





35.5 Schematic Diagrams

Electric circuits are frequently 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 circuit elements
are shown in Figure 35.6. @ In a schematic diagram, resistance is
shown by a zigzag line, and ideal resistance-free wires are shown
with solid straight lines. A battery is represented with a set of short
and long parallel lines. The convention is to represent the positive
terminal of the battery with a long line and the negative terminal with
a short line. Sometimes a two-cell battery is represented with a pair of
such lines, a three-cell with three, and so on. Figures 35.7a and 35.7b
show schematic diagrams for the circuits of Figures 35.4 and 35.5.

CONCEPT: What symbols are used to represent resistance,
CHECK: wires, and batteries in schematic diagrams?
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FIGURE 35.6 A

Symbols of some common
circuit devices.
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< FIGURE 35.7
These schematic
diagrams represent
a. the circuit of Figure
35.4, with three lamps
in series; and b. the
circuit of Figure 35.5,
with three lamps in
parallel.

m Link to TECHNOLOGY

Measuring with Current A fuel gauge in an automobile uses vari-
able resistance to measure the level in the gasoline tank. A float in
the tank adjusts the resistance of a variable electric resistor. Maximum
resistance occurs when the float bottoms out in the tank. Maximum
resistance produces the minimum current, which barely deflects the
pointer on the fuel gauge. When the tank is full, the variable resistor
has its lowest resistance and the maximum current flows through the
fuel gauge. For this current, the gauge is calibrated to read a full tank.
Between empty and full, corresponding values of current produce
appropriate deflections of the fuel gauge pointer.
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ﬂl’he resistance in the )
filament of a lightbulb
varies with tempera-
ture. When cold (at
room temperature) it
may be only 16 in a
120-V, 60-W bulb, while
100 ms later when it
reaches its operating
temperature, filament
resistance increases to a

-

steady 240 ().
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35.6 Combining Resistors in a
Compound Circuit

Sometimes it is useful to know the equivalent resistance of a circuit
that has several resistors in its network. The equivalent resistance is
the value of the single resistor that would comprise the same load to
the battery or power source. @ The equivalent resistance of resis-
tors connected in series is the sum of their values. For example, the
equivalent resistance for a pair of 1-ohm resistors in series is simply
2 ohms.

The equivalent resistance for a pair of 1-ohm resistors in parallel
is 0.5 ohm. (The equivalent resistance is less because the current has
“twice the path width” when it takes the parallel path. In a similar
way, the more doors that are open in an auditorium full of people
trying to exit, the less will be the resistance to their departure.)

& The equivalent resistance for a pair of equal resistors in parallel
is half the value of either resistor. Figure 35.8 shows how you can
simplify schematic diagrams by using equivalent resistances.
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FIGURE 35.8 A

a. The equivalent resistance of two 8-ohm resistors
in series is 16 ohms. b. The equivalent resistance
of two 8-ohm resistors in parallel is 4 ohms.

Figure 35.9 shows a combination of three 8-ohm resistors. The
two resistors in parallel are equivalent to a single 4-ohm resistor,
which is in series with an 8-ohm resistor and adds to produce an
equivalent resistance of 12 ohms. If a 12-volt battery were con-
nected to these resistors, can you see from Ohm’s law that the current
through the battery would be 1 ampere? (In practice it would be less,
for there is resistance inside the battery as well, called the battery’s
internal resistance.)
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FIGURE 35.9 A
The equivalent resistance of the circuit is found
by combining resistors in successive steps.



20 < FIGURE 35.10
20 1a 30 The equivalent resistance of
50 the top branch is 3 ohms,
: which is in parallel with the
= =) =) —\WM— 3-ohm resistance of the lower
branch. The overall equivalent
resistance is 1.5 ohms.

60 V 60V 60V 60V <« FIGURE 35.11
JI = | E— —— Schematic diagrams for an
arrangement of various electric
devices. The equivalent resis-
10n 100 :) 100 100 | =) 200 =| 10a tance of the circuit is 10 ohms.

—\WMA—AMA— —WA—WW— — VW (The 60-V battery is for numeri-

cal convenience—most batter-
8N ies are less than 60 V.)
16 N N 40 20 N
i L Amn—

Two more complex combinations are broken down in successive
equivalent combinations in Figures 35.10 and 35.11. It’s like a game:
Combine resistors in series by adding; combine a pair of equal resis-
tors in parallel by halving.”>¢ The value of the single resistor left is the
equivalent resistance of the combination.

See Note 35.6 on
page 908 for more on
equivalent resistances.

~think!

Use Figure 35.11 to
answer the following
questions.

CONCEPT: What is the equivalent resistance of resistors in
CHECK : series? Of equal resistors in parallel?

35.7 Parallel Circuits and Overloading

What is the current in

Electric current is usually fed into a home by way of two lead wires
called lines. These lines are very low in resistance and are connected
to wall outlets in each room. About 110 to 120 volts are impressed on
these lines by the power company. This voltage is applied to appli-
ances and other devices that are connected in parallel by plugs to
these lines.

As more devices are connected to the lines, more pathways are
provided for current. What effect do the additional pathways pro-
duce? The answer is, a lowering of the combined resistance of the
circuit. Therefore, a greater amount of current occurs 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.

amperes through the bat-
tery? (Neglect the internal
resistance of the battery.)
Answer: 35.6.1

What is the current in
amperes through the
pair of 10-ohm resistors?
Through each of the
8-ohm resistors?
Answers: 35.6.2

How much power is pro-
vided by the battery?
Answer: 35.6.3
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FIGURE 35.12

The more devices you
connect to your household
supply line, the more you
increase the total line
current.
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FIGURE 35.13 V
Above a specified current,

the metal ribbon in a safety

fuse melts and breaks the
circuit.
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In practice, the lines in
your home are not per-
fect conductors. With
the large current used
to operate a vacuum
cleaner, the connect-
ing wires do warm up.
But for most cases, the
resistance of the lines
can be neglected.
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You can see how overloading occurs by considering the circuit in
Figure 35.12. The supply line is connected to an electric toaster that
draws 8 amperes, to an electric heater that draws 10 amperes, 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 heater is also operating, the total line current increases to
18 amperes (8 amperes to the toaster and 10 amperes to the heater).
If you turn on the lamp, the line current increases to 20 amperes.
Connecting any more devices increases the current still more.

@ To prevent overloading in circuits, fuses or circuit breakers
are connected in series along the supply line. In this way the entire
line current must pass through the fuse. The safety fuse shown in
Figure 35.13 is constructed with a wire ribbon that will heat up and
melt at a 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 reme-
died. Often, insulation that separates the wires in a circuit wears away
and allows the wires to touch. This effectively shortens the path of
the circuit, and is called a short circuit. A short circuit draws a danger-
ously large current because it bypasses the normal circuit resistance.

Circuits may also be protected by circuit breakers, which use
magnets or bimetallic strips to open the switch. Utility companies
use circuit breakers to protect their lines all the way back to the gen-
erators. Circuit breakers are used instead of fuses in modern build-
ings 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.

CONCEPT: How can you prevent overloading in circuits?
CHECK : '





