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CHAPTER ONE
What is Electricity?

The word "electricity” comes from the Greeck word electron (elhexrpov),
which means "amber." Amber is a translucent yellowish mineral made of
fossilized resin, The ancient Greeks used the words “'electric force" in re-
ferring to the mysterious forces of attraction and repulsion exhibited by am-
ber when it was rubbed with a cloth. They did not understand the nature of
this force and could not answer the guestion, "What 18 electricity ?" Today,
we gtill cannot answer the question, although the success with which we have
used electricity 18 obvious everywhere.

Although we don't really know what electricity is, we have made tremen-
doue strides in harnessing and using it. Elaborate theories concerning the
nature and behavior of electricity have been advanced, and they have gained
wide acceptance because of their apparent truth—and because they work,

Scientists have found that electricity behaves in a conaistent and prediet-
able manner In glven situations or when subjected to given conditions., Seci-
entists, such as Faraday, Chm, Lenz, and Kirchhoff, have described the
predictable characteristics of eleciricity and electric current in the form of
certain rules, or "laws." Thus, though electricity itself has never been
clearly defined, its predictable nature snd ease of use have made it one of the
most common power spurces in modern times,

By learning the rules, or laws, about the behavior of electricity, ym can
Mearn" electricity without ever having determined its fundamental identity.

When you have finished this chapter, you will be able to:

o describe free electronas;

® desacribe conduetors and insulators in terms of the movement
of free electrons, giving examples of each;

o relate the action of free electrons to the pkenomenon of static
electricity;

o deacribe positive and negative charges;
e state the law of attraction and repulsion of charged bodies;
# explain Coulomb'a Law of Charges; and
# describe the electric field associated with charged bodies.
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2 BASIC ELECTRICITY

1.

2.

Free Electrons

The classical approach to the study of basic electricity 18 to begin with the
"ejactron theory." This encompasses the nature of matter and a fairly
thorough discussion of molecules and atoms. Such an approach provides
a good background for the easential point: Electric current depends on
the movement of free electrons. In this book, the details of electron
theory, such as atomic weights and numbers, are omitted so that we may
move quickly to the polnts you really need to know for the study of elec-
tricity.

All matter is made of molecules, or combinations of atoms, that are
bound together to produce a given substance, such as water or salt or
glass. If you could keap dividing water, for example, into emaller and
smaller drops, yon would eventually arrive at the smallest particle that
was still water. That particle is a molecule, which is defined as the
smeallest bit of a subatance that retains the characteristics of that sub-
stanca,

The molecule of water is known in chemical notation as Hzo. That
means the molecule is actually made up of two atoms of the element hy-
drogen (H) and one atom of the element oxygen (O). These atoms, them-
salves, are not water but the separate elements of which the molecule of
water is composed.

What is the relationship between atoms and moleculea ?

Molecules are made up of atoms, which are bound together to produce a
given substance,

The ancient Greeks had conceived the idea of the atom, at least in theory.
In fact, atom is a Greek word that means, roughly, "not able to be divided."
Today we know that the atom is composed of even smaller particles. The
most important of these are the proton, the electron, and the neutron,
These particles differ in weight {he proton is much heavier than the elec~
tron) and charge. The weights of the particles need not concern youn, but
the charge i8 extremely important in electricity. Perhaps you have no-
ticed that the terminals of the battery in your car are marked with the
symbgls "+ gnd ''=" or even with the abbreviations POS (positive) and
NEG (egative), Many batteries used in flashlights, small electronic esl-
culators, and other devices have gimilay markings. The concepis of
"positiveness" and "negativeness" will become clear later. For the mo-
ment, you only need to know that the proton hag a positive @) charge, the
electron has a negative (=) charge, and the neufron is neutrel, which means
that its positive and negative charges are in balance. Practically speak-
ing, we say that the neutron hag no charge.

The following drawing shows the relationship of visible matter to mol-
ecules, atoms, and smaller particles: electrons, protons, and neutrons,
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The drawing shows only the electrons and protons in the atoms, but every
atom except hydrogen also containa neutronas.
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List the three basic particles that make up the atom, and state the
charge (negative, positive, or neutral) on each.

Particle Charge

The proton ls poaitive {+), the electron is negative (=}, and the neutron
is neutral,

As the drawing in frame 2 indicates, the atom hss a nucleus {or core)
that is positive because it contains only protons and neutrons. Electrons
are In orbit about the nucleus, in much the sgame way as the earth orbits
around the sun. A atable atom has the same number of electrons in orbit
as it has protons in the nuecleus. The nucleus always (with one exception)
containg neutrens, too, but we need not consider them for cur purposes
because they are always neutral. Since the negative charge of the elec-
trons 18 balanced by the positive charge of the protons, the atom is elec-
trically neutral. The following drawing shows a hydrogen atom, the only
one that hes no neutron, so its nucleus ie & single proton,
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4 BASIC ELECTRICITY

4.

8.

Label the electron and the proton.

A e m m e

What is the net charge on the hydrogen atom shown in frame 37
Why ?

- wm w owr e W o e e

The charge is nentral, becanse it has an equal number of protons and
electrons {one of each).

Other atoma have more protons in the nucleus and more electrons in orbit.
In fagt, each atom has a different number of electrons and protons. In all
cases, however, the electrons move around the nucleus of the atom in var-
jous orbits. Buch electrons are not {ree: They are locked into the atom
because they are attracted by the nucleus. They do not fall into the nucleus
{aa the earth does not fall into the sun) becauae their movement in orbit
provides an equalizing centrifugal force.

Free elacirons are produced when some force disturbs the stable rela-
tionship of electrons and protons in an atom. This force, which "knocks"
electrons out of orbit, can be produced in a pumber of ways, such as: by
moving a conductor through a magnetic field; by friction, as when a glass
rod is rubbed with silk; or by chemical action, as in a battery. (The six
principal methods of producing this force, called voltage, are described
in Chapter 2.) The force "frees" the electrons from their atoms; these
electrons are called free elecirons. When an electric force is applied to
a material such as copper wire, electrons in the outer orbita of the copper
atoms are forced out of orbit and impelled along the wire. The electrons

that have been forced out of orhit are called .

free electrons
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WHAT IS ELECTRICITY? §

6. The movement of free electrons along & wire is what we call electric
current. It cannot exist where there are no free electrong. What are

free electrons?

L L T

Electrons that have been forced out of their atomic orbits (or any
similar wording that makes this point).

7. Explain in your own words the flow of electric current in a copper wire
when an electric force is applied to the wire.

Something like: When an electric force is applied to a copper wire, free
electrons are displaced from the copper atoms and move along the wire,
produeling electric current,

Conductors and insulators

8. Electric current moves easily through some materials but with greater
difficulty through others. Let us see how the action of free electrons is
related to current flow through these materials. Substances that permit
the movement of a large number of free electrons are catled conductors,
Copper wire is considered a good conductor hecause it has many free
electrons when an electric force is applied to it. Electrical energy is
transferred through a conductor by means of the movement of free elec~
trons that migrate from atom to atom inside the conductor. Each electron
moves the very short distance to the neighboring atom, where it replaces
one or more electrons by forcing them out of their orbits, The displaced
electrons repeat the process in other nearby atoms until the movement is
transmitted throughout the entire length of the conductor.

The movement of each electron takes & very small amount of time, but
the electrical impulse is transmitted through the conductor at the speed of
light, or 186, 000 miles per second. To see how this is possgible, imagine
a line of billiard balls that almost, but not quite, touch, When the ball at
one end is struck by the cue ball, the ball at the other end is knocked away
from the line almost instantly, The force travela through the line of bil-
liard balls much more rapidly than each individual ball moves. Thia is
bagically how the electrical impulse travels. (Keep this in mind later in the
book, when events in an electrical circuit seem to occur simultansously. )

Does electric current more closely resemble the actual movement of
free electrong or the impulses transmitted as the electrons bounce against

one another?
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6 BASIC ELECTRICITY

9.

10,

11,

12,

the impulses

Silver, copper, and aluminum all have many free electrons {the elecirons
are said to be oosely bound") and are thus good conductors. Copper is
not a8 good a conductor as silver, but it is the most commaonly used ma-
terial for electrical wiring because it {8 & relstively good conductor and
1s much less expensive than silver. Here are six metals listed in the or-
der of the ease with which electrons are displaced from the atoms:

silver
copper
aluminum
zine
brass
iron

If we say that silver i8 a better conductor than iron, what do we mean?

Electrons ave displaced from gilver atoms more easgily than from iron
atoms.

Some substances, such as rubber, glass, and dry wood, have very few
free electrons; the electrona are said to be "tightly bound.™ Such sub-
stances are poor conductors and are usually called insulators. Circle
the material that is the best insulator among those named:

silver glass zinc brass

A good conductor, then, has many free electrons, while a good insulator
has few free electrons. Dry air, glass, mica, rubber, asbestos, and
bakelite are all good insulators., If we aay that dry air is a better insu-~

lator than bakelite, what do we mean?

Dry air has fewer free eloctrons than bakelite.

Write the materials listed below in the appropriate columna on the follow-
ing page as either conductors or insulators. (Don't worry about the exact
order,)

glass silver rubber dry air  copper brass mica
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13.

14.

15.

16.

17.

Conductors Insulators

- - o = = o o

Conductors: silver, copper, brass
Insulators: glass, rubber, dry air, mica

Define & good conductor.

A material that has many free electrons.

Define a good insulator.

- W W A o e o

A matearial that has few free electrons.

Name three materials that are good conductors.

There have been mentioned in this chapter: sflver, copper, aluminum,
zine, brass, and iron.

Name three materigls that are good insulators.

These have been mentioned in this chapter: dry air, glass, mic¢a, rubber,
asbesios, and bakelite.

Static Electricity

Static electricity is found in nature, so we shall examine this phenomenon
before we study "man-made" electricity. One of the fundamental laws of
electricity must be clearly understood to understand static electricity:
Like charges repel each other and unlike charges attract each other,

A positively charged particle and & negatively charged particle will tend
to move toward one another, This is true even in a single atom. What
kind of particle will g proton attract, and why? Write your answer in the
blank on the next page.
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8 BASIC ELECTRICITY

18,

18,

20.

21,

An electron; because the proton is positive, while the electron is
negative.

The electronzs do not actually move toward the protons in the nucleus of
an atom. The force of attraction is resisted by centrifugal force. I you
have ever swung a bucket of water in a cirele, you have seen an example
of centrifugal force., The force of gravity was not able to pull the water
out of the bucket, because centrifugal force opposed gravity and kept the
water in, In the same way, electrons are kept in orbit around the nucleus
by centrifugal force, which resists the pull of the protors in the nucleus.
Why is there a force of atiraction between the protons in the nucleus and

the electrons in orbit?

Because protons (positive) and electrons (negative) are unlike charges,
and unlike charges aitract each cther {or similar wording).

W1l a proten attract or repel ancther proton? Why ? |

Repel; because all protons are positive and like charges repel each other.

Two particlea can have unlike charges even I nelther is positive (or if
nelther is negative). A neutron is neutral; that is, it is neither negative
nor positive, A proton ip more positive than a neutron, so the two parti-
cles have unlike charges. Do the electron and the neutron have Itke or

unlike charges? Why?

Unlike; becausa the electron ia more negative than the neutron.

Two neutrons will neither attract nor repel each other, because they are
neutral; thet is, they have no charge. For each patr of particles listed
on the following page, state whether the particles will attract or repel
each cther,
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22,

24,

(1) proton and electron
(2) proton and neutron
(3) electron and neutron
(4) eleciron and electron
(8) protan and proton

(1) attract; (2) attract; (3) attract; (4) repel; (5) repel

State in your own words the law of attraction and repulsion.

Unlike charges attract each other and like charges repel each ather,

Let us begin our study of static electricity with an experiment you can

try right now. Tear up some paper into small bits and place them on a
table or other hard, nonconducting surface. Now run a comb rapidiy
through your hair a few times, then move the comb near the bits of paper.

What happened ?

The bits of paper were drawn to the camhb, (At least, that's what
should have happened])

The experiment you have just made is a demonstration of static electricity.
When two bedles of matter have unequal charges and are near one another,
an electric force {he force of attraction or repulajon) is exerted between
them. But, because they are not in contact~or are not connected by a
good conductor—their charges cannot equalize. When such an electric
force exlsts, and current cannot flow, it 1s called static electricity,
"Static! means "'not moving.," The electric force that exists under these
conditions ie also called an electrostatic force. What two conditiona are

necessary for static electricity to exist?

Two bodies of wnequal charges must be brought near one another, and
current must not be able to flow between them.
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25.

26.

27.

Each atom, in its natural—or neutral—sgtate, has the proper number of
electrons in orbit about its nucleus., ‘That is, it has the number of elec-
trons that helps to give the element ita identity. Thus, the whole body of
matter composed of nevtral atoms will also be electrically neutral. Mat-
ter in this neutral state is said to have no charge and it will neither at-
tract nor repel other neutral matter in its viefnity.

The atom of each element, in the neutral state, hes a different number
of electrons in orbit, Hydrogen has one, helium has two, etc. A model
of an aluminum atom {s shown below. It has 13 electrons in orbit balanced
by 13 protons (P) in the nucleus. The nucleus also contains neutrons, but
they need not concern us because they are electrically neutral.

”

Because it has the same number of electrons and protons.

But the three electrons in the oﬁter orbit are easily displaced. If one {or
more) of the elecirons i8 kmocked out of orbit, what is the charge on the

atom ? Why?

Positive; because there are more protons (which are positive) than
electrons,

Most substances, such as the hair, paper, and comb used in your exper-
iment, are compounds rather than elements. That is, they are composed
of atoms of various elements bound together in molecules of the substance,
Their electrons are not easily displaced by an electric force. (You might
have guessed that halr, paper, and combs are all relatively good insula-
tora.) But the electrons can be dieplaced by friction, and this ie what
happened when you combed your hair vigorously in the experiment.
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28,

29I

At the beginning of the experiment, your hair, the comb, and the paper
were all elecirically neutral. When you combed your hair, friction dig-
placed electrone from your hair, aud they were collected on the comb, At

that point, what was the charge on the comb? Why?

- e o m aa m ak  me omm

Nepative; because the comb had an excess of electrons.

After the electrons were accumulated on the comb, bits of the neutral pa-
per were attracted to the comb., Why?~

- e e e e w omr e

The comb and paper had unlike charges, and unlike charges attract.

One of the easiest ways to create a static charge is by friction. Two
pleces of maiter are rubbed together, and electrons are "wiped" off one
and deposited cn the other. The materisis used can't be good conductors;
if they were, an equalizing current would then flow easily in and between
the eanducting materizls. A static charge is most ezsily cbtained by rub-
bing a hard nonconducting material against a soft or fluffy nonconductor.

The drawing below illustrates how electrans are displaced froma
plece of fur and deposited on a hard rubber rod. '

¢ A Positive Charges and Electrons are Present
‘\ \* I n Equal Quantitieg in the Rod and Fur

Electrons are Transferrad
fram the Fur to the Rod
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30,

In the case just {lluatrated, electroms are transferred from the fur to
the rod because they are more easily displaced from the fur. When the
hard rubber rod 18 rubbed with the fur, the rod accumulates electrons.
Since both fur and rubber are poor conductors, little equalizing current
can flow, and an electrostatic charge is built up. When the charge is
great encugh, equalizing current will flow regardless of the poor conduc-
tivity of the materials. This current may cause & crackiing sound, and
if it is dark, sparks can be seen.

If a body with a positive charge (too few electrons) comes into contact
with a body that has a negative charge (teo many electrons), an electric
current will flow between the two bodies, Electrons will leave the nega-
tively charged body and enter the positively charged body. The electrie
current will continue to flow until the charges of the two bodies are equal.

When a body hes too many electrons, these electrens do not go into
orbit around individual atoma, They are free elactrons that give the ma-
terial an overall negative charge.

When the electric current flowa to equalize the charges on the two bod-
ies, static electricity is said to be "discharpged." The bodies do not need
te touch if the difference between the charges is great enough. An exam-
ple of this 18 the lightning that leaps between clouds or between a cloud
and the sarth during a thunderstorm.

Perhaps you have walked acroas a carpet and then have touched a bit
of metal or even another person, at which time you experienced a slight
shock. I so, it is because your body had acquired a negative charge,
which could not be dissipatad. Later, the shock resulted from the cur-
rent fiow when & touch allowed the charges to equalize. When the static
electricity was discharged, the charges were equalized,

What is static electricity ?

Static electricity s the force thet exists betwsen wnequally charged
bodies when current cannot flow between them (or equivalent wording).

Try to list ane or two other examples of static electricity in everyday life.

You can probably think of several. Clothes that cling and crackle when
they are removed from an electric dryer are charged with static aleo~
tricity. And if you have ever rubbed a cat's fur in the dark on a cold
night, the aparks you saw were the result of siatic electricity.
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WHAT IS ELECTRICITY? 13

We have seen how the behavior of charged bodies is related to atatic
electricity, We ghall examine electric fields and then continue the study
of charged bodies in the next two sections.

If you plan to take a break pretty soon, do it pow.

Electric Fields

31. The space between and around charged bodies, in which their influence
is felt, ia called an electric field. (It may also be called an "electro-
static fleld,” a 'force field, " or a “dielectric field.") The field always
emanates from material cbjects and extends between bodies with unlike
charges. The fields of force spread out in the space surrounding their
points of origin, constantly diminishing as the distance from those points
increases.

The field about a charged body is generally represented by lines called
electrogtatic lines of force, The lines represent the direction and
strength of the field. Since a field can exist between a charged body and
a neutral body, "positive’ can mean "less negative, ' and "negative' can
mean "less posgitive."

The drawing below represents two pairs of charged bodles. One pair
has a positive ¢) charge oh each body (like charges), while the other pair
has a positive charge on one body and a negative (=) eharge on the other
(unlike charges}. The lines of force are indicated in each case.

=) Cg' N
2)&E

This system of representing lines of force is merely a convention,
Although we can measure an eleciric fleld, we do not know its exact na-
ture.

Show the charge on each body shown below by drawing the symbol for
either positive or negative. (There is more than one correct answer. )

-—-

"
/\\:—:’/h
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a2

33.

34.

35.

One bedy should be marked positive (+) and the other, negative (-},
because unlike charges atiract.

Show the charge on each body shown below as either poaitive or negative,
(There is more than one correct answer. )

:\\‘) (=
*:‘/9) NS

You should have labeled both bodies as positive (+) or both bodies as
negative (=), because like charges repel.

Asg the electric lines of force travel out into space, doem strength of the

fleld increase or decrease ?

It decreases. ({If you weren't sure about this, review frame 31 before
you go on. )

What is an electric field?

The space between and around charged bodies in which their influence is
feit. (U you missed this, review frame 31.)

Next we shall study Coulomb’s Law of Charges, which describes in
more detail the force that exists between charged bodles.

Coulomb's Law of Charges

The Frenchman Charles A, Coulomb developed the law that governs the
amount of attracting or repelling force between two electrically charged
bodies in free space. This law must be understood before we study elec~
tric curreni, which is iniroduced in Chapter Two. Coulomb's formulation,
known as Coulomb'a Law of Charges, states:

Charged bodies attract or repel each other with a force that is
directly proportional to the preduet of thelr chargea and that is in-
versely proportional to the square of the distance between them.
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36.

37'

38,

38,

This law seems complicated, hut it can be broken down into two factors:

1. The attraciing or repelling force depends on the strength of the
harges on the two bodies.
2. It also depends on the distance between the bodiea.

Coulomb's Law of Charges takes into account what aspects of any two
charged bodies?

The strength of the charges and the distance between the bodies.

Coulomb's Law says that the force is directly proportional to the produect
of the charges on the two bodies. That 18, the charge of the first body is
multiplied by the charge of the second body. Without worrying about the
exact amount of the charges, let's glve them number values. The first
body has a charge of 2 and the second has a charge of 3. With these num-
bers assigned, the force is directly proportional to a product of

2x3 =6. (Ifyour answer was "5," you were thinking of the sum of
the charges, not the product,)

If the charges are increased so that their product is 12 instead of § {while
the distance between the bodies remains the same), the force will be

as much.

thalf/twice)

The force is directly proportional to the product of the charges, but it is
inversely proportional to the square of the distance. "Inverse" is the
opposite of "direct.” In mathematics, an inverse relationship is shown
a3 a reciprocal. For example, 1/4 is the reciprocal of 4, 1/5 is the re-
ciprocsal of 5, etc. The inverse of 2 ia 1/2. What is the inverse of 47

1/4

The "equare' of the distance merely means the distance multiplied by it-
self. If the diastance between two objects is 3 meters, for example, the
sguare of the distance is 9 meters. If the distance between two chjects
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40.

41.

42,

is 4 centimeters, what is the square of the distance ?

- e e o W W wm W E E

16 centimeters

This inverse/square formula is common to all lmown electromagmetic
phenomena, If the distance from a light source, for example, is doubled,
the illumination ia quartered. Assume that the distance between two
charged bodies is 1 centimeter. 1If the charge on each body remains the
same, but the distance is increased to 2 centimeters, the attracting or

repalling force 18 (1/2, 1/4, 1/8) what it was before,

The force between charged bodies can be calculated using Coulomb's Law.
However, you are not required to learn the mathematica for doing 6o in
this book. For now, you need only a general understanding of the rela~
tionship between charged bodies.

If the total charge on two charged hodies i3 increased, and the distance
between them remains the same, is the force increased or decreased?

It iz increased.

If the total charge remains the same and the distance between the bodies

ia increased, is the force increased or decreased?

It is decreased.

in this chapter you have learned the nature of free electrons, on which
electric current depends. You have learned why some materials are good
conductora and same are not. You have learned the nature of static eleoc-
tricity and how to produce it. You have also learned how charged bodies
attract or repel each other. Finally, you have learned how electric fields
behave and have been introduced to Coulomb's Law of Charges,

When you feel you understand all the material in this chapter, tum to
the Self-Tast.
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WHAT IS ELECTRICTTY? 17

Salf-Test

The following questions will test your understanding of Chapter One. Write
your answers cn a separate sheet of paper and check them with the answers
provided following the test.

1, Name the particle in an atom that has each of the following charges:
{a) positive; (b) negative; (c) neutral,
2. What are free electrons?

3. Explain in your own words the flow of eleciric current in a copper wire
when an electric force 1 applied to the wire.

4. Define 2 good conductor.
6. Define a good insulator.
€. Glve three examples of good conductors.
7. Give three examples of good ingulators.
8, State the law of aitraction and repulsion of charged bodies.
9, What is static electricity ?
10, What i8 an electric fleld?

11. According to Coulomb's Law of Charges, what two factors affect the force
between two charged bodlea?

12, State whether the force hetween two charged bodies will increase or de-
cregzse under each of the following conditions.
(a) The charge is increased while the distance remaing the same.
(b} The distance is increased while the charge remains the same.
Answers
If your answers to the test questions do not agree with the onea given below,
raview the {frames indicated in parentheses after sach answer before you go
on to the next chapter.
1. (a) proten, &) electron, (c) neutron (2)

2. Electrons that have been forced ocut of orbit about their original atoms.
)

3. When an electric force is applied to a copper wire, free electrons are
displaced from the copper atoms and move slong the wire, producing
electric current. {T)

4. A materisl that has many free electrons. (13)
5. A material that has few free electrons. (14)
6. Any three: silver, copper, aluminum, zinc, brass, iron. as)
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7.

10.

11.
12.

Any three: dry air, glasa, mica, rubber, asbestos, bskelite, (18)
Unlike charges atiract each cther and like charges repel each other. (22)

The force that exists between unequally charged bodies when current can-
not flow between them, {29

The gpace between and around charged bodies in which their Infinence is
felt. (34)

The strength of the charges and the distance between the bodies. {35)
(a) increase, (b) decreasa (41, 42)
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CHAPTER TWO

Understanding Voltage,
Current, and Resistance

Throughout most of this book, you will be working with electric circuits.
Later in the book, you will leam in detsail just what an electric eircuit ia.
For now, You only need o know that it is a complete path for current flow
from a battery, or some other source of voltege, through one or more con-
ductors back to the voltage source,

While you will have {o understand various circuit factors from time to
time, you will almost constantly manipulate values assigned to the three ba-
sic circuit factors: voltage, current, and registance. Thesae three variables
are interrelated, so first you must know what they are and how each affects
the total electric circuit,

You will also have to know something about magnetiam, since alternating-
current theory is based on this phencmenon. Magnetism will be discussed in
Chapter Six,

When you have finished this chapter, you will ba able to:

e relate electromotive force (voltage) to the flow of electric current;

e describe the difference between direct current and alternating
current;

@ describe the function of resistance in limiting current flow and
the factors that affect resistance;

e write and use the symbols representing voltage, current, and
resistance;

e describe some general methods of producing voltage; and,

e distinguish between wet-cell and dry-cell hatteries and describe
their companents.

Difference in Potential

1. Just as water pressure causes water to fiow in pipes, an electrical
“pressure," called a difference in potential, causes current to flow in
& conductor. Since a difference in potential causes current flow, you need
to understand what this is before you can grasp the concept of current

1]
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3'

4.

flow. In the drawing helow, part of the water In Tank A will flow into
Tank B when the valve is opened, Draw a line across Tanks A and B to
indicate where you think the water level will be after the water has
stopped flowing.

Tank A Tank B

Your line ghould be across the approximate middle of both tanks., The
water will flow from Tank A to Tank B until the water level is equal in
the two tanks.

Why do you think part of the water flowed into Tank B when the valve
was opened?

The water pressure in Tank A was greater.

The "water tank" gnalogy 18 useful in wnderstanding one of the basic con-
cepts in electricity: difference in potential. The force that caunses free
electrons to move in a conductor as electric current is known as the dif-
ference in potential. Itis also called electromotive force (emf); but you
are probably familiar with the most common term, voltage. All three of
these terms are interchangeable, In dealing with electricity we naturally
need some units of measurement. The unit of measurement of voltage 1s
very common and similar to the word "voltage." What do you think that

unit of measurement is?

the volt

When a difference of potential exiats hetween two charpged bodies that are
comected by a conductor, electrons will flow along the conductor. This
flow is from the negatively charged body to the positively charged body.

Why is this s0?

- e o W M m ow = o
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Becauae electrons are negative and like charges repel, while unlike
charges attract.

5. The water stops flowing between two tanks when the pressure on the two
tanks is equal. The force with which the water flows, however, 1s not

constant. When do you think that force is greatest?

You're right if you said: when the pressure differential (difference in
pressure) is greatest.

6. The force with which the water flows between the tanks js directly pro-
portional to the pressure differential. Similarly, current flow through
an electric circuit is directly proportional to the difference in potential
{or voltage) across the cireuit, What happens to current flow when the

difference in potentinl is increased?

Current flow increases.

7. I voltage is increased, current is . If voltage is

decreased, current is .

increased; decreased

8. What is the effect on current flow if the voltage is doubled?

Current flow doubles.

8, "Voltage' is also called . or

electromotive force {emf) or difference in potential

10. The abbreviation for "electromotive force" is
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11.

i2.

13.

14.

emf

Tell in your own words what is meant by the statement, "Current is
directly proporticnal to voltage."

Something like: "When voltage is increased or decreased, current is
Increased or decreased accordingly.”

Electric Current

The drift or flow of electrons through a conductor is called electric cur-
rent or electron flow. Some conventionel textbooks make a distinction
between current flow and electron flow. Everyone concedes that electron
flow is from a negative to a positive terminal, since electrons are nega-
tive, and like charges repel. However, some authorities think of current
flow as from poeitive to negatlve, Since the concepts of "positive' and
"negative' are constantly encountered In the theory of electricity, it is
important to avoid any confusion about the direction of current flow. In
thia book, we will meke no distinction between current flow and electron
flow. The terms current flow and electron flow are interchangeable;

therefore, the direction of current flow is from to

nepative to positive

Electric current is generally classified into two general types: direct

current {dc) and alternating current (ac). Direct current does not change
its direction of flow. Alternating current periodically reverses direction.
These two types of current wil! be discussed thoroughly later in the book.
The common battery is a source of direct current. Does the current flow

from a battery change direction?

The current that lights your house changes directicn many times per aec-
ond. What type of current is it?

alternating current
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15.

16.

17.

18.

18,

What is direct current?

Current that does not change its direction of flow.

What is alternating current?

Current that periodically changes its direction of flow.

The greater the voltage, the greater the current flow. Current is meas-
ured in amperes {often called "amps™ for short). One ampere may be de-
fined as the flow of 6. 28 x 1018 electrans per second past a fixed point in
a conductor (but you don't have to know that). Since both quantity and time
are involved, the ampere indicates a rate of current flow. Your house
fuses (or circuit breakers) are rated in amperes; that is, the rate of cur-
rent flow that will blow the fuse or trip the circuit breaker, A fuse will

blow when too many of current flow in its cirecuit,

amperes

The ampere i8 a measurement of the rate of current flow. The unit that
measurea the guantity of electrons is the coulomb, which is defined as

one ampere of current flowing for cne secend. If we want to measure the
quantity of electrons, rather than the rate of current flow, what unit would

we use?

coulomb

Thus, electromotive force {the "pressure'" that causes electrons to move)
is measured In . The rate of flow of electric current is

measured in . The quantity of electrons is measured in

volts; amperes; coulombs
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20.

21.

22.

Each of these units has a standard symbol that is used in eircuit drawings
and equations. The symbol for voltage ia the first letter of the phrase,
"electromotive force,"” or E. The symbol for the guantity of electricity,
which 18 measured in coulombs, 18 Q. The rate of current flow, which is
measured in amperes and is very important in the study of electricity, is
represented by the symbol I. Write the aymbols corresponding to the
units of measurement listed below.

ampere
coulomh

volt

I R .

ampere, [; coulomb, Q; volt, E

For each of the following symbols, name the unit represented and tell what
the unit measures.

Q, coulomb, measures the quantity of electricity. E, volt, messures
the eleotromotive force, 1, ampere, measures the rate of current flow.

Resgistance

In Chapter One you learned about good conductore and poor conductors
(insuletors). You learned that free electrons, or electric current, could
move oasily through a good conductor, such as copper, but that an insu-
lator, such as glass, was an obstacle to current flow. Every materiai—
even copper or sflver—offers some resistance, or opposition, to the flow
of electric current through it. If the material offers high reaiatance to
current flow, it is termed an insulator. If its resiatance to current flow
is low, it ia called a conductor. The amount of current that flows in a
given circuit depends on two factors: voltage and resistance (represented
by the symbol R). Thus the amount of current that flows In a clrcuit can

be changed by changing either or .

voltage (E); resistance (R)
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231

24'

25I

26.

The unit of resistance is the ghm, named for the man who developed
Chm's Law, which you will study in Chapter Three. Resistance, as the
word imgliea, is the ability of a material to impeds the flow of electrons.
(If you later study advanced electricity, you will encounter another con-
cept of electricity, conductance, which is the oppoaite of resistance, but
you do not need this concept to understand the material in this book.)
Current is measured in amperes, and voltage is measured in volts.

Resistance 18 measured in .

The abbreviation for "volts" is "v." “Amperes" is abbreviated "a."

But the small letter o' looks too much like **a," and "ohm" would be
awkward and tiresome to indicate values of resistance. Thus the Greek
letter omega (§)) is used as an abbreviation for "chms." "Ten amperes'
is abbreviated 10 a,' Write the abbreviation for ""10 ohms" below.

Give the abbreviations for the following units of measurement.

amperes
volts

amperes, a.; volts, v.; chms,Q

The wires that carry current in an electric eircuit are usually made of
copper, because it is both a good conductor and relatively inexpensive.
But the gize of the wires is a factor, too. Juat as water flows more eas-
ily (at a glven pressure) in a large pipe than in a small one, eleciric cur-
rent flowa more easily (at a given veltage) in & large (greater diameter)
wire than in a smell one. In an electric cirouit, at & given voltage, the

larger the diameter of the wires, the (higher/lower)
will be the current flow.
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27.

28.

29,

30,

i voltage is held constant, current flow depends on the resistance of the
wires (and other devices) in the circuit. A larger diameter wire offers
less resistance to current flow than & smaller diameter wire, but one
other factor affects the total resistance to current flow: the length of the
wires, Since the material of the wires offers resistance to current flow,
increaeing the amount of material {for a given diameter) increases total
resistance. Increasing the length of the wires in an electric circuit has

what effect on resistance ?

This in turn has what effect on the

amount of current flowing in the circuit?

It increases resistance; it decreases the amount of current flow,

It would not be prectical o change the rate of current flow by changing

the size or length of the wires, Electrical circuits require varying
amounts of current flow for different uses. For that reason, parts are
manufactured that present precise amounts of opposition or resistance to
current flow, These devices are called, not very surprisingly, resistors.
The amount of resistance is measured in ochms., (Although you don't need
to know it at this point, one ohm is the resistance in a circuit that permits
a steady current of one amperes—one coulomb per second—to flow when &
steady emf of one volt 18 applied to the circuit,) If you want to increasse
the current flow in a circuit, one way is to take out a resistor and re-

place it with one rated at (more/fewer) chma.

Without changing the wiring or values of resistors, how could you increase
ourrent flow?

By Increasing the voltage applied to the circuit,

How does increasing the dlameter of the wires affect resistance?

Resistance is decreased,
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ali.

a2,

33.

.

36.

Increasing the length of the wirea in a circuit has what effect on resis-
tance?

Resistance is increased.

Increasing the voltege applied to a circuit has what effect on current
flow?

It increases current flow.

Without changing the wiring, resistors, or other devices in a circuit, how

could you decrease current flow?

Decrease the voltage.

Later you will use the symhols E, I, and R in equations to solve problems
involving electric circuits, go it 18 important that you remember them,

The symbol for voltage is ; for current, 3y and for

resistance, .

voltage, E; current, I; resistance, R

Primary Methods of Producing a Voltage

There are many ways to produce electromotive force, or voltage. On
the following page, match the six most common methods in the first col-
umn with their appropriate descriptions in the second column.
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36.

37.

1. FRICTION (a} Voltage produced by heating the
junction where two unlike metals
are joined.

2., PRESSURE (b} Voltage produced in a conductor
that is moved in & magnetic field.

3. HEAT {c) Voltage produced by squeezing
certain crystals (plezoelectricity),

4, LIGHT {d) Voltage produced by the-use of

certain photosensitive suhetances.
5. CHEMISTRY (e} Voltage produced in a battery cell,

8, MAGNETISM (f) Voltage produced by rubbing two
materigls together,

1, {f); 2. (©); 3. (a); 4. (d); 5. (&); 6. ()

In understanding the fundamentals of electricity, you will be most con-
cemed with chemistry and magnetism as means to produce voltage. Fric-
tion has little practical application, although we discuased it earlier in
studying static electricity. Heat, light, and pressure do have useful ap-
plications, but we do not need to consider them in the early stages of
study. Chemistry and magnetism, on the other hand, are the principal
sources of voliage. Anyone who drives a car is familiar with one of these
voltage sournes, because if it is dead or missing, the car can't be started.
This voltage scurce, which uses chemistry as its basis, is the

But the battery alone cannot keep the automcbile :umning. A generator,
or alternator, supplies the voltage necessary for running the engine and
keeping the batiery charged. This device operates by moving a eonductor
in a magnetic field. Thua, an understanding of both chemical action and
magnetism I8 necessary to understand practical electricity., A generator
produces alternating current and uges the principles of magnetiem. A
hattery employs which of the gix methoda of producing voltaga?
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39.

40.

41.

Batteries

Batteries are widely used as sources of direct-current electrical energy
in automcbiles, boats, aircraft, porteble electric and electronic eguip-
ment, and lighting equipment. A battery consists of a mumber of cells
assembled in a common container and connected together to function as a
source of electrical power. The ordinary flashlight battery is not actually
a battery but a cell, according to this definition, because two or more
Yhatteries” {(which are actually cells) operate together to provide the pow-

er. Which parts of a flashlight make up the true battery?

The cells and the barrel of the flashlight, which contains the cells {or
some similar wording). The bulb, lens, and ewitch are not part of
the battery.

The cell is the device that transforma chemical erergy into electrical
energy. It consiata of a positive electrode (carbon), a negative electrode
(zine), a chemical solution, and a glass container. The chemical solution

is the electrolyte.
Aside from the container in which they are asasembled, the basic parts

of a simple cell are: two , &nd a chemical sclution
called the .

electrodes; electrolyte

The basfic device that transforms chemical energy into electrical energy
is the -

A consists of two or more cells agsembled
in a common container to produce electiricity.

battery (Note: You could have & battery with only one cell, but this
is not ugually the cage.)
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42.

43.

48,

What is the relationship between a ceil and a battery ?

The battery includes the cells and the container.

The cella of a battery are like "mini-batteries.” The batiery has internal
electrical connections between the cells, and then the battery provides
power to some external circuit. Each cell providea part of the power to
the entire circuit, The electric current that flows In a circuit "powered"
by a cell consists of free electrons that leave the (negative/positive)

electrode and return to the cell through the

(negative/positive) electrode. (Hint: Like
charges repel.)

negative; positive (Note: Electrons are negative, so they are repelled
by the negative electrode and attracted by the positive electrode.)

The simple cell conslats of two electrodes suspended in a cheieal solu-
tion called an electrolyte. (The electrodes are usually strips, rods, or
sheets of two different materials, The most common materials are car-
bon and zine, but you don't need to know that for this book.) The battery
works because of the interaction between the chemical sclution and the two
dissimilar materials. Thus, you might eay that chemical energy resulta

from the interaction of the two different materials, cslled '
and the chemical solution, called the .

electrodes; electirolyte

Batteries are classified as either wet-cell or dry-gell batteries. The dif-
ference les In the form of the electrolyte. The wet cell has a liquid elec-
trolyte, but the dry cell is not completely dry; its electrolyte is actually

s damp paste. (If it were completely dry, there would be almost no chem-
ical action.) A common example of the wet-cell battery is the storage
battery in an auvtomobile. An example of the dry-cell battery is the com-
mon fiashlight, The major difference between a wet-cell battery and a

dry-cell battery ls in the form of the .

electrolyte
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46. What general type of battery has cellis whose electrodes are suspended in
a liquid electrolyie ? Which type has an
electrolyte that is a wet paste?

The wet-cell battery; the dry-cell battery,

47. For most applications, a dry cell is more convenient as the basic unit of
a battery. Shown here is a cutaway view of a typical dry cell.

Negative Terminal
Positive Terminal

/-Saa.ling Wax

Zine Container and
Negative Electrode

Wet Paste
Electrolyte

| _.~-Carbon Red, or
Positive Electrode

Which part of the cell is the negative electrode?
Which part 18 the positive electrode?
Which electrode is buried in the electrolytic paste ?

. T R T )

The negative elecirode is the zinc.container; the positive electrode ia
the carbon rod, which is buried in the electrolytic paste.

You are now able to relate eleciromotive force (difference in potential])
to the flow of electric current and to describe how resistance limita cur-
rent flow. You have become familiar with the symbola representing volt-
age, current, and resistance. You have learned some general methods

of producing voltage as well as the types and composition of one such
method: batteries. Now complete the Self-Test.
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Self-Test

The following questions will test your understanding of-Chapter Two. Write
your answers on & separate sheet of paper and check them with the answers
provided following the test,

1. One battery terminal is negative and the other is positive. What force of
"pressure’ causes current to flow in the circuit connecting the terminals ?

2, Why is current flow in a battery-powered circuit from the negative termi-
nal to the positive terminal ?

8, What is the effect on the rate of current flow if the voltage is reduced by
50 percent?

4, What is the difference between direct current and alternating current ?

§. Give the unit of measurement and symbol for each of the following:
(a) difference in potential; (b) rate of current flow; (c) quantity of elec-
tricity; () resistance,

8. Give the abbreviation for each of the following units of measurement:
(a) ampere; () volt; (c) ohm,

7. The rate of current flow in a circuit can be changed by changing what
other two variables ?

8. What three factore affect the resistance in a circuit?

8. Give two ways of increasing the resistance of the circuit wiring.
10. What are the two moat widely used methods of producing a voltage?
11. What method of producing a voltage is used in batteries ?

12, What is the relationship between a cell and a battery ?

13. Current flows away from what electrods of a cell ?

14, What are the two basic components that cange a cell to produce electricity ?
15. What is the major difference between a wet cgll and a dry cell ?
16. What iz the form of the electrolyte of a dry cell?

Anawers

If your answers to the test questions to not agree with the ones given below,
review the frames indicated in parentheses after each answer before you go
on to the next chapter,

1. Difference in potential. {1-4)

2. Like charges repel, so the negative terminal repels electrons, which are
negntive. In addition, the positive terminal attracts the electrons. 4

3. The rate of current flow is reduced by 50 percent. (8-8)

www.EngineeringBooksPDF.com



UNDERSTANDING VOLTAGE, CURRENT, AND RESISTANCE 33

9,
10.
11,
12,
13.
i4.
15,
18.

Direct current flow does not change direction, while alternating current
pericdically chanpges direction, (13-16)

{a) volt, E; (b) ampere, I; (c} coulomb, Q; {(d)ohm, R {17-23)
@ a.; @M v.; () a (24-25)
Voltage and resistance 22)

The values of the resistors, the length of the conductors, and the diame-
ters of the conductors. (26-28)

Make the wires longer or decrease their diameter. (30-31)
chemistry; magnetiam (36)

chemistry (37)

The battery includes the cells and the container, (42)
negative (43)

The electrodes and the electrolyte. {44}

The form of the electrolyte. (45)

A moist paste. (46)
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CHAPTER THREE
The Simple Electric Circuit

In Chapters One and Two you were introduced to some of the basic concepts
of electricity. Now you will use those fundamental ideas to begin to under-
stand the electric cirauit.

You will need to know some algebra to work through this chapter and many

of those that follow. If you need to learn how to solve simple equations (or if
you would like a review), turn to Appendix I. The material presented there
will teach you all you need to know about the math required in this book.

When you have finished this chapter you will be able to:

e draw schematic diagrams of simple electric circuits, using
standard schematic symbois;

s solve simple equations, derived from Ohm's Law, to find voltage,
current, and resistance;

# relate power consumption to voitage, current, and resistance, and
solve power equations;

e solve problems about the power capacity of electrical devices; and
¢ relate power to energy and solve energy equationsa,

The Electric Circuit

Refer to Figure 3-1 on the following page for frames 1 through 7.

1. An electric circuit includes an energy source, some kind of load to dissi-

pete the energy, and a conductor to provide a pathway for current flow.
The energy source could be a battery, as in Figure 3-1, or some other
means of produeing a voltage, The load that dissipates the energy could
be a lamp, as in Figure 3-1, a resistor, or some other device that does
useful work, such as an electric toaster, a power drill, or a soldering
iron. (Of course, a circuit might include a great many separate devices,
or loads.) The conductor, which is usually wire, comnects zll the loads
in the eircuit to the voltage source to provide a complete pathway for
current flow. No electrical device dissipates energy unless current flows
through it. Since wires are not perfect conductors, they heat up (dissi-
pate energy), so they are actually part of the load. For simplicily, how-

www.EngineeringBooksPDF.com



THE SIMPLE ELECTRIC CIRCUIT 35

ever, we usnally think of the comnecting wiring as having no resistance,
since it would be tedious to assign a very low resistance value to the
wires every time we wanted to solve a preblem.

—p—

i

{ X
@l
- !

e I

{A) Closed Circuit {B} Open Clreuit

Figure 3-1. ({A) Simple electric circuit (closed);
(B) Simple electric circuit {open).

You can check the circuit in Figure 3-1, View A, to see whether there
iz a complete pathway for current flow. Start at any point, and go around
the circuit only once until you return to your starting point. There 18 no
problem until you try to get from one terminal of the battery to the other.
There is current flow inside the battery, but here we have a special case,
because we said {in Chapter One) that current flows from negative to
positive. This is true cutside the battery, in what we call the external
circuit, becauss electrong are negative. Bince the negative terminal of
the battery repels electrons, the current flow is away from the negsative
terminal and toward the positive terminal {which attracts electrons). The
current flow inside the batiery (the internal circuit) resuits from chemical
action, not from the laws of attraction and repulsion, and is from the
poeitive terminal to the negative terminal. This completes the circuit.
Once you understand this special case of current flow inside the hattery,
you need not consider it again. Any consideration of current flow in this
book is concerned with current flow in the external cireuit,

Pigure 3-1 shows a very simple electric circuit that includes only a
battery, a light bulb, and the connecting wires. Look at the two drawings
and note all the differences you see between drawing (A) and drawing (B).

(1) The Hght bulb is lit in (A) but not in (B): (2) arrows are shown along
the wire in (A) but not in (B); (3) the wire is connected to the negative
{(—) terminal in (A) and discomnected in (B).
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2.

3.

4.

5,

The arrows following the wire, and the "rays" indicating that the bulb is
lit, are the ariist's way of showing that there is a completed electric cir-
cult in (A) and not in (B). If there is a complete pathway for the flow of
electric current, a closed eircuit exists, If the pathway is interrupted by
2 break in the conductor (such as a discomnected wire), the result is an

open circuit. Which is the closed circuit, (A) or (B)}?

L T A .

Which is the open circuit? Why?

{B); Because a wire is disconnected from the negative terminal.

Can you think of any other ways {besides cutting the wire) to cause an
open circuit in Figure 3-17

(1) Disconnect the wire from the positive (+) terminal; (2) and (3), dis-
connect a wire from either side of the bulb socket; (4) unscrew the bulb.

The arrows indicate that current flow outside the battery is from negative
to positive, but you should know that anyway if you remember the law of
attraction and repulsion of charged bodies (Chapter One). Why is the cur-~

rent flow away from the negative terminal?’

Because electrons, which ars negative, are repelled by the negative
terminal and attracted by the positive terminal,

Each cirouit shown in Flgure 3-1 oan be representad by a schematic dia-
gram, A schematic diagram {usually shortened to "schematic") 1s &
simplified drewing that represents the glectrical, not the physicsl, situ-
ation in a olreuit, Cirouit elements are indicated by very simple draw-
ings, called schematic symhbole, that are standardized throughout the
world, with minor variations. The following illustrations are the equiv-
alent schematics for the closed-circuit and open-circuit configurations
shown in Figure 3-1.
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7.

—o—

{4) Closed Circuit {B) Open Circuit

Now, since there are no arrows to show the direction of current flow,
there is anly one difference between circuit (A) and circuit (B). What is

it?

There is an open space at the top of cireuit (B).

The drawinge {n Frame € are schematic diagrams representing the elec-
trical situation in & circuit, using standardized symbols. {(Conductors are
aimply lines.) The two schematics in Frame 6 show the symbols in the
same positions &8 the circuit elements they represent in Figure 8-1, but
this need not ba so, A schematie turned on its side or upside down, or
with varylng line lengthe for the conductors, would still be electrically

the same. Compare the schematics with the drawings in Figure 3-1, then
draw the symbels for a light bulb {lamp) and a battery in the space below.

light bulb  battery

light bulb; battery

By convention, the shorter line in the symhol for a battery represents the
negative terminal. It ig fmportant tc Femember this, because it is some-
times necessary to note the direction of current flow, which is from neg-
ative to positive, when you examine a schematie, The battery symbol
shown in frame 7 haa & single cell, so only cne short and one long line are
used, The number of lines used to represent 2 battery vary (and they are
not necesearily equivalent to the number of cells), but they are always in
pairs, with iong and short lines alterneting. In the circuit shown in frame
6, the current would flow in a clockwiae direction; that la, in the direction
that a clock’s hands move. If the long and short lines of the hattery sym-
bol in frame € were reversed, the current would flow oounterclockwise;
that is, in the opposite direction of a clock’s hands,

We cpened the circuit in Figure 3-1 and in ite corresponding schematic
{frame 6} by disconnecting a wire from a terminal. Naturally, a switch
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is used for this purpose in most circuits. Here is the schematic symbol
for a switch; it may be placed anywhere in the circuit that is convenlent.

——— — \—'
closed open

Draw a schematic for an open circuit that includes a battery, a lamp,
and a switch, Connect the battery so the current would flow counterclock-
wige, and label the battery terminals {(+ and (=), Use a separate sheet of

paper.

Here is one possibility. The negative side
. _‘__@——— of the battery is the shorter line. Your
- battery can have any number of pairs of
1 . lines. The other schematic symbols may

be shown in any order.

Now that you are familiar with an electric circuit and its equivalent
schematic diagram (cther symbols will be introduced as you need them),
you are ready to examine the relationships of current, voltage, and resis-
tance. The relationships are expressed in Ohm's Law, which is the foun-
dation on which electrical theory is based.

Ohm's Law

A three-cell flashlight casts a brighter beam than a two-cell flashlight
using the same size batteries, Flashlights come in different sizes, from
the little "'penlight" on vp, Someone had to decide how much voltage a
cell should produce and what kind of bulb should be used, among other
things. Flashlight batteries aleo power toys, clocks, and other devices,
so circuits have to be designed to produce the correct amount of current,
How doeg one decide what the relationships of current, voltzge, and re~
sistance ghould be in a clrouit? If the voltage source is constant, how
much voltage is required to power a device such as a radio or a washing
machine? This kind of question 18 basiec in electrical design, To answer
such questions, we start with Ohm's Law,

Georg Stmon Ohm, a 18th century philoaopher, formulated the relation-
ships among voltage, current, and resistance, Ohm's Law states that:

The intensity of the current in amperes in any electric circuit
is equal to the difference in potential in veolts across the circuit
divided by the resiatance in ochms of the circuit,

You don't have to memorize the law in words, but you do have to mem-
orize the equation that represents it:

[=2

R
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10-

11.

12,

Remember that I represents current expressed in amperes, E repre-
gents the difference in potential in volts, and R represents resistance in
ohms. What is the effect on current if resistance is increased?

Current is decreased.

What i another way to decrease current?

Dacrease the difference in potential (voltage).

Most of the resistance (sometimes called the load) in a circnit is in the
form of components that do specific work, such as a bulb, and certain
components, called resistora, whose purpose is to limif current flow, As
you have learned, the conductors (wires) themselves have registance that
varies with the aize and length of the wire, but it 18 not practical to limit
current flow in this manner. The wire resistance becomes important in
advanced electricity, but in this book, you need not consider it. Problems
are simplified by {gnoring the resistance of the wires. There are no re-
sistors in the simple fleshlight, so what component presents most of the

resistance ?

Figure 3-2. Simple electric
eircuit with a lamp as the load.

Refer to Figure 3-2 for frames 12 through 25.

Asgume throughout this book that the wiring has no resistance. To use
Ohm's Law to solve for current, voltage, or resistance, you have to know
two of the values and solve for the third. To find the current flowing in the

circuit shown in Figure 3-2, you need to know the values for

and .
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voltage and registance

13. Write the equation for finding the current (I) when the voltage (E) and re~
gistance (R) are Imown,

14, The lamp in Figure 3-2 is actually a resiastor. The resistance of the lemp
is 3%t and the battery produces 8 v, How much current is flowing in the

clreuit ?

2 amperes {2 a.)
Here is the solution: 1

1l [}
r» o] [

[+ T -]
p D

15. The voltage source (battery) produces 10 v. and the resigtance of the lamp
is 492, How much current is flowing in the circuit?

16. E=12v.; R=4Q,

3 s (Note: Unless otherwise stated, voltage is assumed fo be in
volts, resistance in ohms, and current in amperes. )

17. E=1,6v,; R=20,
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18, By now you know that1=%. If you want to solve for E in terms of I and
R, you bhave to manipulate the equation to igolate £, Do so on a geparate
gheet of paper,

E=IR Solution: =%

Cross multiply.
E=IR
(Note: If you had trouble with this, you need to review Appendix A.)

19. Refer again to Figure 3-2. The current in the circuit is 3 a. and the re-
sistance of the lamp is 201. How much voltage is produced by the battery ?

6 v, E=IR=3a. x20=6v.)

20. The resistance of the lamp is 1 and the current is 3.73 a. What is the
voltage ?

2. I=4a.; R=1.54qQ.
E= L]

22, R=2; [=0.5a

28. E =IR. To solve for R, you must manipulate the equation to isolate R.
Do so on & separate sheet of paper.
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24,

25.

26,

Solution: E =IR
Divide each side by I to isolate R.

R=

w |ta1

ol =]
W
-

- |tm
1]
n
g

=
[}
- |[I_1

Refer again to Figure 3-2. The batftery produces 6 v. and the current in
the circuit is 2 a, What is the resistance of the lamp?

- o o e W o W= =

A 12-volt battery produces a current in the circuit of 0.5 4. What is the
registance ?

=—-='—a =249

(Note: The circuit values in these exercises are selected for easy
calculation.)

You have now used Obm'a Law to solve for all three cireuit values: vol-
tage (E), current (I}, and resistance (R}. It is important to note that re=-
gistance (R) is a physical constant. The value of resistance cannot be
changed by changing voitage (E) or current {I). Here is an aid to remem-
beriqg the three basic equations:

I} —|j —
[ﬂ% E: E=IR R:%

72\
{3/
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27.

28,

29,

In the preceding circle, cover up the value you wish to aolve for, and
the rest of the equation {8 revealed. For example, I= % - Write the
equations for E and for R using the memory aid.

A lamap or any other compenent has resistance. If the purpose of the
schematic is to work out relationships among current, voltage, and re-
sistance, the symbol for a resistor may be used instead of that for the

actual component. How much current is flowing in thia cirenit?

8 v
]

» 611

AAA

1. 88 a. (Note: It would be more accurate to say 1 % a,, but values
are usually given in decimals.)

Draw the sachematic gymbol for a resistor.

—nA~ (Note: Its position doeg not matter.)

The schematic symbol in frame 28 iz actually the symbol for a resistance
rather than for a resistor only. Any device that consumes power is a re-
sistance. The resistor, which is manufactured fo precise specifications
and whose function is to limit current, ie a resistance, but so 18 a lamp,

" an electrie iron, or a warming {ray. These devices do limit current,

and are therefore resistances, bhut each has a function besides current
limiting, When we show the symbol for a resistance in this book, we va-
ually call it a resistor; but remember that the symbol could mean some
other kind of resistance.

Of course, the circuit might include more than one resistor. If so,
the resistors are usually labeled Ry, Ry, ete., with their respective val-
ues. Resistors in series are merely added o get the total resistance.
We shall see why this ia true later. In the following drawing, what ia the

value of Ry ?
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Rlzn

N
=Ecl2v. R,
L I=2a

—2=40

80, Without changing the resistors in the circuit, how could you increase the

current o 4 8. ?

Substitute a 24-volt battery for the 12-volt battery.
Solutign: E=IR=4x6= 24

If you need a rest, this is a good place to stop.

Power

31. Perhaps you have noticed a2 whee] in your home power-meter that tarns
when electricity is being used. I the main switch is off, the wheel s at
rest, because no power is being consumed, As more lights and appliances
draw current, the wheel turns faster. Power, whether el ectrical or me~
chanical, pertaing to the rate at which work 18 done, so the power congump-
tion in your home is related to current flow. (You will leamn the exact
relationship later.) An electric range or dryer consumes more power
(and draws more current) in a given length of time than 3 reading lamp,
for example, because more current s required to produce heat than te
produce light. (Of course, every device produces some heat.) The am-
pere {8 a measure of the rate at which current flows. Power ig the

at which work is done.

32. You might say that an electric range does more work than a reading lamp,
but this is true only if the ime both applisnces are used s the same. If
you read a lot and send your clothes to the laundry, your reading lamp
could do more work In a year than your dryer. In considering power, we
are not concerned with the total amount of work done but the rate at which
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33.

4.

35.

J6.

it is done. Work is done whenever a force causes motion—even the move-
ment of electrons through a conductor. A dryer uses more current in a
given length of time than a reading lamp, so its power consumption is
greater, State in your own words what it means to say that a dryer con-
sumes more power than a reading lamp. (Hint: Relate your answer to

current flow.)

A dryer uses more current in a given length of time than a reading lamp.

If a campressed spring is held in place between two fixed points, a force
is exerted on those points, but no work is done. Similarly, if a switch is
opened in an electric circuit, a force (difference in potential) exists, but
no work is done because no current flows. When the switch is closed, a
circuit is completed, current flows, and some kind of work is dore; a
lamp is lit, perhapa. Only then are we concerned with power. Power is

used only in afn) (open/closed) electric circuit.

- Em W O e o e oW

The basic unit of power, or the rate at which work s done, iz the watt.

Just ag current is measured in amperes, power is measured in .

- o o o e o o W W

watts (Note: "Watt" {8 abbreviated "w,')

Power (F) is directly related to the voltage (E) across a circuit and the
current () flowing in the circuit. Ope watt represents the amount of pow-
er consumed when the difference in potential of one volt produces a cur-
rent of one ampere. Power (P is equsal to voltage (E) multiplied by cur~
rent (I, Write the equation that states this mathematically,

A 10-volt battery is the voltage source for a circuit whose total resistance
is 681, Before you can solve for the power in the circuit, you must firat

solve for
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37,

38,

39.

40.

41,

current (I) MNote: Later you will be able to solve for power when
voltage and resistance are given.)

What s the equation for current when voltage and resistance are given?

glven?

e e e e o M AR AR

In Frame 36, E and R were given. But because you knew only the power
equation, P = EI, you had o solve for I before you could arrive at P.
There is, of course, a short cut.

(1) P=EI
(2) Substitute the equivalent of 1 in terma of E and R. You can do
this, since you know that ] =%.
E
(3 P=E (R

_E?
4 P="T

If the voltage in a given circuit 15 4 v, and the resistance is 452, what
ia the power? {(Use the equation just developed.)
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12.

13.

14,

45.

-
It
&t
]

1]
sl e e

il
RS
2

The circuit voltage is 2 v. and the resistance is 122. What is the power ?

You can work the mathematics for power when current and resistance are
given, without solving first for voltage.

(1) P=EI

(2) Substitute the equivalent of E in terms of I and R, Remember
that E = IR,

@) P=IRQ)
4) P=I2R
If the current in a given circuit is 4 a. and the resistance is 102, what

ia the power?

P=1°R
=42x 10
=16x10
= 160 w.

The circuit current is 0.5 a. and the reslstance is 1292. What is the

power?
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48.

47,

48.

49.

50.

3 w.

Write the equation for P when E and R are given,

- W W W o om o oo

E2
P= R

Write the equation for P when I and R are given.

You probably know that an electric dryer or stove requires a higher
voltage than mosat other appliances in the home. The converaion of elec-
trical energy into heat usea much more current than a radio or electric
driil, for example, so some devices require more voltage—and heavier
wiring to protect them from damage. FPower calculations are quite im-
portant in advanced electriclty and electronica, but one Important appli-
cation of power theory is discussed in the next section.

If you plan to take » bresk preity soon, do it now.

Rating of Elactrical Devices by Power

When you replace a burned-out light bulb, how do you decide which new

bulb to select as a replacement?

You look on the bulb to read its wattege.
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51. Light bulbs, soldering irons, and motors are a few of the electrical de-
vices that are rated in watts. The waitage rating of a device Indicates the
rate at which the device converis electirical energy into some other form
of energy, such as heat, light, or motion. An electric lamp converts

electrical energy into .

L e L

light (Note: Some energy is converted into heat, because the lamp is
not 100 percent efficient.)

52. In the kitchen, elecirical energy is converted into light or into mechanical
energy (in the case of a blender, for example). If you have an electric

range, electrical epergy is also converted into .

53. The greater the wattage of an electrical device, the greater the rate at
which electrical energy is converted to another form. A 100-watt bulb

produces more light than a (50/150) -watt bulb,

54, A soldering iron converts electrical energy into heat, Soldering ircns are
rated in wattas. BState in your own words the difference between a 300-watt

and a 500-watt goldering iron,

The 500-watt iron draws more current and produces more heat.

5, Since power is related to voltage, current, end resistance, electrical de-
vicaes produce their rated power only if they are operated at the correct
olrcuit values. In a home electrical circuit, only the

{current/voltage/resistance) i8 constent,

G6. Eleotrical devices are rated for voltage as well as wattage (power). A de-
vice will draw the proper amount of current only if the correct voltage ia
applied. A light bulb, for example, 18 designed to produce a certain
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617,

amount of light. To do 8o, it must be operated at a voltage that will re-
sult in the right amount of current, and the proper power consumption, to
produce that much light. If the applied voltage is too low, the light will
be dimmer than i8 deaired. If too much voltage is applied, the light will
be brighter, and it will probably burn cut, because it draws too much cur-
rent for its filament to withstand safely. A light bulb is labeled with its
wattage, such as 100 w,, and also with its proper voltege, which is usual-
ly 115 v. (standard house voltage), If a 115-volt lamp is plugged into a

230=-volt circuit, what happens to the current?

Let's see how this wattage and voltage rating works. A 100-watt lamp is
rated for 110 v. When it is turned on, how much current flows in its cir-
¢uit? (Hini: Remember the equation, P = El.) In this and other problems,
you may round off your answer to two decimal places for simplicity.

0.91 a, Solution:

]
t
Pty

It

il

— H|o Eiw
]
mhko
-
[=]

!

0
0" 0.909

-

1

If the same 100-watt lamp is plugged into a 220-volt circuit, how much
current flows? (Hint: Calculate the resistance of the filament from

Frame 57.)

How much power is now consumed by the lamp? (Hint: The lamp is rated
at 100 w,, but it could consume much more power momentarily before it

burns out. E = 220; I =1.82.)

Note that the power did not merely double when the circuit voltage was
doubled. The power guadrupled, (The answer was not exacily 400 w. be-
cause some values had been rounded off earlier,) That is because not only
the voltage but the current doubled. The bulb would probably burn out when
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‘io.

61.

the lamp is plugged into the 220-volt circuit. Ita life would certainly be
shortened. [f the normal wattage rating of a device is exceeded (by using
an ineorrect voltage), it will overheat and will probably suffer damage.,
Now let's see how electrical devices are rated to prevent damage.

Power Capacity of Electrical Devices

The wattage rating of a light bulb indicates its ability to do work. A 100-
watt light bulb, for example, 18 expected to produce a certain amount of
light when it is used in its normal circuit. However, the wattage rating

of some devices indicatés gperating limits. A resistor ig one such device.
It is designed o be used in circuits with widely varying voltages, depend-
ing on the desired current. But each resistor has & maximum current
limitation for each voltage applied. The product of the voltage drop acroas
a resistor and the current through it {the result when these values are mul-
tiplied) must not exceed a certain wattage, since this wattage indicates the
maximum safe power consumption, (Remember, P= El.} A 10-watt re-
sistor subject to 10 v. has a maxjmum current limitation of 1 a. because
this combination of voltage and current results in a power consumption of
10 w. If the voltage across the resistor 1s increased, less current is
needed to produce the same power, so the maximum current limitation of
the reasistor will be less, If the voltage across our 10-watt resistor is

20 v, , what ig the maximum current that can safely flow through the resis-

tor without demage ?

- e am W em omm mEm m oam

All the resistors in Figure 3-3 are labeled with their wattage rating.

Carban Reeistors

% watt ( 2 watt
% walt W
“J 1 wait

AN
100 watt>, | Resistor Symbol

Wire-Wound
Reslstors

50 watt

Figure 3-3. Resistors of different wattage ratings.

Small resistors are color-coded for these values; larger resistors are
stamped with their resistance in chms. The two most common types are
carbon resistors and wire~wound resistors. Resistors rated at 2 w. and
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63.

64.

under are usually carbon resistors. What type of resistors are used for
higher wattage ratings ?

- e W m = W oW W = o

From your examination of the carbon resistors in Figure 3-3, what can
you say about the relatlonship of the size of a resistor to its wattage

rating?

Something like: The larger the resistor, the higher its wattage.

Resistors with ratings of 2 watts or iess are generally carbon, while
wire-wound resistors are vsually made In ranges of 2 to 200 watts. (Re-
sistors with higher wattage ratings are of special construction.) Opposite
the ratings shown below, indicate the probable construction of a resistor
with that rating.

tw 50 w.
1w 150 w.

% w., carbon; 1 w., carbon; 50 w., wire-wound; 150 w., wire-wound.

When current passes through a resistor, electric energy is transformed
into heat, which raises the temperature of the resistor, If the tempeara-
ture becomes too high, the resistor may be damaged. In & wire-wound
resistor, the metal wire may melt, opening the circuit and interrupting
current flow, This effect is used in devices that protect houaehold (gnd
other) electrical circuits from overloading. From your own experience,
what do you think these devices are? (Hint: They will *blow" i too many

appliances are plugged into the same outlet,)

Figure 3-4, on the following page, Includes the symbol for a fuse. it is

lebeled Fl.

Look at the figure, then draw the schematic symbol for a fuse.
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68,

87,

68.

70.

| —

Ry

-

Figure 3-4. Simple circuit that
includes a fuse and a resistor.

Fuses are actually metal resistors with very low resistance values. They
are designed to "blow" when the current exceeds a certain value. A cir-
cuit that includes a resistor and a fuse ip shown in Figure 3-4. Must the

current that flows through the resistor also flow through the fuse?

e W W o W m m e -

The fuse (F,) in Figure 3-4 is rated at 0.5 a. and has a resistance of 111.
Ry has a value of 29Q. The applied voltage is 6 v. What is the current

in the circuit?

Wiil the fuse blow? (Yea/No) , because

No, because the current is less than the rated value for the fuge (which
is 0.5 a.).

If R, in Figure 3-4 has a value of 702 and the voltage remeing unchanged
(6 v.), what is the circuit current ?

0.752. (6 +8=0.795)

Wil the fuse blow? Explain.
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Yes, because the current now exceeds the rated value of the fuse,
(Note: The fuse will blow when the current exceeds 0.5 &. The current
is now €. 75, or 50 percent over maximum. }

Glass Cartridge Fuges

P

Serew=-Plug Fuse

e

Solid Cartridge Fuses

Figure 3-56. Typloal fuse types.

Figure 3-5 shows gome typical types of fuses, The screw-plug fuse is
commonly used for most house eircults, but golid cartridge fuses are
used for heavier-duty circuits such as those for the kitchen range and the
clothes dryer. Automobile accessory circuits, such as the radio, usuaily
have glass cariridge fuses. Circuit breakers, which are merely reset,
are now becoming more and more common. The breaker is "thrown" when
the current exceeds the rated value for the circuit breaker.

A subject closely related to power is energy, the subject of the next
section,

Energy

So far in this chapter we have dealt with two basic concepts—current flow
and power. Before we move on to still another related concept—energy—
it might be a good idea to tie together the material covered so far.

All three values included in Ohm's Law (voltage, current, and resis-
tance) are related to one thing: current. Voltage is the "pressure” that
causes current to flow, and resistance i1s the factor that limits the current
flow when voltage of a given value is applied.

Power, too, is related to current, because no work is done (and there-
fore, no power is consumed) unless there is current flow. All of the pow-
er equations involve eurrent. Either current {I} is directly included in
the equation, or it affecte the other valuea (E and R) in the equation.

Thus, Ohm's Law deals directly with current and the other variables
that affect it (E and R), while powsr is directly related to the current flow
in g circait.
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71. Energy is defined as the ability to do work. When the archer draws the

72.

73,

74.

bow string, for example, the ability to do work ia present, but no work

is done yntil the arrow is released. Then the potential for work (energy)
is converted to work actually done (power consumption}., Energy is ex-
pended when work is done, because it takes energy to maintain a force
when that force does work. In electricity, energy (W) {8 equal to the
rate at which work is done, or power (P), multiplied by the length of time
(t) the rate is measured, Circle the equation below that expredses this
mathematically.

P=Wt
wW=M

w
P= t

The symbol for energy, W, comes from "watt,." Remember that energy
is the rate at which work is done, and "rate" implies a time. Miles per
hour and feet per second are both rates. In electricity, W will be in watt-
hours if time {f) is in hours, If it is expressed in seconds, W will be in

watt-seconds (Note: Watt-seconds means "watta per second" or
"watts times seconds. ')

An hour is usually too large a measure for calculations in electriecity.
The second is much more convenient. Let's retum for a moment to our
basic power equation, P = El. Assume a very simple circuit in which a

1-volt battery causes current flowof 1a. P= x , OF w.

P=1\".x18.. orlwo

Power is consumed in the circuit only while current is flowing. Since 1 a,
of current flowed with 1 v. applied to the circuit, the power consumed was
1 w. But how much energy was responsible for that amount of power con-
sumption in one second? Simply apply the energy equation, W= Pt. The

energy, or rate at which work 1s done, is 1 - .

watt-second
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78,

76.

77

78,

79,

Bo.

81.

Another term for *watt~second" is joule, pranocunced "jule." In & given
circuit, W 1a calculatad to be 300 watt-seconds. Another way to express

W in this circuit is 300 .

- e o e o

You are billed for energy used in your house by kilowstt-hours. ("Kilo"
is a prefix that means 1, 000; thus, one kilowatt ig equal to 1,000 watts.)
Juat for fun, assume your electric bill shows that you used 10 kilowatt-

hours and tranalate thie figure into joules,

36,000, 000 joules, or 38, 000 kilo-joules, or 38 mega-joules
(10 x 1,000 x 60 x 60 = 38, 000, 000)

A 10-volt circuit has a total resistance of 4{t, and current flows for 2
seconde. Ps=

2 2
po E2_102 100

R 4 4 =25W.

In the circult described in Frame 77, W= .

W =Pt = 25 % 2= 50 joules (watt~geconds)

E=20v,; I=41a,; t=3 seconds.
P= W=

- oww dm e A A w4 o

P=80w.; W=240 joules

E=15v.; 1= 8a.; t=2 geconds,
P= =

P=380w,; W =180 joules

I=64a.; R=2; t =4 seconds.
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82.

W = 288 joules (P =I2R; W= Pt)

Figure 3-6 shows the schematic diagram of an unknown device, repre-
sented electrically by a single resistor, R,, enclosed in a dashed-line
box. Device X actually consists of severaf componenta, but we are in-
terested only in its total resistance. I you can solve for current, power,

and energy, you understand the essential concepts presented in this chap-
ter,

nl =20
S -
1
= 500v, 'I 3 '= Rz‘ 4980
totad
f\;_
F

Figure 3-6. Schematic diagram of Device X,

The light, R,, indicates when the device is running. A timer in Device
X opens the switch 5 deconds after power is applied. When the device
shuts off, a button must be pressed to restart it.

Assume for simplicity thet the fuse end wiring have no resistance.

1. Total current flow is .
2. Power consumed during the running time of Device X 1s .
3. The energy developed in the cireuit is

1. I=1a, (500v, + 500Q)
2. P=500w. (600v. x1]a.)
3. W = 2500 watt-seconds, or joules, (500 w. x 5 seconds)

You have learned to apply Ohm's Law to solve for voltage, current,
and resistance. You have built on that basic information to solve for
power consumption and energy in a slmple electric circuit. You have
also become aware thet electrical devices can be damaged if the power
consumption {8 beyond their capacity. And you have begun to use the
achematic symbols and equations that will be your shorthand as we go
further into electrical theory. Now proceed to the Self-Test.
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Seli-Test

The following questions will test your understanding of Chapter Three. Write
your answers on a separste gheet of paper and check them with the answers
provided following the test.

1‘

5.

Draw a schematic dlagram of an electric circuit that includes (a} a bat-
tery, (b) a resistor, (c) 2 lamp, (d) 2 fuse, and () a switch in the open
position. Show the battery connected so that current would flow counter-
clockwise in the circuit. Label the battery terminals (+) and (~).

Complete these equations, which are developed from Ohm's Law.
(@l=7 ©) E=7? ©R=72

Refer to the schematic diagram to solve the following problems.

— 12 v.

(a) R, =80; Ry=9n. I=7?

(b) Ry =682; [=2a, Ry=1?

{c) R]_ =78; Ry=25a. To produce a current of 0.75 a,, remove
the 12-volt battery and replace it with a battery of how many volts ?

Write the power equation for each set of known values listed: () Voltage
and current are known; (b) Voltage and resistance are known; {(c) Current
and resistance are known.

Write the equation for energy when power and {ime are known.
Refer to the schematic diagram to solve the following problems.

1 R

_— 1
= 36 v. 19
AN
l:"2
an
{a) P=2?
{b) The current flows for 3 seconds before the circuit is opened.
W=7

(c) How much energy will be developed in the circuit if a 24-volt bat-
tery is substituted for the 36-volt battery and current flows for 3
seconds?
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7. How much current is used to {lluminate a 100-watt light bulb rated at
115 v, ?

B. A resistor rated at 2 watts 18 probably wire-wound or carbon?
9. Name two devices used to protect circuits from overloads.

190, What is the difference between power and energy in an electric circuit?

Angwera

I your answers do not agree with those below, review the frames in parenthe-
ses before going on to the next chapter.

1. Here ig one possibility. The negutive side of the battery is a shorter line.
Your battery can have any number of pairs of lines. The other schematic
symbols may be shown in any order. {1-8, 27-29, 85)

@ (e}

+| {c}
— & )
B @
—
2 @ 1=% a3
) E=IR {(18)
@ R=F @3

3. @ I=3a. (14)
®) Ry»1n  (25)
© 24 (30)

4, {a) P=El (35)
E2
b P= R {41)
© P=12R (49
5. W= Pt

2
6. (a) 81w. Youcould bave used P= Eﬁ-; or, solving for current first,
P =EI (41)
(o) 243 joules {or watt-seconds} (78)
{c) 108 joules (78)
7. 0.87a (P=EL I=F) 6
8. carbon  (6l)
9, Circuit breskers and fuses {66)

10. Power is the rate at which work is done, while energy is the ability to do
work, {31, 71)
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CHAPTER FOUR
Series and Parallel Circuits

In Chapter Three you learned Ohm's Law, which is fimdamentel in electricity.
You became famillar with some basic circuit components (battery, lamp, re-
sistor, switch, fuse) and their schematic symbols, and you learned to solve
problems involving voltage, current, resistance, power, and energy.

1.

2-

When you finish this chapter you will lmow how to:
e apply Kirchhoff's Law of Voltages to series circuits;
o apply Ohm's Law to solve for values in paralliel circuits;

« apply Kirchhoff's Current Law to sclve for current flow in parallel
cirouits;

¢ distinguish between series and paratliel ecircuits;
e solve for total resistance in parsllel circiits; and
® trace a circuit to establish the polarities of voltages,

Series Circuits

In the eircuits listed in Chapter Three, you probably noticed that the same
current in the circuit flowed through erch component, such as s resistor,
lamp, or fuse, in that circuit. Those circuits were series circuits. 'Thus,
you could define a series circuit as a elrcuit in which the current has

{only one/more than one) path.

You also learned that current cannot flow in an open circuit, since there
i no complete path for the cuorreat. If a light bulb burnse out, its filament
breake, and interrupts the circuit. In strings of cld-fashiomed Christmas
tree lighta (and some of the less-expensive lights available today), if one
bulb burns cut, all lights on the string go out. The lights {n such a string

are partof a circuit,
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3. 8o far you have solved problems involving source voltage only. But when
current flows through any device (zometimes called "load") that has re-
sistance, we say that a veltage is "dropped" across the device. (The term
Ydrop" is used because, when voltage is developed in one location, there
is a drop in the voltage available at other locations.) In each case, you
can calculate the amount of voltage that is dropped across a device if you
know its resistance and the current flowing through it, using the formula
E = IR that you already know. In the circuit below, soive for the voltage
drops across the two resistora.

l=2a.

—E =30v. R, =50
| 1
=AM o

=101
R2 1

=IxR1=2a. x5 =10v,

- A o e o o o o o

ER2 =20 v. Solution: ER2 =Ilx Rz =2a, x100=20v,

4. The souroe voltage (E;) in the circuit is 30 v..

5. From Freme 4 we can deduce (though we won't prove it here} that the total
of all voltage drope in a series clrcuit is equal to the .

gsource voltage

6. Kirchhoff's Law of Voliages states this truth in different words: The al-
gebraic sum of all the voltages in any complete electrie circuit is equal

to zero, I[n a circuit thet includes three resistors, there will be a source
voltage (E;) and three voltage drops in the circuit.

To demonstrate:
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7-

9.

E = Ey +E, + Eg

Transposing everything to the left side of the equation:
ES_EI- Ez"E3=0-

‘This 18 called the algebraic sum of the terma. In other words, the

sum of all positive voltages must be equal to the sum of all
voltages,

For any veltage rise there must be an equal voltage drop somewhere in
the circuit, The voltage rise (potential source) is usually regarded as the
power supply, such as & battery, The voltage drop is usually regerded as
the voltage across a load, such as a reslstor. The voltege drop may be
distributed across a number of resistive elements, such as a string of
lamps or several resistors. However, according to Kirchhoff's Law, the
sum of their individual voltage drops mupt always eqgual the voltage rise
supplied by the power source. In the circuit diagram in Frame 3, the
source voltage is 30 v, The voltage drop across Ry 18 10 v., and the voit-
age drop across Ry 18 20 v. The total voltage drop across the two resis-

tors 18 30 v., which is the same as .

the source voltage

If Ry is taken out of the circult (and 1ta conpnecting wires joined), the cur-
rent will Increase because the circuit reglstance ig lower. You could ap-

ply Ohm's Law (I = %) to find the current, then apply another Ohm's Law
equation (E = IR) to find out the voltage drop aoross Ry, or ERz‘ In this

case, however, we don't need to do that, becauge there ls only cne resis-
tor in the cireuit. Applying Kirchhofi's Law of Voltages instead, we know

Immediately that ER2 is 30 v. Why?

Because the saurce voltage is 30 v.

In your own words, state the relationship between all the voltage drops in

a series circuit and the source voltage,

The total of all valtage drops 18 equal to the source voltage.
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10.

11,

12.

In a circuit whose source voltage is 12 v. and in which there are only two
resistors, there is a voltage drop of 10 v. across one resistor, How

much voltapge 18 dropped across the other resistor?

L R TS

2v. (12 - 10)

El=10v. Ez=l20v. 3=30\r.

) Ry Ry
a — b —-;U- -] —— d
“sa ' Twat  Tisat

1 Es = G0 v,
===

Figure 4-1. Series circuit for demanstrating
Kirchhoff's Law of Voltages.

Refer to Figure 4-1 for frames 11 through 20.

The "positiveness" or "negativensss" of a value In electricity 1s called
polarity. ‘Whenever there ig a diffserence in potential between two points,
such as the two terminals of a battery or the two ends of a resistor, one
point is always positive {+) with respect to the other point, which is nega-
tive (=), Polarity cannot be assigned to 2 single point unless that point is
compared with some other point. For convenience in understanding the
schematic in Figure 4-1, certain points are labeled a, b, ¢, and d. Look
gt point b; it 1a positive with respect to point a but negative with respect
to point ¢, In electricity, we are often interested in the polarity of a dif-
ference in poteantial. Certain devices are designed to be placed in a cir-
cuit in a apecific way and will not work properly if the polarity is reversed.
In troubleshooting electric circuits, the technician often needs to know
whether a given difference in potential 18 positive or negative. E;, the
voitage drop across Ry, 18 10 v. This represents a difference in potentinl

of 10 v. between which two points labeled in the cirecuit?

We have not yet asasigned a polarity to the difference in potential. We will
learn how to do this in s little while, but first let us review voltage drops
and current flow. Remember that a voltage drop is a difference in poten-

tial. What is the voltage drop between points c and d?

- v o o W e = o o
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13. What is the voltage drop beiween peints a and ¢c? (Hint: Add E; and E,.)

14. You have been reminded from time to time that current fowse from nega~
tive to positive. You have another reminder in Figure 4-1, since arrowa
show the direction of current flow. The current flow through R is from

point to point .

point a to point b

15. To establish the polarity of a difference in potential, & convention has been
estshlished that neatly fits the mslgebraic terms of Kirchhoff's Law of Vol-
tages. Start at any point in 2 complete cireuit and, following the direction
of the current flow, label the ends of all loads as positive or negative.

{A load is any device outside the power supply, such a5 a resistor or lamp,
across which there is a difference in potentisl.) There is also a differ-
ence in potential across a power supply, and its terminals are labeled (+)
and (~}. Go around the circuft only once and he sure to trace the ecircuit

in the direction of current flow. The first point of a load, such a8 Ry,
encountered by the current is labeled {=). The other side of that load is
labeled {+). The end of Ry in Figure 4-1 encountered second as you trace

the oireuit {s labeled (—/+) .

+

16. The end of Ry firet encountered as you trace the circuit in the direction
of current flow is labeled (~/+) .

17. A queation may have occurred to you at this point: Since the right end of
R; and the left end of R in Figure 4-1 are elecirically the same, why 18
one point labeled {+) and the other (~)? It ia beoause we are interested in
the polarity of the voltage across a load, not in the polarity {positive or
negative) of & single point. By labeling the polarity of the first point en-
countered when a load is reached, the polarity of the voltage drop across
the losd can be established, Since the firat point encountered when you

www.EngineeringBooksPDF.com



SERIES AND PARALLEL CIRCUITS &S

18.

19.

20.

2). A resistor is doesignated R, What letter dasignates a lamp ?

reach R, is negative, E, Is —10v, E,is {=20/+20) Y.

In all work with direct-current electricity, you should label each voltage
asg either (+) or (-}. What is the voltage drop across Rg?

L B

+60 v. {The first point encountered in tracing the circuit is the
positive terminal of the battery,)

You can see that the labeling of loads described above is consistent with
Kirchhoff's Law of Voltages:

E8+E1+E2+E3=O
{(+60) + (=10} + {~20) + (=30) =
+80 =10-20-30=0
The algebraic sum of all the voltages in any complets electric cireuit
is equal to .

26 £t Es = +100 v.

I+
By
130 $R, : 1=2a. Rys 100
1 o)
.

20

Figure 4-2. A simple DC circuit.

Refer to Figure 4-2 for Frames 21 through 25,
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22'

23.

24,

1  (Note: Don't be confused by the fact that, in equations, I means
current. When a schematic symbol is labeled I, ugually with a sub-
gcript, it means lamp. Memory aid: I stands for "“Incandescent.")

Current flow is from E toward » (Hint: Remember that the
short gide of the battery symbol indicates the negative terminal,)

Label both ends of each load with the proper symbol of polarity (+ or =};
then caleunlate the following voltage drops. (Remember that the current
is the same throughout the eircuit. )

E =? =?
Ry Ry
E. =2 =7
R, EI1

1
E = _M Y. +
R2 ER = =20v,
Ena = =20 v. -3
E =-4v,
L

What 18 the sum of the voltage dropa across all loads in the cirenit out-
side the battery?

The total voltage drop across all loads in a circuit is the same as the

¥

source voliage, or power supply (But the polarity is opposite. )

From now on, we're going to aimplify things a bit. Ignore polarity for
this series of frames. Polarities of voltage drops are usually omitted in
this hook unless they are needed to demonstrate Kirchhoff's L.aw of Vol-
tages. In many applications in general practice, however, it iz necess-
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ary to aesign polarities. Unlike the practice in algebra, the absence of
a sign does not mean (+). Note that we are also simplifying the designa-
tions of voltage drops. E, is the same aa En_l, Egis ERz' etc. The

more complicated subscript 1s useful, however, when different types of
components, such as resigtors and lamps, are used as loads, 8tudy Fig-
ure 4-3 below and then solve for the voltage draps.

_AM
105

Figure 4-3. Serles circuit with three resistors.
Refer to Figure 4-3 for Frames 26 through 39,

E2=5° V.
E3=20V.

27. What is the total voltage drop zcross all three resistors?

28. You can establish an equation for the source voltage and all the individual
voltage drops in the circuit:
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29. To find each voltage drop, you had to apply Ohm's Law, E = {R. You
knew the total clroult current, which was the same at all points in the
serjes circult, and you knew each value of resistance. You could have
written a variation of the equation in Frame 28:

Eg=1IR, + +

30. R; is the designation for total circuit resistance. Applying Ohm's Law,
Es =] )

31, Substituting IR‘t for Eg, you can write an equation for the source voltage
and all the voltage drops in the circuit in terma of I and R:

= + +

32, Thus, you see that E; can be expressed in terms of circuit current and
total circuit resistance: IR; =IR, + mz + IRg. B8ince there is only one
path for current in a geries circuit, the total current {8 the same in ail
paris of the circuit. Dividing both sides of the voltage equation by the
common factor, I, an expression is derived for the total resistance of the
circuit:

IR; = IR, + IRy + IRy
Divide through by 1,

By= Ry + By + Ry

33. To find the totel resistance, R;, subatitute the resistance values in Figure
4-3 and solve for Rt"

Rt= 200 + 250 + 102 =550
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J4.

a8,

a6,

a1.

38,

State in your own worde the relationship between total circuit resistance
and the individual resistances in a series circutit,

-k Em W E mr we o oW

The total resistance is the sum of the resistances of the individual parts
of the circuit,

In Flgure 4-3, the total resistance is 20 + 256 + 10 = 5541, You can prove
this by applying Ohm's Law. E; designates the total of all voltage drops

in the circuit. I is 2 a. Using the basic resistance equation R = %),
solve for R¢.

- e e W 4 = = om ow om

E;
Rt" It
40 + 50 + 20 110
= 2 T2
= 550

Now let's solve some power problems using known values from Figure
4-3. The power equatica to be used when resistance and current are
known is P = I2R. Applying this equation to Ry in Figure 4-3, we have
P=22x20=4x 20=80w., the power absorbed by Ry. How much power

is ahsorbed by Ro?

- e o mm a w dm m o =

220 w. (You may either add separate power values, or add the
resistances and uge the equation P = I?R.)
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39.

40,

41.

42'

Since you know the circuit current and the total of the voltage drops in the
circuit, you could have applied another power equation, P = El, or in this
case, Py= Eil;.

0
o
]
2

- ok o ok oma W M W o

Py =110x 2= 220 w,

Starting E E
Point 1 2
\r "N
te . R 1a  my 20 p H
& Fat 2 nz—
=21v, 21 v, =
R
J
; Eq anl%”s
tf—
AN
R,
59 40

Figure 4-4. Series source
with aiding voltage sources

Refer to Figure 4=4 for Frames 40 through 58.

Bo far the source voltage has been given. Let'a look at a case in which
two voltage sources are used in the same serles circuit. Now we have to
work out an effective source voltage to use In solving other problems. If
the polarities are such that they aid each other (each causes current to
flow in the same direction), the scurces are simply added and treated as
a single source in solving circuit problems. In Figure 4-4, there are two
batteries. Examine the cirecuit carefully. Is the current flow caused by

Egj in the same direction as the current flow caused by Eggp?

Both values are 21 v.

What value of source voltage should you use in solving circuit probiems?
(Hint: Add Egj and Eg».)
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42 v. {(Bgp +Ega=21v. +21v, =42 v.)

From Figure 4-4, Ry = v b= .
;t; -21-9: ] {;d:l ;h; Bix resistances.)

L =2a. (:t=% =$%= 2)

E,=

. The power absorbed by R, is + {Hint: P= IzR.)

In Figure 4-4, the two batteries were alding, Sometimes when a series
circuit has more than one voltage source, they might be connected oppos—
ing each other to achieve a specific net voltage. If the voltage scurces
are connected so that each would cause current to flow in a different dir-
ection (as they are in Figure 4-5, on the following page), the voltage
sources are opposing. Of course, current in a series circuit cannot flow
in two directicns at once, so the larger source voltage determines the
direction of current flow.
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50.

51l.

52.

43.

Starting
Point\  °1 E,
+_HE R 10 R, 200 I._|+
=8l 2=
28 v, 92 v. T
R By
E 6
5; on Es Eq snI% 3
— p—
AAN AN
Rs R4
50 4<q

Figure 4~5. Series circuit with
opposing voltage sources.

Refer to Figure 4-5 for Frames 49 through 57.

In Figure 4-5, which is the larger voltage source, Eg) or Egp?

- e am m w ow w— ow= oa w

In solving circuit problems involving opposing voltage sources, we have
to work out en effective source voltage. To do this, we must trace the
circuit to find out the polarity of each voltage source. Egj is (+29/-28)

PO N L. I

The effoctive source voltage in Figure 4-5 1s the algebralc sum of Eg)
and Egp. The effective source voltage is v,

- e o W o o o o o

+63 v, (92 - 29
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54. Once the effective, or net, source voltage is found, circuit problems are
solved in the same way as for a single voltage sonrce. We merely regard
the effective voltage as the only source voltage. Refer to Figure 4-5 to
find the following values,

Ry=210 (Add all six resistances.)

E
It=—g =§2%=3a.

Ez=LiRg=3x5=15v.

55. The total of all voltage drops across the six resistors is v.

R R . e

56. E81+E82+E1+E2+ E3+E4+E5+E6= . (Hint: Remem-

ber to assign polarities to all voltages.)

5T. P, =

189w. (P=El=83x3=18%9)

R E R

a 1 _ 82 < b
P AN il
L 2n 20 v, 4 ﬂE +
= ::1 88 =
- V. R3 v, I—
AN
d 60 c

Figure 4-6. Series cireuit
with three batteries.

Refer to Figure 4-8 for Frames 58 through 61.
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58.

69.

60.

61.

62.

Even in a more complex problem the principles are the same. In Figure
4-6, the three voltage sources (Egy Egg and Egg) are connected so that
two are alding and the third is opposing. Which two voltage sources are

aiding?

What is the direction of current flow? (Hint: Are the combined voltages
Egi and Egg larger or smaller than Eg3 ?)

R N

conterclockwise (Eg) and Egy combined are larger than Egg, so they
establigh the direction of current flow.)

What is the effective source voltage?

+48 v.  (Add algebraically the three source voltages: +58, —30, and +20,)

Study Figure 4-6 and answer the following questions.
(8} What is the current in the circuit?
{b) What is the voltage drop between point ¢ and point d?
{c} How much power is absorbed by R, ?

{d) What is the total power consumpticn in the circuit?

E
(&} 4a. (lt='n‘:‘ =%%=4)

®) 24v. (E=1R=4x6=24)
(¢) 84w, (P=I°R=4x4x4=864)
{d) 193w, (Py=EgL =48 x 4 =192)

If you plan to take 2 break som, do so now.
Parallel Circuits

In a series circuit there is only one path for current flow. As additionsal
loads (such as resistors) are added to the circuit, the total resistance in-
oreases and the total current decreases. This is not true in a parallel
eircuit, as we shall see. In a paralle] circuit, each load {or branch) is
connected directly across the voltage source. In Figure 4-7, on the next
ptge, the total current flows from the negative terminal of the voltege
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63.

source Eg, splite into separate paths at point a, and comes together again
at point b.

11=63. AA}
[ iN ]
= R
a 12 3a. vvz‘ b
— wa —
Lo )
i, =1 Y
I 35 Be 300 ltl
1t
E =30v,
8

_:Ml}"'

Figure 4~7. Resistors in parallel.
Refer to Figure 4-7 for Frames 62 through 70.

Starting at the negative terminal of the battery in Figure 4-7, how many

separate peths for current flow can you trace? {Remember
to go along any path only once. )

A parallel circnit is one in which there is (only one/more than one)
path for current flow. '

more than one

The total current (I;) is the sum of all the separate currents in the three

Jbranches, Later we will learn how to sclve for the branch currents. In

this case, they are given for simplicity. Whatis L?

- E e wr e om o o
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66.

67.

68.

g v.

The total resistance (Ry) in thia parallel circuit is not the sum of Ry Rg
and Rg! Since we already know Eg and I;, we can apply Ohm's Law to

find R;. Use the equation R=%. R =

You may think it strange that the total circuit resistance is less than that
of the smallest resistor. It makes sense, however, if you will cansider
an analogy with water pressure and water pipes. Let's agsume there is
some way to keep the water pressure constant, A small pipe offers more
resistance to the flow of water than a larger pipe; but if you add another
pipe in parallel, even one of very small diameter, the total resistance to
water flow is decreased. In an electrical circuit, even a larger resistor
in ancther parallel branch provides an additional path for current flow,

so the total resistance ig less. (We proved thig in Frame 66.) It is prob-
ably more accurate fo czll this totzl resistance something lke "equivalent
resistance, " but by convention R;, or total resistance, is used. If we add
one more branch to a paraltel circuit, the total resistance (increases/de-

creases) and the total current {increases/de-

cresses) .

Total resistance decreases; total current increases.

The voltage across all branches of a parallel circuit is the same, because
all branches are connected directly to the voltage source. Consequently,
the current through each branch is independent of the others and depends
only on the resistance of that branch, as long as the source voltage re-
maing the same, The currents are already indicated in Figure 4-7. How-
ever, you can compute them yourself, aince the source voltage (the saame
for all branches) and the resistance of each branch are both known:

Eg

Iy =R, ~30+5=6a.

Eg
=g =30+10=3a.
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69,

70,

71.

Eg
Ia='§;=301‘ 30=1an,

The total current, I, is the sum of all the currents in the parallel branch-
es. Thig, in somewhat different words, is Kirchhoff's Current Law,
which is discussed later in this chapter. Total current is equal to the

sum of the .

branch currentz {or similar wording)

You could work out Ry of a parallel circuit by Ohm's Law, but this would
be time-consuming, hecause you would first have to work out each branch
current to arrive at L. To arrive at the formula for Ry, you must manip-
ulate equations. As you have Been, I is the sum of Iy, Ip, and Ig.
I1 = EE » etc. Here is the equation for total current I; (the sum of the
branch currents) expressed In terms of E and R:

E, E; Eg; Eg

Rt Ry Ry Rg
Thie introducea R;, the quantity you are trying to determine, into the
equation, Since Eg sppeara ds the numerator in all four factors, it is
divided out, and the equation then containg only the desired factor Ry:

o D=

1 1
+Rz‘\ﬁs
A,

*10 *30
.2+ 0.1+ 0.033

[~

= 0, 333 (approximately)
1

0.338

& P PP pp pi-

32  (Note: It is more convenient to work with decimals rather than
iractions, The difference is insignificant,)

Note that you must work with reciprocals in solving for R; in parallel cir-
cuits. A reciprocal is an inverted fraction; the reciprocal of the fraction

%’ for example, 15% . We consider & whole number to be a fraction with

1 as the denominator, so the reciprocal of a whole number is that number
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divided into 1. For example, the reciprocal of Ry is Elt- . What s the
reciprocal of 207

72. A parallel clrcuit has three branches whose resistances are 222, 481, and
1022, Solve for R;. (Give your answer in decimals.)

1 1 1 1
1.17682 (1.18) Solution: R~ 2 *3t10

1

==0.5+0.25+ 0,10

Py

== 0.85

Re

S
R =385
R, = 1.1760

73. You can see that Ry is alwaya less than the emallest resistance of any
branch. A parallel circuit has two branches whose resistances are 1

and 1,000,0000. R, is (less/more) than 1.

74, Solving for R; of a parallel circuit can be sheer drudgery, with many op-
poriunities for arithmetical errors. Fortunately, two shortcuts may be
used in certain cases, The first applies only when the parallel resistors
(any number of them) all have the same value of resistance, In this case,
Ry is found simply by dividing the resistance of one branch by the number
of equal branches. Here is the soluticn for Ry of a parallel circuit that
has flve branches, each consisting of 2 10-ohm resistor:

Ry=10+ §5=20
What 18 R, of a parallel circuit that has four branches of 205! each?

- e e E e dm o am b e

50 (20 + 4)
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75.

76,

77.

78,

What is R¢ of a parallel circult conaisting of four branches of 16 ) each?

- e o oW e m oW =

The second shortcut may be used when two and only two branches are con-
nected in parallel. This is called the "product over sum" shortcut, be-
cauge the product of the two resistances is divided by their sum. Here is
the solution of Ry when two branches have resistances of 30 and 69:

_3132 3x6 18

Solve for Ry in & parallel circuit where two branches have resistances
of 40 and 120, Ry =

30 (4x12) + (4+12)

Two parallel branches have resistances of 60 and 209. R;=

Kirchhoff's Current Law Applied to Parallel Circuits

Kirchhoff's Current Law states that: At any junction of conductors the
algebraic gum of the currents is zero. This is another way of saying that
as many electrons leave a junction as enter it. Refer once more to Fig-
ure 4-7, appearing in Frame 62. Assume that the current flowing toward
junction a (L)) 18 positive and the currents flowing away from junction a
(11, Ig, and Ig) are negative. (You could assume opposite polarities; it
is only important that the polarity assigmed to current flowing toward a
point is opposite to the polarity of any current flowing away from that
point.) Kirchhoff's Current Law is then expressed mathematically:

+10-8-3-1=0

L; io a parallel circult with three branches is 12 a. The currents in
the three branches are 7 a., 3 8., 2nd 2 a. Expreas mathematically this

situation, applying Kirchhoff's Current Law.

+12=-7-8-2=0
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79. In a three-branch parallel circult, [} =104a., I1 =2 a., andig=8 a.

8¢0.

81,

82!

What is the value of 13?

Ig=06a. Solution: [ =1 ~Ig—1g=10

Ig=4—1;—Ip
Ig=10a. - 2a, -3a,
Ig=5a.

As In the series circuit, the total power consumed in & perallel circunit is
equal to the sum of the power consumed in the individual resistors. All
the power equations may be applied exactly as they were in the series cir-
cuit, For example, the current through Ry in Figure 4~7 ia 6 a., and the
voltage drop acrose R is 30 v. (Remember that the voltage drop across
each branch of a parallel circuit is the same as the source voltage.) Here
is the solution for power consumed by Ry, using hotht P=Eland P = 12R:

(1) P=El=30v. x6 a. =180 w.
@ P=1°R=36a x50 =180w.
Bolve for the power consumed by R, using both equations.
() P=EI
(2 P=I2R

(1) P=30v. x3a. =% w.; (2) P=9a. x100 = 90 w.

You found that Ry in Figure 4-7 is 82 and It is 10 a. Solve for Pt using
the equation P = I2R. P =

P,= %R, =100a. x 30 = 300 w,

Solve for Py ueing the equation P= EL. Pi=

Pt= Es!t= 30 v, x10 a. = 300 W

Problems involving resistance, voltage, current, and power are no more
difficult for parallel cireuits than for series cirecuits, although some of
the computations take longer. However, it is more difficult to pleture the
electrical situation in & parallel circuif. If you are glven circuit values
for a series circuit, you can usually sclve any prebiem sssociated with
that efrcuit without trouble, simply because there is only one path for
current flow. But in solving problems in parsllel cireuita, you should
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84,

B5.

86.

a7.

alwayse draw a schematic diagram of the circuit, label components, and
aesign known circuit valueg. Most people become hopeleasly lost without
a achematic to help them keep track of kmown values as well as the un-
knowns.

Here 18 a procedure that will help you to visuslize what is known and
what you need to do to solve for unknowns:

1. Draw a circuit diagram.

2. Write the given values on the dlagram.

3. Write down the valuen to be found.

4. Write the applicable equations.

6. Substitute the given values and solve for the unknown in
each equation.

A circuit congiats of 2 15-ohm and & 35~chm resistor connected in
parallel acroas a 100-valt battery. Draw the circuit disgram and label
the components, Use a separate sheet of paper.

Your clreuit diagram should look
something like this, although your
labeling of components might be e E, R, > R,
different, The physicel location = 100v. 150 $ 350
of components does not matter ag
long as the electrical connections
are correoct.

Refer to your diagram for the next few frames. It is helpful to write

each new value on the diagram as you solve it. R;= . (Hint:
You can use the "product over sum" shorteut.)

R = 10.5Q

= . {Round off your answer fo two decimal places.)
9,52 a,
The current through Ry =
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2.88 a,

88. The poweTr consumed by Rl = .

667 w., 666,67 w., or 667,34 w., depending on the power eguation
you used,

89. The power consumed by Ry, =

286 w. (Some variation, depending on the equation used.)

90, Py =

W aw wr Er oy oam e

952 w. {Some variation, depending on the egquation uged.)

91. Now let's put everything together., Draw your own schematic diagram,
using the following information. Three resistors are connected in parallel
across a 50-volt battery, labeled Eg for "source voltage." The values of
the resistors are:

Rl = 260
Ry = 5080

When you have drawn your schematic and have labeled all circuit com-
ponents with their valves, answer the following questions.

1. What is the total resistance (Rt) of the circuit?

2. What is the total current (i)?

3. What are the three branch currents, I;, [y, and I3?
4. What {s the total power (Py) consumed by the circuit?

- o e o Mmoo ow -

Your schematic should look something like thia, although the components
need uot be in the order shown.

__L E:B g Rl Rz Rq
T‘ 50 v. 250 00 500
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1. R, = 6.250 (ﬁ-t-'ﬁ?l%_g*fla)

2., =8a. Iy = E You could have solved for the branch currents

first and then added the three. E

3. Il =2a.; I2= 5a; Ig=1a. { =-—R£ for each branch.)

1. P= 400 w. (Pt=Egli.) You could have found the power of each branch
(P = 12R) and then added the three branch powers,

In this chapter you have learned that all the voltage drops in & serles
circuit must have a total value that is equal to the value of the source volt-
age although opposite in polarity (Kirchhoff's Law of Voliages). Since
there is only one path for current flow, however, the value of current is
the same in any part of a serles circuit.

In a parallel circuit, the total current splita into the various branch
currents, whose sum must equal the total current (Kirchhoff's Current
Law). However, the acurce voltage is impressed across each branch, so
all branch voltage drops have the same value aa the apurce voltage.

In other words, current is constant and voltage drops vary in a series
circuit, while in a paraliel circuit, voltage is constant and current values
vary.

You have learned to trace a series circuit to establish the polarities of
voltage drops in the circuit, in accordance with Kirchhoff's Law of Voltages.

When a series circuit has more than one voltage source, the voliages
either aid or oppose, depending on how they are placed in the circuit, and
you must work out a net voltage to represent Eg. (The same prineiple ap-
plies in parallel circuits, We did not deal with multiple voitage scurces
in those circuits because the solution of such problems 18 too difficult for
this stage of study, )

You have learned that total resistance (Ry) in a parallel circuit requires
a special equation (although two shortcuts may be derived from it for cer-
tain cases).

Finally, you have learned to solve for values of current, resistance,
voltage, and power in both series and parallel circunits,

In this chapter, you have encountered circuits that were purely series
or purely parallel. In ""real life," of course, circuits usually have por~
tions that are series and other portions that are parailel. We shall exam-
ine these circuits in the next chapter.

Now, go on to the Self-Teet.

Self-Test

These questions will test your understanding of Chapter Four. Write your
answers on a separate sheet of paper and check them with the answers pro-
vided following the Self-Test,
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1
2
3.
4,

8.
7.
8.
4
10,
11,

12.
13.
14,
15.
18,
17.

What {8 the difference between a series and a parallel circuit?
The sum of all voltage drops in a series circuit is equal to .

In a series circuit with three resistors, Eg = + + .

Agsuming a series circuit with a battery and two resistors, express Kirch-
hoff's Law of Voltages mathemstically in texms of the circuit voltages.

.. For any total voltage rise in a circuit, there must be an equal total .

Refer to the diagram helow for questions 6 through 11.

\ |
R '|‘Il| ]
3 E, 60w 1
108 18

Ay

Ry

in

Ie the direction of current flow clockwise or counterclockwise ?
Ls the voltage drop across R, positive or negative ?

=1

E dropped across Ry = ?

What 1e the power absorbed by Ry?

Py=?

Refer to the diagram below for questions 12 through 18,

—]sf1 ] AV
R
o E, 80v. 1 L
2 ion
in 29
A 1] F—
E!’2 a0 v.

1s the direction of current flow clockwise or counterclockwise ?
What is the effective source voltage?

=2

What is the voltage drop across the lamp?

What power is consumed by the lamp ?

What ia the current through R,?
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18. Py=?

19. As more parallel resistances are added to a circuit, does fotal resistance
increase or decrease?

Refer to the diagram below for questions 20 through 24.

J.l-: By Ry

Ry
o 18 0 320 1800

[20\".

_WV

20, Ry=7?

21, =7

22, How much current flows through Ry ?

23. What is the power consumed by Ry ?

24. Py=?

25, Four 5-ohm resistors are connected in parallel across a battery. What
is R¢?

26. Two resistors, whose values are 152 and 302, are connected In parallel
across a battery. What is Rg?

Answers

If your anawers to the test questions do not agree with the ones given be-
low, review the frames indicated in parentheses after each answer before you
go on to the next chapter. (In many cases there is no one specific reference,
In these cases, the appropriate equations are given.)

1. A series circuit has only one path for current flow, while a parallel cir-
cuit has more than one path. You might also have mentioned that in a
parallel eircuit, voltage is constant and current values vary. (1, 80, 109

2. source voltage ()

3. Eg=Ey +Ey+E3 (6)
4, Eg—Eyj=Eg=0 (6)
5. voltage drop ()

6. counterclockwise (22)
7. negative {15)

8 3a. ({=3)

9 21v. (E=]R)
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10. 27w. (P=I2R})
11. 180 w. (P = EI)
12. clockwise  (49)
13. 40v. (B3)

14, 26a. (I= %}

16, Bv. (E~IR)

16, 126 w. (P=I2R)
17. 2.6a. (1)

18. 100 w. (P = EI)
18, it decreases. (67}
20, Ry = 100 — i = ——

21. It-za. (I--)
22. 0.625 1-£

. D, . ( 11)
Ez

23. 26w. (P=—)

Ez
24. 40w. (P=EL P=-I2R; P=37)
25. Ry=1n  (74)
26, R =100  (786)

www.EngineeringBooksPDF.com



CHAPTER FIVE

Direct-Current
Compound Circuits

In Chapter Four you practiced solving circuit values in series and parallel
cireuits. However, few circuits in actual use are either pure series or pure

paratlel circuitg; most are a combination of the two,

parallel, or compound, circunits.
When you finish this chapter you will be able to:

¢ recduce compound circuits to their simplest form;

They are called series-

s solve for current, valtage, resistance, and power in compound

circuits; and,

& solve for currents and voliages in voltage dividers.

Series-Parallel Combinations

1. At least three resistors are required to form a compound circuit. (Re-
member that a resistor could be any circuit component across which vol-
tage is dropped—a fuse, a lamp, or some other device.) A one-resistor

circuit must be series.

A two-resistor circuit could be either series or

parallel, but not a combination of the two. Why must a circuit containing

only c¢ne registor be a series circuit?

There is only one path for current flow.

Figure §-1. R, in
series with paraliel
combination of Ry and
R;. Refer to Figure
5-1 for Frames 2
through 16.

AhA

Lhd
2n

R,

J'l‘l'

n g

2 C

Ry Ly

Ty

0 ltl
E =20v.

B

=S| 111}
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2.

3.

4.

7.

To better understand & compound circuit, we identify portions of the cir~
cuit a8 either series or parallel. Look at the compowmd circuit in Figure
5-1. Would the portion of the circuit between points a and b be considered

series or parallel? Why ?

Series, because the total circult current flows in that portion-of.the
eircuit (or words to that efiect).

The portion of the eircuit between points b and ¢ is parallel becanse

The total circult current divides into two separate paths in that portion
of the circuit (or words to that effect).

Is Ry equal to the sum of Ry, Ry, and Ry in Figure 5-1? Why
or why not?

No, R; 15 not the sum of the three individual resistances, because the
resistance of the R;/Rg combination is not the sum of those resistors,
since they are in parallel,

What is the combined resistance (Ry) of the resistors Ry and Rg?

202 (Did you remember to use the "product over sum" shorteut ?)

What is Rg for the complete circuit in Figure 5-17

4 (Add the resistance of R, 24, and the combined registance of
R, and Rg, 29.)

Before you can determine the voltage drop across R;, what must you

solve for?

I; (The total current flows through R;, because that is the series por-
tion of the circuit. Then you will have the values 1 and R, so you can
apply Ohm's Law.)

www.EngineeringBooksPDF.com



DIRECT-CURRENT COMFOUND CIRCUITS 8%

8. Ita
E
8 _20v,
5a. Rt=4n b a.)

10, The branch current I, is 3';-" 2. What is the voltage drop across Rg?

L R ]

1
10 v. (Enz=lzR2=3§a.. X3 =10v.)

11. The branch current Iy is 1 "33- a. What is the voltage drop across Rg?

12, Now let's see how adding another resistance in parallel changes all the
values of voltage and current in the eircuilt shown In Figure 5-1. If we
add another resistor in parallel with R, and Ry, the total resistance of
the parallel branches will decrease, (Rl will not change, of course, be-
cause it 18 a fixed value.) Since Rt of the circuit has decreased (R; plus
a lower value of parallel resistance), L must increase, because of the

equation [ =‘% . The increased lt will cause an increased voltarge drop

across R, because of the equation E = IR, To see how this worka, we will
add a 10-ohm resistor in parallel with Ry and Rg. For simplicity (and
because this is standard practice) we will round off to two decimal places
in cur calculations.

First find Ry of the parallel branches, which now have resistances of
3, 89, and 109,
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1_11.1
nt‘a 6 10
1
= =0.83+0.17+ 0,10
R,
RS
Ry = 0.8
1
R=2¢
Ry =1.670Q

R, for the whole cireuit is now 3.67Q, since Rl (2Q) 18 added to the
parallel resistance of 1.67%0.

The voltage drop across R, is found by the equation E = IR, or
5,454, x20=10,9v.

By Kirchhoff's Law of Voliages, the voltage drop across the parallel
branches is 20 v. - 10.9 v. (the source voltage minug the voltage drop
across Rl)’ or 9.1 v.

Thus, the voltage drop across the paraliel portion of a circuit depends
on the voltage drops in the series portion, but the voltage drop across
each branch of the parallel portion is the same, A parallel portion of the
circult can be regarded as a single resistor whose value is the R; of all
the branches.

When a reaistance ig added in parallel with a parallel portion of a clr-
cuit, does the total resistance (R;) of that portion increase or decrease?

Why ?

N S SIS W
It decreasen, because of the equation &R + Ry +R3

(If you satd that it decresaes because another path for current flow was
provided, you are also correct and probably understand parallel resis-

tance even better.)

If the cireuit shown in Figure §-1 is changed as described in Frame 12,
does the voltage drop across R, increase or decrease?

It increases, because of Kirchhoff's Law of Voltages: Eg; — Ey = Eg= 0.

Leas voltage is dropped across the parallel resistore, so more is dropped
acroes Ry.

www.EngineeringBooksPDF.com



DIRECT-CURRENT COMPOUND CIRCUITS 9i

14,

15.

16.

17.

The voltage drop across one paraliel branch ia the same as the voltage
drop across all other branches. However, the current through each
branch depends on the resistance of that branch. (Remember that resis-
tors are physical devices whose values are fixed.) When the resistance
of any branch is changed, or when another branch is added, the current
{I;} flowing in the series portion of the circuit is divided among the
branches according to the individual resistance of each branch, I flows
into the parallel portion, and I; flows cut, in accordance with Kirchhoff's
Current Law. Circle the Ohm's Law equation vsed fo find the current of
any branch of a parallel ¢ircuit.

E
E=IR I—R R=

— |

e I

You must keep in mind that all the source voltage in a series circuit must
be accounted for in individual voltage drops around the circuit. A paraliel
portion of a series-parallel circuit can be regarded as a gingle resistor
whose value R; is the effective resistance of that portion, Can you make
a general statement about the voltage drops across the branches of a par-
allel circuit, or acrosa the parallel portion of a series-parallel clrcuit?

The voltage drop acrosa any branch of a parallel eirouit is the same as
the voltage drop across any other branch.

You can be sure that branch circuits are truly parallel if they have s com=-
mon junction at either end. A common junction is elther a point at which
the total clrcuit current L, divides into the branch currents or a point at
which the branch currents rejoin to form the total current. One common
junction for Ry and Rg is point b in Figure 6-1. (Pointb is also common
to one end of Ry, but we are concerned with the parallel branches.) What

18 another common junction point?

point ¢

Remember that the same difference in potential exists across all branches
of a parallel circuft. However, the total current in the serlea-parallel
circuit depends on the effective resistance of the parallel portion and on
the other resistances In serles with it. Now let's solve some preblems

in another series-paralle} circuit.
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18,

18,

20.

21.

Rz Ra
FYY ! -y AAR
Lhk i i Z——
100
a 2a La e
R L
ARR
¥y
6q
L E =20y 't
. .
={| 1] 41}

Flgure 5-2. Rl in parallel with the
series combination of Rg and Rg.

Refer to Figure 5-2 for Framea 17 through 22.
Figure 5-2 shows a circuit in which two resistors in series (R2 and

Rg) form one branch of a parallel circuit. The total current It flows into
the paraltel cireuit, splitting into two branches at point a. At what point

do the branch currents rejoin to form L ?

- mh e owm o e v = om

The source voltage Eg (20 v.) is dropped between points a and ¢. The
largest voltage drop is across which resistor? Why?

Rj, because the 20 v. must be divided between Ry and Rg.

The next few frames will show you a syastematic way to find the branch
currents, What is the resistance of the top branch of the circuit in Fig-

ure 5-27%

128  (Add R, and Ry.)
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E 20w,
1.67 a. {I-~R-]LG 1.67 a.
22, Py = (You do not need to solve for I first.)

100 w. (Since 2you already Jmew Eg and Ry, you should have used the
equation Py = Eg</Ry.)

Refer to Figure 5-3 for Frames 23 through 27.
R R
1

3
o AN AN
0 50
R,28n R, $9n
R
6
v AAA,
12 100
{A) Original Clrcuit
- ‘Nv
B.l m
R, 280 R S2a
Rﬁ 120
o AN
{B) First Simplification
o AP o
n
R 2360 R, 2200
R *
]
AAN, o
120
Becond Simplification Equivalent Reslstance
(&) oy

Figure 5-3. Solving total resistance
in a compound circnit,

23. Compound eircuite may be made up of any number of resistors arranged in
nrumerous series and parallel combinations. Before you can arrive at R,
the equivalent registance of the entire circuit, you must first reduce the
eireunit to its series and parallel equivalents. The original circuit in Fig-
ure 5-3 hes six resistors. Name the four resistors that make up the par-

allel portion of the circuit.

24, The parallel portion of the circuit has how many hranches ?
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25.

26.

27.

28,

two

In the original circult of Figure 5-3, one branch of the parallel portion
has a single resistor, Ry, whose resistance is 8%2. The other branch has

three resistors in series. What is their combined resistance ?

In the first simplification, R; represents the geries equivalent of Ry, Ry,
and Rg, which you have just determined. What is the total resistance of

the parallel hranches only?

8x 24 192
68 (R=g 24329

In the second simplification, a 8~ohm resisior represents the resistance
of the parallel branches. Thus, you are ready to reduce the series-

parailel combination to an equivalent resistance, Ry, of .

o “Nv AP
R By Ry
1 60 0t R, 90
400 200
ANA
Ry o '
R 49 8
7 128
6n
o AN

Figure §~4. Series-parallel combination
of resistors.

Now let's try a different kind of compound circuit. Figure 5-4 shows a
circuit that has paralie} portions altermating with single resistors. This
circuit is more complicated, so it is important to be sure you can trace
through the circuit to identify the seriea and parallel portions. The
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29.

30.

31,

32,

placement of the resistors can be misleading, but you will stay on the
right track if you remember exactly what constitutes a parallel portion,
Think of the circuit in terms of current flow. The source voltage is not
shown, 8o you have no way of knowing the direction of current flow, How-
ever, in this ¢ase it doesn't matter. Start at one of the terminals and
trace around the circujt. Each time you find a point where the current

(if there were a voltage source) would have to split into branches, you
know you have one end of a parallel portion of the circuit. (It might help
to put a large dot at that point.) When you get to a point where those same
branch currents flow together egein, you have the other end, Don't be
confused by the number of resistors. Any parailel branch could have sav-
eral resistors in serles. You know they are in series if the spame gurrent
must flow through each, After you have identified all the parallel portions
of the circuit, the series portion of the entire circunit includes any reaistor
through which current flow is the same as the current flow entering the
cireuvit from the voltage source, that is, the total current I, In Figure
5-4, name the resistors that make up the series portion of the entire eir-
cuit; that is, the resiators that are not found in any parallel branch.

-t e o ER W W oA W

The circuit has two separate parallel combinations. Resistors Rg and Rg
form cne parallel combination, Name the resistors that form the other.

—————
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33.

34'

3b.

Refer to Figure 5-5 for Frames 33 through 5i.

]
=ihhp
54

Figure 5=5. A compound cirenit,

Figure 5-6 shows an even more complicated cireuit, because it includes

a parallel portion within a larger parallel portion. You have already ob-
served that subscripte are uged for labeling both circuit components and
their associated values., (However, a number or letter that is a subscript
in text might be hand-lettered that way on a schematic diagram.) Any
convenient method of Izbeling may be used as long as it is descriptive.
The voltage drop across Ry, for example, could be designated ER1 or

Epq. Either correctly identifies the points between which the voltage
would be measured. The voltage drop acrosa R, could be designated Ep
4

or -

It i8 often necessary to make intermediate calculations before you can ar-
rive at a specific unknown. For example, before you can solve for Iy, you
must first know the voltage drop across Ry (Ey .}« Before you can solve

for it’ you must kmow .

Computations can become very confusing unless you keep track of values
as you solve them. It is a good idea to write in values on the circuit dia-
gram or io write them cn a separate plece of paper, The advantage of

writing them on the diagram is that it makes any electrical situation eas-
ler to visualize. Before you can find Ry, you must simplify the circuit in
succeesive steps. R, and R, are paraliel branches between points b and
¢, 80 theh_' equivalent resistance ocan be designated Ryer But Rbc is part
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36.

37.

38.

39.

40,

41.

42.

of one of the paralle] branches coanected between points and

- e o W o e o= o=

You have now arrived at an equivalent circuit that includea the battery Eg,
Rypds and Rg. Does the circuit need to be further aimplified? Why?

I I e .
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43.

45-

48.

47,

48'

48,

§0.

The line current flows through Rg, so the voltage drop Eg is

According to Kirchhoff's Law of Voltages, the sum of the voitage drops
around the circuit is equal to the source voltage. Therefore, Epq i8

L L

There are only two parsllel branches between points a and d, One of
these branches, however, includes snother pair of paratlel branches.
You already lmow that L iga 4.5 a, and I, i3 1.5 a. Therefore, the cur-

rent flowing into the junetion at point b 18

3a. (g~ ord.fa —1.58.)

According to Kirchheff's Current Law, all the current flowing into the
junction at point b flows out at point . I3 =
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52.

53.

54.

E
1a. {Note: You could have solved [ either by the equation Iy = =2
orby12=13-11.) R2

You have been able to use the "product over sum" shortcut in solving par~
allel resistance in the last several frames, but remember that you must
sometimes use the regular equation, which involves reciprocals:

1_1. .1 1
o= = T+, ., {etc,). Soclve B¢ in the partial circuit diagram
Ry Ry Ry Ry R g

below. R =

R R R R

40 (Note: I you use fractions, the answer comes out even. If you
carry to two decimal places, the answer 18 4, 0351.)

Can you think of another way to solve for R, that avoids reciprocala?

Perhaps not; but there is 3 way., You could have solved for the equivalent
resistance of two branches using the "product over sum' ghortcut. Then
you could have repeated the shorteut with that equivalent resistance and
the third branch. Try it. Your answer should be the same, 492.

As you have learped in this section, any series-parallel cireuit can be
reduced to an equivalent series circuit. This equivalant cireuit is useful to
find R, and I, as well as to determine the difference in potential across
any parallel porticn of a compound circuit. L, splits into at least two
paths when it enters a parallel portion; the voltage drop acrosa that
portion (which is the same across sall branches) can be used to find each
branch current, simply by dividing the branch resistance into the voltage
across that branch.
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Now let's put it all together by solving some problems in one more
compound circuit. The draftemen who draw schematic diagrams do not
like to waste space or lines, so the parallel portians of a circuit are often
far from cbvious. Such a circuit appears below. It might be helpful to
redraw the circuit to make the paraliel portions more clear, or to place
dots at the end junctions of paraliel branches. You are asked to solve for
only a few values; however, you will have to find other values before you
have enocugh information to find the specific values requested. If you feel
you need more practice, solve for some additlonal circuit valuves, such as
other voliage drops and branch currents. You can check your own answers,
because all values will be consistent (if they are correct) with the values
given in the answer to this frame, (For example, the sum of branch eor-
rents for each parallel portion must be equal to lt.)

Rl
6N
AAN
= 48 v,
R’n‘
41
L -
RG Rz
60 an
AN AN
> Rs
20
RS- R4
3n 60
AN AN

(a) What is the voltage drop across R; ?
(b) What ig the voltage drop acrose Ry?
(c) What is the current through Rg?

If you redrew the circuit, it might look something like this:

Ry
8n
A
=48 v. nz < Ra
8a s 2n
Ry
60
Ra
40
Ry Ry
an 80
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(a) The voltage drop across R, 1818 v,

1. Find Ry of each parallel portion: Ry of Ry, Rg, and Ry 18
4Q; R, of Rg and Rg is 290. Ry of entire circuit is 183
(60 +40 + 2Q + 40).

Eg 48 v.
2, It‘ﬁ“?&'ﬁ:“‘

3. ERlzltR1=3a. x60 =18 v,

{b) The voltage drop across Ry is 9 v,

1. First find the voltage drop across this parallel portion.
E=LR=3a.x4Q=12v,

2. Find current through Ry. IR4 =
3. ER =1.58. x60 =9v,
4

12 v.
8a

=1,5 g,

{(c) The current through Rg is 1 a.

1, Find the voltage drop across this parallel portion.
E=LR=3a.x20=6v.

2. I =4 =25 =1la.

YVoltage Dividers

§5. In practically all electronic devices, such as radio receivers and trans-
mitters, certain design requirements (which require different voltages)
recur many times. It is both impractical and unnecessary to have a sep-
arate power supply for each voltage requirement, because the same re~
sult can be achieved by voltage dividers.

To understand the discusaion that followe, you need to know a few new
terms and a new symbol. A ground is merely a common connection point—
ugually the metal chassis of the equipment. For example, several wires
might be connected to the sheet metal frame of a redio, All such connec-
tion points are electrically the same, so each point in the schematic could
be represented by the "ground" symbol. If one side of the power supply
is comnected to ground, every point connected to ground is also electrie-
ally connected to that side of the power supply. Normally the grounded
side is negative. In the diagram below, the negative side of the battery
and R, are both grounded.
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Draw the symbol for "ground.”

-l— (Note: The number of horizontal lines is not important, but each

line is shorter than the one above it. The lowest line could be a dot.)

56, Many devices draw very smell amounts of current. To reduce the current
to the value required, large values of reslstance must be used. Twa com-
mon prefixes in electricity are "milli-," which means 1/1000th (or 0. 001)
and "iilo-, " which means 1,000, One milllampere is written "1 ma, "
One kilohm 18 ususaily abbreviated 1 kQ or simply 1 K. (Don't be confused
by the interchangeability of small and capital letters in some abbrevia-
tions; conventionsa differ somewhat.)

{a) If the source voltage {8 100 v. and the total cireuit resistance is
50 K, the ourrent is 0. 002 a., or ma.

(b} If the source voltage is 40 v. and the total circuit resistance is
10 K, the current is ma.

{c) The value 6 ma, is the same as a.

(d) 50 K 18 the same as .

(a) 2; M) 4; {c) 0.006; (d) 50,000. 50 K could also be written 50 k0.
{Note: For help in working with very large mumbers and small decimals,
you may wish to review the laws of exponents in Appendix III, page 278.)

+O——
go
J1a
3 30 ma.
-
ze
e
E Sma.
. —_— 180 v.
270 v, 30 ma.
- load
=B
l L]
14 I th ma. 1553.:,
I — | load
«<=15 ma. 190 v,
L 0 ma
5 A load
-0 >

Figure 6-6. Voltage divider, to solve for R and P.
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517.

58,

60.

Refer to Figure 5-8 for Frames 57 through 66.

A typical voltage divider consista of two or more resistors connected in
series across the primary power supply. The primary vollage Eg must
be as high as or higher than any of the individual voltages it is to supply.
As the primary voltage is dropped by successive steps through the serles
resistors, any desired fraction of the original voltage may be "tapped off"
to supply individual requirements., The value of each series restator used
is determined by the voltage to be dropped across it. In Figure 5-6, a
voltage divider {3 connected scross a 270-volt source Eg. {The voltage
source is often indicated on schematica by showing only the terminals. )
The valtage divider in Figure 5-8 conslsts of four resfstors, labeled A,

B, C, and D. The points (}, 2, and 3) at which partial voltages are tapped
off are called taps," In this case, external loads are comnected to all
three taps, and the volitage and current requirements of each load are in-
dicated on the schematic. The load placed across resistor A 18 90 v. and
10 ma. The voitage drop acrosa A, measured between ground and tap I,

is V.

The Ohm's Law equations have so far been based on the basic units: ochms,
amperes, and volts., But now we are starting to use milllamperes (called
"milliamps') and kilohms. These should cause no problem &s long as you
are careful to use the sppropriate decimals for milliamperes and the cor-
rect number of zeroes for kilchma., But since these two units of measure-
ment are quite common, you ghould krow a short cut, Since E = IR, you
kmow that 1 a. flowing through a 1-chm resistor drops 1 v. A current of

1 ma. flowing through a 1-kilohm resistor drops v.

- A O e 4 W om o =

1 (E=0.001x1,000=1)

Thus, in an equation where all resistances are in kilohms and all currents
are in milliamperes, voltage ig in .

According to Kirchhoff's Law of Currents, the current flowing through
resistor B must be the sum of the current flowing through A and that flow-

ing through the load across A. I is .
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61.

62.

63.

84,

65]

25 ma.

The required voltage for the 150-volt load is obtained by selecting a tap
on the voltage divider at which the potential difference (between the tap
and ground) is 150 v. The combined voltage drop across resistor A and

resiastor B is also 150 v. Why?

- Em Sm e e o am . w

Because the voltage drop across all parallel branches is the same.

‘The current Ic is 30 ma. How do we know?

The load current of 5 ma. i8 added to current I;, which we kmow is 25 ma,

What is current Id?

I; in Figure 5~6 flows through only one resistor of the voltage divider.
Which one?

D. (This resistor is not part of any parallel portion of the circuit.
1t {8 in series with the voltage source.)

The correct voltage requirements are supplied to the three loads in Fig-
ure §-6 because of the varying differences in potential at taps 1, 2, and
8. These differences in potential are with respect to ground. For exam-
ple, the voltage drop across resistor A is 90 v. This ie also the differ-
ence in potential between tap 1 and ground. The voltage drop across re-
sistor B is 60 volts. The difference in potential, with respect to ground,
between tap 2 and ground is 150 v. Thus, the two voltage drops of 80 v,
and 60 v, represent a difference in potential of 150 v. The voltage drop
acrose resistor C (between taps 2 and 3) is 30 v. What is the difference

in potential between tap 3 and ground ?
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6. We now lknow all the vaiues of voltage and current necessary to find the

67,

values of resistance in the circuit, For example, we can find the value
of resistor A because we lmow the current through it and the voltage
dropped across it.

(a) Ry =
®) Rp= (Hint: First find Eg. You already
{c) RC=
(d) RD=
E
A _S0v, _
@WEK My=T =T5a 0K

®) 2.4 K (Eg=150v, - 90 v, = 60 v.)
©1K (Ec=180v. —150 v, =30v.)
) 1.5 K

We have seen, in working the problems aasociated with Figure 5-8, that
the voltage divider is an excellent application of the properties of parallel
eircuits. Each extemal device, or "load," comnected to one of the taps on
the voltage divider i8 a branch in parallel with part of the voltage divider.
As we move to a tap farther away from ground, which is the negative end
of the voltage source In Figure 5-6, we select a larger difference in po-
tential between that tap and ground, Since all branches of a parallel cir-
cult "see” the same difference in potential, we can select a voltage appro-
priate to the external load. Remember that adding another resistance In
parallel with part of the circuit will decrease the resistance of that part
of the circuit. This will in turn decrease the difference in potential acroas
the paraliel circuit, Thus, the voltage across the parallel circuit is
lower, but the voltage across the geries reasistors is correspondingly
greater, This is consistent with Kirchhoff's Law of Voltages. It makes
senae, because the total current fiowing in the circuit has also increased
(since the teotal resistance is lower).

The circuit shown on the following page shows a voltage divider con-
sisting of three one-klichm resistors connected to a 300-volt source,
Before the load is connected, the total circuit current is 100 ma, (0.1 a.)
and each resistor sees a voltage drop of 100 v. The dashed line indicates
that the two-kilohm load has not been connected to the tap.

www.EngineeringBooksPDF.com



106 BASIC ELECTRICITY

Y

L L

After the load I3 connected:
{a) What is the difference in potential between tap 3 and ground?

{b) What is the resistance between tap 1 and ground?
{c) What is the current through Ry ?
{d) What is the difference in potential between tap 1 and pround?

(e) What is the current through the two-kilohm lord?

- e e o o oW e

(a) 300 v. (Same as the acurce veltage.)

{d) 0.87 K (Use the "product over sum" method.)

(c) 112,36 ma. (Eg divided by Ry, or 300 v. + 2,67 K. This is I;.)
(dy 75.28 v. (i times 0.67 K)

(e) 37.64ma. (V5.28v. + 2K)

68. Now let's see how currents are distributed when external loads are cor-
nected to a voltage divider. In Flgure 5-7, on the following page, resis-
tances are given for R4. Rgy Rg, and Ry (the voltage divider), but not for
the three loads, Ry, Rg, and R3. The source voltage is known
(Eg = 510 v.}, and enough information about currents is given to enable
us to work out all the voltage drops in the circuit; but the only way to go
about it i8 to apply Kirchhoff's Law of Currents,
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6
510 v. -ia. EZ’
RS +
25 K EEII 1
+

.-
5K :=I' +20

Figare 5-7. Voltage divider, to
solve for E and R,

Refer to Figure 5-7 for Frames 68 through 82,

The only resistor through which all circuit current flows is .

69, The load currents, as shown in the diagram, are 6 ma., 4 ma., and 10 ma.
The only resistor through which no external load current flows is .

70, Thus, if we first solve for I (the current through Rg), we can easily find
the current through the other resistors of the voltage divider (Rg and Ry).
The current through Rg is I plus 6 ma. {the current through R,); and the
current through Ry i8 I plus 6 ma. plus 4 ma. (the current through Rz).
Naturally, once we know hoth the current sud the resistance for any re-
sistor, we can find the voltage drop across that reaistor, We shall also

lknow the veoltage across each external load, Why?
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Tl

Each load is in parallel with a portion of the cireuit for which the voltage
drop czn be found, and we know that voltage drops across parallel branch-
es are equal.

To find I, the current through Rg—saince we don't know the voltage drop
acro8s Rg—we must set up an equation that expresses all voltage drops
in terms of current and resistance (E = [R). Start with your lmowledge
that all voltage drops in the circuit must equal Eg:

E4+E5+EG+E7=EB

You know that the current through R @) and &ll load currents (20 ma.
in all) flow through R;. You can express E4, then, in terms of current
and resistance: E4 =5 + 20). I is the current that does not flow in the

- loads, and 20 mz. represents the total load current. The resistance of

72,

73.-

74.

R4 is 5§ K. You are working with milliamperes and kilohms, so the re-
sistance is simply 5 in the equation. Complete the equation that will ex-
press all voltage drops, expressing each voltage drop in terms of R and L.

&( + 20) + 261 + + = 510

-eem o wm m ow ow m o=

5(1 + 20) + 251 + 10(1 + 6) + 10( + 10) = 510

Now oollect your terms, and your equation is simplified as:
51 + 100 + 251 + 101 + §0 + 101 + 100 = 510
501 + 260 = 510
501 = 260
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76. E. =

- e o e o W e omw oam o

77. What i8 the voltage drop across Ry?

T T L L

125 v. (Rl is in parsllel with R;.)

78. What is the resistance of Ry ?

79. What is the voltage acrogs Rz? (Hint: First you have to find Eg.)

235 v. (Eg + Eg, or 125 v. + 110 v., since R, is in parallel with
Rg and Rg.)

80. How much power is absorbed by Rq?

3.85 w. (The voltage drop across RS is E5 +Eg + Eq, or 385 v.
P = El = 385 x 0. 01 = 3.85,)

81. How much power is absorbed by R, ?

82| Pt =

12.76 w.  (Pp= Eglp =510 v. x 26 ma, = 12,75 w.)

The circuits described in this chapter are the kind most frequently en-
countered in actual practice; that {8, they have both saries and parallel]
elements. It is necegsary to look at the circuit as a whole to find some
of the values. For example, you need to know I; before you can solve for
the voltage across parallel branchea—and this voltage i8 needed to solve
for the current through a specific branch.
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You must approach the direct-current compound circuit systematically,
first identifying the parallel portions and then reducing the entire circuit
to its simplest form: an equivalent series circuit. Onee you have done
this, it is not difficult to solve any problem of current, voltage, resis-
tance, or power.

The voltage divider is merely one application of a compound circuit.
Each external load tapped into the voltage divider is merely a branch of
a parallel circuit. However, its resistance changes the equivalent resis-
tance of one portion of the ecircuit, and thus, the values of voltage and
current throughout the circuit.

If you feel you understand the basic concepts of the compound circuit
and the voltage divider, go on to the Self-Test.

Self-Test
These questions will test your understanding of Chapter Flve. Write your
answers on a separate sheet of paper and check them with the answers pro-
vided following the Self-Test.

Refer to the diagram below for questions 1 through 4.

R'l. az

in n

l AN AN
Ea — ::'50 §' 3

12 v, —

Ry R, San

in |- 31}

AN AN

1. What is the total resistance Ry of the circuit?

2, What is the total current I, in the circuit?

3. What is the voltage across Ry ?

4, What is the total power consumed in the circuit?

5. What is Ry, the equivalent resistance, of the circuit below?
210 60
° .W" AN'
i9 150 100

o
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6. Refer to the diagram below.

+ &=
4
Rl.
14 K
3
“2
E 3K
;]
600 v, R2
‘3
1K
RS
1 192 Ve
R 4.8 ma.
4 >
6K
) -
- A -

(a) What is the current through Ry?

{b) What is the voltage across Ry?

(c) What is the difference in potential between tap 3 and ground?

{d) How much current would flow in the circuit if R, were
disconnected ?

Answers

If your answers to the test questions do not agree with the ones given below,
review the frames indicated in parentheses after each answer before you go
on to the next chapter. (Where there is no one specific reference, the appro-
priate equation is given.)

1. 12a  (6)
2. la. (8)

3. 1L5v. (17-21)
4. 12w. (22)

. 249 (23-27)

8. (a) 24ma. (6T)
{b) 115.2 v. (67)
(c) 264v. (67)

{d) 22.22 ma, (It - g—’)

t
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