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NOTE: Because an electrical load needs both a power
and a ground to operate, a break (open) anywhere in a

series circuit will cause the current in the circuit to stop.
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FIGURE 3.1 Aseries circuit with three bulbs. Al current flows through all resistances (bulbs). The total resistance
of the circuit is the sum of the total resistance of the bulbs, and the bulbs will light dimly because of the increased
resistance and the reduction of current flow (amperes) through the circuit.
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Series, Parallel, and Series-Parallel Circuits

FIGURE 3.2 A series circuit with two bulbs.
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Farsighted Quality of Electricity

Electricity almost seems to act as if it “knows” what
resistances are ahead on the long trip through a
circuit. If the trip through the circuit has many high-
resistance components, very few electrons (amperes)
will choose to attempt to make the trip. if a circult has
little ar no resistance (for example, a short cirouit), then
as many alectrons {amperes) as possible attempt to
flow through the complete circuit. If tha fiow excesds
the capacity of the fuse or the circuit breaker, then the
circuit is opaned and all current flow stops,
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FIGURE 3.3 As current flows through a circuit, the voltage drops in proportion to the amount of resistance in the
circuit. Most, if not all, of the resistance should occur across the load such as the bulb in this circuit. Al of the other
components and wiring should produce little, it any, voltage drop. If a wire or connection did cause a voltage drop,
less voltage would be available to light the bulb and the bulb would be dimmer than normal.
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FIGURE 3.4 In a series circuit the voltage is dropped or lowered by each resistance in the circuit. The higher the
resistance, the greater the drop in voltage.
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NOTE: Notice that the voltage drop is proportional to the
resistance. In other words, the higher the resistance,
the greater the voltage drop. A 6-ohm resistance
dropped the voltage three times as much as the voltage
drop created by the 2-ohm resistance.
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Series, Parallel, and Series-Parallel Circuits

FIGURE 3.5 A voltmeter reads the differences of voltage between the test leads. The voltage read across a
resistance is the voltage drop that occurs when current flows through a resistance. A voltage drop is also called
an “IR” drop because it is calculated by multiplying the current (/) through the resistance (electrical load) by the
value of the resistance (R).
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FIGURE 3.6 In this series circuit with a 2-ohm resistor and a 4-ohm resistor, current (2 amperes) is the same
throughout even though the voltage drops across each resistor.
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FIGURE 3.7 Example 1.
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FIGURE 3.8 Example 2.
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FIGURE 3.9 Example 3.
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FIGURE 3.10 Example 4.
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Series, Parallel, and Series-Parallel Circuits

FIGURE 3.1 The amount of current flowing into junction point A equals the total amount of current flowing out of
the junction.
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NOTE: A parallel circuit drops the voltage from source
voltage to zero (ground) across the resistance in each
leg of the circuit.
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FIGURE 3.12 The current in a parallel circuit splits (divides) according to the resistance in each branch.
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The Path of Least Resistance

There s ah old saying thae elsctricty will always
e the path of least memtance. This is tue,
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NOTE: Determining the total resistance of a parallel
circuit is very important in automotive service.
Electronic fuel-injector and diesel engine glow plug
circuits are two of the most commonly tested circuits
where parallel circuit knowledge is required. Also, when
installing extra lighting, the technician must determine
the proper gauge wire and protection device.
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FIGURE 3.13 In a typical parallel circuit, each resistance has power and ground and each leg operates
independently of the other legs of the circuit.

+ +

+

SYMBOL FOR
A BATTERY
12 Volts ‘

30 40 6

SYMBOL FOR
AN ELECTRICAL
RESISTANCE

b Atomtv ety nd Elocrics




Series, Parallel, and Series-Parallel Circuits
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FIGURE 3.14 A schematic showing two resistors in parallel connected to a 12-volt battery.

Series, Parallel, and Series-Parallel Circuits

NOTE: Which resistor is Ry and which is R,
is not important. The position in the formula
makes no difference in the multiplication and
addition of the resistor values,
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FIGURE 3.15 A parallel circuit with three resistors connected to a 12-volt battery.
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Series, Parallel, and Series-Parallel Circuits

NOTE: This method can be used to find the
total resistance of any number of resistances
in parallel.
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FIGURE 3.16 Using an electronic calculator to determine the total resistance of a parallel circuit.
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FIGURE 3.17 Another example of how to use an electronic calculator to determine the total resistance of a parallel
circuit. The answer is 13.45 ohms. Notice that the effective resistance of this circuit is less than the resistance of the
lowest branch (20 ohms).
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FIGURE 3.18 A parallel circuit containing four 12-ohm resistors. When a circuit has more than one resistor of equal
value, the total resistance can be determined by simply dividing the value of the resistance (12 ohms in this
example) by the number of equal-value resistors (4 in this example) to get 3 ohms.
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Series, Parallel, and Series-Parallel Circuits

NOTE: Since most automotive and light-truck
electrical circuits involve multiple use of the
same resistance, this method is the most
useful. For example, if six additional 12-ohm
lights were added to a vehicle, the additional
lights would represent just 2 ohms of resis-
tance (12 (/6 lights = 2). Therefore, 6 amperes
of additional current would be drawn by the
additional lights (f = E/R = 12V/2 Q =6 A).
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FIGURE 3.19 Example 1.
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FIGURE 3.20 Example 2.
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FIGURE 3.21 Example 3.
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FIGURE 3.22 Example 4.
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FIGURE 3.23 A series-parallel circuit.
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TYPE 2 HEADLAMI

FIGURE 3.24 This complete headlight circuit with all bulbs and switches is a series-parallel circuit.
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FIGURE 3.25 Solving a series-parallel circuit problem.
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FIGURE 3.26 Example 1.
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FIGURE 3.27 Example 2.
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FIGURE 3.28 Example 3.
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FIGURE 3.29 Example 4.
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