Chapter 35 is divided into 35.5 Schematic Diagrams Chapter 35 describes simple elec-

seven sections: 35.6 Combining Resistors ina tric circuits: series, parallel, and
'35.1 A Batiery and a Bulb Compound Circuit compound, It also develops the
35.2 Electric Circuits 35.7 Parallel Circuits and concepts of equivalent resistance
35.3 Series Circuits Overloading and overloads.

35.4 Barallel Circuits

Mechanical things seem to be easier to figure out for most people
than electrical things. Maybe this is because most people have
had experience playing with blocks and mechanical toys when
they were children. If you are among the many who have had far
less direct experience with the inner workings of electrical de-
vices, as compared to mechanical gadgets, you are encouraged
to put exira effort into the laboratory part of this course. This is
because an understanding of electric circuits is helped by hands-
on experience. This experience can be fun.

,

A Battery and a Bulb

G

Take apart a flashlight, the ordinary kind shown in Figure 35-1.
If you don't have any spare pieces of wire around, cut some strips
from some alwminum foil that you probably have in one of your
“kitchen drawers Try to-light up-the bulb with a single battery™

Important Term

circuit

and a couple of pieces of wire or foil.

Strictly speaking, 2 battery consists of two or more cells. What most people
call a flashlight battery is more properly called a flashlight dry cell. To conform
with popular usage, this chapter uses the term battery to mean either a single
cell or series of cells.

Fig.35-1 A flashlight taken
apart.
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Fig. 35-3 Electrons do not
pile up inside a bulb, but
instead flow through its
filament.

35 Electric Circuits

Some of the ways you can light the bulb and some of the ways
you can't lighit it are shown in Figure 35-2. The important thing
t0 note is that there must be a complete path, or circuit, from the
positive terminal at the top of the battery to the negative termii-
rial, which is the bottom of the battery. Electrons flow from the
negative part of the battery through the wire or foil to the bot-
tom (or side) of the bulb, through the filament inside the bulb,
and out the side (or bottom) and through the other piece of wire
or foil to the positive part of the battery. The current then passes
through the interior of the battery to ‘complete the circuit.
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Fig. 35-2 (a) Unsuccessful ways to light a bulb. (b) Successful ways to light
a bulb.
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It is a bit misleading to say that electrons flow “out of” the
battery, or “into” the bulb; a better description is to say they
flow through these devices. The flow of charge in a circuit is
analogous to the flow of water in a closed system of pipes. The
battery is analogous to a pump, the wires to the pipes, and the
bulb to any device that operates when the water is flowing. The
water flows through both the pump itself and the circuit it con-
nects. It doesn’t “squash up” and concentrate iri certain regions,
but flows continuously. Electric current behaves the same way.

Electric Circuits

Importanti Terms

in parallel
in series

1t is educationally unfortu-
nate that when people refer to
circuits as open and closed,
they mean '‘cannot flow” and
“flow,” respectively. The stu-
dents could think of open as
an open door they can go
through and closed as a
closed door they cannot go
through. Make sure this dis-
tinction is understood.

Any path along which electrons can flow is a circuit. For a cot-
tinuous flow of electrons, there must be a complete circuit with
no gaps. A gap is usually provided by an electric switch that can
be opened or closed to either cut off or allow electron flow.

The water analogy is quite useful for gaining a cox.’lcep'fj“‘?‘1
understanding of electric circuits, but it does have some limita-
tions. An important one is that a break in a water pipe results 10
water spilling from the circuit, whereas a break in an electric
circuit results in a complete stop in the flow of electricity. An-
other differénce has to do with turning current off and on. When
you close an electrical switch that connects the circuit, you " .
low current to flow in much the same way as you allow water to
flow by opening a faucet. Opening a switch stops the flow of elec-
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Compare a series circuit to a
single-lane road with no al-
ternate routes or paths. If
there is a road block or cave-
in, traffic will stop. Compare,
also, to the World Series. The
team must first win the re-
gional play-off, then go to the
national one. One, then the
other. Lineat.
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The circuit shown in Figure 35-4 illustrates the following im-
portant characteristics of series connections:

1. Electric current has but a single pathway through the cir-
cuit. This means that the current passing through the resis-
tance of each electrical device is the same. - .

2. This current is resisted by the resistance of the first device,
the resistance of the second, and the third also, so that the.
total resistance to current in the circuit is the sum of the
individual resistances along the circuit path.

3. The current in the circuit is numerically equal to the volt-
age supplied by the source divided by the total resistance
of the circuit. This follows Ohm's law.

4. The voltage drop, or potential difference, across each device
is proportional to its resistance. This follows from the fact
that more energy is used to move a unit of charge through a
Jarge resistance than through a small resistance.

5. The total voltage impressed across a series circuit divides
among the individual electrical devices in the circuit so
that the sum of the voltage drops across each individual de-

_ vice is equal to the total voltage supplied by the source.
This follows from the fact that the amount of energy used
to move each unit of charge through the entire circuit equals
the sum of the energies used to move that unit of charge
through each electrical device in turn.

It is easy to see the main disadvantage of a series circuit: if
one device fails, current in the whole circuit ceases. Some cheap
Christmas tree lights are connected in series. When one lamp
burns out, it's “fun and games” (or frustration) trying to ﬁnydn
which bulb to replace. - S,

> Answers. cals ol
_If one of the lamp filaments burns out, the path connecting the termiina SO
the voltage source will break and current will cease. All lamps will go out:

—

2. The addition of more lamps in a series circuit results in a greater ci;g%li[ resis:
tance. This decreases the current in the circuit and therefore in eapli ]ilf?‘z)’,
which causes dimming of the lamps. Energy is divided among more lampbf i

the voltage drop across each lamp will be less. -
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15.4 parallel Circuits
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parallel Circuits
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hree lamps connected t
parallel circuit. Elec-

Figure 35-5 shows t
A and B. This is an example of a simple
trical devices connected in parallel are connected to the same

two points of an electric circuit. Electrons leaving the negative
terminal of the battery need travel through only one lamp fila-
ment before returning to the positive terminal of the battery. In
this case, current branches into three separate pathways from A

to B. A break in any one path dees not interrupt the flow of

charge in the other paths. Fach device operates independently

of the other devices.
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Fig.35-5 A simple parallel circuit. A 9-volt battery provides 9 volts across
each lamp. .
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Another way of saying this is,
You don't have to turn on
your blender and can opener
to use your toaster.

Important Term

parallel circuit

Again, compare 2 parallel cir-
cuit to a road with alternate
routes. If there is a road
block or cave-in, the traffic
will keep moving by using an
alternate route.

gure 35-5 illustrates. the following

points A and B of the
me across each device.
arallel
dily into devices of low
¢ of current in each pbranch is in-

£ the branch. This
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A LAM
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OF COURSE.. ?
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THAT'S WHY IT WILL DELIVER 3 TIMES |i2 | MUCH ENERGY AS WHEN 3TIMES AS
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3, The total current in the circuit equals the sum of the cur-
rents in its parallel branches.

4, Asthe number of parallel branches is increased, the overall
resistance of the circuit is decreased. Overall resistance is
lowered with each added path betweén any two points of

the circuit. This means the overall resistance of the circuit
is less than the resistafice of any one of the branches.

Schemai‘ti'c Diagrdms

Electric circuits are frequeﬁtly described by simple diagrams,
called schematic diagrams, that are similar to those of the last
two figures. Some of the symbols used to represent certain cir-
cuit elements are shown in Figure 35.6. Resistance is shown by a
zigzag line, and ideal resistanceless wires are shown with solid
straight lines. A single cell battery is i"epre'sented with a set of
short and long parallel lines. The convention is to represent the

» Answers

1.1f one lamp burns out, the other lamps will be unaffected. The current in each

branch, according to Ohm’s law, is equal to gvoltage)/(resistance), and since
neither voltage noT resistance is affected in the branches, the current in those
branches is unaffected: The total current in the overall circuit (the current
through the battery) however, is decreased by an amount equal to the current
drawn by the lamp in question before it burned out. But the current in any
other single branch is unchanged.

2. The light intensity for each 1amp is unchanged as other lamps are introduced
(ot removed). Only the total resistance and total current in the total circuit
changes, which is to say, the current in the battery changes. (There is resis-
tance in a battery also, which we assume is negligible here.) As lamps are in-
troduced, more paths are available between the battery terminals, which
effectively decreases total circuit resistance. This decreased resistance is ac;
comipanied by an increased current, the same increase that feeds energy to the
lamps as they are introduced. Although changes of resistance and current 0¢-
cur for the circuitasa whole, no changes occur inany individual branch in the

circuit.

Important Term

schematic diagram
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Fig. 35-6 Symbols of some
common circuit devices. N
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35 Electric Circuits

with a long line and the negative
o-cell battery is represented with
) 11 with three, and so.on. Figure

35-7 shows schematic diagrams for the circuits of Figures 35-4
and 35-5.
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Fig. 35-7 Schérnatic diagrams. (Left) The circuit of Figure 35-4, with three
lamps in series. (Right) The circuit of Figure 35-5, with three lamps in parallel.

Combining Resistors in a Compound Circuit

Sometimes it is useful to know the equivalent resistance of a cir-
cuit that has several resistors in its network. The equivalent re-
sistance is the value of the single resistor that would ¢omprise
the same load to the battery or power source. The equivalent re-
sistance can be found by the rules for adding resistors in series
and parallel. For example, the equivalent resistance for a pair of
1-ohm resistors in seriés is simply 2 ohms.

The equivalent resistance for a pair of 1-ohm resistors in par-
allel is 0.5 ohm. (The equivalent resistance is less because the
current has “twice the path wid
path. In a similar way, the more
ditorium of people trying to exi
migration.) The equivalent resistance
in parallel is half the valﬁe of either resistor.
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Details can be found in other physics textbooks.
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Fig 35-11 Schematic diagrams for an arrangement of various electric devices.
The eqitivalent resistance of the circuit is 10.0hms. :

» Aniswers i

1. The current in the battery (or total current in the circuit) is 6 A. You can get”
this from Ohm's law: current = (voltage)/(resistance) = (60 V)/(10 chms)= 6A.
You know that the equivalent resistance of the circuit is 10 ohms from step (d) :
in the figure. :

2. Half the total circuit current, 3 A, will flow through the pair of 10-ohm re-
sistors. You know this because you can see in step (c) of the figure that bo} :
branches have equal resistances. This means that the total circuit current will"
divide equally between the upper and lower branches. :

3. The current through the pair of 8-ohm resistors is 3 A, and the current thrquf}l'
each is therefore 1.5 A. This is because the 3-A current divides equally throl{g
these equal resistances.

4. The battery supplies 360 watts. This is from the relationship
powér = current X voltage = (6 A) X (60 V) = 360 waits

This power will be dissipated among all the resistors in the circuit.




tric devices.

You can get
ohms) =6 A.
from step (d)

£ 10-ohm re-
ire that both
:current will

rent through
ially through

'ts

Electri

5.7 parallel Circuits and Overloading

e

parallel Circuits and Overloading

city is usually fed into a home by way of two lead wires
called lines. These lines are very low in resistance and are con-
pected 1o wall outlets in each room. About 110 to 120 volts are
impressed on these lines by generators at the power utility. This

" yoltage is applied to appliances and other devices that are con-

pected in parallel by plugs to these lines.
As more devices are cormected to the lines, more pathways
are provided for current. What effect do the additional pathways
produce? The answer is, 2 lowering of the qombined resistance
of the circuit. Therefore, a greater mount of current 0CCUrs in
the lines. Lines that carry more than a safe amount of current
are said to be overloaded. The resulting heat may be sufficient to
melt the insulation and start a fire.

You can see how overloading occurs by considering the circuit

in Figure 35-12. The supply lineis connected toan clectric toaster

that draws 8 amperes, to an electric heater that draws 10 am-
peres, and to an electric lamp that draws 2 amperes. ‘When only
the toaster is operating and drawing 8 amperes, the total line
current is 8 amperes. When the heateris also operating, the total
line current increases to 18 amperes (8 amperes to the toaster
and 10 amperes to the heater). If you turn o1 the lamp, the line
current increases to 20 amperes. Connecting any more devices
increases the current still more.

To prevent overloading in circuits, fuses are connected in
series along the supply line. In this way the entire line current
must pass through the fuse. The fuse shown in Figure 35-13 1s
constructed with a wire ribbon-that will heat up and melt at 2
given current. If the fuse is rated at 20 amperes, it will pass 20
amperes, but no more. A current above 20 amperes will melt the
fuse, which “blows out” and breaks the circuit. Before a blown
fuse is replaced, the cause of overloading should be determined
and remedied. Often, insulation that separates the wires in a cir-
cuit wears away and allows the wires to touch. This effectively
shortens the path of the circuit, and is called a short circuil. A
short circuit draws a dangerously large current because it by-
passes the normal circuit resistance. ‘

Circuits may also be protected by circuit breakers, which use
magnets oOr bimetallic strips to open the switch. Utility cormpa-
nies use circuit breakers to protect their lines all the way back to
the generators. Circuit breakers are used instead of fuses in mod-
ern buildings because they do not have to be replaced each time
the circuit is opened. Instead, the switch can simply be moved
back to the “on” position after the problem has been corrected.

TOASTER

8 AMPS

HEATER

\

20 AMPS
TO POWER
(:;ON\PANY
Fig. 35-12 Circuit diagram

for appliances connected to a
household supply line.

TO C\RCUMT
Fig.35-13 A safety fuse.







