greater resistance than standard copper wire (all conductors have some
resistance) so small wirewound resistors can be made without the length
being unreasonable. This nichrome wire (sometimes called resistance wire)
is usually wound around a ceramic core and covered with some insulating
material.

Usually the resistances needed in practical electronic circuits are too
large for reasonable wirewound resistors, So composition resistors are more
commonly used. These resistors are usually made of a thin coating of
carbon on a ceramic tube. Carbon is only a fairly poor conductor, so a
fairly large resistance can be achieved in a relatively small space.

The upper limit for such a carbon resistor is generally around
10MQ. Of course, the resistor itself is covered with an insulating body. The
color coding bands are painted on the outside of the insulation.

Another common type of resistor uses a thin metallic film instead of
carbon. Metal-film resistors can usually be made to more precise values
than carbon composition resistors. Metal-film resistors are also less
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sensitive to temperature fluctuations (carbon resistors can sometimes
change value at temperature extremes) and produce less internal noise
(random and undesirable voltages and power fluctuations).

All of these devices are called fixed resistors because, unless they
are in some way damaged, their value is more or less constant (all resistors
change value somewhat in response to temperature fluctuations). The
schematic symbol for a fixed resistor is shown in Fig. 2.1.

—NNN—

Figure 2.1 - Schematic symbol for a fixed resistor

Variable resistors. It is often necessary to be able to alter the
amount of resistance in a circuit. In these cases a variable resistor is used.
Variable resistors are usually called rheostats or potentiometers (often
shortened to pots). These terms are more or less interchangeable, but
generally the word rheostat is used to identify a device that is suitable for
heavy-duty ac (alternating-current) circuits and potentiometers are
generally used in circuits having relatively low power.

Also, potentiometers usually have three terminals. The two outside
terminals act like a simple fixed resistance - the resistance between these
two terminals does not change. The center terminal, however, is attached to
a slider, which is controlled by a knob. You can move the slider along the
resistance element, which is either wound wire, or a strip of carbon.
Depending on the position of the slider, the resistance between it and either
of the outside terminals will vary. See Fig. 2.2. Notice that the total of
resistance AB plus resistance BC always equals the constant resistance AC.
As resistance AB increases, resistance BC decreases, and vice versa.
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Figure 2.2— Resistance of a potentiometer varies as the slider is moved through its
range

A variation on the standard potentiometer is the slide pot. It works in
exactly the same way as a regular potentiometer, except the slider moves in
a straight line rather than in circular motion. The only advantage of using a
slide pot is that in certain applications, it is easier to see where the slider is
positioned.

The schematic symbol for a potentiometer is shown in Fig. 2.3. The
symbol is the same whether it is for a slide pot or standard round pot.

Figure 2.3— Schematic symbol for a three-terminal variable resistor

A rheostat, on the other hand, is often a two-terminal device. That is,
there is one fixed terminal and the movable terminal (slider). The second
fixed terminal is simply left off. Fig.2.4 shows the most common schematic
symbol for a two terminal variable resistor. Alternatively, the standard
symbol for a potentiometer can be used with one of the outer (fixed)
terminals left disconnected.
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NS

Figure 2.4— Schematic symbol for a two-terminal variable resistor

Potentiometers and rheostats are generally panel controls. To use a
potentiometer or rheostat, you rotate a knob (which is connected to the
shaft of the variable resistor) that in some way alters the operation of the
circuit.

Vocabulary
friction — teprs
battery — 6arapest
cell — enemenr
discharge — pospsimkaTucs
resistor — omip, pe3uctop
thermal — remnoswmit
damage — nomKoUTUCS, TICYBATHCS
dissipate — poscitoBatu (cs1)
Wire — 1piT, mpoBi, MPOBITHUK
nichrome — Hixpom
rheostat — peocrat
potentiometer — morexmiomMeTp
device — npuaz, npuctpiit
heavy-duty — Baxxkuii pexxum
terminal — BuBiz, 3axuM, KiemMa
slider — moB3yn
slidepot — moB3yHKOBHIT TOTEHITIOMETP
rotate — obepratu (cs)
knob — pyuka, kHomka
shaft — Ban
operation — po6oTta
alternating current (a.c.) — 3minHuit CTpyM
reduce — 3MeHIIyBaTH


http://en.wikipedia.org/wiki/Fire
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Task 4. Answer these questions about the text.
1. What is the basic unit of resistance?
2. How is the relationship between voltage, current and resistance
defined by Ohm’s law?
What is a resistor designed for?
What does a resistor convert?
When can a resistor be damaged?
What types of fixed resistors are commonly used?
When is a variable resistor used?
How are variable resistors usually called?

ONo kAW

Task 5. Work in pairs. Make up the problems of your own similar to
those given in the models 1-5. Ask your partner to solve these
problems using the relationships of Ohm’s Law and comment
on them.

Model 1. Suppose that generator produces 10V and potentiometer is set to
a value of 10 Q . What is the current?
This is solved by the relationship 1 = E/R. Plug in the values for E
and R, they are both 10. Then 1 =10/10 =1.0 A

Model 2. Assume that potentiometer is set to 100 Q and the measured
current is 10 mA. What is the voltage?
Use the relationship E = IR. First, convert the current to amperes:
10mA=0,01A. Then multiply: E=0,01x100=1.0V

Model 3. What is the value of the resistance if the current is 18mA and the
voltage is 229 mV?
First, convert these values to amperes and volts. This gives
I=0,018A and E=0,229V. Then plug into the equation:
R=E/1=0,229/0,018=13Q.

Model 4. Suppose that the voltmeter reads 12V and the ammeter shows
50mA. What is the power dissipated by the potentiometer?
Use the formula P=EI. First, convert the current to amperes,
getting 1=0,050A. Then multiply by 12V, getting P = Pl = 12 X
0,050 = 0,60W.
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Model 5. If the resistance in the circuit is 999 Q and the voltage source
delivers 3V, what is power dissipated by the potentiometer?
Use the formula P = E¥R = 3 x 3/999 = 9/999 = 0,009W= =9 mW

Text B
Combinations of resistors

Task 1. Before reading the text try to answer the following questions.
1. What combinations of components in the circuits do you know?
2. What is the difference between series and parallel connection?

Task 2. Read the text, translate it and check your answers.

Practically electrical and electronic circuits consist of just a single
resistance, so you need a way of determining the total value of multiple
resistances in various combinations.

Series Resistances. Figure 2.5 shows a simple circuit with two
resistors in series. Assume the battery generates three V. The value of R, is
100Q, and R, is 200Q2. How do you find the current? Because the total
current has to flow through both resistors, it must have the same value for
each resistor. The current has to flow through 100Q; then it has to flow
through an additional 200Q2 more. As you might have guessed, this resis-
tance appears to the current as a single 300Q resistor. Resistances in series
add. Stated algebraically, the formula for resistance in series is:

RT=R1+R2...+ Rn (26)
where Ry is the total resistance. The letter n represents the total number of
resistances in the circuit.

RlB
AN

E —+ §R2

C

Figure 2.5 — A simple series resistance circuit
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In the example, you have just two resistances. Rt = R; + R, = 100 +
200 = 300€Q2. Now that you know the total effective resistance in the circuit,
you can use Ohm's law to find the current. You know that I = E/R (current
equals voltage divided by resistance), so the current in this circuit equals
3V/300Q, or 0.01A (10mA).

Now, what is the voltage dropped by each resistor? Because E = IR
(voltage equals current times resistance), the voltage through R, must equal
0.01 A x 100Q, or 1V. Similarly, the voltage through R, equals 0.01A
x200Q, or 2V. Notice that adding the voltages dropped across each of the
resistors will give you the original source voltage. You can say that all of
the voltage is used up by the resistances, which is true of all circuits. As the
current passes through each resistor, the resistance causes the voltage to
drop. At point A you have the full source voltage, or 3V. At point B, R, has
dropped 1V, so there is 3 - 1, or 2V. R, drops 2V, and so at point C the
voltage is 0. The source voltage is used up.

Finally, you can calculate the total power consumed by the circuit.
You'll recall that the formula is P = EI (power or wattage equals voltage
times current). In the example, you have 3V x 0.01A, or 0.03W (30
milliwatts-mW).

Try another example, and use a slightly different method of solving
it. You'll still be using the circuit shown in Fig. 2.5, but this time the
battery generates 12V, R, is 1000 Q, and R, is 150Q. The total resistance in
the circuit is 1000 + 150, or 1150Q. Because you know that the total power
consumed by a circuit can be calculated with the formula P = E%/R, you can
insert the known values. P = 1241150 = 144/1150 = approximately
0.125W (125 mW).

Solving for current you can rearrange P = El to 1= P/E, or 0.125/12
equals just over 0.01 A (about 10 mA). The voltage drop across R, is found
by Ohm's law. E = IR = 0.01A x 1000Q2 = 10V. The voltage drop across R,
equals 0.01A x 150Q, or about 1.5V. You'll notice that the calculated
voltage drop is 10V + 1.5V, or 11.5 V, rather than the source voltage of
12V. What happened to that extra half volt? Actually, nothing. You lost it
in the calculations because of rounding off. The wattage consumed is
actually 0.1252174W, but rounding this figure off to 0.125W made the rest
of the calculations simpler. There is nothing wrong with rounding off the
results of these equations, and usually the calculated values will be close
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enough. But when a discrepancy does show up, you might find it necessary
to go back and work with the exact values.

Parallel resistances. Now, what if you have a circuit like the one
shown in Fig. 2.6? In this case, the electron flow drawn from the battery
(the current) is split up between the two resistors. There are two parallel
paths for the current to follow. Some of it will flow through R,, and some
will flow through R.

§—

E = R1§ §RE

i ' ]

Figure 2.6— A simple parallel resistance circuit

Naturally, more current will flow through the path with less
resistance. If both resistors are of equal value, equal currents will flow
through them. As far as the voltage is concerned, a parallel circuit looks
like two separate circuits, as in Fig. 2.7. The full source voltage is dropped
across each resistor.

Figure 2.7— Parallel resistance as it appears to the voltage source
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Suppose the circuit is powered by a 6V battery. R, is 10002 and R, is
300092. You already know that the full source voltage (6V) will be dropped
across each resistor, so you can use Ohm's law and solve for the currents
separately. For R, | = E/R = 6V/1000Q= 0.006A (6 mA). The current
through R, is 6V/3000Q2, or 0.002A (2mA). R, draws 6 mA from the
battery, and R, draws an additional 2 mA, so the total current drawn by the
parallel circuit is 8 mA.

Solving for the equivalent resistance of the entire circuit, you can use
the formula R =E/I=6V/0.008 A = 750Q. Notice that this total equivalent
resistance is less than the value of the smallest resistor. This relationship is
always true in a parallel circuit. If the two resistors are equal, the
equivalent resistance will be exactly one half their individual values.

Another formula for determining the equivalent resistance of n
resistors in a parallel circuit is:

1/R; + 1R, ...+ 1R, = 1/R; 2.7)

Ry is the total effective resistance of the parallel circuit. Using the example
above, you find 1/1000 + 1/3000 = 0.001 + 0.00033333 = 0.00133333.
Taking the reciprocal (1/0.00133333), you get 750Q. You get the same
answer, no matter which method you use.

The power consumed by the circuit is solved in the usual way. That
is, P = El. In this circuit, 6V x0.008A = 0.048W. This value can be
rounded off to about 50mWw.

As you can tell from Equation 2.7, any number of resistances can be
combined in parallel. For example, imagine a circuit with four resistors in
parallel. Their values are 1000€2, 2200€2, 68002 and 10.000€2. So you have
1/1000 + 1/2200 + 1/6800 + 1/10,000 = 0.001 + 0.0004545 + 0.0001471 +
0.0001 = 0.0017016. Taking the reciprocal to find the total effective
resistance, you get just under 590Q. Notice that this equivalent value is
lower than the individual value of any of the separate resistors.

Series-parallel combinations. In actual practice, you'll rarely come
across a circuit with just series resistances or just parallel resistances.
Usually you'll find a combination of the two forms. Take a look at Fig. 2.8.
Here you have a circuit with four resistors both in series and in parallel. It
might look complicated to solve for such a combination circuit, but it's easy
enough if you go one step at a time.
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+ R3

R4

Figure 2.8— A series-parallel resistances circuit

Assume the source voltage is 15V. R; equals 1500Q, R, equals
22009, Rz equals 470Q), and R4 equals 1000Q. First you should find the
equivalent resistance of the R; — R, combination. Because these two
resistances are in series, their values simply add. That is, 470 + 1000Q =

1,470. For simplicity, you can consider this combination as a single
resistor, Ra. See Fig. 2.9.

R1
AN

=N R § § R, (R, +R,)

Figure 2.9 — Simplification of Fig. 2.8

Now solve for the R, - R, parallel combination. 1/2200 + 1/1470 =
0.0004545 + 0.0006803 = 0.0011348. So the equivalent resistance is just
over 880€). Call this value Rg. See Fig. 2.10.
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R1

il

? R, (R, +R,)

Figure 2.10- Further simplification of Fig. 2.8

Now, you just have R;in series with Rg. R; + Rg = 1500 + 880 =
23809, which is the total equivalent resistance for the entire circuit.
Solving for the total circuit current, you find that because | = E/R, the
current equals 15 V/2380Q, or about 0.0063A (6.3mA). The full current
flows through R,, because there is no other path for it to take to bypass this
resistor. You can solve for the voltage drop across R.. E = IR = 0.0063A x
1500Q = 9.45V.

Looking at the Rg combination as a single resistor, you find the total
voltage drop is about 0.0063 x 880, or 5.55V (9.45V across R, and 5.55V
across Rg equals the source voltage -15V). Because Rg consists of R, and
Ra in parallel, you know the voltage dropped across each of these
resistances is equal. Specifically, 5.55V. The current through R, equals
5.55V/2200Q or approximately 0.0025A (2.5mA). The current through the
Ra combination is 5.55V/1470Q, or about 0,0038A (3.8mA). R, is actually
Rs; and Ry in series. Because these two resistors are in series, they pass the
same current- 3.8mA. The voltage drop through R; is 0.0038A x 4709, or
1.77V. Across R, it is 0.0038A x 10002, or 3.78V. Notice that 3.78V +
1.77V equals 5.55V.

Further, the current through R, (2.5mA) plus the current through Ra
(3.8mA) equals 6.3mA - the same value you got for the entire circuit. You
can see how all these equations are interconnected.

Finally, the power through the entire circuit is 15V times 0.0063A, or
0.0945W. You can round this value off to about 95mW.
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Vocabulary
in series — mocIigoBHO
in parallel — mapanensHo
generate — resepyBaru
effective resistance — edextuBnmii orip
SOuUrce — Kepeso KUBICHHS
source voltage — Harpyra )HBJICHHS
drop — majaTH, 3HMKYBATUCH
voltage drop — majiHHs Hapyru
calculate — o6uncmoBaTn
solve — po3B’si3yBatu
round off — okpyrisaTu
discrepancy — po3XoKeHHS
exact — Tounuii
split up — po3mingTucs, po3IIEIUTIOBATHCS
power — xuBuTH (cs1)
bypass — o6xogutu
equivalent resistance — exBiBaJIeHTHUII OMIip
reciprocal — obepuenuii, 0bepHEHE YKCIIO

Task 3. Work in pairs. Ask your partner to draw the circuit in which

resistors are connected:

- inseries;

- in parallel;

- in series-parallel configuration.
Comment on each configuration.

Task 4. Make up the problems of your own for all types of connections
similar to those given above in the text. Solve and comment on

them.

TEST (UNIT 2. Resistance and Ohm’s Law)

Choose the correct answer

1. What does a resistance do in the circuit?
A. Helps to draw the current out of the battery

B. Impedes the flow of current
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Avoids to reduce the voltage
Rearrange the circuit
None of the above

Which of the following is not a valid expression of Ohm's
law?

.R=FE/
.E=IR

I =E/R

.R=FE
. None of the above

Which of the materials is sometimes called a resistance wire?

. Ceramics

. Carbon

. Copper

. Nichrom

. None of the above

Which of the following is not a variable resistor?
Pot

. Rheostat

. Slider

. Potentiometer

. None of the above

If a 3300Q2 resistor and a 220002 resistor are connected in
series, what is the total resistance?

. 18,700Q2

. 2870Q

.25,300Q

. 55009

. None of the above

. If three resistors, each with a value of 560Q2, are connected in

parallel, what is the total resistance of the combination?

A.187Q
B.1867Q2

C.

5600
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D.1680Q
E. None of the above

7. Assume 15V is applied to a simple series circuit consisting of
a 22002 resistor and a 4700 ohm resistor. What is the value of
the current flowing through this circuit?

A. 0.010A

B. 0.0022A

C. 22A

D. 0.460A

E. None of the above

8. A 33 kQ resistor is connected in series with a parallel
combination made up of a 56 kQ resistor and a 6.8 kQ
resistor. What is the total combined resistance of these three
resistors?

A. 95,800Q

B. 49,069Q

C. 39,067Q

D. 63,769Q

E. None of the above

9. When resistors are connected in series, what happens?
A. Nothing

B. The effective resistance is decreased

C. The effective resistance is increased

D. The tolerance is decreased

E. None of the above

10. When resistors are connected in parallel, what happens?
A. Nothing

B. The effective resistance is decreased

C. The effective resistance is increased

D. The tolerance is decreased

E. None of the above
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UNIT 3. KIRCHHOFF’S LAWS
Text A
Before reading the text

Task 1. Match each word and expression in the list on the left with the
appropriate meaning on the right.

1. algebraic sum a) 3aMKHyTa YaCTHHA KOJia
2. cancel out b) 3amkHyTHIT KOHTYD

3. loop C) By3oia

4. closed path d) anrebpaiuna cyma

5. closed loop e) 3piBHIOBaTH (Cs1)

6. node f) koutyp

7. count g) IOBLIBHHIA

8. arbitrary h) paxyBaru

9. sign convention i) JoKeperno Hampyru

10. voltage source J) mpaBuio 3HaKiB

Task 2. Try to answer the following questions.
1. What properties of electrical circuit Kirchhoff’s laws are related
to?
2. When are these laws usually used?

Task 3. Read the text, translate it and check your answers.

Kirchhoff's laws are a handy set of tools for analyzing what's going
on within an electrical circuit. You have a choice of whether to use
Kirchhoff's voltage law or Kirchhoff's current law. They are just two
different paths to the same ends. Ultimately, they give the same results.

Kirchhoff's laws are especially useful in analyzing circuits that
cannot be broken down into simple series, parallel, or series-parallel
combinations of resistances. Such a circuit is shown in Fig.3.1.

Kirchhoff's voltage law. According to Kirchhoff's voltage law, "the
algebraic sum of the voltage sources in any loop is equal to the algebraic
sum of the voltage drops around the loop." If you don't understand this
statement, don't worry about it. In somewhat simpler terms, it means - the
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total amount of voltage put into the loop must be exactly cancelled out to
the voltage used up (dropped) within the loop. This idea will become
clearer as you go on. To understand Kirchhoff's voltage law, you first need
to know what is meant by a loop.

—ii

L

—iilik=

Figure 3.1- Some circuits cannot be broken down into simple series-parallel
combinations

Loops. In the Kirchhoff system, a loop is any closed conducting path
within the circuit. Loops can be made up of any combination of conductors,
resistances, reactances, or voltage sources (but not current sources). For
now all you really need to know that a reactance is essentially an ac
resistance.

A fairly simple circuit is shown in Fig. 3.2. This circuit is broken up
into its component loops in Fig. 3.3. Notice that the loops are redundant.
Although the circuit is made up of three loops, any two of the loops include
all of the circuit elements. The third loop is not needed. More complex
circuits will break down into more than three loops, of course, but the

principle is the same.
it}

T ]

= > R —
=E1 k2 —Fz

1 _ I

Figure 3.2— This circuit will be used to demonstrate Kirchhoff’s laws
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e | L1 (] g
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Figure 3.3— The circuit of Fig. 3.2 shown in component loops

In working with Kirchhoff's voltage law, you will use the minimum
number of loops that will include all of the circuit elements. To use any
more loops would merely be redundant and make unnecessary extra work
for you.

Loop Currents. The next expression you need to understand is loop
current. The definition is pretty obvious. A loop current is simply the
current assumed to flow through a given loop. The loop currents are
indicated in Fig.3.3.

It is important to realize that loop currents are a theoretical concept.
They exist only mathematically. If you actually measured the current at a
given point in the circuit, you might or might not get a value close to the
assumed loop current. There is a perfectly good reason for this. The tested
point can be (and probably is) part of more than one loop. There might well
be multiple loop currents flowing through that circuit point. For example,
in Fig. 3.3, loop currents 1, and I, both flow through resistance element R,

For purposes of Kirchhoff circuit analysis, you simply artificially
separate these simultaneous currents into independent loop currents. This
concept is somewhat confusing, so it might be worthwhile to go back and
reread the brief discussion on loop currents before going any further.

Sign conventions. Kirchhoff's voltage law deals with algebraic
sums. Using algebraic sums, you will be dealing with positive (plus) and
negative (minus) quantities. Various values will be added or subtracted,
depending on what algebraic sign they have. Obviously you need a set of
conventions or rules to determine whether a given value should be given a
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plus or minus sign. The procedure for determining the proper signs is: pick
a direction, either clockwise or counterclockwise. It doesn't really matter
which one you pick, as long as your choice remains consistent throughout
the analysis. A negative sign simply indicates that the current is moving in
the opposite direction from the one you selected.

All of the loop currents must be assumed to flow in the same
direction (all clockwise, or all counterclockwise). It is important to
remember that the use of a plus or minus sign here does not refer to
ordinary electrical polarity. It is just a mathematical convention for your
convenience in analyzing the circuit.

If a current flows through a resistor in the same direction as the loop
current for that loop, the voltage drop across the resistance is positive. Of
course, if the current flowing through the resistor is in the opposite
direction, you will consider the voltage drop across the resistance to be
negative.

There are two kinds of current flowing through the loop. There is the
loop current for the loop presently under consideration, and there are loop
currents from other loops in the circuit. As a rule of thumb, voltage drops
caused by the present loop current will almost always be positive. Voltage
drops due to currents from other loops can be either positive or negative.

Loops can contain voltage sources. If a loop current passes through a
voltage source from the negative terminal to the positive terminal, that
current has a positive value. If it flows in the opposite direction (from the
voltage source positive terminal to the negative terminal), that current is
negative. By following these rules, you can determine the proper sign for
any current or voltage drop in a loop.

Kirchhoff's voltage law in action. You might be scratching your
head at this point. You might be starting to believe this is all beyond you,
but don't worry. Kirchhoff's voltage law is a little difficult to explain
abstractly, but once you go step by step through a practical example, you
should have a better grasp of the concepts described.

You will analyze the simple circuit shown in Fig. 3.2. Of course, you
can't do that without knowing the voltages and resistance values in the
circuit. You will assume the following values:

E: 12V
E, 6V
R; 100Q
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R, 47Q
R; 220Q

In analyzing the circuit, you can use either two of the loops shown in
Fig. 3.3. Use loop A and loop B. These loops are shown in Fig. 3.4. The
loop currents are assumed to flow in a clockwise direction. Loop A consists
of E;, R, and R,. The loop current for loop A is labeled I;. Loop B consists
of E, Ry, and Rs.

The loop current for loop B is labeled I,. Notice that resistance R, is
part of both loops. Therefore, both the I, and I, currents flow through this
component.

Kirchhoff's voltage law states that the algebraic sum of all voltage
sources in the loop equals the algebraic sum of all voltage drops in the
circuit. In other words, the total amount of voltage put into the loop must
be exactly cancelled out to the voltage used up (dropped) within the loop.

R, ' R,
A A 2 d VA
/ I "\ / 1, N
_l
E= R, 3- E,
A - B

Figure 3.4— Use loop A and loop B from the circuit of Fig. 3.2

Once again, you have a slight imbalance due to cumulative rounding
errors, but the total voltage sources in the loop again is approximately equal
to the total voltage drops in the loop. If you recalculate all the values
exactly (without any rounding off), you will find that Kirchhoff's voltage
law accurately predicts what is happening here. The results of the analysis
of this circuit using Kirchhoff's voltage law are shown in Fig. 3.5.



Figure 3.5- The results of Kirchhoff's voltage law analysis of Fig. 3.2

For simplicity in the discussion to this point, you have rounded off
the calculated values as much as possible. Inevitably this comes at a cost in
accuracy of results. It is okay for quick-and-dirty calculations. For more
precision work, you probably won't want to round off quite this much.
Rounding errors are often (but not always) somewhat cumulative.

Task 4. Work in pairs. Make up the problems of your own similar to
that given in the model. Ask your partner to solve and
comment on it.

Model. Suppose the circuit includes four resistors in series having

values of 50Q, 60Q, 70Q2 and 80Q and that the current
through each of them is 500mA. What is the battery
voltage, E?
Find the voltages E; E, E; and E,across each of the
resistors. This can be done using Ohm’s Law. For E; say
with the 50Q resistor, calculate E; = 0,500 x 50 = 25V. In
the same way calculate E, = 30V, E; = 35V and E, = 40V.
The supply voltage is the sum E;+E,+EstE, =
25+30+35+40 = 130V. Kirchhoff’s Voltage Law tells us
that the polarities of the voltages across the resistors are in
the opposite direction from that of the battery. Therefore,
E1+E2+E3+E4 =0.

TextB
Task 1. Before reading the text try to answer this question.
1. What can you compare Kirchhoff’s Current Law with?
(instead of current use something else)



40

Task 2. Read the text, translate it and check your answer.

Kirchhoff's current law. There is an alternate to Kirchhoff's voltage
law, and it is Kirchhoff's current law. This second Kirchhoff's law permits
you to deal with actual currents rather than the mathematical fictions (loop
currents) of Kirchhoff's voltage law.

According to Kirchhoff's current law, "the amount of current flowing
into a node always exactly equals the current flowing out of that node.”
That idea certainly makes sense when you think about it. What you put into
a node is what you get out of it. In more mathematical terms, the algebraic
sum of all currents flowing through a node is zero. Obviously, before you
go any further, you should understand just what you mean by the term
node.

Nodes. A node is simply the connection point between two or more
conductors.The simple example circuit is shown in Fig. 3.6, with the nodes
indicated. This particular circuit has just two nodes (A and B).

Node A R
3
AN
13

E, o R, =

[

Node B

Figure 3.6 - The circuit of Fig. 3.2 with the current nodes indicated

Current flowing into any node is always assumed to be positive.
Current flowing out of the node is assumed to be negative. For voltage
drops across any resistance elements, the terminal where the current enters
is assumed to be at a higher potential (more positive) than the terminal
where the current exits. This concept is illustrated in Fig. 3.7.
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Current
Resistance Flow
Element

Figure 3.7— The terminal of a resistance element where the current enters is
assumed to be more positive than the terminal where the current exits

When using Kirchhoff's current law, the first step is to count the
number of nodes in the circuit to be analyzed. If the circuit has N nodes,
you will need to examine N-I nodes to completely analyze the circuit. The
required number of node equations is always one less than the total number
of nodes in the circuit.

Kirchhoff's current law in action. In the sample circuit of Fig. 3.6,
you have two nodes, so you only need to look at one to analyze the circuit.
Use node A. You could just as easily use node B. The choice of which one
to leave out is purely arbitrary.

There are three current paths into node A. These are marked in
Fig.3.6 as follows:

I3,15,13

According to Kirchhoff's current law, the algebraic sum of these
three currents must be equal to zero. That is:

|1+|2+|3= 0

Note that at this point you don't know which of these currents are
positive and which are negative. This basic equation can't do you much
good until you relate the currents to the voltages and resistances within the
circuit.

Current I, flows through resistor R;. Thanks to Ohm's law (I= E/R),
you know that current I; must be equal to the voltage drop across R;
divided by the value of the resistance.
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The voltage drop across R, must be equal to the voltage going into
the resistance element at the positive terminal (which is E,, in this case)
minus the voltage at the negative terminal of the resistance element. You
will call the voltage at the negative terminal E,. The current direction of I,
tells you that node A is less positive (more negative) than node B, so
voltage E, takes on a negative sign.

l1=(E1-(-Ea))/ Ry

The two negative signs in front of E, cancel each other out, which
leaves you with:
l.=(E1+E.)/ Ry
Current 1, is defined by the voltage drop across R,, which is simply
equal to E,, so:
|2 = Ea / Rz

Yes, it works. Kirchhoff s Current Law gave an accurate prediction
of how the currents in the circuit interact at the examined node.

Other circuits will end up with slightly different equations.
Naturally, the more nodes there are in the circuit, the more equations you
will have to work with.

Task 3. Work in pairs. Make up the problems of your own similar to
that given in the model. Ask your partner to solve and
comment on it.

Model 1. Suppose all three resistors have values of 100Q2 and that I,= 2,0A
and I,= 1,0A. What is the battery voltage?

First, find the current I drawn from the battery: | =l,+l, =2,0 + 1,0 = 3,0A.
Next, find the resistance of the entire circuit. The two 100Q resistances in
series give a value of 200 €, and this is in parallel with 100 €. You can do
the calculations and find that the total resistance, R, connected across the
battery is 66,67Q. Then E =R = 3,0 x 66,67 = 200V

TEST (UNIT 3. Kirchhoff's Laws)

Choose the correct answer
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Which of the following is not one of Kirchhoff's laws?

. Kirchhoff's voltage law

. Kirchhoff's resistance law
. Kirchhoff's current law

. None of the above

For Kirchhoff's voltage law, circuits are divided into which
of the following?

. Nodes

. Ohms

. Series-parallel circuits
. Loops

What is a node?

. A mathematical fiction

. A terminal point for a loop current

. A connection point between two or more conductors
. None of the above

Which of the following correctly describes Kirchhoff's voltage
law?

. The algebraic sum of all the voltage sources in a loop equals the

algebraic sum of all voltage drops in that loop.

. The algebraic sum of all the currents entering a node equals the

algebraic sum of all currents exiting that node.

. A voltage drop equals the current multiplied by the resistance.
. The algebraic sum of all loop currents equals the algebraic sum of

all voltage drops in that loop.

Which of the following cannot be included in a loop for
Kirchhoff's voltage law?

A. Resistances
B.
C

Current sources
Voltage sources
Reactances
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6. How many nodes are needed to completely analyze a circuit
according to Kirchhoff's current law?

A. One

B. Two

C. All nodes in the circuit

D. One less than the total number of nodes in the circuit.

7. Loop currents should be assumed to flow in which direction?
A. Clockwise

B. Counterclockwise

C. Either A or B can be arbitrarily selected

D. None of the above

8. According to Kirchhoff's current law, what is the algebraic
sum of all currents entering and exiting a node?

A. A positive value

B. A negative value

C. The algebraic sum of all loop currents

D. Zero

9. If a resistance element is part of two loops, how many voltage
drops must be calculated for that component?

A. None

B. One

C. Two

D. Three

10. In Kirchhoff's current law, which terminal of a resistance
element is assumed to be at a higher potential (more positive)
than the other?

A. The terminal where the current enters the resistance element

B. The terminal where the current exits the resistance element

C. The terminal closest to the node being analyzed

D. Either A or B can be arbitrarily selected
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UNIT 4. ALTERNATING CURRENT
Text A
Before reading the text

Task 1. Find the words and expressions that have opposite meaning to:

1. direct current a) discharge

2. heavy-wattage b) to be out- of-phase
3. to be in phase c) alternating current
4. charge d) low-power

Task 2. Try to answer the following questions.
1. What forms of electricity do you know?
2. What is the difference between them?

Task 3. Read the text, translate it and check your answers.

So far you have been working with circuits where the current flows
in only one direction. This form of electricity is called direct current, or dc.
Many other circuits, however, operate on a voltage and current that
continuously varies in value, according to a repetitive, periodic pattern.
Electricity in this form is called alternating current, or ac.

Varying voltage and current. The polarity of a voltage source
determines the direction of current flow. The current will flow from the
negative terminal of the voltage source to the positive terminal. If the
polarity of the voltage source is reversed, the current will flow in the
opposite direction.

Take a look at the circuit in Fig. 4.1. Here you have a circuit with
two voltage sources, each a 3 V battery. As far as these batteries are
connected with opposing polarities, if they were allowed to have an equal
effect on the circuit, they would simply cancel each other out. No current
would flow through the circuit, and the power consumed would be zero.



Figure 4.1- A circuit powered by a voltage with reversible polarity

The two potentiometers labeled Rl and R2 control thé relative effect
of the two batteries in the main circuit. The dotted line between these two
schematic symbols indicates that they are mechanically tied together. That
is, one knob controls both potentiometers simultaneously. Such multiple
components are said to be ganged. Potentiometers can be dual, triple, or
even quadruple ganged. Dual ganged pots are not uncommon, but larger
combinations tend to be fairly rare.

For convenience in this discussion, refer to Rl and R2 as if they were
a single potentiometer, because they always work in unison. If the
potentiometer slider is in the exact center of its path of rotation, equal
resistances will be seen by each of the source voltages. So both batteries
will present an equal, but opposite voltage to the main circuit. This results
in the voltages canceling each other out, and no current flows through the
circuit.

If, however, the slider is moved all the way towards battery 1, that
battery will see a minimum resistance, and battery 2 will see a maximum
resistance. In other words, most of battery 2 voltage is dropped across the
resistance of the potentiometer. But most of the voltage from battery 1
makes its way through to the external circuit. Therefore, as far as the load
circuit is concerned, battery 2 doesn't exist. Battery 1 provides the power to
operate the circuit.

At the other extreme of slider path, the situation is reversed—battery
2 is dominant, and battery 1 is ignored. At intermediate positions of the
slider, the two voltages will interact in a subtractive manner. The battery
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closest to the slider will have the greater effect, but the other battery will
cancel out some of the voltage.

For example, if the potentiometer is set so that 2.5V is passed from
battery 1, but battery 2 is allowed to put out only 0.5V, the load circuit will
see a voltage source of 2V (battery 1 - battery 2). This voltage will have the
same polarity as the larger of the opposing voltages. In this case, battery 1
determines the polarity.

If you draw a graph of the effective voltage seen by the circuit, as the
potentiometer slider is rotated through its entire range, it would look like
Fig.4.2.

Voltage Position of potentiometer slider
+3

i
T
/

Figure 4.2— The voltage through the circuit of Fig. 4.1 as the potentiometer is
moved through its entire range

Now, suppose you start with the slider in its center position, and then
smoothly rotate the knob back and forth. A graph of the effective voltage
under these circumstances would resemble the one in Fig. 4.3.

+3V

o\
N N

Figure 4.3— A sine wave
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Notice that there is a repeating pattern in this graph. If you happen to
be familiar with trigonometry, you might recognize this graph as a series of
representations of the function called the sine of an angle. For this reason,
this wave shape is called a sinusoidal, or sine wave. Each complete pattern,
without repetition (as from point A to point B in Fig. 4.3) is called a cycle,
or a wave.

If you try a few Ohm's law equations, you'll find that the current
drawn by the circuit varies in step with the fluctuations of the applied
voltage. When the voltage goes up, the current goes up, and vice versa. The
current is said to be in phase with the voltage. A purely resistive circuit
does not alter the phase relationship. When the voltage and current in a
circuit fluctuate in this manner, you have an alternating current.

Ac voltage sources. Fig. 4.4 shows the schematic symbol for any ac
voltage source that generates a sine wave (other wave shapes are discussed
in other UNITSs). Notice that because the current is constantly reversing
itself, there is no fixed polarity for such a voltage source.

Figure 4.4— Schematic symbol for an ac (alternating current) voltage source (sine
wave)

An ac source changes its polarity many times each second. By
counting the number of complete cycles in a second, you get the frequency
of the wave. Frequency is measured in cycles per second (cps). Another
name for a cycle per second is hertz (Hz), named after a pioneer in the field
of electricity. One thousand hertz is a kilo-hertz (kHz), or a kilocycles per
second (kcps). Similarly, a million cps is one megahertz (MHz), or
megacycle.

Typically, ac power sources operate at a fairly low frequency. In the
United States, house current alternates at a 60Hz rate. Other countries use a
50Hz standard. It might seem that using ac would just complicate matters,
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but actually, the reverse is true. For low-power applications, it is easier to
make dc devices (that is, batteries) than ac devices. In heavy-wattage
installations, ac is much more practical to generate. It is also easier to
transmit ac over long lines. Ease of transmission is why the electric power
companies operate on ac.

The most readily available source of ac for powering electric circuits
is the house current provided by the electric company through ordinary wall
sockets. The wall socket is a power source of about 110 to 120V ac (the
level fluctuates somewhat) with a nominal frequency of 60Hz. This
frequency also fluctuates slightly, but the average is usually very close to
60Hz.

Many electric circuits are designed to operate directly from an ac
wall socket. In some circuits, power is first passed through a transformer to
change the voltage or through a power supply to convert the ac to a dc
voltage.

Phase. The current from an ac voltage source is ordinarily in step
with the voltage. That is, when the voltage increases, so does the current,
and when the voltage decreases, the current also decreases. The voltage and
the current are in phase. Their cycles start at the same instant. But some
components can throw the voltage and current out-of-phase. That is, one is
delayed so that the two are no longer in step with each other.

Multiple ac sources. Remember that when you have two or more dc
voltages in series (such as cells in a battery), you can find the total voltage
simply by adding the component voltages from each individual source. Or,
if you have two voltages of opposite polarity, you can simply subtract the
smaller from the larger to find the total effective voltage in the circuit. With
ac sources, however, the situation is much more complex. If the two
voltage sources in a circuit like in Fig. 4.5 are in phase with each other,
there
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S

Figure 4.5— Two ac sources in series

is no problem, you can simply add the voltages, just as with dc. Or, if the
voltage sources are 180 degrees out of phase with each other (one full cycle
equals 360 degrees - see Fig. 4.6), you can just subtract the smaller from
the larger voltage.
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Figure 4.6— The degrees of a cycle

Of course, if two equal ac voltages are 180 degrees out of phase with
each other, they will cancel each other out, leaving a net voltage of zero.



51

To calculate any other phase relationship requires fairly complicated
mathematics. For example, consider the graphs in Fig.4.7. The voltage in
graph B is 60 degrees out of phase with the voltage in graph A.
Mathematically calculating the effective voltage of A and B would require
numerous equations.

N4
BN

Figure 4.7— Out-of-phase ac voltages

Vocabulary

reverse — 3MiHIOBaTH HAIIPSAMOK Ha MPOTHIICKHUI
polarity — noxsipHicTh

effect — nis, Brutus

gang — MexaHivHO 3’ €THyBaTH,

ganged — ciapeHuii (Ma€ CIiIbHE yIPaBITiHHS)
extreme — kpaitHs Touka

load — HaBaHTaXKEHHS

operate — mpUBOAUTH B JIit0

dominant — nominyrouHit

intermediate — npomixkHui

interact — BzaemomisiTi

range — miana3ox

sine — cunyc

angle — xyr

representation — 300pakeHHs

wave — XBUJIs

sinusoidal (sine) wave — cunycoinanbHa, TapMOHIYHA XBUJIS
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cycle — mepion

fluctuate — konuBaTucs, BigXuiIATUCS

phase — ¢a3a

frequency — gactota

per — B, Ha, 3a

socket — poserka

transformer — tpancpopmarop

convert — nepeTBoproBaTU

delay — 3arpumka, 3aTpHUMyBaTH, 3aIi3HIOBATUCH

Task 4. Work in pairs. Give your own examples of using dc and ac
current and ask your partner to do the same.

TEST (UNIT 4. Alternating current)
Choose the correct answer. In one case there are two possibilities.

What determines the direction of current flow?
. Electrons
. Molecules
. Resistance
. Polarity of voltage source
. None of the above

mooOQw>»r

N

If the polarity of the voltage source is reversed, what
happens?

. Current flow will not change its direction

. Current will flow in opposite direction

. Current will vary in value

. Negative terminal and positive one will cancel out each other

. None of the above

mooOQw>

w

. What equations are used to find that the current drawn by
the circuit varies in step with the fluctuations of the applied
voltage?

A. Kirchhoff’s voltage law equations
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. Ohm’s law equations

. Kirchhoff’s resistance law equations

B
C. Kirchhoff’scurrent law equations
D
E

mooOw>u >

moaOQw>»o

mooQw>

. None of the above

. Which of the following is not a unit for measuring ac

frequencies?
. Cycles per second
. Waves per second
. Hertz
. Kilocycles per second
. Megahertz

Why do the electric power companies operate on ac?
. It is difficult to make dc devices
. It is more practical to generate
. It is easier to transmit over long lines
. Itis used for law power applications

. None of the above

What frequency do ac power sources usually operate?
. 60Hz
. 110Hz
. 120Hz
. 220Hz

. None of the above

Which of the following is true for the statement “the voltage
and the current are in phase”?

. One of them is delayed

When voltage increases current decreases

When voltage decreases current increases

. Their cycles start at the same instant

None of the above
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8. If you have two ac voltages of opposite polarity how can you
find the total effective voltage in the circuit?

A. To add voltages from each individual source

B. To make the same polarity

C. To subtract the smaller from the larger

D. To start their cycles at different instants

E. None of the above

9. How many degrees are there in one complete wave cycle?
A. 180 degrees

B. 90 degrees

C. 360 degrees

D. 720 degrees

E. None of the above

10. If two equal ac voltages are 180 degrees out of phase with
each other, what happens?

A. Nothing

B. Voltages are added

C. Voltages are subtracted

D. Voltages will cancel each other out

E. None of the above
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UNIT 5. CAPACITANCE
Text A

Task 1. Before reading the text try to answer the following questions.
1. What are the main components of electrical circuit?
2. Do you know the function of a capacitor in the circuit?

Task 2. Read the text, translate it and check your answers.

It has been mentioned that the most commonly used component in
electric circuits is the resistor. Probably the second most commonly used
component is the capacitor.

What is capacitance? If two metal plates are separated by an
insulator (or dielectric), and a dc voltage is applied between the plates,
current will not be able to cross the dielectric. But a surplus of electrons
will be built up on the plate connected to the negative terminal of the
voltage source, and there will be a shortage of electrons on the plate
connected to the positive terminal. The voltage source will try to force
electrons into one plate (negative terminal) and draw them out of the other
(positive terminal).

At some definite point, these plates will be completely saturated. No
further electrons can be forced into the negative plate, and no more
electrons can be drawn from the positive plate. At this point, the plates
have an electrical potential equal to that of the voltage source. In fact, the
plates now act like a second voltage source in parallel with the first, and
with the opposite polarity. Naturally, because these opposing voltages are
equal, they cancel each other out and no current can flow between the
voltage source and the plates in either direction. The plates are said to be
charged.

Now if the voltage source is removed from the circuit, the plates will
stay charged, because there is no place for the electrons on the negative
plate to go. Similarly, there is no place for the positive plate to draw
electrons from. The voltage is stored by the plates.

Replacing the missing voltage source with a resistor, provides a
current path for the excess electrons stored on the negative plate to flow to
the positively charged plates. This flow will continue until both plates are
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returned to an electrically neutral state. This process is called discharging
the plates.

Such a device (two conductive plates/separated by insulator) is
called a capacitor. A capacitor is used to store electrical energy. At one
time, capacitors were known as condensers, but this term is somewhat
misleading and has fallen into disuse. You might run across it once in a
while. Just remember, it is simply another name for a capacitor.

A capacitor cannot hold a charge indefinitely. Even air can conduct
some current, so the charge will slowly seep off into the air. This action is a
form of leakage. There will also be some leakage through the insulating
dielectric. Of course, if all other factors are equal, the lower the internal
leakage, the better the capacitor.

Now, consider what happens in a capacitor when an alternating
current is applied to it. During the first part of the cycle, as the source
voltage increases from zero, it will charge the plates of the capacitor in a
manner similar to the dc circuit described above. The polarity of the
charged capacitor opposes that of the source voltage.

The capacitor might or might not be completely charged by the time
the applied voltage passes its peak and starts to decrease again (depending
on the size of the plates, how much voltage is applied, and the frequency of
the ac signal). In either case, as the applied voltage decreases, a point will
be reached when it is less than the charge stored in the capacitor. This
situation will allow the capacitor to start discharging through the ac voltage
source.

The capacitor might or might not be completely discharged when the
ac voltage reverses polarity, but because the source polarity is the same as
the capacitor polarity, the voltages add, quickly discharging the capacitor
the rest of the way, then charging it with the opposite polarity from the
original charge. When the ac source voltage reverses direction, the
capacitor is discharged again, and the entire process is repeated with the
next cycle of the ac waveform.

If you constructed the circuit illustrated in Fig. 5.1 with a dc voltage
source, the lamp would not light, because the dc current cannot flow
through the circuit - it is blocked by the dielectric. The capacitor acts like
an open circuit as far as direct current is concerned.
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Capacitor

il

b

Light
bulb

Figure 5.1- Circuit to test current flow through a capacitor

If, however, the same circuit were built with an ac voltage source,
the lamp will light (see Fig. 5.2). The light indicates that alternating current
is flowing through the circuit. Of course, virtually no current (except the
tiny leakage current) will flow across the dielectric itself. Remember, any
given electron doesn't travel very far in an electric circuit. It merely moves
far enough to disturb its neighbor. The process of charging, discharging,
and recharging a capacitor from an ac voltage source, gives the same effect
as if the current was actually flowing through the capacitor itself.
Moreover, if you decrease the frequency of the ac source, the lamp will
dim. Increasing the frequency will cause the lamp to burn brighter. A
capacitor lets more current flow as the frequency of the source voltage is

increased.
{m)

©

|

Figure 5.2— AC capacitor circuit

If you measured the dc resistance of a discharged capacitor, the
meter needle would show a sharp kick down to a moderately low resistance
as the capacitor is being charged. Then it will settle down to a very high
resistance value. In an ideal capacitor you would have an infinite
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resistance; that is, you would have a completely open circuit. However,
you've already learned that ac can flow through a circuit with a capacitor.
The apparent resistance of a capacitor in an ac circuit is less than its dc
resistance. This apparent ac resistance is called capacitive reactance. Its
value decreases as the applied frequency increases. A capacitive reactance
slows down voltage more than it does current, so the voltage lags the
current by 90 degrees (assuming a purely capacitive circuit).

Before you can understand the formula for determining capacitive
reactance, you need to know how capacitance is determined. The basic unit
of capacitance is the farad. If one ampere of current flows when the applied
voltage changes at a rate of one volt per second, you have one farad of
capacitance (1F). In actual circuits, the farad is far too large a value.
Instead, you generally use the microfarad (uF), which is one millionth of a
farad and the picofarad (pF) which is one millionth of a microfarad. The
abbreviation pF is generally preferred today.

Filters. A filter is a circuit that allows some frequencies to pass
through it but blocks other frequencies. A capacitor is automatically a sort
of filter by definition, because it allows higher frequencies to pass through
it easily, but it blocks a dc signal (that is, a signal of 0 Hz). A filter that
passes high frequencies, but blocks low frequencies is called a highpass
filter, while a filter that passes low frequencies, but blocks high frequencies
is called a lowpass filter.

Vocabulary
capacitor — KoHIeHCcaTop
dielectric — gienexkrpuk
apply — npuknagatH, MoJaBaTH, 3aCTOCOBYBATH
saturate — macuuyBaru (cst)
store — Hakonu4uyBaTH (cs1)
leakage — posciroBanHsi, BTpata
apparent — sBHMI, ySIBHUI
apparent resistance — ysiBuuii omip
capacitive reactance — emHicHuii omip
lag — 3aTpuMyBatHCh, BiiCTaBaTH
filter— dinbtp
highpass filter — ¢ineTp BepxHix gactor
lowpass filter — inbTp HIWKHIX 9acTOT.
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Task 3. Answer these questions about the text.
1. What is a capacitor?
2. What is it used for?
3. What does a leakage mean?
4. Does a quality of the capacitor depend on the leakage?

Task 4. Work in pairs. Ask your partner and let him answer the
following questions.

1. Whatis a filter?
2. What kinds of filters are there in electrical circuits?

TextB
Combinations of capacitors
Before reading the text

Task 1. Match each word and phrase with the appropriate meaning.

1. effective capacitance a) KOJIO BUCOKOI YaCTOTH

2. stray capacitance b) saranpHwmii BUBiX Ha 3€MITIO
3. high frequency circuit C) e(eKTHBHA EMHICTh

4. shield d) 3azemiueHHs

5. earth ground €) 3axuIaTv, eKpaHyBaTh

6. common ground f) mapasuTHa emHiCcTBH

Task 2. Try to answer what happens when there is more than one
capacitor in the circuit.

Task 3. Read the text, translate it and check your answer.

Now, examine what happens when you have more than one capacitor
in a circuit.

Capacitors in parallel. A circuit with two capacitors in parallel, as
shown in Fig. 5.3, can be drawn more pictorially, as in Fig. 5.4. Because
plates A and B are tied together, they are at the same electrical potential,
you can think of them as a single plate. Similarly, plates C and D are
electrically combined into an apparent single plate.
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Remember that the larger the surface area of the plates in a capacitor,
the higher the capacitance will be. Obviously, combination plate A-B is
going to be larger than either plate A or plate B separately. The same is true
of combination plate C-D. So the total effective capacitance of multiple
capacitors in parallel always increases. The total capacitance is larger than
any of the separate, component capacitances.

1

AL
I

Figure 5.3— Capacitors in parallel
I

——— Diebeciric = Plales
B

Figure 5.4— Pictorial diagram of parallel capacitors

In fact, you can simply add the capacitances of capacitors in parallel.
That is, for n capacitors in parallel:

CT=C1+C2+...Cn (51)

Notice that this formula is the same as the formula for finding the
total resistance of multiple resistors in series.

Capacitors in series. Similarly, capacitors connected in series, as in
Fig. 5.5, work against each other, reducing the total effective capacitance of
the circuit. The formula for capacitors in series mirrors the formula for
multiple resistors in parallel:
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I/ Cr=1Ci+1/Cy+ ... 1/ C, 5.2)

| |{
I\ A
Figure 5.5— Capacitors in series

Therefore, two 0.1uF capacitors in series would act like a single
0.05uF capacitor. If the same capacitors were connected in parallel they
would equal 0.2uF. Of course, both series and parallel combinations of
capacitances can be included within a single circuit, just as with resistances.

For example, consider the string of capacitors in Fig. 5.6. Assume C,
is 0.1uF, C, is 0.033uF, Cs is 0.0015uF, and C, is 0.22uF. First solve for
the series combination of C; and C.. I/C:=1/C+1/C, =1/0.1 +
1/0.033 = 10 + 30.30303 = about 40. Taking the reciprocal, you find the
series combination of C; and C, is approximately 0.025uF. This
capacitance is in parallel with C3, so Ct=10.025 + 0.0015 = 0.0265.

C4

It
[}

€1 ==
SES

Figure 5.6— A series-parallel capacitor circuit

This effective capacitance is in series with C,4 so the effective
capacitance for the entire circuit equals 1/0.0265 + 1/0.22 = 37.7 + 4.5 =
42.2. Taking the reciprocal, you conclude that the total effective
capacitance is just under 0.024pF.

Now, find the total effective capacitance for the circuit if C;=15uF,
C, = 0.47uF, C3 = 3.3uF, and C, = 2.2uF.

Stray capacitances. Because a capacitor is simply two conducting
surfaces, separated by an insulator, small, unintentional capacitances can be
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formed by adjacent wires, or component leads. Generally, these stray
capacitances are far too small to be of any real significance, but in some
very high frequency circuits (such as radio circuits) they can be very
troublesome. These undesirable capacitances can allow signals to pass into
portions of the circuit where they could hinder proper operation.

To prevent such stray capacitances in high frequency circuits, leads
should be as short as possible reducing the effective plate area. Leads
should also be shielded (that is, enclosed in a conductor that is connected to
ground - either earth ground or common ground) if more than just a few
inches long.

Task 4. Work in pairs. Ask your partner to tell about stray
capacitance and how it can be prevented.

Task 5. Solve the problems.
Problem 1. Suppose two capacitors, with values of C;= 0,10uF and
C, = 0,050pF, are connected in series. What is the net
capacitance?

Problem 2. Suppose two capacitors, with values of 0,0010pF and
100pF, are connected in series. What is the total
capacitance?

Problem 3. Suppose three capacitors are in parallel, having values of
C;=0,100puF, C, = 0,0100pF and
C3 = 0,001000uF. What is the total capacitance?

TEST (UNIT 5. Capacitance)

Choose the correct answer
1. What is a dielectric?
A. A conductive plate in a capacitor
B. A measurement of capacitance
C. A charged particle
D. An insulator between two metal plates in a capacitor
E. None of the above

2. Which of the following describes the action of a capacitor?
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A. Opposes changes in current flow
B. Converts ac into dc

C. Creates a dc resistance

D. Stores electrical energy

E. None of the above

3. What component of the circuit provides a current path for
discharging the plates of a capacitor?
A. Voltage source
B. Loop
C. Node
D. Resistor
E. Terminal

4. When an alternating current is applied to a capacitor, what
happens?
A. Capacitor charges indefinitely
B. Capacitor starts charging to a point when the applied voltage is
less than the charge stored in the capacitor
C. Capacitor starts charging to a point when the applied voltage is
more than the charge stored in the capacitor
D. Capacitor cannot hold a charge
E. None of the above
5. What is a capacitive reactance?
A. Alamp
B. A circuit
C. DC resistance
D. Apparent ac resistance
E. None of the above

6. Which of the following is not a unit for measuring capacitance?
A. Megohm
B. Farad
C. Microfarad
D. Picofarad
E. None of the above
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7. What type of signal experiences the greatest resistance through a
capacitor?
A. Low-frequency signals
B. AC signals
C. High-frequency signals
D. Out-of-phase signals
E. None of the above

8. Which of the following is a stray capacitance?
A. Highpass filter
B. Lowpass filter
C. Unintentional capacitance formed by adjacent wires
D. Shielded leads
E. None of the above
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9. If two 0.25uF capacitors are connected in series, what will be the
total effective capacitance?
A. 0.50pF
B. 0.0625uF
C. 0.125pF
D. 2.5pF
E. None of the above

10. If two 0.25uF capacitors are connected in parallel, what will be the
total effective capacitance?
A. 0.50pF
B. 0.0625uF
C. 0.125pF
D. 2.5pF
E. None of the above
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UNIT 6. MAGNETISM AND ELECTRICITY
Text A
Before reading the text

Task 1. Match each word and phrase with the appropriate meaning.

1. magnet a) MOJIOC

2. lodestone b) marniTHuit omip

3. pole C) MoTiK

4. magnetic lines of force d) maruiTHe moe

5. flux €) MarHit

6. magnetic field f) marniTHi cunoBi niHil
7. magnetomotive force 0) enekTpopyiiiHa cuia
8. electromotive force h) marmiTopymriiina crma
9. reluctance i) MarHeTuT

Task 2. Try to answer the following questions.
1. Can you give any examples of the phenomena of magnetism?
2. Where can this property of materials be used?
3. Is there any relationship between magnetism and electricity?

Task 3. Read the text, translate it and check your answers.

What is a magnet? Very closely related to the concept of electricity
is the concept of magnetism. Let’s study how these two phenomena
interact. Magnetism has been known to humans for well over 2000 years.
The ancient Greeks discovered a peculiar lead-colored stone that had the
mysterious ability to attract small particles of iron ore. Some time later, the
Chinese found a practical use for this seemingly magical stone. They
learned that if a piece of this stone is suspended on a string or floated on a
liquid it always tries to point in one specific direction (north). Because they
used this device to lead them through the desert, the stone came to be
called lodestone (that is, the leading stone).

You know now that the lodestone is a natural magnet. Although in
some ways, magnetism is still rather mysterious, much is now known about
its properties. Magic is not involved. You can make magnets out of certain
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other materials, even though they aren't naturally magnetized. Lodestone is
a fairly weak magnet, but stronger magnets can be made of iron, nickel,
cobalt, or steel.

The two opposite ends of a magnet are called the poles. See Fig. 6.1.
One pole will tend to point towards the earth's north pole if the magnet is
floated or freely suspended. This north-seeking pole is called the north pole
of the magnet. The other pole is referred to as the south pole.
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Figure 6.1- Poles of a magnet

Remember that in an electrical circuit, like charges repel and
opposite charges attract. The same effect occurs with magnetic poles. If
two magnets are brought together, north pole to north pole, they will try to
repel each other. If, however, one of the magnets is turned around so that
the north pole of one magnet is facing the south pole of the other, the
magnets will exhibit a strong attraction towards each other.

If you place a bar-shaped magnet under a sheet of paper, sprinkle
some iron filings on top of the paper, and shake the paper gently, the filings
will tend to arrange themselves into a pattern like the one shown in Fig 6.2.
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Figure 6.2— Magnetic lines of force
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Notice that the iron filings arrange themselves in a set of parallel
lines arcing from one pole to the other. These lines never cross or unite.
They are an indication of the magnetic lines of force, or flux. The area they
cover is the magnetic field.

The flux flows from the north pole to the south pole of the magnet,
just as electrical current flows from the negative terminal to the positive
terminal of a voltage source. The flux is produced by a force called
magnetomotive force. Magnetomotive force is somewhat analogous to
electrical voltage (which is also sometimes called electromotive force).

Just as certain substances conduct electrical current better than
others, certain substances allow magnetic lines of flux to pass through them
more readily than other substances. In other words, some materials present
a greater resistance to the flux. The magnetic equivalent of resistance is
called reluctance.

The similarities between magnetism and electricity are so strong that
Ohm's law applies to magnets too. In magnetic circuits, flux equals
magnetomotive force divided by reluctance. This relationship directly
reflects the electrical formula, current equals voltage divided by resistance
(I= E/R).

Task 4. Work in pairs. Ask your partner and let him answer these
guestions.
1. What is a magnetic field?
2. What is a magnetomotive force?
3. What relationship reflects the similarities between magnetism
and electricity?

Text B

Task 1. Before reading the text try to answer these questions.
1. How can a magnetic field be produced?
2. Do you know such a device as electromagnet? What does it
consist of? Where is it often used?
3. What is a common way of producing electricity with the help of
a magnet?
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Task 2. Read the text, translate it and check your answers.

Producing magnetism with electricity. When an electric current
passes through a conductor, such as a piece of copper wire, a weak
magnetic field is produced. The magnetic lines of force encircle the wire at
right angles to the current flow, and are evenly spaced along the length of
the conductor. See Fig.6.3. The strength of the magnetic field decreases at
greater distances from the conductor. The size and overall strength of the
magnetic field is dependent on the amount of power flowing through the
electrical circuit, but it is always fairly weak. The magnetic force
surrounding the conductor can, however, be dramatically increased by
winding the wire into a coil, so the lines of force can interact and reinforce
each other.

An even greater magnetomotive force can be generated if the coil is
wound around a piece of low reluctance material, such as soft iron.
Because the magnetomotive force vanishes as soon as the current stops
flowing in the wire, you have a magnet that can be turned on and off. The
strength of the magnet is also electrically controllable. Such a device is
called an electromagnet.
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Figure 6.3— The magnetic field surrounding an electric conductor

Producing electricity with magnetism. Because you can produce
magnetism with an electrical current, it shouldn't be surprising that you can
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also produce electricity with a magnet. Look at Fig. 6.4. It is basically the
same as Fig. 6.3, but there is no electrical voltage source, and the material
in the center of the coil (the core) is a permanent magnet.
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Figure 6.4— Producing electricity with a magnet
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If you move the magnet up through the coil of wire, an electric
current will start to flow through the wire. The strength of this induced
current depends on a number of factors. These include the intensity of the
magnetic field, how many lines of force are cut by the conductor, the
number of conductors (each turn of the coil acts like a separate conductor
in this case) cutting across the lines of force, the angle at which the lines
are cut, and the speed of the relative motion between the magnet and the
conductor.

This current will continue to flow until either the magnet is too far
away for any of its lines of force to cut across the conductor, or the magnet
stops moving.

If the magnet and the coil are stationary with respect to each other,
no current is induced. Then, if you push the magnet back down through the
coil (the direction of the movement is reversed) current will also flow, but
it has the opposite polarity. That is, it flows in the other direction. The
exact same effect can be achieved if the magnet is stationary and the
conductor is moved. It is the relative motion between the components that
is important.

All this might not seem terribly useful, because you have to keep
moving the magnet or the coil back and forth to produce a continuing
current. The current will keep reversing polarity each time the direction of
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movement is changed, but this method is actually a very efficient way of
producing electricity.

This concept is used by power companies to produce their high-
wattage ac power. Any of a number of mechanical means can be used to
rotate a conductor between a magnetic north pole and south pole (see
Fig.6.5). It is usually more practical to rotate the conductor rather than the
magnet. Because the conductor is rotating between the magnetic poles, the
direction of its relative movement between the poles appears to alternate,
so the induced current, as mentioned above, is an alternating current. Very
large amounts of electrical power can be produced in this manner.
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Figure 6.5— Producing ac electricity with a magnet

Vocabulary
strength — cuJjia, Hampy>KeHiCTh
magnetic strength — Mar”iTHa iHIYKIIis
intensity — Hampy>KeHICTh IHTEHCUBHICTh
induce — iHOYKyBaTH, 30yKyBaTH
coil — Karyika, o0OMOTKa

core — CEpIIEYHUK
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Task 3. Work in pairs. Ask your partner and let him answer these

guestions.

1. Is current induced if the magnet and the coil are stationary
with respect to each other?

2. What does the strength of induced current depend on?

3. What is the efficient way of producing electricity?

4. What is more practical to rotate the conductor or the magnet in
order to produce high-wattage ac current?

TEST (UNIT 6. Magnetism and electricity)

Choose the correct answer

1.

Which of the following cannot be used to make a magnet?
A. Lodestone

B. Cobalt

C. Carbon

D. Iron

E. Nickel

How are the ends of a magnet called?
A. Poles

B. Lodestones

C. lons

D. Armatures

E. None of the above

What is another name for magnetic lines of force?
A. Armature

B. Flux

C. Magnetic pole

D. Lodestone

E. None of the above
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If like poles of two magnets are brought near each other, what
will happen?

A. They will attract each other

B. They will be damaged

C. They will repel each other

D. An electrical current will be generated
E. None of the above

What is the magnetic equivalent to electrical voltage?
A. Flux

B. Magnetomotive force

C. Reluctance

D. Magpnetic field

E. None of the above

What is the magnetic equivalent of electrical current?
A. Flux

B. Magnetomotive force

C. Reluctance

D. Magpnetic field

E. None of the above

What is the magnetic equivalent to electrical resistance?
A. Flux
B. Magnetomotive force
C. Reluctance
D. Magpnetic field
E. None of the above

Which of the following doesn’t influence the size and overall
strength of the magnetic field produced around the conductor
carrying an electric current?

A. Distance of the magnetic field from the conductor

B. Amount of power flowing through the conductor

C. Winding the wire into a coil

D. Winding a coil around a piece of law reluctance material

E. None of the above
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9. How can an electrical current be induced with a coil and a magnet?
A. Placing the coil at right angles to the magnetic field
B. Placing the coil parallel to the magnetic field
C. Holding both the magnet and the coil perfectly stationary
D. Moving either the magnet or the coil
E. None of the above, it can't be done.

10. Rotating an armature in a magnetic field produces what type of
electricity?
A. Static
B. AC
C.DC
D. Pulsating dc
E. None of the above
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UNIT 7. INDUCTANCE
Text A
Before reading the text

Task 1. Match these words and phrases with their definitions.

1. induced current a) opposition to high ac
frequencies
2. inductor b) the property of electrical

component to oppose any
change in the current flow

3. inductance c) the electrical component that
oppose the flow of alternating
current

4. inductive reactance d) when the current flowing

through the coil starts to
change the magnetomotive
force causes the magnetic
lines of force to cut through
some of the turns of the coil
generating an electric current

Task 2. Try to answer the following questions.
1. What do you know about inductance, another important property
of electrical circuits?
2. What is an induced current?

Task 3. Read the text, translate it and check your answers.

You have learned that winding a wire carrying an electric current
into a coil will increase the electromagnetic effect. Another result of
passing current through a coil of wire is a phenomenon called inductance.
Inductance is another important factor in electric circuits.

What is inductance? Because an electric current flowing through a
coil of wire can create a magnetic field, and a magnetic field moving
relative to a coil of wire can create an electric current, what happens when
the current flowing through a coil changes? As long as current flows
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through the coil at a steady, constant level, and in just one direction (dc), a
nonmoving magnetic field is generated. As long as the magnetic field and
the coil are stationary in relation to each other, the magnetic field will have
no particular effect on the current flow through the coil. But if the current
through the coil starts to drop, the magnetomotive force generated by the
coil will also be decreased, causing the magnetic lines of force to move in
closer. Some of these moving lines of force will cut through some of the
turns of the coils, inducing an electric current in the coil. This induced
current will flow in the same direction (same polarity) as the original
current.

Of course, this induced current passing through the coil will produce
a magnetic field of its own. A finite time is required for this back-and-forth
effect to die down. Current through a coil cannot be stopped or reversed in
polarity instantly. Inductance tends to oppose any change in the current
flow.

In some ways inductance is the opposite of capacitance. Capacitance
offers very little resistance to high frequencies, but opposes low
frequencies, or dc (constant current). Inductance, on the other hand, passes
dc with practically no resistance, but opposes higher ac frequencies
(changing current). This opposition to high frequencies is called inductive
reactance.

Inductance is measured in henries (H). One henry is the inductance
in a circuit in which the current changes its rate of flow by one ampere per
second and induces one volt in the coil. The henry is a too large unit for
practical electronic circuits, so the millihenry (one thousandth of a henry —
mH) is more commonly used.

Inductive reactance. The formula for inductive reactance is:

X, = 27FL (7.1)

where X, is the inductive reactance in ohms, L is the inductance in henries
(not millihenries), and F is the frequency in hertz. 2z, of course, is a
constant, equaling approximately 6.28.

Suppose you have a circuit with 100mH of inductance (0.1 H). If the
frequency of the source voltage is 60Hz, then the inductive reactance
equals 6.28 x 60 x 0.1, or just under 38Q. If the same circuit is used, but the
applied frequency is increased to 500 Hz, the inductive reactance becomes
6.28 x 500 x 0.1, or 314 Q.
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Raising the ac frequency still further, to 2000Hz, brings the inductive
reactance up to 6.28 x 2000 x 0.1, or 1256Q.

If the frequency remains constant, but the inductance is increased,
then the reactance will also be increased. For example, you've already
found that 100mH in a 60Hz circuit results in an inductive reactance of
about 38Q. If you increase the inductance to S00mH (0.5H), and keep the
frequency at 60Hz, the inductive reactance comes out to 6.28 x 60 x 0.5, or
approximately 188Q.

You'll notice the relationship between the frequency and the
inductance to the inductive capacitance is just the opposite of that of the
frequency and the capacitance to the capacitive reactance.

Determine the inductive reactance of a circuit consisting of 25mH
(0.025H) of inductance at 50Hz, 300Hz, and 4000Hz. Then change the
inductance to 300mH (0.3H) and solve for the same three frequencies.

Task 4. Answer these questions about the text.

1. What happens when the current flowing through a coil of wire
changes?

2. Will the magnetic field have any effect on the current flow
through the coil when the magnetic field and the coil are
stationary in relation to each other?

3. What happens when the current through the coil starts to drop?

4. What direction the induced current will flow?

Task 5. Work in pairs. Ask your partner to answer the following
questions.
1. Will the induced current passing through the coil produce a
magnetic field of its own?
2. What does inductance tend to do?
3. What is inductive reactance?
4. What are the units for measuring induction?

Task 6. Decide whether the following statements are true or false. If
you think a statement is false, change it to make true.
1. Capacitance doesn’t offer resistance to high frequencies and
opposes law frequencies (dc).
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2. Inductance passes dc with very little resistance and opposes
higher ac frequencies.

Task 7. Work in pairs. Make up the problems of your own similar to
those given in the text and ask your partner to solve and
comment on them.

Text B

Task 1. Before reading the text try to describe what a coil is and tell
what factors the inductance of a coil depends on.

Task 2. Read the text, translate it and check your answer.

Coils. In electronics, the component called a coil (or inductor) is just
that - a coil of insulated wire wound around some core. This core might be
made of powdered iron or some other magnetic material, or it might simply
be air or a small cardboard tube.

The inductance of a coil is determined by a number of factors: the
width of the core, the diameter of the wire, the number of turns of the wire
around the core, and the spacing between the turns of the coil, to name just
a few of the more important factors.

The material the core is made of is also important. A core with low
magnetic reluctance can increase the strength of the magnetic field, thereby
increasing the strength of the induced voltage. Fig. 7.1 shows the
construction of a typical coil.
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Figure 7.1- The basic construction of a coil
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Some coils are adjustable. Usually the core is constructed so it can be
moved slightly in and out of the center of the coil with a screw called a
slug. This arrangement makes the core appear to be partially made of air
and partially of (usually) powdered iron, thereby altering the reluctance of
the core and thus the inductance of the coil.

Many coils have the wires visibly exposed (but insulated, of course).
But some are sealed in metal cans to avoid interaction with other
components. Without this shielding, the magnetic field could induce a
voltage in other nearby components. Obviously inducing a voltage where
it's not intended can be detrimental to circuit operation.

The wires in a coil must usually be insulated, because they are
generally wound quite closely together. If separate turns of uninsulated
wire shift position and touch, allowing current to pass between them, a
short circuit exists, making the coil appear to have fewer turns, as far as the
current is concerned. See Fig. 7.2.

Figure 7.2— A shorted coil
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Winding coils. A number of factors determine the inductance of a
coil. These include the core material and diameter, the number of turns in
the coil, and how closely they are spaced. For a single-layer coil (no
overlapping windings) on a nonmagnetic core, the formula for determining
inductance is as follows:

0,2d*N*?

L=—— "
3d +91

where L is the inductance of the coil in millihenries (mH), d is the diameter
of the coil winding in inches, [ is the length of the coil winding in inches,
and N is the number of turns in the coil.

For example, assume you have a coil on a 0.75inch diameter core,
consisting of 150 closely wound turns of #32 enameled wire. The length of
the coil is 1.2 inche. The inductance works out to:

0.2 x0,75? x1507 _ 0.2x 0.5625x 22500  2531.25

T 3k 075+9x 12 2.25+10.8 ~13.05
= 193.96552 & 194mH

If the number of turns (N) is increased, and the diameter (d) is held
constant, the inductance (L) will be increased. The amount of increase will
depend on whether the length is increased by the added windings, or if it is
held constant to the original value of 1, by squeezing the turns more tightly
together.

The basic inductance formula can be algebraically rearranged to
solve for the necessary number of turns (N):

|L (3d +91)

[ 0,2d2
\

Vocabulary

turn — BUTOK
slug — miacTporoBanbHUHN CEPACUHUK
short circuit — kopoTke 3aMUKaHHS
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Task 3. Work in pairs. Make up the problems of your own similar to
those given in the text. Ask your partner to solve and comment
on them.

TEST (UNIT 7. Inductance)
Choose the correct answer

1. Which of the following characterizes inductance?
A. Tends to oppose changes in voltage
B. Tends to oppose changes in current
C. Tends to oppose dc
D. Opposes all frequencies equally
E. None of the above

2. The reactance of a 25mH coil at 5000Hz is which of the
following?
A. 0.0013Q
B. 785.000Q
C. 785Q
D. 13Q
E. None of the above

3. What is the reactance of a 25mH coil at 600Hz?
A. 785Q
B. 94Q
C.0.011Q
D. 94.000Q2
E. None of the above

4.  Which of the materials the core of the coil might not be made
of?
A. Any magnetic material
B. Powdered iron
C. Air
D. Cardboard
E. None of the above
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5. What is the effect of the material the core is made of?

A. A core with high magnetic reluctance increases the strength of the
magnetic field

B. A core with high magnetic reluctance increases the strength of the
induced voltage

C. A core with law magnetic reluctance increases the strength of the
magnetic field and that of the induced voltage

D. A core with law magnetic reluctance decreases the strength of the
magnetic field

E. None of the above

6. Which of the factors doesn’t determine the inductance of a
coil?

A. A number of turns

B. The diameter of wire

C. The spacing between the turns

D. The width of the core

E. None of the above

7. What is a slug?
A. Screw

B. Winding

C. Insulation

D. Movable core

E. None of the above

8. Induction of voltage where it is not required can
A. Improve the operation of the circuit

B. Be useful to circuit operation

C. Be of no use to circuit operation

D. Be detrimental to circuit operation

E. Nothing
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9. What is the inductance of a single-layer coil on a 0.8inch
diameter nonmagnetic core with a length of 1.25inch, and 320
turns of wire?

A. 960mH

B. 3.8mH

C.3.8H

D. 1200mH

E. None of the above

10. Assume you need a 150mH coil on a 0.75 inch diameter
nonmagnetic core, 1 inch long. How many turns of wire will
be required?

A. 15.000

B. 15

C.122

D. 507

E. None of the above
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