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CHAPTER 3
DIRECT CURRENT

LEARNING OBJECTIVES

Upon completing this chapter, you will be able to:
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17.
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19.
20.

Identify the term schematic diagram and identify the componentsin acircuit from asimple
schematic diagram.

State the equation for Ohm’s law and describe the effects on current caused by changesin a
circuit.

Given simple graphs of current versus power and voltage versus power, determine the value of
circuit power for agiven current and voltage.

Identify the term power, and state three formulas for computing power.

Compute circuit and component power in series, parallel, and combination circuits.
Compute the efficiency of an electrical device.

Solve for unknown quantities of resistance, current, and voltage in a series circuit.

Describe how voltage polarities are assigned to the voltage drops across resistors when
Kirchhoff’s voltage law is used.

State the voltage at the reference point in a circuit.

Define open and short circuits and describe their effects on acircuit.

State the meaning of the term source resistance and describe its effect on a circuit.

Describe in terms of circuit values the circuit condition needed for maximum power transfer.
Compute efficiency of power transfer in a circuit.

Solve for unknown quantities of resistance, current, and voltage in aparalel circuit.

State the significance of the polarity assigned to a current when using Kirchhoff’s current law.
State the meaning of the term equivalent resistance.

Compute resistance, current, voltage, and power in voltage dividers.

Describe the method by which a single voltage divider can provide both positive and negative
voltages.

Recognize the safety precautions associated with the hazard of electrical shock.

Identify the first aid procedures for avictim of electrical shock.
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INTRODUCTION

The material covered in this chapter contains many new terms that are explained as you progress
through the material. The basic dc circuit isthe easiest to understand, so the chapter begins with the basic
circuit and from there works into the basic schematic diagram of that circuit. The schematic diagramis
used in al your future work in electricity and electronics. It is very important that you become familiar
with the symbols that are used.

This chapter also explains how to determine the total resistance, current, voltage, and power in a
series, parallel, or combination circuit through the use of Ohm’s and Kirchhoff’s laws. The voltage divider
network, series, parallel, and series-parallel practice problem circuits will be used for practical examples
of what you have |learned.

THE BASIC ELECTRIC CIRCUIT

Theflashlight is an example of abasic electric circuit. It contains a source of electrical energy (the
dry cdlsin the flashlight), aload (the bulb) which changes the el ectrical energy into a more useful form
of energy (light), and aswitch to control the energy delivered to the load.

Before you study a schematic representation of the flashlight, it is necessary to define certain terms.
The LOAD is any device through which an electrical current flows and which changes this electrica
energy into amore useful form. Some common examples of loads are a lightbulb, which changes
electrical energy to light energy; an electric motor, which changes electrical energy into mechanical
energy; and the speaker in aradio, which changes electrical energy into sound. The SOURCE isthe
device which furnishes the electrical energy used by the load. It may consist of asimple dry cell (asina
flashlight), a storage battery (asin an automobile), or a power supply (such as a battery charger). The
SWITCH, which permits control of the electrical device, interrupts the current delivered to the load.

SCHEMATIC REPRESENTATION

Thetechnician’s main aid in troubleshooting a circuit in a piece of equipment isthe SCHEMATIC
DIAGRAM. The schematic diagram isa"picture" of the circuit that uses symbols to represent the various
circuit components; physicaly large or complex circuits can be shown on arelatively small diagram.
Before studying the basic schematic, look at figure 3-1. This figure shows the symbols that are used in
this chapter. These, and otherslike them, are referred to and used throughout the study of electricity and
electronics.
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Figure 3-1.—Symbols commonly used in electricity.

The schematic in figure 3-2 represents aflashlight. View A of the figure shows the flashlight in the
off or deenergized state. The switch (S1) is open. There is no complete path for current (1) through the
circuit, and the bulb (DS1) does not light. In figure 3-2 view B, switch Sl is closed. Current flowsin the
direction of the arrows from the negative terminal of the battery (BAT), through the switch (S1), through
the lamp (DS1), and back to the positive terminal of the battery. With the switch closed the path for
current is complete. Current will continue to flow until the switch (S1) is moved to the open position or
the battery is completely discharged.
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Figure 3-2.—Basic flashlight schematic.

Q1. Infigure 3-2, what part of the circuit isthe (a) load and (b) source?
Q2. What happens to the path for current when Sl is open as shown in figure 3-2(A)?

Q3. What isthe name given to the "picture” of a circuit such as the one shown in figure 3-2?

OHM'SLAW

In the early part of the 19th century, George Simon Ohm proved by experiment that a precise
relationship exists between current, voltage, and resistance. This relationship is called Ohm'slaw and is

stated as follows:
Thecurrentin acircuitis DIRECTLY proportional to the applied voltage and INVERSELY

proportional to the circuit resistance. Ohm's law may be expressed as an equation:
E
[=—
E

= gurrent in smperes

Where: I
E = wvoltage in wvolts
F = registance in ohms

As stated in Ohm's law, current isinversely proportional to resistance. This means, as the resistance
in acircuit increases, the current decreases proportionately.
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In the equation

if any two quantities are known, the third one can be determined. Refer to figure 3-2(B), the
schematic of the flashlight. If the battery (BAT) supplies avoltage of 1.5 volts and the lamp (DS1) hasa
resistance of 5 ohms, then the current in the circuit can be determined. Using this equation and
substituting values:

[ = E  15wvolts
E 5 ohms

=3 ampere

If the flashlight were atwo-cell flashlight, we would have twice the voltage, or 3.0 volts, applied to
the circuit. Using this voltage in the equation:

E 20wvolts
[=—=———=fampere
R 5 ohms

Y ou can see that the current has doubled as the voltage has doubled. This demonstrates that the
current is directly proportional to the applied voltage.

If the value of resistance of the lamp is doubled, the equation will be:

_E 30 vaolts

R 10 ohms =8 ampere

The current has been reduced to one half of the value of the previous equation, or .3 ampere. This
demonstrates that the current isinversely proportional to the resistance. Doubling the value of the
resistance of the load reduces circuit current value to one half of its former value.

APPLICATION OF OHM’'SLAW

By using Ohm’s law, you are ableto find the resistance of a circuit, knowing only the voltage and the
current in the circuit.

In any equation, if al the variables (parameters) are known except one, that unknown can be found.
For example, using Ohm's law, if current (1) and voltage (E) are known, resistance (R) the only parameter
not known, can be determined:

1. Basic formula:

E
E

I =

2. Remove the divisor by multiplying both sides by R:
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Exl= x?

=

3. Resultof step 2 Rx 1 =E

4. To get R alone (on one side of the equation) divide both sides by I:

RY _E

pe I

5. The basic formula, transposed for R, is:

R=C
I

Refer to figure 3-3 where E equals 10 volts and | equals 1 ampere. Solve for R, using the equation
just explained.
Given: E =10 volts
| =1 ampere

Solution:

._.|[—1-]

Rqy=7

Figure 3-3.—Determining resistance in a basic circuit.
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Insert the values of the known

quantities:
B - 10 valts
1 ampere
F.=10 ohms

The basic formula can also he
used to solve for E:

Take the basic formula: =
multiply both sides by R

I ><R=E><
E

—| =

Easults: E=I=E

This equation can be used to find the voltage for the circuit shown in figure 3-4.

Given:  I=.5ampere
R = 45 ohms

Solution: E=1xR
E =.5 ampere x 45 ohms

E =225volts
1 Ry
_::_ E=7 4500
—
T =.5A
&

Figure 3-4—Determining voltage in a basic circuit.
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The Ohm’s law equation and its various forms may be obtained readily with the aid of figure 3-5.
Thecircle containing E, I, and R is divided into two parts, with E above the line and with | and R below
the line. To determine the unknown quantity, first cover that quantity with afinger. The position of the
uncovered lettersin the circle will indicate the mathematical operation to be performed. For example, to
find I, cover | with afinger. The uncovered lettersindicate that E isto be divided by R, or

1-£
E

To find the formulafor E, cover E with your finger. Theresult indicates that | isto be multiplied by
R, or E=IR. Tofind the formulafor R, cover R. The result indicates that E isto be divided by I, or

R=C
I

— — —
= R

;im
m
n
-
o}

HIim

Figure 3-5.—0Ohm's law in diagram form.

Y ou are cautioned not to rely wholly on the use of this diagram when you transpose the Ohm's law
formulas. The diagram should be used to supplement your knowledge of the algebraic method. Algebrais
abasic tool in the solution of electrical problems.

Q4. According to Ohm's law, what happensto circuit current if the applied voltage (a) increases, (b)
decreases?

Q5. According to Ohm'slaw, what happensto circuit current if circuit resistance (a) increases, (b)
decreases?

Q6. What isthe equation used to find circuit resistance if voltage and current values are known?
GRAPHICAL ANALYSISOF THE BASIC CIRCUIT

One of the most valuable methods of analyzing a circuit is by constructing a graph. No other method
provides a more convenient or more rapid way to observe the characteristics of an electrical device.
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Thefirst step in constructing a graph is to obtain atable of data. The information in the table can be
obtained by taking measurements on the circuit under examination, or can be obtained theoretically
through a series of Ohm's law computations. The latter method is used here.

Since there are three variables (E, |, and R) to be analyzed, there are three distinct graphs that may
be constructed.

To construct any graph of electrical quantities, it is standard practice to vary one quantity in a
specified way and note the changes which occur in a second quantity. The quantity which isintentionally
varied is called the independent variable and is plotted on the horizontal axis. The horizontal axisis
known as the X-AXIS. The second quantity, which varies as aresult of changes in the first quantity, is
called the dependent variable and is plotted on the vertical, or Y-AXIS. Any other quantitiesinvolved are
held constant.

For example, in the circuit shown in figure 3-6, if the resistance was held at 10 ohms and the voltage
was varied, the resulting changes in current could then be graphed. The resistance is the constant, the
voltage is the independent variable, and the current is the dependent variable.

Il
m
e

—Il

Figure 3-6.—Three variables in a basic circuit.

Figure 3-7 shows the graph and atable of values. This table shows R held constant at 10 ohms as E
isvaried from 0 to 20 voltsin 5-volt steps. Through the use of Ohm's law, you can calculate the val ue of
current for each value of voltage shown in the table. When the table is complete, the information it
contains can be used to construct the graph shown in figure 3-7. For example, when the voltage applied to
the 10-ohm resistor is 10 volts, the current is 1 ampere. These values of current and voltage determine a
point on the graph. When al five points have been plotted, a smooth curve is drawn through the points.
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Figure 3-7.—\Volt-ampere characteristic.

Through the use of this curve, the value of current through the resistor can be quickly determined for
any value of voltage between 0 and 20 valts.

Sincethe curveisastraight line, it showsthat equal changes of voltage across the resistor produce
equal changesin current through the resistor. This fact illustrates an important characteristic of the basic
law—the current varies directly with the applied voltage when the resistance is held constant.

When the voltage across a load is held constant, the current depends solely upon the resistance of the
load. For example, figure 3-8 shows a graph with the voltage held constant at 12 volts. The independent
variable is the resistance which is varied from 2 ohms to 12 ohms. The current is the dependent variable.
Values for current can be calculated as:

AMPERES
(I) 6

E - 12 VOLTS
(CONSTANT)

0 2 4 6§ 8 10 12 OHMS(R)

Figure 3-8.—Relationship between current and resistance.
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Given:  E = 12wolts
E =2 ohms to 12 ohms

Soultion: I= E
E

1z wolts — { ampere
12 ohms P
12 walts

= =12ampere
10 ohms P
12 walts

= =15ampere
8 ohms P

1z wolts — 2 ampere
& ohms P

This process can be continued for any value of resistance. Y ou can see that asthe resistanceis
halved, the current is doubled; when the resistance is doubled, the current is halved.

This illustrates another important characteristic of Ohm's law—current varies inversely with
resistance when the applied voltage is held constant.

Q7. Usingthe graphinfigure 3-7, what is the approximate value of current when the voltage is 12.5
volts?

Q8. Usingthe graphin figure 3-8, what is the approximate value of current when theresistanceis 3
ohms?

POWER

Power, whether electrical or mechanical, pertains to the rate at which work is being done. Work is
done whenever a force causes motion. When a mechanical force is used to lift or move a weight, work is
done. However, force exerted WITHOUT causing motion, such as the force of a compressed spring acting
between two fixed objects, does not constitute work.

Previously, it was shown that voltage is an electrical force, and that voltage forces current to flow in
a closed circuit. However, when voltage exists but current does not flow because the circuit is open, no
work is done. This is similar to the spring under tension that produced no motion. When voltage causes
electrons to move, work is done. The instantaneous RATE at which this work is done is called the electric
power rate, and is measured in WATTS.

A total amount of work may be done in different lengths of time. For example, a given number of
electrons may be moved from one point to another in 1 second or in 1 hour, depending on the RATE at
which they are moved. In both cases, total work done is the same. However, when the work is done in a
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short time, the wattage, or INSTANTANEOUS POWER RATE, is greater than when the same amount of
work is done over alonger period of time.

As stated, the basic unit of power isthe watt. Power in wattsis equal to the voltage across a circuit
multiplied by current through the circuit. This represents the rate at any given instant at which work is
being done. The symbol Pindicates electrical power. Thus, the basic power formulaisP=E x |, where E

isvoltage and | is current in the circuit. The amount of power changes when either voltage or current, or
both voltage and current, are caused to change.

In practice, the ONLY factorsthat can be changed are voltage and resistance. In explaining the
different forms that formulas may take, current is sometimes presented as a quantity that is changed.
Remember, if current is changed, it is because either voltage or resistance has been changed.

Figure 3-9 shows a basic circuit using a source of power that can be varied from O to 8 voltsand a
graph that indicates the relationship between voltage and power.

Theresistance of thiscircuit is 2 ohms; this value does not change. Voltage (E) isincreased (by
increasing the voltage source), in steps of 1 volt, from 0 voltsto 8 volts. By applying Ohm's law, the
current (1) is determined for each step of voltage. For instance, when E is 1 volt, the current is:

E
[==
E
1 wolt
2 ohms
[ =05 ampere
! VARIABLE
E POWER SUPPLY % R(FIXED)
T 0-8VOLTS ¥ 2 OHMS
F=EI
P-E
5]
P (WATTS)
40 WATTS
35
0 — 32
25 245
2H 15
15
12.5
1M
g
e 4.5
Z g
0o 1 2 3 4 5 B T &8 E(YOLTS)

Figure 3-9.—Graph of power related to changing voltage.
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Power (P), in watts, is determined by applying the basic power formula:

F=E=xI
P = 1vaolt x 0.5 ampere
P =0.5watt

“When E is increased to 2 volts:

(- E

E

2 wolts
2 ohms

[=1ampere
and
P=ExlI
P =2 voltsx 1 ampere

P = 2 watts

When E is increased to 3 volts:

[-E
E

2 wolts
2 ohms

[ =15 amperes

and
F=ExI
P =3wvolts x 1.5 ampere
P = 4.5 wratts

Y ou should notice that when the voltage was increased to 2 volts, the power increased from .5 watts
to 2 watts or 4 times. When the voltage increased to 3 volts, the power increased to 4.5 watts or 9 times.

This shows that if the resistance in acircuit is held constant, the power varies directly with the SQUARE
OF THEVOLTAGE.

Another way of proving that power varies as the square of the voltage when resistance is held
constant is:
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Since: [ =

= m

By substitution in: P=E I

E
Tou get: F=Ex—
E
o p-EXE
E
2
Therefore: F =E—
E

Another important relationship may be seen by studying figure 3-10. Thus far, power has been
calculated with voltage and current (P = E x 1), and with voltage and resistance

Referring to figure 3-10, note that power also varies as the square of current just asit does with
voltage. Thus, another formula for power, with current and resistance asits factors, is P = | °R. This can
be proved by:

Since: E=IxFE

By substituitionin: P=Ex]

ou get: FP=IxR=xl
Ot F=1x1=FR
Therefore; P=IxE
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40
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/ d
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Figure 3-10.—Graph of power related to changing current.

Up to this point, four of the most important electrical quantities have been discussed. These are
voltage (E), current (1), resistance (R), and power (P). Y ou must understand the relationships which exist
among these quantities because they are used throughout your study of electricity. In the preceding
paragraphs, P was expressed in terms of alternate pairs of the other three basic quantitiesE, I, and R. In
practice, you should be able to express any one of these quantitiesin terms of any two of the others.

Figure 3-11 isasummary of 12 basic formulas you should know. The four quantitiesE, |, R, and P
are a the center of the figure. Adjacent to each quantity are three segments. Note that in each segment,
the basic quantity is expressed in terms of two other basic quantities, and no two segments are alike.
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Figure 3-11.—Summary of basic formulas.

For example, the formulawheel in figure 3-11 could be used to find the formula to solve the
following problem:

A circuit has a voltage source that delivers 6 volts and the circuit uses 3 watts of power. What is the
resistance of the load?

Since R isthe quantity you have been asked to find, look in the section of the wheel that has R in the
center. The segment

E4
E

contains the quantities you have been given. The formulayou would useis

The problem can now be solved.

(Fiven: E =8 valts
P = Zwatts

2
Soultion: R = E?

(& vnltsj2
3 watts

2A
E =?=12 ohms
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Q9. What isthe term applied to the rate at which a mechanical or electrical force causes motion?
Q10. How can the amount of current be changed in a circuit?
Q11. What are thethree formulas for electrical power?
POWER RATING

Electrica components are often given a power rating. The power rating, in watts, indicates the rate at
which the device converts electrical energy into another form of energy, such aslight, heat, or motion. An
example of such arating is noted when comparing a 150-watt lamp to a 100-watt lamp. The higher
wattage rating of the 150-watt lamp indicatesit is capable of converting more electrical energy into light
energy than the lamp of the lower rating. Other common examples of devices with power ratings are
soldering irons and small e ectric motors.

In some electrical devices the wattage rating indicates the maximum power the device is designed to
use rather than the normal operating power. A 150-watt lamp, for example, uses 150 watts when operated
at the specified voltage printed on the bulb. In contrast, a device such asaresistor is not normally given a
voltage or acurrent rating. A resistor is given a power rating in watts and can be operated at any
combination of voltage and current as long as the power rating is not exceeded. In most circuits, the actual
power used by aresistor is considerably less than the power rating of the resistor because a 50% safety
factor is used. For example, if aresistor normally used 2 watts of power, aresistor with a power rating of
3 watts would be used.

Resistors of the same resistance value are available in different wattage values. Carbon resistors, for
example, are commonly made in wattage ratings of 1/8, 1/4, 1/2, 1, and 2 watts. The larger the physical
size of acarbon resistor the higher the wattage rating. Thisistrue because a larger surface area of material
radiates a greater amount of heat more easily.

When resistors with wattage ratings greater than 5 watts are needed, wirewound resistors are used.
Wirewound resistors are made in values between 5 and 200 watts. Special types of wirewound resistors
are used for power in excess of 200 watts.

Aswith other electrical quantities, prefixes may be attached to the word watt when expressing very
large or very small amounts of power. Some of the more common of these are the kilowatt (1,000 wetts),
the megawatt (1,000,000 watts), and the milliwatt (1/1,000 of awatt).

Q12. What isthe current in acircuit with 5 ohms of resistance that uses 180 watts of power? (refer to
figure 3-12)

Q13. What type of resistor should be used in the circuit described in question 12?

Q14. What isthe power used in acircuit that has 10 amperes of current through a 10-ohm resistor?
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Figure 3-12.—Circuit for computing electrical quantities.

POWER CONVERSION AND EFFICIENCY

The term power consumption is common in the electrical field. It is applied to the use of power in
the same sense that gasoline consumption is applied to the use of fuel in an automobile.

Another common term is power conversion. Power is used by electrical devicesand is converted
from one form of energy to another. An eectrical motor converts electrical energy to mechanical energy.
An electric light bulb converts electrical energy into light energy and an el ectric range converts electrica
energy into heat energy. Power used by electrical devicesis measured in energy. This practical unit of
electrical energy is equal to 1 watt of power used continuoudly for 1 hour. The term kilowatt hour (kWh)
is used more extensively on adaily basis and is equa to 1,000 watt-hours.

The EFFICIENCY of an electrical deviceisthe ratio of power converted to useful energy divided by
the power consumed by the device. This number will always be less than one (1.00) because of the losses
in any electrical device. If adevice has an efficiency rating of .95, it effectively transforms 95 watts into
useful energy for every 100 watts of input power. The other 5 watts are lost to heat, or other losses which
cannot be used.

Calculating the amount of power converted by an electrical device is asimple matter. Y ou need to
know the length of time the device is operated and the input power or horsepower rating. Horsepower, a
unit of work, is often found as arating on electrical motors. One horsepower is equal to 746 watts.
Example: A 3/4-hp motor operates 8 hours a day. How much power is converted by the motor per month?
How many kWh does this represent?

Given: t =8 hrsx 30 days
P=3/4hp
Solution: Convert horsepower to watts

P = hp x 746 watts
P = 3/4 x 746 watts
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P = 559 watts
Convert watts to watt-hours

P = work x time

P =559 watts x 8 x 30

P = 134,000 watt-hours per month
(NOTE: These figures are rounded to the nearest 1000.)

To convert to kWh

_ Powerin watt- hoours
1000

P

P - 134,000 in watt- hours
1000

F =134 k%Wh

If the motor actually uses 137 kWh per month, what is the efficiency of the motor?
Given: Power converted = 134 kWh per month
Power used = 137 kWh per month

Solution:

Fower converted

EFF =
Power used
EFF - 134 k%Fh per month
137 k% h per month

EFF =978 (Rounded to three figures)

Q15. How much power is converted by a 1-horsepower motor in 12 hours?

Q16. What isthe efficiency of the motor if it actually uses 9.5 kwh in 12 hours?

SERIESDC CIRCUITS

When two unequal charges are connected by a conductor, a complete pathway for current exists. An
electric circuit is a complete conducting pathway. It consists not only of the conductor, but also includes
the path through the voltage source. Inside the voltage source current flows from the positive terminal,
through the source, emerging at the negative terminal.
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SERIESCIRCUIT CHARACTERISTICS

A SERIES CIRCUIT is defined as a circuit that contains only ONE PATH for current flow. To
compare the basic circuit that has been discussed and a more complex series circuit, figure 3-13 shows
two circuits. The basic circuit has only one lamp and the series circuit has three lamps connected in series.

—

LAMP

LAMP j

LAMP )

LAMP
o
)

BASIC CIRCUIT SERIES CIRCUIT

Figure 3-13—Comparison of basic and series circuits.

Resistancein a Series Circuit

Referring to figure 3-13, the current in a series circuit must flow through each lamp to complete the
eectrical pathin the circuit. Each additional lamp offers added resistance. |n a series circuit, THE
TOTAL CIRCUIT RESISTANCE (Ry) ISEQUAL TO THE SUM OF THE INDIVIDUAL
RESISTANCES.

Asan equation: R =R;+ R, + Rz +... R,

NOTE: The subscript n denotes any number of additional resistances that might be in the equation.

Example: In figure 3-14 a series circuit consisting of three resistors: one of 10 ohms, one of 15
ohms, and one of 30 ochms, is shown. A voltage source provides 110 volts. What is the total resistance?
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Figure 3-14.—Solving for total resistance in a series circuit.

Given: Ey = 10 ohms
Rz =15 ohms
Ry = 30 ohms

Soulution: Rr= R+ Ra+ B3
Rr =10 ohms + 15 ohms
+ 30 ohms
Rr =55 ohms

In some circuit applications, the total resistance is known and the value of one of the circuit resistors

has to be determined. The equation Ry = R; + R, + R3 can be transposed to solve for the value of the
unknown resistance.

Example: In figure 3-15 the total resistance of a circuit containing three resistorsis 40 ohms. Two of
the circuit resistors are 10 ohms each. Calculate the value of the third resistor (Rs).
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Ry
102
4 RT
. 00
R3

Figure 3-15.—Calculating the value of one resistance in a series circuit.

Hven:
Ry =40 ohms
Rz =10 ohms
Fa= 10 ohms
Solution:

Er=FE;+ Ez+Ey

(Subtract By + Ra from hoth sides
of the equation.)

Rr-Ri-Rz=FE;j

Ry=Rr-Ry-Rp

R =40 ohms - 10 ohms - 10 ohms
R =40 ohms - 20 ohms

R = 20 ohms

Current in a Series Circuit

Sincethereis only one path for current in a series circuit, the same current must flow through each
component of the circuit. To determine the current in a series circuit, only the current through one of the
components need be known.

The fact that the same current flows through each component of a series circuit can be verified by
inserting metersinto the circuit at various points, as shown in figure 3-16. If this were done, each meter
would be found to indicate the same value of current.
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Figure 3-16.—Current in a series circuit.

Voltagein a Series Circuit

The voltage dropped across the resistor in acircuit consisting of asingle resistor and a voltage
source isthe tota voltage across the circuit and is equal to the applied voltage. The tota voltage across a
series circuit that consists of more than one resistor is also equal to the applied voltage, but consists of the
sum of theindividual resistor voltage drops. In any seriescircuit, the SUM of the resistor voltage drops
must equal the source voltage. This statement can be proven by an examination of the circuit shown in
figure 3-17. In this circuit a source potential (Er) of 20 voltsis dropped across a series circuit consisting
of two 5-ohm resistors. The total resistance of the circuit (R+) is equal to the sum of the two individual
resistances, or 10 ohms. Using Ohm'’s law the circuit current may be calculated as follows:

Ziven:  Ep=20wvaolts

Rr =10 ohms
E
Solution: Iy -1
R
20 volts
IT =
10 ohrmns
[7 =2 amps
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I:t1
58
= Er
T 20V
RE
50

Figure 3-17.—Calculating individual voltage drops in a series circuit.

Since the value of the resistorsis known to be 5 ohms each, and the current through the resistorsis
known to be 2 amperes, the voltage drops across the resistors can be calculated. The voltage (E;) across
R, istherefore;

Given: Iy = 2 amperes

Eq =5 ohms
Solution: Eq=1I1= Ry

Eq=2amperes x 5 ohms
Ei= 10volts

By inspecting the circuit, you can see that R, isthe same ohmic value as R, and carries the same
current. The voltage drop across R, is therefore also equal to 10 volts. Adding these two 10-volts drops
together gives atotal drop of 20 volts, exactly equal to the applied voltage. For a series circuit then:

ET=E1=E2+E3=...En

Example: A seriescircuit consists of three resistors having values of 20 ohms, 30 ohms, and 50

ohms, respectively. Find the applied voltage if the current through the 30 ohm resistor is 2 amps. (The
abbreviation amp is commonly used for ampere.)

To solve the problem, acircuit diagram isfirst drawn and labeled (fig 3-18).
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Substituting:

I
m
1
th ]

Figure 3-18.—Solving for applied voltage in a series circuit.

CGiven:
E. 1= 20 ohms
Ra = 30 ohms
E3 =50 ohms
[ =2amps
Solution:

Er=Ej+E;+E;

Ei=RyxI; (I;= The current through
resistor Ry)

E:a=FsxIs

Es=FE3x I3

Er=(Ryx 1)+ (Rgx )+ (RyxIz)

Er= (20 ohms % 2 amps ) + (30 ohms
x 2amps )+ (50 ohms = 2 amps )

Eq =40 wvolts + 60 wolts + 100 wolts

E7 =200 volts
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NOTE: When you use Ohm's law, the quantities for the equation MUST be taken from the SAME
part of the circuit. In the above example the voltage across R, was computed using the current through R,
and the resistance of R..

The value of the voltage dropped by aresistor is determined by the applied voltage and isin
proportion to the circuit resistances. The voltage drops that occur in a series circuit arein direct
proportion to the resistances. This is the result of having the same current flow through each resistor—the
larger the ohmic value of the resistor, the larger the voltage drop across it.

Q17. Aseriescircuit consisting of threeresistors has a current of 3 amps. If R; = 20 ohms, R,= 60
ohms, and Rs; = 80 ohms, what isthe (a) total resistance and (b) source voltage of the circuit?

Q18. What isthe voltage dropped by each resistor of the circuit described in question 177?

Q19. If the current wasincreased to 4 amps, what would be the voltage drop across each resistor in the
circuit described in question 177?

Q20. What would have to be doneto the circuit described in question 17 to increase the current to 4
amps?

Power in a Series Circuit

Each of the resistors in a series circuit consumes power which is dissipated in the form of heat. Since
this power must come from the source, the total power must be equal to the power consumed by the
circuit resistances. In a series circuit the total power is equal to the SUM of the power dissipated by the
individual resistors. Total power {Pis equal to:

PT:P1+P2+P3...R]

Example: A series circuit consists of three resistors having values of 5 ohms, 10 ohms, and 15 ohms.
Find the total power when 120 volts is applied to the circuit. (See fig. 3-19.)

15 Q2

Figure 3-19.—Solving for total power in a series circuit.
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Given:

Eq =5 ohms

Ea =10 ohms
F3= 15 ohms
E = 120volts

Solution: Thetotal resistanceisfound first.

Rr=Rj+E;+ Ry
E.r =5 ohms + 10 ohms + 15 ohms
E.r = 30 ohms

By using the total resistance and the applied voltage, the circuit current is calculated.

_ 120 wolts
20 ohms

I =4 amps
By means of the power formulas, the power can be calculated for each resistor:

FIZII’RI: Pl =Iz><R1
Py ={ 4amps)¢ % 5 ohms
Fi = B0 watts

ForRs: Ps =I¢x R,
Pz =( 4 amps)® x 10 ohms
Fa. = 160 watts

For Ry: Py =I¢x Ry
F3 ={ 4amps)é » 15 ohms
Fy = 240wratts

For total power:
Fr =Fy +Fa+Fy
Fr =80 watts + 1680 watts
+ 240 wratts
Fr = 480 wratts

To check the answer, the total power delivered by the source can be calculated:
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Piomwee = I somce * B sorce
Pomwee = 4 amps x 120 valts
Fonpee = 4080 wWratts

Thetota power is equal to the sum of the power used by the individual resistors.
SUMMARY OF CHARACTERISTICS

The important factors governing the operation of a series circuit are listed below. These factors have
been set up asagroup of rules so that they may be easily studied. These rules must be compl etely
understood before the study of more advanced circuit theory is undertaken.

Rulesfor Series DC Circuits
1. Thesame current flows through each part of a series circuit.
2. Thetotal resistance of aseries circuit is equal to the sum of the individual resistances.
3. Thetota voltage across a series circuit is equal to the sum of the individual voltage drops.
4

The voltage drop across aresistor in a series circuit is proportional to the ohmic value of the
resistor.

5. Thetota power in aseriescircuit is equa to the sum of the individual powers used by each
circuit component.

SERIESCIRCUIT ANALYSIS
To establish a procedure for solving series circuits, the following sample problems will be solved.

Example: Threeresistors of 5 ohms, 10 ohms, and 15 ohms are connected in series with a power
source of 90 volts as shown in figure 3-20. Find the total resistance, circuit current, voltage drop of each
resistor, power of each resistor, and total power of the circuit.

Rq
50
=" Rz
— 90v 100
R3
150

32NVE063

Figure 3-20.—Solving for various values in a series circuit.
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In solving the circuit the total resistance will be found first. Next, the circuit current will be
calculated. Once the current is known, the voltage drops and power dissipations can be calcul ated.

Given:
Ry =5 ohms
Ea =10 ohms
F3= 15 ohms
E =90 volts
Solution:

Rr=ERi+Rz+ k3
Rr=5%ohms + 10 ohms + 15 ohms
Rr =30 ohrns

_ 50 wolts
20 ohms

[=3amps

Ei1=1E;
Eq=3amperes = 5 ohms
Ei=15%volts

E,=IR;
Es =3 amperes = 10 ohims
Es = 30 wolts

E;=1R;
Ey= 3 amperes x 15 ohms
Eq =45 volts

Fi=1xE;
Py =3 amperes x 15 volts
Fi= 45 watts

Foa=1xEa

Py = 3 amperes x 30 volts
Fa= 00 watts
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Fa=1xEy
Py =3 amperes = 45 volts
Fq= 135 watts

PT = E1 |
Pr=0590volts x 3 amps
Fr =270 watts
ar
Fr=F{+F;+ F;
Fr =45 watts + B0 watts + 135 watts
Fr =270 watts

Example: Four resistors, R; = 10 ohms, R, =10 ohms, R; =50 ohms, and R, = 30 ohms, are
connected in series with a power source as shown in figure 3-21. The current through the circuit is 1/2
ampere.

a.  What isthe battery voltage?
b. What isthe voltage across each resistor?
c. What isthe power expended in each resistor?

d. What isthetotal power?

Figure 3-21.—Computing series circuit values.
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Given:

Solution (a):

Solution (b):

Solution (c):

R =10 ohrms

Fa =10 ohms

F3 =50 ohms

F.q= 30 ohms

[=0.5 amps
Er=1Ikr

Er=Ei+Eas+Es3+Ey
Er =10 ohms + 10 ohms

+50 ohms + 20 ohms
R =100 ohms
Er=0.5ampsx 100 ohms
Er =50 volts

Ej=1R4
Eq=0.5 amperes x 10 ohms
Ej=5volts

Ea=1E:
Ez=0.5 amperes = 10 ohms
Ez=5volts

Eq=1E;
Eg=0.5 amperes = 50 ohms
Eq=25volts

Eq=IE4

E4=0.5 amperes = 30 ohms
Eq=15volts
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P1=1E;
Py=0.5amperes x 5 valts
Fi=2.5watlts

Py =1E;
Py = 0.5 amperes x 5 valts
Fo= 2.5 walts

Py=1E;
Py = 0.5 amperes x 25 volts
Fy= 12.5 watts

Fq=1E4
Py=0.5amperes x 15volts
Fq="7.5walts

Solution (d):
Fr=Fi+F;+F3+Fy

Fr=2.5watts + 2.5 watls
+ 12, 5watts+ 7.5 watt:

Fr= 25 watts
or
Fr=1Er
Pr=0.5 amperes x S0volts
Fr= 25 watts
ar
2
S
T Rr
T
(50 ﬂﬂ:ult:aj2
T 100 ohms
2500 vaolts
T 100 ohimns
Fr= 25 watts

An important fact to keep in mind when applying Ohm's law to a series circuit isto consider whether
the values used are component values or total values. When the information availabl e enabl es the use of
Ohm’s law to find total resistance, total voltage, and total current, total values must be inserted into the
formula. To find total resistance:
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Rr= ?
Tofind total voltage:
Er=Ir=FRr
Tofind total current:
T

NOTE: |t isegual to | in aseries circuit. However, the distinction between I+ and | in the formula
should be noted. The reason for thisis that future circuits may have several currents, and it will be
necessary to differentiate between I+ and other currents.

To compute any quantity (E, I, R, or P) associated with asingle given resistor, the values used in the
formula must be obtained from that particular resistor. For example, to find the value of an unknown
resistance, the voltage across and the current through that particular resistor must be used.

To find the value of aresistor:

E = Ep
I
To find the voltage drop across aresistor:
Ep =Ip xR
To find current through aresistor:
[y = CR
ETR

Q21. A seriescircuit consists of two resistorsin series. R; = 25 ohms and R, = 30 ohms. The circuit
current is 6 amps. What is the (a) source voltage, (b) voltage dropped by each resistor, (c) total
power, and (d) power used by each resistor?

KIRCHHOFF'SVOLTAGE LAW

In 1847, G. R. Kirchhoff extended the use of Ohm's law by developing a simple concept concerning
the voltages contained in a series circuit loop. Kirchhoff’s voltage law states:

"The agebraic sum of the voltage dropsin any closed path in acircuit and the electromotive forces
in that path is equal to zero."
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To state Kirchhoff’s law another way, the voltage drops and voltage sourcesin acircuit are equa at
any given moment in time. If the voltage sources are assumed to have one sign (positive or negative) at
that instant and the voltage drops are assumed to have the opposite sign, the result of adding the voltage
sources and voltage drops will be zero.

NOTE: Theterms electromotive force and emf are used when explaining Kirchhoff’s law because
Kirchhoff’slaw is used in alternating current circuits (covered in Module 2). In applying Kirchhoff’s law
to direct current circuits, the terms el ectromotive force and emf apply to voltage sources such as batteries
or power supplies.

Through the use of Kirchhoff's law, circuit problems can be solved which would be difficult, and
often impossible, with knowledge of Ohm’s law alone. When Kirchhoff’s law is properly applied, an
eguation can be set up for a closed loop and the unknown circuit values can be cal cul ated.

POLARITY OF VOLTAGE
To apply Kirchhoff’s voltage law, the meaning of voltage polarity must be understood.

In the circuit shown in figure 3-22, the current is shown flowing in a counterclockwise direction.
Notice that the end of resistor Ry, into which the current flows, is marked NEGATIVE (-). The end of Ry
at which the current leavesis marked POSITIVE (+). These polarity markings are used to show that the
end of Ry into which the current flowsis at a higher negative potentia than the end of the resistor at
which the current leaves. Point A is more negative than point B.

Figure 3-22.—Voltage polarities.

Point C, which is at the same potential as point B, islabeled negative. Thisisto indicate that point C
is more negative than point D. To say a point is positive (or negative) without stating what the polarity is
based upon has no meaning. In working with Kirchhoff’s law, positive and negative polarities are
assigned in the direction of current flow.
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APPLICATION OF KIRCHHOFF'SVOLTAGE LAW
Kirchhoff’s voltage law can be written as an equation, as shown below:
E.+E,+E.+...E,=0

where E,, E,, €tc., are the voltage drops or emf’s around any closed circuit loop. To set up the equation for
an actual circuit, the following procedure is used.

1. Assumeadirection of current through the circuit. (The correct direction is desirable but not
necessary.)

2. Using the assumed direction of current, assign polaritiesto all resistors through which the
current flows.

3. Placethe correct polarities on any sources included in the circuit.

4. Starting at any point in the circuit, trace around the circuit, writing down the amount and polarity
of the voltage across each component in succession. The polarity used isthe sign AFTER the
assumed current has passed through the component. Stop when the point at which the trace was
started is reached.

5. Place these voltages, with their polarities, into the equation and solve for the desired quantity.

Example: Threeresistors are connected across a 50-volt source. What is the voltage across the third
resistor if the voltage drops across the first two resistors are 25 volts and 15 volts?

Solution: First, adiagram, such as the one shown in figure 3-23, is drawn. Next, a direction of
current is assumed (as shown). Using this current, the polarity markings are placed at each end of each
resistor and also on the terminals of the source. Starting at point A, trace around the circuit in the
direction of current flow, recording the voltage and polarity of each component. Starting at point A and
using the components from the circuit:

(+Ex ) + (+E) + (+E1) +(-E) =0
Substituting values from the circuit:
E,+ 15volts + 25volts - S0 volts = 0
E,.- 10 volts =0
E, = 10volts

The unknown voltage (E, ) 1s found
to be 10 wolts
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+ Eq -

Figure 3-23.—Determining unknown voltage in a series circuit.

Using the same idea as above, you can solve a problem in which the current is the unknown quantity.

Example: A circuit having a source voltage of 60 volts contains three resistors of 5 ohms, 10 ohms,
and 15 ohms. Find the circuit current.

Solution: Draw and label the circuit (fig. 3-24). Establish adirection of current flow and assign
polarities. Next, starting at any point—point A will be used in this example—write out the loop equation.

Rq
+ 50~
Eq
+
= Ea
= B0V
150
| _ E3 .
R3

Figure 3-24.—Correct direction of assumed current.

3-36



Basic equation:
E:+E(+Exg+ E3=10

Since E=IR, by substitution:
(IXR2)+(IXR1)+EE+(IXR3)=D

Substituting Values:
(I % 10 ohms) + (I % 5 ohms) + (-60 volts)
+ (I = 15 ohms)=0

Combining like terms:
(I = 20 ohms) + (-60 volts) =0

(I = 20 ohrms) = 60 volts

_ A0 wolts
20 ohims

[=2amps

Since the current obtained in the above calculations is a positive 2 amps, the assumed direction of
current was correct. To show what happensif the incorrect direction of current is assumed, the problem
will be solved as before, but with the opposite direction of current. The circuit is redrawn showing the
new direction of current and new polaritiesin figure 3-25. Starting at point A the loop equation is:

Es+ Eg+E{+ Ex=10

(IxRy)+Ea+(IxRy) +(IxRz)=0

Substituting Values:
(I > 15 ohrms) + a0 volts + (1 % 5 ohms)
+ (I = 10 ohrms)=0

Combining like terms:
(I = 30 ohms) + 60 volts = 0

[ = 30 ohms =-60 volts

_ —A0 volts
30 ohms

[=-2amps
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- 50 +
E4
+
= Ea
1Y
150
! + FE3 _
R3

Figure 3-25.—Incorrect direction of assumed current.

Notice that the AMOUNT of current is the same as before. The polarity, however, is NEGATIVE.
The negative polarity simply indicates the wrong direction of current was assumed. Should it be necessary
to use this current in further calculations on the circuit using Kirchhoff’s law, the negative polarity should
be retained in the calculations.

Series Aiding and Opposing Sour ces

In many practical applications acircuit may contain more than one source of emf. Sources of emf
that cause current to flow in the same direction are considered to be SERIES AIDING and the voltages
are added. Sources of emf that would tend to force current in opposite directions are said to be SERIES
OPPOSING, and the effective source voltage is the difference between the opposing voltages. When two
opposing sources are inserted into a circuit current flow would be in a direction determined by the larger
source. Examples of series aiding and opposing sources are shown in figure 3-26.
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SERIES AIDING

SERIES OPPOSING

Figure 3-26.—Aiding and opposing sources.

A simple solution may be obtained for a multiple-source circuit through the use of Kirchhoff’s
voltage law. In applying this method, the same procedure is used for the multiple-source circuit as was
used above for the single-source circuit. Thisis demonstrated by the following example.

Example: Using Kirchhoff’s voltage equation, find the amount of current in the circuit shownin

fig 3-27.

6002 vy A
-
+

— Ei R,
— 180V 200

Es

[ a0V

- +
i1}

Figure 3-27.-Solving for circuit current using Kirchhoff's voltage equation.



Solution: As before, adirection of current flow is assumed and polarity signs are placed on the
drawing. The loop equation will be started at point A.

E;+Eri+E1+Es+Erp=0

20walts + (1= 60 ohmms) + (- 180 waolts) +
40 volts + (I = 20 0hms) =10

20 valts - 180 volts + 40 wolts +

(I = a0ohms) + (120 ohms) =0

-120wvolts + (13 80 chms) =0

[ = 80 ohms = 120 volts

120 wolts

80 ohms
[ =15 amps

Q22. When using Kirchhoff's voltage law, how are voltage polarities assigned to the voltage drops
acrossresistors?

Q23. Refer tofigure 3-27, if R, was changed to a 40-ohm resistor, what would be the value of circuit
current (I)?

Q24. Refer tofigure 3-27. What is the effective source voltage of the circuit using the 40-ohm resistor?

CIRCUIT TERMSAND CHARACTERISTICS

Before you learn about the types of circuits other than the series circuit, you should become familiar
with some of the terms and characteristics used in electrical circuits. These terms and characteristics will
be used throughout your study of electricity and el ectronics.

REFERENCE POINT

A reference point is an arbitrarily chosen point to which all other pointsin the circuit are compared.
In series circuits, any point can be chosen as a reference and the e ectrical potential at al other points can
be determined in reference to that point. In figure 3-28 point A shall be considered the reference point.
Each seriesresistor in theillustrated circuit is of equal value. The applied voltage is equally distributed
across each resistor. The potentia at point B is 25 volts more positive than at point A. Points C and D are
50 volts and 75 volts more positive than point A respectively.
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p— D +75V

Eq = 25V
C +50V
75V -

Ey = 25V

B +25V

Figure 3-28.—Reference points in a series circuit.

When point B is used asthe reference, asin figure 3-29, point D would be positive 50 voltsin
respect to the new reference point. The former reference point, A, is 25 volts negative in respect to point
B.

0 +50V

Eq = 25V

G +25v

7V E, = 28Y

B oV

Eq= 25V

A 25V

Figure 3-29.—Determining potentials with respect to a reference point.
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Asin the previous circuit illustration, the reference point of acircuit is always considered to be at
zero potential. Since the earth (ground) is said to be at a zero potential, the term GROUND is used to
denote a common electrical point of zero potentia. In figure 3-30, point A isthe zero reference, or
ground, and the symbol for ground is shown connected to point A. Point C is 75 volts positive in respect
to ground.

C +75Y

Ra ™5 Es + 50V

75y B +25v

Ry "> Eq = 25V

r4— 4 0V

Figure 3-30.—Use of ground symbols.

In most electrical equipment, the metal chassisis the common ground for the many electrical
circuits. When each electrical circuit is completed, common points of acircuit at zero potential are
connected directly to the metal chassis, thereby eliminating alarge amount of connecting wire. The
€lectrons pass through the metal chassis (a conductor) to reach other points of the circuit. An example of a
chassis grounded circuit isillustrated in figure 3-31.
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= CONDUCTING CHASZIS

Figure 3-31.—Ground used as a conductor.

Most voltage measurements used to check proper circuit operation in electrical equipment are taken
in respect to ground. One meter lead is attached to a grounded point and the other meter lead is moved to
varioustest points. Circuit measurement is explained in more detail in NEETS Module 3.

OPEN CIRCUIT

A circuit is said to be OPEN when a break exists in a complete conducting pathway. Although an
open occurs when a switch is used to deenergize a circuit, an open may also develop accidentally. To
restore a circuit to proper operation, the open must be located, its cause determined, and repairs made.

Sometimes an open can be located visually by a close inspection of the circuit components.
Defective components, such as burned out resistors, can usually be discovered by this method. Others,
such as a break in wire covered by insulation or the melted element of an enclosed fuse, are not visible to
the eye. Under such conditions, the understanding of the effect an open has on circuit conditions enables a
technician to make use of test equipment to locate the open component.

In figure 3-32, the series circuit consists of two resistors and a fuse. Notice the effects on circuit
conditions when the fuse opens.
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(A} HORMAL CIRCUIT (HORMAL CURREHNT})

G VAVAVAVE
CA Ry R,
L g, O ov
=15V oV
BLOWH —
FUSE 15V

(B} OPEH CIRCUIT (DUE TO EXCESSIVE
CURREHT)

Figure 3-32—Normal and open circuit conditions. (A) Normal current; (B) Excessive current.

Current ceasesto flow; therefore, there is no longer a voltage drop across the resistors. Each end of
the open conducting path becomes an extension of the battery terminals and the voltage felt across the
open is equal to the applied voltage (E,).

An open circuit has INFINITE resistance. INFINITY represents a quantity so large it cannot be
measured. The symbol for infinity is . In an open circuit, Rt = co.

SHORT CIRCUIT

A short circuit is an accidental path of low resistance which passes an abnormally high amount of
current. A short circuit exists whenever the resistance of acircuit or the resistance of a part of acircuit
dropsin value to almost zero ohms. A short often occurs as aresult of improper wiring or broken
insulation.

In figure 3-33, ashort is caused by improper wiring. Note the effect on current flow. Since the
resistor hasin effect been replaced with a piece of wire, practicaly all the current flows through the short
and very little current flows through the resistor. Electrons flow through the short (a path of amost zero
resistance) and the remainder of the circuit by passing through the 10-ohm resistor and the battery. The
amount of current flow increases greatly because its resistive path has decreased from 10,010 ohmsto 10
ohms. Due to the excessive current flow the 10-ohm resistor becomes heated. As it attempts to dissipate
this heat, the resistor will probably be destroyed. Figure 3-34 shows a pictorial wiring diagram, rather
than a schematic diagram, to indicate how broken insulation might cause a short circuit.
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VAVAVAVS
10,0000
= 100> Ry
HORMAL CURBRENT
11
Ry
AAAA -,
R{ = 10,0000 -y
—1 —- H
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= SHORT 10 7y
r"r e,
L]

EXCESSIVE CURRENT
B

Figure 3-33.—Normal and short circuit conditions.

SHORT DUE TO
WORN INSULATION

BARE WIRE

4ULATED

WIRE

Figure 3-34.—Short due to broken insulation.
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SOURCE RESISTANCE

A meter connected across the terminals of a good 1.5-volt battery reads about 1.5 volts. When the
same battery isinserted into a complete circuit, the meter reading decreases to something less than 1.5
volts. This difference in terminal voltage is caused by the INTERNAL RESISTANCE of the battery (the
opposition to current offered by the electrolyte in the battery). All sources of electromotive force have
some form of internal resistance which causes a drop in terminal voltage as current flows through the
source.

Thisprincipleisillustrated in figure 3-35, where the internal resistance of a battery isshown asR;. In
the schematic, the internal resistance isindicated by an additional resistor in series with the battery. The
battery, with itsinternal resistance, is enclosed within the dotted lines of the schematic diagram. With the
switch open, the voltage across the battery terminals reads 15 volts. When the switch is closed, current
flow causes voltage drops around the circuit. The circuit current of 2 amperes causes a voltage drop of 2
volts across R;. The 1-ohminternal battery resistance thereby drops the battery terminal voltage to 13
volts. Internal resistance cannot be measured directly with a meter. An attempt to do this would damage
the meter.

— T e A —— ————
g1 Ry=20 59 Rqy=20
i 1 N
G 14} R, BE ' 10 : Ry
15V | i 40 12V, i 40
1 1 1 1
| =B | i =F |
I TR LTI
U oA (B) T : @
Rg=.50 Ry = .50
WV —— AT A VAN

Figure 3-35.—Effect of internal resistance.

The effect of the source resistance on the power output of a dc source may be shown by an analysis
of the circuit in figure 3-36. When the variable load resistor (R,) is set at the zero-ohm position
(equivalent to a short circuit), current (1) is calculated using the following formula:

E
=5 100wolts o amperes

Ri 5 ohims
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Thisis the maximum current that may be drawn from the source. The terminal voltage across the
short circuit is zero volts and all the voltage is across the resistance within the source.

— 1
= Eg =100V
T RL Et | PL %EFF.
Et/?' 0|0 20 |o 0
R 1/ 16.7 | 16.7 |278.9 | 16.7
§R-=EQ 2[28.6 | 14.3 [409 | 2856
! 3 375 | 125 |468.8 | 37.5
4 44.4 | 11.1 |492.8 | 444
O 5| 50 10 500 50
' 6| 54.5 | 9.1 | 496.0 | 54.5
7/ 58.3 | 83 |483.9 | 58.3
Eg = OPEN - CIRCUIT VOLTAGE OF SOURCE g glg ;: 1;;3 gl-g
R; = INTERNAL RESISTANCE OF SOURCE 10 66.7 6.7 446.9 66.7
E¢= TERMINAL VOLTAGE 20 30' 4' 320' 80'
R|_ = RESISTANCE OF LOAD 30] 85.7 [ 29 [248.5 | 85.7
P, = POWER USED IN LOAD 40/ 839 | 2.2 [195.6 | 88.9
I = CURRENT FROM SOURCE 50| 909 | 19 [|172.7 | 909
% EFF. = PERCENTAGE OF EFFICIENCY
(A) (B)
CIRCUIT AND SYMBOL DESIGNATION CHART
9 s £
a—°~|.u: § n.J
100_ 20
90 ] 18 500 \!/ {
80 16 _ =N
0] 1a] R
60] 12] oo [[NJeSET L
50 104 ARV T
40_ 8_ 200 / “\i -“-\-;
30 6 4 L ]
10 2
0 —_ e e
0246810 20 30 40 50
Ry (OHMS)
(C)
GRAPH

Figure 3-36.—Effect of source resistance on power output.
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If the load resistance (R.) wereincreased (the interna resistance remaining the same), the current
drawn from the source would decrease. Consequently, the voltage drop across the internal resistance
would decrease. At the same time, the terminal voltage applied across the load would increase and
approach amaximum as the current approaches zero amps.

POWER TRANSFER AND EFFICIENCY

Maximum power is transferred from the source to the load when the resistance of the load is equal to
the internal resistance of the source. Thistheory isillustrated in the table and the graph of figure 3-36.
When the load resistance is 5 ohms, matching the source resistance, the maximum power of 500 wattsis
developed in the load.

The efficiency of power transfer (ratio of output power to input power) from the source to the load
increases as the load resistance is increased. The efficiency approaches 100 percent as the load resistance
approaches arelatively large value compared with that of the source, since less power islost in the source.
The efficiency of power transfer is only 50 percent at the maximum power transfer point (when the load
resistance eguals the internal resistance of the source). The efficiency of power transfer approaches zero
efficiency when the load resistance is relatively small compared with theinternal resistance of the source.
Thisis aso shown on the chart of figure 3-36.

The problem of adesire for both high efficiency and maximum power transfer is resolved by a
compromise between maximum power transfer and high efficiency. Where the amounts of power
involved are large and the efficiency isimportant, the load resistance is made large relative to the source
resistance so that the losses are kept small. In this case, the efficiency is high. Where the problem of
matching a source to aload is important, as in communications circuits, a strong signal may be more
important than a high percentage of efficiency. In such cases, the efficiency of power transfer should be
only about 50 percent; however, the power transfer would be the maximum which the source is capable of

supplying.

Y ou should now understand the basic concepts of series circuits. The principles which have been
presented are of lasting importance. Once equipped with afirm understanding of series circuits, you hold
the key to an understanding of the parallel circuits to be presented next.

Q25. Acircuit has a source voltage of 100 volts and two 50-ohm resistors connected in series. If the
reference point for this circuit is placed between the two resistors, what would be the voltage at
the reference point?

Q26. If thereference point in question 25 were connected to ground, what would be the voltage level of
the reference point?

Q27. What isan open circuit?
Q28. What isa short circuit?

Q29. Why will a meter indicate more voltage at the battery terminal when the battery is out of a circuit
than when the battery isin a circuit?

Q30. What condition gives maximum power transfer from the sourceto the load?
Q31. What isthe efficiency of power transfer in question 307

Q32. Acircuit has a source voltage of 25 volts. The sourceresistance is 1 ohm and the load resistance
is 49 ohms. What is the efficiency of power transfer?
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PARALLEL DC CIRCUITS

Thediscussion of electrical circuits presented up to this point has been concerned with series circuits
in which thereis only one path for current. There is another basic type of circuit known as the
PARALLEL CIRCUIT with which you must become familiar. Where the series circuit has only one path
for current, the parallé circuit has more than one path for current.

Ohm’s law and Kirchhoff’s law apply to all electrical circuits, but the characteristics of a parallel dc
circuit are different than those of a series dc circuit.

PARALLEL CIRCUIT CHARACTERISTICS

A PARALLEL CIRCUIT isdefined as one having more than one current path connected to a
common voltage source. Parallel circuits, therefore, must contain two or more resistances which are not
connected in series. An example of abasic parald circuit is shown in figure 3-37.

-
%

1 § R1 Rz 21;

£

Es

PATH 1
L_’_a

I

PATH 2

Figure 3-37.—Example of a basic parallel circuit.

Start at the voltage source (Es) and trace counterclockwise around the circuit. Two complete and
separate paths can be identified in which current can flow. One path is traced from the source, through
resistance R, and back to the source. The other path is from the source, through resistance R,, and back to
the source.

Voltagein a Parallel Circuit

Y ou have seen that the source voltage in a series circuit divides proportionately across each resistor
inthecircuit. IN A PARALLEL CIRCUIT, THE SAME VOLTAGE ISPRESENT IN EACH BRANCH.
(A branch is a section of acircuit that has a complete path for current.) In figure 3-37 this voltage is equal
to the applied voltage (Es). This can be expressed in equation form as:

Es=Eri=Er

V oltage measurements taken across the resistors of aparalel circuit, asillustrated by figure 3-38
verify this equation. Each meter indicates the same amount of voltage. Notice that the voltage across each
resistor isthe same as the applied voltage.
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Figure 3-38.—Voltage comparison in a parallel circuit.

Example: Assume that the current through aresistor of a parallel circuit is known to be 4.5
milliamperes (4.5 mA) and the value of the resistor is 30,000 ohms (30 k€2). Determine the source
voltage. The circuit is shown in figure 3-39.

Given:

R; = 30,000 ohms {30kC2)
Igz = 4.5 milliamps (4.5m& or 0045 amps)

Solution:

E =IE
Epz =.0045 amp = 30,000 ohrns
Epz = 135 volts

i
m

/4]
A
_‘:U
4.5mA
AR
g

o)

A

[ )
AN

Figure 3-39.—Example problem parallel circuit.
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Since the source voltage is equa to the voltage of a branch:

ks =Eg
E¢ = 135 volts

To simplify the math operation, the values can be expressed in powers of ten asfollows:

30,000 ohms =30 %10° ohms
4.5ma = 4.5% 107 amps
=(4.5% 107} amps * (30 x 10% ) ohrms
(4.5%30%107% x10%) valts
(10% x10° =107 =10 = 13
Egs =(4.5% 30 = 1) valts
Eqs =135 volts
E; =Eg;
E; =135 valts

Ex;
Eg;

If you are not familiar with the use of the powers of 10 or would like to brush up on it, Mathematics,
Vol. 1, NAVEDTRA 10069-C, will be of great help to you.

Q33. What would the source voltage (Es) in figure 3-39 beif the current through R, were 2 milliamps?
Current in aParalld Circuit

Ohm’s law states that the current in acircuit isinversely proportiona to the circuit resistance. This
fact istruein both series and parallel circuits.

Thereisasingle path for current in a series circuit. The amount of current is determined by the total
resistance of the circuit and the applied voltage. In a paralel circuit the source current divides among the

available paths.

The behavior of current in parallel circuits will be shown by a series of illustrations using example
circuits with different values of resistance for a given value of applied voltage.

Part (A) of figure 3-40 shows a basic series circuit. Here, the total current must pass through the
singleresistor. The amount of current can be determined.
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Figure 3-40.—Analysis of current in parallel circuit.

Given;
Es = &0 velts
R, = 10 chms
Solution:
= E
E
E
I = I
T R,
I = 50 wolts
T 10 chms
It = 5Samps

Part (B) of figure 3-40 shows the same resistor (R;) with asecond resistor (R,) of equal value
connected in parallel across the voltage source. When Ohm's law is applied, the current flow through each
resistor isfound to be the same as the current through the single resistor in part (A).
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Given:

E: =50 volts
E.q =10 ohms
Es =10 ohms

Solution:

- E

E
Eg=Ep1=Eg
I _Em
R1 R,
I _ 50 volts
810 ohms
[gq =5 amps
[, - ER2
R2 R,

_ 50 volts
22 710 ohms
[go =5 amps

It is apparent that if thereis 5 amperes of current through each of the two resistors, there must be a
TOTAL CURRENT of 10 amperes drawn from the source.

Thetotal current of 10 amperes, asillustrated in figure 3-40(B), |eaves the negative terminal of the
battery and flows to point a. Since point ais a connecting point for the two resistors, itiscaled a
JUNCTION. At junction a, the total current dividesinto two currents of 5 amperes each. These two
currents flow through their respective resistors and rejoin at junction b. The total current then flows from
junction b back to the positive terminal of the source. The source supplies atotal current of 10 amperes
and each of the two equal resistors carries one-half the total current.

Each individual current path in the circuit of figure 3-40(B) isreferred to asa BRANCH. Each
branch carries a current that is a portion of the total current. Two or more branches form a NETWORK.

From the previous explanation, the characteristics of current in aparalle circuit can be expressed in
terms of the following general equation:

IT=|1+I2+---In
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Compare part (A) of figure 3-41 with part (B) of the circuit in figure 3-40. Notice that doubling the
value of the second branch resistor (R;) has no effect on the current in the first branch (Ir,), but does
reduce the second branch current (Ir,) to one-half its origina value. Thetotal circuit current dropsto a
value equal to the sum of the branch currents. These facts are verified by the following equations.

Given:
E; =50 volts

Ry =10 ohms
R, =20 ohms

Solution:

1

=

Eg=Ep;=Ep;

1=@
Ry

_ 50 wolts
10 ahtns

[g1 =5 amps

[o. = Egz
R,

_ 50 wvolts

Ko 50 ohms

[gz =25 amps

Ip =lg1+1ge
[7 =5amps + 2.5amps

[ =7.5amps
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Iy = 7.5A Iy = 2.54
1 Eg R1§ Iy = 5A Ry g
T S0V 10 2000
I = 7.5A
>
(A)
—_— —_—
IT=15A I3=5A
I = &&
e, r Rag T ayg
T 50V 1002 1000 1000
T = 15A
{B}

Figure 3-41.—Current behavior in parallel circuits.

The amount of current flow in the branch circuits and the total current in the circuit shown in figure
3-41(B) are determined by the following computations.

Given:
E; =50 volts
Ry =10 ohms
R.; =10 ohms
R.3 =10 ohms
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Solution:

[y = Ep
B R,
I = RO wolts
ol 10 ohmns
[gq =5 amps
[on = Egz
B2 _R2
_ R0 wolts
k2 10 ohins
[go =5 amps
Igs = Erg
Rj
_ 50 volts
83 70 ohms
[gy =5amps

Iy =Igy +1gz +1g3
[7 =5amps + Samps + Samps

[7 =15 amps

Notice that the sum of the ohmic valuesin each circuit shown in figure 3-41 is equal (30 ohms), and
that the applied voltage is the same (50 volts). However, the total current in 3-41(B) (15 amps) istwice
the amount in 3-41(A) (7.5 amps). It is apparent, therefore, that the manner in which resistors are
connected in acircuit, aswell astheir actual ohmic values, affect the total current.

Thedivision of current in aparalld network follows a definite pattern. This pattern is described by
KIRCHHOFF'S CURRENT LAW which states:
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"The algebraic sum of the currents entering and leaving any junction of conductorsis equal to zero."
Thislaw can be stated mathematically as:
la+1,+...1,+0

where: |, Iy, €tc., are the currents entering and leaving the junction. Currents ENTERING the
junction are considered to be POSITIVE and currents LEAVING the junction are considered to be
NEGATIVE. When solving a problem using Kirchhoff’s current law, the currents must be placed into the
equation WITH THE PROPER POLARITY SIGNSATTACHED.

Example: Solvefor the value of 15 in figure 3-42.

Given:
[4 = 10 amps
[ =2 amps
Iy =5 amps
[+ +. ;=0
Solution:
la+1,+...1,+0
o = 3A
2 >
l4 = 10A l3=7
-
g = 5A
-

Figure 3-42.—Circuit for example problem.

The currents are placed into the equation with the proper signs.
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L+ 1o+ I3+ 1y=0
10 amps + (-3 amps) + [3+ (-5 amps) = 0
[;+ 2 amps =0
[3=-2 amps

I3 has avalue of 2 amperes, and the negative sign showsit to be a current LEAVING the junction.

Example. Using figure 3-43, solve for the magnitude and direction of |s.

Iy = 3A

l1 = 6A I3 = ?
o

I4=5A

Figure 3-43.—Circuit for example problem.

Given:
[y = & amps
[o=Zamps
Iy =5amps
Solution:

I+ +.[,=0

I+ L+13+14=0

6 amps + (-3 amps) + I3 + (-5 amps) = 0
I3+ (-2 amps) =0

[3=-2 amps
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I3 is 2 amperes and its positive sign shows it to be a current entering the junction.

Q34. Thereisarelationship between total current and current through the individual componentsin a
circuit. What isthisrelationship in a series circuit and a parallel circuit?

Q35. Inapplying Kirchhoff’'s current law, what does the polarity of the current indicate?
Resistancein a Parallel Circuit

In the example diagram, figure 3-44, there are two resistors connected in parallel across a 5-volt
battery. Each has aresistance value of 10 ohms. A complete circuit consisting of two parallel pathsis
formed and current flows as shown.

1A

0.5A

= émQ §10Q
0.5A |3

Figure 3-44.—Two equal resistors connected in parallel.

Computing the individual currents shows that thereis one-half of an ampere of current through each
resistance. Thetotal current flowing from the battery to the junction of the resistors, and returning from
the resistors to the battery, is equal to 1 ampere.

Thetota resistance of the circuit can be calculated by using the values of total voltage (Et) and total
current (I+).

NOTE: From this point on the abbreviations and symbology for electrical quantities will be used in
example problems.

Given:

Er=5%V
;=14

Solution:
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rR=E

I

E
RT =—T
It
_5v
Toya
Rp=50

This computation shows the total resistance to be 5 ohms; one-half the value of either of the two
resistors.

Sincethetotal resistance of aparalld circuit is smaller than any of the individual resistors, total
resistance of aparalle circuit is not the sum of the individual resistor values as was the case in aseries
circuit. Thetotal resistance of resistorsin paralld isalso referred to as EQUIVALENT RESISTANCE
(Reg)- The terms total resistance and equivalent resistance are used interchangeably.

There are several methods used to determine the equivalent resistance of parallel circuits. The best
method for a given circuit depends on the number and value of the resistors. For the circuit described
above, where all resistors have the same value, the following simple equation is used:

R, =equivalent parallel resistance

E. = ohmic value of oneresistor
M = number of resistors

This equation is valid for any number of parallel resistors of EQUAL VALUE.

Example: Four 40-ohm resistors are connected in parallel. What is their equivalent resistance?

Given:
Eq+ Es+ Eg+ Ey
Eq=40¢82
Solution:
E
E. =_
eq N
A052
Req =
Req =10

Figure 3-45 shows two resistors of unegual value in paralld. Since thetotal current is shown, the
equivalent resistance can be calculated.
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Figure 3-45.—Example circuit with unequal parallel resistors.

Given:
E¢=30%
Ir=154A
Solution:
E
REII]=I_5
T
=30‘u’
o5 A
R. =28

The equivalent resistance of the circuit shown in figure 3-45 is smaller than either of the two
resistors (Ry, R,). Animportant point to remember isthat the equivalent resistance of aparalel circuit is
aways less than the resistance of any branch.

Equivalent resistance can be found if you know the individual resistance values and the source
voltage. By calculating each branch current, adding the branch currents to calculate total current, and
dividing the source voltage by the total current, the total can be found. This method, while effective, is
somewhat lengthy. A quicker method of finding equivalent resistance isto use the general formulafor
resistorsin parallel:

If you apply the general formulato the circuit shown in figure 3-45 you will get the same value for
equivalent resistance (2€2) as was obtained in the previous calculation that used source voltage and total
current.
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Given:

Ry=38
R, = 602

Solution:

+

_ .1
R,

1
_—
202 At

1
Req

1
Ry

L
Fq
1

1

Convert the fractions to a common denominator.

t.o2,1
R,, 62 60
1 _ 3
R, 62
11
Ry 20

The formulayou were given for equal resistorsin parallel

E

R =_
(eqN

)

isasimplification of the general formulafor resistorsin parallée

There are other simplifications of the general formulafor resistorsin parallel which can be used to
calculate the total or equivalent resistancein aparalle circuit.

RECIPROCAL METHOD.—This method is based upon taking the reciprocal of each side of the
equation. This presents the general formula for resistors in parallel as:

B 1
|1 1 1

_t —+,,, —

Ry E; R,

E
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Thisformulais used to solve for the equivalent resistance of a number of unequal parallel resistors.
Y ou must find the lowest common denominator in solving these problems. If you are alittle hazy on
finding the lowest common denominator, brush up on it in Mathematics Volume 1, NAVEDTRA 10069
(Series).

Example: Threeresistors are connected in parallel as shown in figure 3-46. The resistor values are:
R: =20 ohms, R, = 30 ohms, R; =40 ohms. What is the equivalent resistance? (Use the reciprocal
method.)

Figure 3-46.—Example parallel circuit with unequal branch resistors.

Given:
Ry =208
R, =308
E4 = 4082
Solution:
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PRODUCT OVER THE SUM METHOD.—A convenient method for finding the equivalent, or
total, resistance of two parallel resistors is by using the following formula.

This equation, called the product over the sum formula, is used so frequently it should be committed

to memory.

Example: What is the equivalent resistance of a 20-ohm and a 30-ohm resistor connected in parallel,

as in figure 3-477?

* 1 1 1
+ +
2062 3082 4062

1
Reg = E 3
+ +
1200 1200 1200
1
fa "
120
120
R =20
|13
R, =9.230

_RixRg
# Ry +Rg

300

Figure 3-47.—Parallel circuit with two unequal resistors.
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Given:

Ry=200
R, =300
Solution:
_Ry xR,
' R;{+R,
_ 2082% 308
2080+ 3080
00
R, =—0
EETY
Ry =126

Q36. Four equal resistors are connected in parallel, each resistor has an ohmic value of 100 ohms,
what is the equivalent resistance?

Q37. Threeresistors connected in parallel have values of 12 k€2, 20 kQ, and 30 k2. What is the
equivalent resistance?

Q38. Two resistors connected in parallel have values of 10 kQ and 30 kQ. What is the equivalent
resistance?

Power in aParallel Circuit

Power computationsin a parallel circuit are essentially the same as those used for the series circuit.
Since power dissipation in resistors consists of a heat loss, power dissipations are additive regardless of
how the resistors are connected in the circuit. The total power is equal to the sum of the power dissipated
by the individual resistors. Like the series circuit, the total power consumed by the parallel circuit is:

Fr=F1+F;+.F,

Example: Find the total power consumed by the circuit in figure 3-48.
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Eg Ry

Ry Ry
<L =L
sQv 1un§ w 2sn§ o 500

Figure 3-48.—Example parallel circuit.

Given:

Ry=100
Ipi= 5

Es=2502
Ipa= 24

Ry =500
Ipa= 14
Solution:
P =R
Pry=(Ig1 )% Ry

Pri=1(5 &9¢% 100
Fpy = 250%F
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Ppa = (Ig2 ) ¥ x Ry
Prao= (2 &0%x 250
Pg; = 100

Pry = (Ig3)®x Ry
Ppa=(14"%¢%%500
Pgs = S0W

Pr=Fg1+Fga +Fp3
Fr=250%7 + 100%F + 505
P = 400

Since the total current and source voltage are known, the total power can aso be computed by:

Given:
Es = S0V
I; = 8A
Solution:
Fr=E;xIr
Fr=50%WxB8 A
Fr = 400%7

Equivalent Circuits

In the study of electricity, it is often necessary to reduce a complex circuit into asimpler form. Any
complex circuit consisting of resistances can be redrawn (reduced) to a basic equivalent circuit containing
the voltage source and a single resistor representing total resistance. This processis called reduction to an
EQUIVALENT CIRCUIT.

Figure 3-49 shows a parallel circuit with three resistors of equal value and the redrawn equivalent
circuit. The paralle circuit shown in part A showsthe original circuit. To create the equivalent circuit,
you must first calculate the equivalent resistance.
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»
= ES R1 R2 R3
T 100V 450 45Q§ 4m§
L L 3
(A}
=E Reqg

100V
1602 ;

(B}

Figure 3-49.—Parallel circuit with equivalent circuit.

Given:
R1 = 450
R, = 454
R3i= 454
Solution:
E
E.. =_"
eq N
4582
E. =
£q 3
RBq =158

Once the equival ent resistance is known, a new circuit is drawn consisting of asingle resistor (to
represent the equivalent resistance) and the voltage source, as shown in part B.

Rulesfor Parallel DC Circuits

1. The same voltage exists across each branch of aparalel circuit and is equal to the source
voltage.
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2. The current through a branch of a parallel network isinversely proportional to the amount of
resistance of the branch.

3. Thetota current of aparallé circuit is equal to the sum of the individual branch currents of the
circuit.

4. Thetotal resistance of aparald circuit isfound by the general formula:

1 1 1 1

—=—+—+...—

Req Rl RE Rn

or one of the formulas derived from this general formula.

5. Thetota power consumed in aparalel circuit isequal to the sum of the power consumptions of
the individual resistances.

SOLVING PARALLEL CIRCUIT PROBLEMS

Problems involving the determination of resistance, voltage, current, and power in aparalel circuit
are solved as simply asin aseriescircuit. The procedure is the same — (1) draw the circuit diagram, (2)
state the values given and the values to be found, (3) select the equations to be used in solving for the
unknown quantities based upon the known quantities, and (4) substitute the known values in the equation
you have selected and solve for the unknown value.

Example: A parallel circuit consists of five resistors. The value of each resistor is known and the
current through Ris known. You are asked to calculate the value for total resistance, total power, total
current, source voltage, the power used by each resistor, and the current through rgsiBpiR,Rand
Rs.

Given:
Eq = 2002
E. = 3002
Eg =182
Eaq= 18¢2
Eg = 1802
Ig; =94

Find:

Rr, Eg. It. Fr. Ig2, Iga. Ipg.
Ips. Fpi. Fra. Pra. Fre. Pps

This may appear to be a large amount of mathematical manipulation. However, if you use the step-
by-step approach, the circuit will fall apart quite easily.

The first step in solving this problem is for you to draw the circuit and indicate the known values as
shown in figure 3-50.
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1
N
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Figure 3-50.—Parallel circuit problem.

There are several ways to approach this problem. With the values you have been given, you could
first solve for Ry, the power used by R;, or the voltage across R;, which you know is equal to the source
voltage and the voltage across each of the other resistors. Solving for Ry or the power used by R; will not
help in solving for the other unknown values.

Once the voltage across R, is known, this value will help you calculate other unknowns. Therefore
thelogical unknown to solve for is the source voltage (the voltage across R;).

Given:
Eq = 2002
Ipg = 94
Epi=E;

Solution:

E:=Ej=Ip
Eq; =094 »x 200
E:=180%

Now that source voltage is known, you can solve for current in each branch.

Given:
E:=180%
Eo = 30802
Ry =1B8Q2
E4q= 182
Eg = 1BQ2
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Solution:

I _E

R& RE
_180v

k2 300

IR2 =5A

[, =28

R3 R3
180V

TS

IR3 =1D.|."Il'1

Since Rs; = R; = Rs and the voltage across each branch is the same:

I R4 = 1':';&1
[ Er T 104
Solving for total resistance.
Given:
Eq =200
Eo = 3082
k5 =180

Ry= 1602
Rs = 1602

371



Solution:

RT=REE]
11,11 11
R, Ei Ry Ry Ry ERjg

1 1 1 1 1 1
= + + + +

Eo 208 308 1Bf2 1882 182

1 _S+6+10+10+1082

R 180 (LCD)
450
L -
180
_ 180
T 450
Ry = 45

An alternate method for solving for Ry can be used. By observation, you can seethat Rs, R4, and Rs
are of equal ohmic value. Therefore an equivalent resistor can be substituted for these three resistorsin
solving for total resistance.

Given:
Es=F4= FEg = 1842
Solution:
E
E.,=_
eql 1
1852
Rt T
E. =6

eql

The circuit can now be redrawn using aresistor labeled Ry in place of R, Ry, and Rs as shown in
figure 3-51.
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Rz

30Q§

Fteq1§

6Ll

Figure 3-51.—First equivalent parallel circuit.

An equivalent resistor can be calculated and substituted for R, and R, by use of the product over the

sum formula

Given:

Solution:

Ry =208
R, =300
_Ry =R,
" R,{+ER,
_ 2002 %300
92 500 + 300
600
R‘qu = EQ
Rz =120

Thecircuit is now redrawn again using aresistor labeled Ry, in place of R; and R, asshown in

figure 3-52.
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- Es Req 2 Req 1
— 120 § 60 §

180V

Figure 3-52.—Second equivalent parallel circuit.

Y ou are now left with two resistorsin parallel. The product over the sum method can now be used to
solve for tota resistance.

Given:
Req1=6§2
Req1=12§2
RT =Req
Solution:
_EyxR;
# Ry+R;
E_ 4%k
RT _ el I
Req1+Req2
=6£} #1282
T o +12n
72
Ee=—
T 713
RT =4Q

This agrees with the solution found by using the general formulafor solving for resistorsin parallel.

The circuit can now be redrawn as shown in figure 3-53 and total current can be cal culated.
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Es Req

180V

Figure 3-53.—Parallel circuit redrawn to final equivalent circuit.

Given:
E. =180%
R =45
Solution:
E
IT = _5
Rr
180%
I =——
442
[p =454

This solution can be checked by using the values already calculated for the branch currents.

Given:
IRI =04
IR2 = fh
IR3 =104
IR4 =104
IR5 =104
Solution:

It =Ipy +Igp+..Iy,
[ =84 +08A+10A+104A+104A

I =454

375



Now that total current is known, the next logical step isto find total power.

Given:
E. =180%
[ =454
Solution:
F=EI
Pp=E;=Iq

Fp =180%W = 454
Pr =B8100 watts = 8.1 kW

Solving for the power in each branch.
Given:

E = 180V
I =94
Igz = B4
Igg =104
Igg =104
Igs =104

Solution:

F =EI
Ppy =Eg %lgy
Ppy =180V X 94
Ppy = 1620

Fpo =Eg ®lp;
Ppy =180V X 64
Ppy = 1080

Fry=Eg ®lg;
Ppy = 180V x 104
Py = 1800

Since lrs = Irs = Irs then, Prs = Prq = Prs = 1800 W. The previous ca culation for total power can
now be checked.
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Given:

Ppi= 1620%
Ppo= L0GOW
Ppa= 1800
Ppq= 1800%
Pps = 1800%

Solution:

Pr="Fpy +Frat Ppy+ Fra+ Pps

Fr= 1620%7+1080%F+1800%+
18 00%E + 1800%E

Pr= R100%

Pr= 8 1k

Q39. What termidentifies a single resistor that representstotal resistance of a complex circuit?

Q40. Thetotal power in both series and parallel circuitsis computed with the formula: Pr= P; + P, +
P +...P,. Why can this formula be used for both series and paralld circuits?

Q41. Acircuit consists of three resistors connected in parallel across a voltage source. R, = 4002, R, =
3092, Rs = 400, and Prz = 360 watts. Solve for Ry, Es and Ig. (Hint: Draw and label the circuit
first))

SERIES-PARALLEL DC CIRCUITS

In the preceding discussions, series and parallel dc circuits have been considered separately. The
technician will encounter circuits consisting of both series and parallel elements. A circuit of thistypeis
referred to asa COMBINATION CIRCUIT. Solving for the quantities and elements in a combination
circuit is simply a matter of applying the laws and rules discussed up to this point.

SOLVING COMBINATION-CIRCUIT PROBLEMS

The basic technique used for solving dc combination-circuit problems is the use of equivalent
circuits. To simplify acomplex circuit to asimple circuit containing only one load, equivalent circuits are
substituted (on paper) for the complex circuit they represent. To demonstrate the method used to solve
combination circuit problems, the network shown in figure 3-54(A) will be used to calculate various
circuit quantities, such asresistance, current, voltage, and power.
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R4
g
Ri< = EE]?J
B0 S
Req 1
124
A
— >
—_— s
60V Ry Ry b (B)
zuﬂg 30 Q?
’ — 6oV HE“§
20 &

(A)

(C)

Figure 3-54.—Example combination circuit.

Examination of the circuit shows that the only quantity that can be computed with the given
information is the equivalent resistance of R, and Rs.

Given:

R, =208
R =308

Solution:

R _ Ry #Ry (Froduct over
eql_m the sum)

_ 208 X308
al S0 + 300
500
R, =g
el 50
Ry = 1202

Now that the equivalent resistance for R, and R; has been calculated, the circuit can be redrawn as a
series circuit as shown in figure 3-54(B).
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The equivalent resistance of this circuit (total resistance) can now be calculated.

Given:
Fi=88 (Resistors
in series)
R, = 1202
Solution:

Req =R+ Reql

R,, =852 +1282
R,y = 2082

ar
Rt = 2082

Theorigina circuit can be redrawn with a single resistor that represents the equivalent resistance of
the entire circuit as shown in figure 3-54(C).

Tofind tota current in the circuit:

Given:
E. =60%
R = 2082
Solution:
E
==t
Er
B0
T =% (Chra's Lawr)
[T =34

To find total power in the circuit:

Given:

E; =60V
Iy =34
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Solution:

Pr=E¢;xlp
Pr = 60 X 34
Pr = 180

To find the voltage dropped across R;, R, and Rs, refer to figure 3-54(B). Ry representsthe
parallel network of R, and Rs. Since the voltage across each branch of a parallel circuit is equal, the
voltage across Ry (Eeqr) Will be equal to the voltage across R, (Er.) and also equal to the voltage across
R3 (Era).

Given:

[T =3A (Current through each part

R, =80 of a series circuit is equal
1 to total current)

R = 1282

eql

Solution:

Epi=I1 %Ry
Egy = 34 %802
Egy = 24V
Epa=Epz=E.
Eeq1=IT = R
Eoyp = 34% 120
E oy = 36V
Eg, = 36V

Eq; =36V

eql

To find power used by R:

Given:

Epq =24
[T =34

Solution:
Pri=Epi xIr

Fpi=24% = 24
Fpp = 7257
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To find the current through R, and Rs, refer to the original circuit, figure 3-54(A). Y ou know Eg,
and Egs from previous calculation.

Given:
Ep: = 368Y
Epg = 36V
R, = 200
R, = 2002
Solution:
E
Ipo =—22  (Chm's Law)
Rz
_ 36V
k2 500
IR2 =18A
h3=£ﬁ-
k3
Lo = 36
T
IR3 =12A

To find power used by R, and Rs, using values from previous calculations:

Given:
Epa = 38Y
Eps = 36Y
Ipz = 1.BA
Ipr = 1.24
Solution:

Pra=Epa = Igp
Fpz = 368% = LBA
Fpo = 64.8%F

Pry=Epax g3
PR3 =30% = 124
Fpg =43.2%
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Now that you have solved for the unknown quantitiesin this circuit, you can apply what you have
learned to any series, parallel, or combination circuit. It isimportant to remember to first look at the
circuit and from observation make your determination of the type of circuit, what is known, and what you
arelooking for. A minute spent in this manner may save you many unnecessary calculations.

Having computed al the currents and voltages of figure 3-54, a complete description of the
operation of the circuit can be made. The total current of 3 amps leaves the negative terminal of the
battery and flows through the 8-ohm resistor (R;). In so doing, a voltage drop of 24 volts occurs across
resistor R;. At point A, this 3-ampere current dividesinto two currents. Of the total current, 1.8 amps
flows through the 20-ohm resistor. The remaining current of 1.2 amps flows from point A, down through
the 30-ohm resistor to point B. This current produces a voltage drop of 36 volts across the 30-ohm
resistor. (Notice that the voltage drops across the 20- and 30-ohm resistors are the same.) The two branch
currents of 1.8 and 1.2 amps combine at junction B and the total current of 3 amps flows back to the
source. The action of the circuit has been completely described with the exception of power consumed,
which could be described using the values previously computed.

It should be pointed out that the combination circuit is not difficult to solve. The key to its solution
liesin knowing the order in which the steps of the solution must be accomplished.

Practice Circuit Problem

Figure 3-55 is atypical combination circuit. To make sure you understand the techniques of solving
for the unknown quantities, solve for Eg;.

R, R, Reg 1
A ANy A
30002 1005 400 <
R; R
— Wy
— Eg 400 R, — m R,
—— 300v 1k — 3llsl]'u' 1K

(A) (B)

AW
J_ 200
— Es R4$ =K, 1§:g§
— 1k& —_ .
T 300V ; = 300v

(C) (D)

Figure 3-55.—Combination practice circuit.
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It is not necessary to solve for al the valuesin the circuit to compute the voltage drop across resi stor
R1 (ERry). First look at the circuit and determine that the values given do not provide enough information

to solve for Eg, directly.

If the current through R; (Ir1) is known, then Eg; can be computed by applying the formula:

Eri= Ry = Iy

The following steps will be used to solve the problem.

1. Thetotd resistance (Ry) is calculated by the use of equivalent resistance.

Given:

Solution:

Ry = 3000
Ry = 1000
Reqt = Bp + E3

Reqt = 30002 + 10002

Reqt = 40002

Redraw the circuit as shown in figure 3-55(B).

Given:

Solution:

Solution:

R,, = 4000
R, = 4000
E

Rqu =ﬁ
40052
Rqu =T
R oz = 20082
E.
Rqu =ﬁ
40082
Rqu = 5
Rgyz = 20082
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Redraw the circuit as shown in figure 3-55(C).

Given:

Reqz = 20002
R 4= 1k(

Solution:

Reu = ReuE + Ey
Req = 20000 +1k$

Reg = 1.2kE
2. Thetotal current (I1) is now computed.
Given:
E; = 300%
Reg = 1.2kE
Solution:
E
IT = :
Feg
_ 300V
T 12ke
I7 =2b0ma

3. Solvefor the voltage dropped across Rep. This represents the voltage dropped across the network
R1, R,, and Rz intheorigina circuit.

Given:

R,q = 20002
Iy = 250m4,

Solution:

EReqz = Fegz # It
Epeqz = 20002 x 250ma,
Egeqz = 20V

4. Solve for the current through Req. (Reqn represents the network R; and R; in the original circuit.)
Since the voltage across each branch of a parallé circuit is equal to the voltage across the
equivalent resistor representing the circuit:
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Given:

ERenz = ERent

Egeqy = 20V
Fgqp = 400402
Solution:
I _ EReql
Reql —
" Reql
I =1
Real ™ “an00

[ Beql =125mb

5. Solvefor the voltage dropped across R; (the quantity you were asked to find). Since Req
represents the series network of R; and R, and total current flows through each resistor in a series
circuit, Ir; must equal req:-

Given:
Ig;=125m&
Ry = 3000
Solution:
Epp=lpi= Ry
Epy= 125mA x 30002
Ep = 37.5V

Q42. Refer tofigure 3-55(A). If the following resistors were replaced with the valuesindicated: R; =
90082, Ry = |kQ, what is the total power in the circuit? What is Egy?

REDRAWING CIRCUITSFOR CLARITY

Y ou will notice that the schematic diagrams you have been working with have shown parallel
circuits drawn as neat square figures, with each branch easily identified.

In actual practice the wired circuits and more complex schematics are rarely laid out in this simple
form. For thisreason, it isimportant for you to recognize that circuits can be drawn in a variety of ways,
and to learn some of the techniques for redrawing them into their ssimplified form. When acircuit is
redrawn for clarity or to its simplest form, the following steps are used.

1. Tracethe current paths in the circuit.
2. Label the junctionsin the circuit.

3. Recognize points which are at the same potential.
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4. Visuadlize arearrangement, "stretching” or "shrinking," of connecting wires.
5. Redraw the circuit into simpler form (through stages if necessary).

To redraw any circuit, start at the source, and trace the path of current flow through the circuit. At
points where the current divides, called JUNCTIONS, parallel branches begin. These junctions are key
points of reference in any circuit and should be labeled as you find them. The wiresin circuit schematics
are assumed to have NO RESISTANCE and thereis NO VOLTAGE drop aong any wire. This means
that any unbroken wireis at the same voltage all aong its length, until it isinterrupted by aresistor,
battery, or some other circuit component. In redrawing a circuit, awire can be "stretched" or "shrunk” as
much as you like without changing any electrical characteristic of the circuit.

Figure 3-56(A) is a schematic of acircuit that is not drawn in the box-like fashion used in previous
illustrations. To redraw this circuit, start at the voltage source and trace the path for current to the junction
marked (a). At thisjunction the current divides into three paths. If you were to stretch the wire to show
the three current paths, the circuit would appear as shown in figure 3-56(B).

(a)
= R1
== R2§ R3
>
(A)
(a) () {a)
% R4 Rz Ry §
(B)

Figure 3-56.—Redrawing a simple parallel circuit.

While these circuits may appear to be different, the two drawings actually represent the same circuit.
The drawing in figure 3-56(B) is the familiar box-like structure and may be easier to work with. Figure
3-57(A) isaschematic of acircuit shown in a box-like structure, but may be misleading. Thiscircuit in
reality is a series-parallel circuit that may be redrawn as shown in figure 3-57(B). The drawing in part (B)
of the figure is asimpler representation of the origina circuit and could be reduced to just two resistorsin
paralel.
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V'
Rz
=& R Ry £
R4
- Ay
(A)
{a)
Ro
—_E
— 5 9
= R1 2 Rs
R4

(B)

Figure 3-57.—Redrawing a simple series-parallel circuit.

Redrawing a Complex Circuit

Figure 3-58(A) shows a complex circuit that may be redrawn for clarification in the following steps.
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Figure 3-58.—Redrawing a complex circuit.

NOTE: Asyou redraw the circuit, draw it in simple box-like form. Each time you reach ajunction, a
new branch is created by stretching or shrinking the wires.

Start at the negative terminal of the voltage source. Current flows through R; to ajunction and
dividesinto three paths; label this junction (a). Follow one of the paths of current through R, and Rsto a
junction where the current divides into two more paths. Thisjunction islabeled (b).

The current through one branch of this junction goes through Rs and back to the source. (The most
direct path.) Now that you have completed a path for current to the source, return to the last junction, (b).
Follow current through the other branch from this junction. Current flows from junction (b) through R4 to
the source. All the paths from junction (b) have been traced. Only one path from junction (@) has been
completed. Y ou must nhow return to junction (a) to complete the other two paths. From junction (a) the
current flows through R; back to the source. (There are no additional branches on this path.) Return to
junction (@) to trace the third path from this junction. Current flows through Rs and Rg and comesto a
junction. Label thisjunction (c). From junction (c) one path for current is through Ry to the source. The
other path for current from junction (c) is through Ry to the source. All the junctionsin this circuit have
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now been labeled. The circuit and the junction can be redrawn as shown in figure 3-58(C). It is much
easier to recognize the series and parallel pathsin the redrawn circuit.

Q43. What isthetotal resistance of the circuit shownin figure 3-59? (Hint: Redraw the circuit to
simplify and then use equivalent resistances to compute for Ry.)

ANy

Ra 1000

Ra109
4 Es
= R1§ .
] 8 [ Ry

3935
L

Figure 3-59.—Simplification circuit problem.

Q44. What isthe total resistance of the circuit shown in figure 3-60?

M or 1

: E§1n ;

[ I

- | gs | R R2
:_: : 600} 4UQ§
Ly | S0V 1

L |——-—d

&

Figure 3-60.—Source resistance in a parallel circuit.

Q45. What effect does the internal resistance have on the rest of the circuit shown in figure 3-60?
EFFECTS OF OPEN AND SHORT CIRCUITS
Earlier in this chapter the terms open and short circuits were discussed. The following discussion

deals with the effects on a circuit when an open or a short occurs.
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The major difference between an open in aparald circuit and an openin a seriescircuit isthat in the
paralel circuit the open would not necessarily disable the circuit. If the open condition occursin a series
portion of the circuit, there will be no current because there is no complete path for current flow. If, on the
other hand, the open occursin a paralld path, some current will still flow in the circuit. The parall€
branch where the open occurs will be effectively disabled, total resistance of the circuit will INCREASE,
and total current will DECREASE.

To clarify these points, figure 3-61 illustrates a series parallel circuit. First the effect of an openin
the series portion of this circuit will be examined. Figure 3-61(A) shows the normal circuit, Ry = 40 ohms
and I+ = 3 amps. In figure 3-61(B) an open is shown in the series portion of the circuit, thereisno
complete path for current and the resistance of the circuit is considered to beinfinite.

A 0 o=y
Ry 200 Ry 200
— Eg Ra Rs — Eg R, Ry
— 1% 100:: 258 — v 1000 %50
(A) (B)
YAV
R-1 2058
L Eg Ry
— 12V 1005 R,
2502
(C)

Figure 3-61.—Series-parallel circuit with opens.

In figure 3-61(C) an open is shown in the paralldl branch of Rs;. Thereisno path for current through
Rs. Inthe circuit, current flows through R; and R, only. Since there is only one path for current flow, R,
and R, are effectively in series.

Under these conditions Ry = 1202 and I+ = 1 amp. As you can see, when an open occursin a parallel
branch, total circuit resistance increases and total circuit current decreases.

A short circuit in aparallel network has an effect similar to a short in a series circuit. In general, the
short will cause anincrease in current and the possibility of component damage regardless of the type of
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circuit involved. Toillustrate this point, figure 3-62 shows a series-parallel network in which shorts are
developed. In figure 3-62 (A) the normal circuit is shown. Ry = 40 ohmsand I+ = 3 amps.

R, R,
AAA Yy
20 1 042
—F
- F _— 5
e 125w — 120v R, R
- "2 "o T 10052 2540
1003 2601
(A) (B)
R,
Wy
1 20
— Eg R
— 120v 2 Ry
1000 08
(C)

Figure 3-62.—Series-parallel circuit with shorts.

In figure 3-62 (B), R, has shorted. R; now has zero ohms of resistance. The total of the resistance of
the circuit is now equal to the resistance of the parallel network of R, and R, or 20 ochms. Circuit current
has increased to 6 amps. All of this current goes through the parallel network (R,, Rs) and thisincreasein
current would most likely damage the components.

In figure 3-62 (C), Rshasshorted. With R; shorted there isa short circuit in parallel with R,. The
short circuit routes the current around R,, effectively removing R, from the circuit. Total circuit resistance
isnow egual to the resistance of Ry, or 20 ochms.

Asyou know, R, and R; form a parallel network. Resistance of the network can be calculated as
follows:

Given:

R, = 1000
Ry = 002

391



Solution:

_Ry=ERy
" R, +R,

_ 1008 = 0%
1008 + 00
Ry =082

Thetota circuit current with R3 shorted is 6 amps. All of this current flows through R; and would
most likely damage R;. Notice that even though only one portion of the paralld network was shorted, the
entire paralleled network was disabled.

Opens and shorts alike, if occurring in acircuit, result in an overall change in the equivalent
resistance. This can cause undesirable effectsin other parts of the circuit due to the corresponding change
in the total current flow. A short usually causes componentsto fail in acircuit which is not properly fused
or otherwise protected. The failure may take the form of a burned-out resistor, damaged source, or afire
in the circuit components and wiring.

Fuses and other circuit protection devices are installed in equipment circuits to prevent damage
caused by increasesin current. These circuit protection devices are designed to open if current increases
to a predetermined value. Circuit protection devices are connected in series with the circuit or portion of
the circuit that the device is protecting. When the circuit protection device opens, current flow ceasesin
the circuit.

A more thorough explanation of fuses and other circuit protection devicesis presented in Module 3,
Introduction to Circuit Protection, Control, and Measurement.

Q46. What isthe effect on total resistance and total current in a circuit if an open occursin (a) a
parallel branch, and (b) in a series portion?

Q47. What isthe effect on total resistance and total current in a circuit if a short occursin (a) a
parallel branch, and (b) in a series portion?

Q48. If one branch of a parallel network is shorted, what portion of circuit current flows through the
remaining branches?

VOLTAGE DIVIDERS
Most electrical and electronics equipment use voltages of various levels throughout their circuitry.

One circuit may require a 90-volt supply, another a 150-volt supply, and still another a 180-volt
supply. These voltage requirements could be supplied by three individual power sources. This method is
expensive and requires a considerable amount of room. The most common method of supplying these
voltages isto use asingle voltage source and a VOLTAGE DIVIDER. Before voltage dividers are
explained, areview of what was discussed earlier concerning voltage references may be of help.
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Asyou know, some circuits are designed to supply both positive and negative voltages. Perhaps now
you wonder if a negative voltage has any less potential than a positive voltage. The answer isthat 100
voltsis 100 volts. Whether it is negative or positive does not affect the feeling you get when you are
shocked.

Voltage polarities are considered as being positive or negative in respect to a reference point, usually
ground. Figure 3-63 will help to illustrate this point.

E + 100V E + 75V
Ry
LTIFy
D+ 7av D + 50V
R
a052
C + 50V —Eg .
—E + — 1hov C+ 25V
— 100V Ry
500
B + 23V B0V
Ry
04
ADV A 25V
(") = (B)

Figure 3-63.—Voltage polarities.

Figure 3-63(A) shows a series circuit with a voltage source of 100 volts and four 50-ohm resistors
connected in series. The ground, or reference point, is connected to one end of resistor R;. The current in
this circuit determined by Ohm's law is .5 amp. Each resistor develops (drops) 25 volts. The five tap-off
points indicated in the schematic are points at which the voltage can be measured. Asindicated on the
schematic, the voltage measured at each of the points from point A to point E starts at zero volts and
becomes more positive in 25 volt stepsto avalue of positive 100 volts.

In figure 3-63(B), the ground, or reference point has been moved to point B. The current in the
circuit is ill .5 amp and each resistor till develops 25 volts. The total voltage developed in the circuit
remains at 100 volts, but because the reference point has been changed, the voltage at point A is negative
25 volts. Point E, which was at positive 100 voltsin figure 3-63(A), now has avoltage of positive 75
volts. Asyou can see the voltage at any point in the circuit is dependent on three factors; the current
through the resistor, the ohmic value of the resistor, and the reference point in the circuit.

A typical voltage divider consists of two or more resistors connected in series across a source
voltage (Es). The source voltage must be as high or higher than any voltage devel oped by the voltage
divider. Asthe source voltage is dropped in successive steps through the seriesresistors, any desired
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portion of the source voltage may be "tapped off" to supply individual voltage requirements. The values
of the seriesresistors used in the voltage divider are determined by the voltage and current requirements
of the loads.

Figure 3-64 is used to illustrate the development of a simple voltage divider. The requirement for
this voltage divider isto provide a voltage of 25 volts and a current of 910 milliamps to the load from a
source voltage of 100 volts. Figure 3-64(A) provides acircuit in which 25 voltsis available at point B. If
the load was connected between point B and ground, you might think that the load would be supplied
with 25 volts. Thisis not true since the load connected between point B and ground forms a parallel
network of the load and resistor R;. (Remember that the value of resistance of a parallel network is
always less than the value of the smallest resistor in the network.)

(a)
£ Ry
= R2§ R3
&
(A)
() {a) (a)
% R, R, Ry §
(B)

Figure 3-64.—Simple voltage divider.

Since the resistance of the network would now be less than 25 ohms, the voltage at point B would be
less than 25 volts. Thiswould not satisfy the requirement of the load.

To determine the size of resistor used in the voltage divider, arule-of-thumb is used. The current in
the divider resistor should equa approximately 10 percent of the load current. This current, which does
not flow through any of the load devices, is called bleeder current.

Given this information, the voltage divider can be designed using the following steps.

1. Determine the load requirement and the available voltage source.
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Eq = 100%
Ejpag = 25%
I].:,a,j = 010ma

2. Select bleeder current by applying the 10% rule-of-thumb.

Ipy = 10% % Ligeq
IRI =.1=910ms
IRI =3lma

3. Cdculate bleeder resistance.

Rl:@
It

_ 28V
L Oima,

Rl1=274738

The value of R; may be rounded off to 275 ohms:
Eq=27500
4. Caculatethetotal current (load plus bleeder).
IT = Doad * IR1
I[r=910ma + Plma
I[t= 14 (rounded off)

5. Calculate the resistance of the other divider resistor(s).

Epy =E; —Epy
Epo =100% - 25V
ERE =?5V
R, _Egz

I
R, =15V

14
R, =750

The voltage divider circuit can now be drawn as shown in figure 3-64(B).

Q49. What information must be known to determine the component values for a voltage divider?
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Q50. If avoltage divider isrequired for aload that will use 450 mA of current, what should be the value
of bleeder current?

Q51. Iftheload in question 50 requires a voltage of +90 V, what should be the value of the bleeder
resistor?

Q52. If the source voltage for the voltage divider in question 50 supplies 150 volts, what is the total
current through the voltage divider?

MULTIPLE-LOAD VOLTAGE DIVIDERS

A multiple-load voltage divider is shown in figure 3-65. An important point that was not emphasized
before is that when using the 10% rule-of-thumb to cal culate the bleeder current, you must take 10% of

the total load current.

Ry
]
R +T5Y
3 30ma
E LOAD 3
5
285v I
o R +150V
2 10maA
LOAD 2
+90V
Ry 10mA
¥ LOAD1
“o—7 :

Figure 3-65.—Multiple-load voltage divider.

Given the information shown in figure 3-65, you can calculate the values for the resistors needed in
the voltage-divider circuits. The same steps will be followed as in the previous voltage divider problem.
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Given:

Load 1. E=50%
[=10m&

Load 22 E = 150%

= 10mé&
Load 3 E = 175V
I = 30mé
E;= 285V

The bleeder current should be 10% of the total load current.

Solution:

Ig1 = 10% = [ {load total)
Ipi = 10% x (10maA + 10mA + 30maA)
IRI = 5Sma

Since the voltage across R; (Er;) is equal to the voltage requirement for load 1, Ohm’s law can be
used to caculate the value for R;.

Solution:
Ry= Ert
IR1
_ 90V
L 5ma
R, = 16k

The current through R; (Ir2) is equal to the current through R; plus the current through load 1.

Solution:

Igz = Ip1 + Dpadt
Ips = 5mA + 10mA
IRZ = 15ma

The voltage across R; (Er,) is equd to the difference between the voltage requirements of load 1 and
load 2.
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Erz =Ejpadz ~ Ejgadt
Eg, = 150V - 90V

ERE = 5[:"-.-?

Ohm'’s law can now be used to solve for the value of Rs.

Solution:
.-
Ips
B0V
¢ 15mé
R, = 4k

The current through R3 (Irs) isequd to the current through R, plus the current through load 2.

Ipa = Igz2 + Dpadz
Igy = 15ma + 10mé
[gs = 25ma

The voltage across Rj; (Ers) equals the difference between the voltage requirement of load 3 and
load 2.

Eg3=Ejgaas - Elgadz
Epz= 175V - 150%

Epg= 25V

Ohm'’s law can now be used to solve for the value of Rs.

Solution:
I3
_ 29V
P 2tmaA
R3=ﬂ{£—2

The current through R4 (Irs) is equd to the current through Rz plus the current through load 3. g4 is
equal to total circuit current (I 1).

Ipa =Ig3 * lpada
Ipg = 25ma + 30ma
Iﬂq = 55ma

The voltage across R4 (Er4) equals the difference between the source voltage and the voltage
requirement of load 3.
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Eps=Es - Epadz
Epg= 285 - 175V
Epg= 110V

Ohm's law can now be used to solve for the value of R,.

Solution:
Rq =Eﬂ
Iny
110V
1 55ma
Ry = 2k

With the calculations just explained, the values of the resistors used in the voltage divider are as
follows:

Ry = 18kQ
R, = 4kQ)
Ry = 1kQ)
Ry = 2kO)

POWER IN THE VOLTAGE DIVIDER

Power in the voltage divider is an extremely important quantity. The power dissipated by the
resistorsin the voltage divider should be calculated to determine the power handling requirements of the
resistors. Total power of the circuit is needed to determine the power requirement of the source.

The power for the circuit shown in figure 3-65 is calculated as follows:
Given:

Egq =00%

ERI = Smdy

Solution:

Prp1=Eps =g
PR1= BO% = Smdy
Ppy = .45%

The power in each resistor is calculated just asfor R;. When the calculations are performed, the
following results are obtained:

Fpz= 0%
Fpy= .625%W
Fpq = 6.05%F
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To calculate the power for load 1:
Given:

Ejgaar = #0%
[oad1 = 10m

Solution:

Ploadt = Engadt * Digad
Flaadl = P0% = 10ma
Ploaay = 9%

The power in each load is calculated just asfor load 1. When the calculations are performed, the
following results are obtained.

Ploage = LOW
Ploads = 5.25W

Total power is calculated by summing the power consumed by the loads and the power dissipated by
the divider resistors. The total power in the circuit is 15.675 watts.

The power used by the loads and divider resistorsis supplied by the source. This appliesto all
electrical circuits; power for all components is supplied by the source.

Since power is the product of voltage and current, the power supplied by the sourceis equal to the
source voltage multiplied by the total circuit current (Eg X I1).

In the circuit of figure 3-65, the total power can be calculated by:

Given:
E.=285%
It=55ma (Ipq)
Solution:
Fr=Eqx It
Fr= 285V »x Somé
Fr=15075%

VOLTAGE DIVIDER WITH POSITIVE AND NEGATIVE VOLTAGE REQUIREMENTS

In many cases the load for a voltage divider requires both positive and negative voltages. Positive
and negative voltages can be supplied from a single source voltage by connecting the ground (reference
point) between two of the divider resistors. The exact point in the circuit at which the reference point is
placed depends upon the voltages required by the loads.
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For example, avoltage divider can be designed to provide the voltage and current to three loads from
agiven source voltage.

Given:

Load 11 E=-25V
[ = 300ma

Load 22 E = +50V
[= 5S0ma&

Load 3: E = +250V
[=100mé&

=310V

Thecircuit isdrawn as shown in figure 3-66. Notice the placement of the ground reference point.

Thevauesfor resistors R;, Rs, and R4 are computed exactly as was done in the last example. Ig; isthe
bleeder current and can be calculated as follows:

Figure 3-66.—Voltage divider providing both positive and negative voltages.

Solution:

Ig1 = 10% = [ {load total)
Ipg = 10% x (300mA )
Ig1 = 30ma

Cdculate the value of R;.
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Solution:

Ry _Em
IR1
_ 25V
L 45maA
R, = 5568

Calculate the current through R, using Kirchhoff’s current law.

At point A:
IRt + Digadt * In2 + Doadz * Djads = 0
45ma + 300ma + Igy - S0ma - 100ma =0
345ma + Igo - 150mA =0

195ma + [gp=10
[ge=-195ma

(or 195mA leaving point A)

Since Er, = E load 2, you can calculate the value of R,.

Solution:;
Rz =E
Iz
50V
2 195ma,
R, = 2568

Calculate the current through Ra.

Ipa =1Ipz * Dpadz
Ips = 195ma + 50mé
IR3 = 245ma,

The voltage across R; (Ers) equals the difference between the voltage requirements of loads 3 and 2.

Solution:

Epz = Epadz ~ Epaaz
Egqy = 250% - 50%

ER3 = 200%

Cdculate the value of Rs.
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Solution:

Calculate the current through R,.

R3 = Eﬁ
Ig3
200V
¥ 2d5mé
R; = 81602

Ipg = Ig3 + Dgadz
Ipg = 245mé + 100ma
IRq = 345ma

The voltage across Eg4 equals the source voltage (Es) minus the voltage requirement of load 3 and
the voltage requirement of load 1. Remember Kirchhoff’s voltage law which states that the sum of the
voltage drops and emfs around any closed loop is equal to zero.

Solution:

Calculate the value of R,.

Solution:

Era=Es - Epads - Enadt
Epg = 310% - 2501 - 25v

Epg= 35V
R, _Enyq
Ing

_ 35V

4 545maA

R, =10148

With the calculations just explained, the values of the resistors used in the voltage /divider are as

follows;

Ry = 55602
R, = 2560)
R; = 8160
Ry = 1010

From the information just calculated, any other circuit quantity, such as power, total current, or
resistance of the load, could be cal cul ated.
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PRACTICAL APPLICATION OF VOLTAGE DIVIDERS

In actual practice the computed value of the bleeder resistor does not always come out to an even
value. Since the rule-of-thumb for bleeder current is only an estimated value, the bleeder resistor can be
of avalue close to the computed value. (If the computed value of the resistance were 510 ochms, a 500-
ohm resistor could be used.) Once the actual value of the bleeder resistor is selected, the bleeder current
must be recomputed. The voltage devel oped by the bleeder resistor must be equal to the voltage
requirement of the load in parallel with the bleeder resistor.

The value of the remaining resistorsin the voltage divider is computed from the current through the
remaining resistors and the voltage across them. These values must be used to provide the required
voltage and current to the loads.

If the computed values for the divider resistors are not even values; series, parallel, or series-parallel
networks can be used to provide the required resistance.

Example: A voltage divider isrequired to supply two loads from a 190.5 volts source. Load 1
requires +45 volts and 210 milliamps; load 2 requires +165 volts and 100 milliamps.

Calculate the bleeder current using the rule-of -thumb.

Given:

I]Da,jl = 210ma
Tpadz = 100ma

Solution:

Ipy = 10% x (210m& + 100ma)
IRI = 3lmaA

Calculate the ohmic value of the bleeder resistor.

Given:
Eg1 =45V (Epad1)
IRI = 3lm&
Solution:
R4 _Er1
Ir1
_ 45v
L 3maA
Eq,=145168

Sinceit would be difficult to find aresistor of 1451.6 ohms, a practical choice for R; is 1500 ohms.

Calculate the actual bleeder current using the selected value for R;.
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Given:

Epq =45V
Ip1 = 1.5k02
Solution:
g “Em
Eq
_ 4055
B BkG
IR1 = SDmA

Using this value for Ig;, calculate the resistance needed for the next divider resistor. The current (Ir,)
isequal to the bleeder current plus the current used by load 1.

Given:

IRI = 20ma
load1 = 210ma

Solution:

Ipz = Ig1 * lipadi
Ipz = 30ma + 210mé
Ipg = 240ma

The voltage across R; (Er,) is equd to the difference between the voltage requirements of loads 2
and 1, or 120 volts.

Calculate the value of R,.

Given:
Epa= 1200
IRg = 240md
Solution:
E
RZ _ —Rd
Ip2
120V
& 2dimA
R.; = 50082
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The vaue of thefina divider resistor is calculated with | g3 (Ir2 + | l0ad 2) equal to 340 mA and Egs
(Es- Eload 2) equal to 25.5V.

Given:
Eps= 25.5%
IR3 = 340ma,
Solution:
E
R, = 3
Iga
_ 255V
Y 340ma
Ry =752

A 75-ohm resistor may not be easily abtainable, so a network of resistors equal to 75 ohms can be
used in place of Ras.

Any combination of resistor values adding up to 75 ohms could be placed in series to develop the
required network. For example, if you had two 37.5-ohm resistors, you could connect them in seriesto get
anetwork of 75 ohms. One 50-ohm and one 25-ohm resistor or seven 10-ohm and one 5-ohm resistor
could also be used.

A pardle network could be constructed from two 150-ohm resistors or three 225-ohm resistors.
Either of these parallel networks would a so be a network of 75 ohms.

The network used in this example will be a series-parallel network using three 50-ohm resistors.
With the information given, you should be able to draw this voltage divider network.

Once the values for the various divider resistors have been selected, you can compute the power
used by each resistor using the methods previoudy explained. When the power used by each resistor is
known, the wattage rating required of each resistor determines the physical size and type needed for the
circuit. Thiscircuit is shown in figure 3-67.

3-106



Q53.
Q54.
QS55.
Q56.
Q57.
Q58.

+165Y

100mA

.—I LOAD 2
R4 + 45V
210mA
1.5K 02 LOAD 1

Figure 3-67.—Practical example of a voltage divider.

In figure 3-67, why isthe value of R; calculated first?

Infigure 3-67, how is (a) the current through R, and (b) the voltage drop across R, computed?
Infigure 3-67, what is the power dissipated in R;?

Infigure 3-67, what isthe purpose of the series-parallel network Rs, R4, and Rs?

Infigure 3-67, what should be the minimum wattage ratings of R; and Rs?

If the load requirement consists of both positive and negative voltages, what technique is used in
the voltage divider to supply the loads from a single voltage source?

EQUIVALENT CIRCUIT TECHNIQUES

The circuit solutions that you have studied up to this point have been obtained mainly through the
use of formulas derived from Ohm’s law. Asin many other fields of science, electricity hasits share of
special shortcut methods. Some of the special circuit analysistechniques are: THEVENIN'S THEOREM,
which uses a process of circuit reduction to Thevenin's equivalent circuit; and NORTON'S THEOREM,
which isreduction of acircuit to Norton's equivalent. Another method is called LOOP ANALY SIS. This
uses Kirchhoff’s voltage law to simultaneously solve problemsin parallel branches of acircuit. The use of
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these methods should be reserved until you have become thoroughly familiar with the methods covered
thus far in this chapter. Y ou may want to explore some of the special techniques later in your career.

ELECTRICAL SAFETY

Safety precautions must always be observed by persons working around electric circuits and
equipment to avoid injury from electric shock. Detailed safety precautions are contained in NAVMAT
P-5100, Safety Precautions for Shore Activities and OPNAVINST 5100-19, Navy Safety Precautions for
Forces Afloat.

The danger of shock from a 450-volt ac electrical service system iswell recognized by operating
personnd. Thisis shown by the relatively low number of reports of serious shock received from this
voltage, despite its widespread use. On the other hand, a number of fatalities have been reported due to
contact with low-voltage circuits. Despite afairly widespread, but totally unfounded, popular belief to the
contrary, low-voltage circuits (115 volts and below) are very dangerous and can cause death when the
resistance of the body islowered. Fundamentally, current, rather than voltage, is the measure of shock
intensity. The passage of even avery small current through avita part of the human body can cause
DEATH. The voltage necessary to produce the fatal current is dependent upon the resistance of the body,
contact conditions, the path through the body, etc. For example, when a 60-hertz alternating current, is
passed through a human body from hand to hand or from hand to foot, and the current is gradually
increased, it will cause the following effects: At about 1 milliampere (0.001 ampere), the shack can be
felt; at about 10 milliamperes (0.01 ampere), the shock is of sufficient intensity to prevent voluntary
control of the muscles; and at about 100 milliamperes (0.1 ampere) the shock isfata if it lastsfor 1
second or more. The above figures are the results of numerous investigations and are approximate
because individuals differ in their resistance to electrical shock. It is most important to recognize that the
resistance of the human body cannot be relied upon to prevent a fatal shock from 115 volts or less—
FATALITIES FROM VOLTAGES AS LOW AS 30 VOLTS HAVE BEEN RECORDED. Tests have
shown that body resistance under unfavorable conditions may be as low as 300 ohms, and possibly as low
as 100 ohms from temple to temple if the skin is broken.

Conditions aboard ship add to the chance of receiving an electrical shock. Aboard ship the body is
likely to be in contact with the metal structure of the ship and the body resistance may be low because of
perspiration or damp clothing. Extra care and awareness of electrical hazards aboard ship are needed.

Short circuits can be caused by accidentally placing or dropping a metal tool, rule, flashlight case, or
other conducting article across an energized line. The arc and fire which result, even on relatively low-
voltage circuits, may cause extensive damage to equipment and serious injury to personnel.

Since ship service power distribution systems are designed to be ungrounded, many persons believe
it is safe to touch one conductor, since no electrical current would flow. This is not true, since the
distribution system is not totally isolated from the hull of the ship. If one conductor of an ungrounded
electrical system is touched while the body is in contact with the hull of the ship or other metal equipment
enclosure, a fatal electric current may pass through the body. ALL LIVE ELECTRIC CIRCUITS SHALL
BE TREATED AS POTENTIAL HAZARDS AT ALL TIMES.

DANGER SIGNALS

Personnel should constantly be on the alert for any signs which might indicate a malfunction of
electric equipment. Besides the more obvious visual signs, the reaction of other senses, such as hearing,
smell, and touch, should also make you aware of possible electrical malfunctions. Examples of signs
which you must be alert for are: fire, smoke, sparks, arcing, or an unusual sound from an electric motor.
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Frayed and damaged cords or plugs; receptacles, plugs, and cords which feel warm to the touch; slight
shocks felt when handling electrical equipment; unusually hot running electric motors and other electrical
equipment; an odor of burning or overheated insulation; electrical equipment which either failsto operate
or operatesirregularly; and electrical equipment which produces excessive vibrations are also indications
of malfunctions. When any of the above signs are noted, they are to be reported immediately to a
qualified technician. DO NOT DELAY . Do not operate faulty equipment. Above all, do not attempt to
make any repairs yoursalf if you are not qualified to do so. Stand clear of any suspected hazard and
instruct othersto do likewise.

* Warning Signs—They have been placed for your protection. To disregard them is to invite
personal injury as well as possible damage to equipment. Switches and receptacles with a
temporary warning tag, indicating work is being performed, are not to be touched.

* Working Near Electrical Equipment—When work must be performed in the immediate vicinity
of electrical equipment, check with the technician responsible for the maintenance of the
equipment so you can avoid any potential hazards of which you may not be immediately aware.

* Authorized Personnel Only—Because of the danger of fire, damage to equipment, and injury to
personnel, all repair and maintenance work on electrical equipment shall be done only by
authorized persons. Keep your hands off of all equipment which you have not been specifically
authorized to handle. Particularly stay clear of electrical equipment opened for inspection,
testing, or servicing.

* Circuit Breakers and Fuses—Covers for all fuse boxes, junction boxes, switch boxes, and wiring
accessories should be kept closed. Any cover which is not closed or is missing should be
reported to the technician responsible for its maintenance. Failure to do so may result in injury to
personnel or damage to equipment in the event accidental contact is made with exposed live
circuits.

ELECTRICAL FIRES

Carbon dioxide (C@) is used in fighting electrical fires. It is nonconductive and, therefore, the safest
to use in terms of electrical safety. It also offers the least likelihood of damaging equipment. However, if
the discharge horn of a G@xtinguisher is allowed to accidentally touch an energized circuit, the horn
may transmit a shock to the person handling the extinguisher.

The very qualities which cause € be a valuable extinguishing agent also make it dangerous to
life. When it replaces oxygen in the air to the extent that combustion cannot be sustained, respiration also
cannot be sustained. Exposure of a person to an atmosphere of high concentratipwitfo@@se
suffocation.

FIRST AID FOR ELECTRIC SHOCK

A person who has stopped breathing is not necessarily dead, but is in immediate danger. Life is
dependent upon oxygen, which is breathed into the lungs and then carried by the blood to every body cell.
Since body cells cannot store oxygen, and since the blood can hold only a limited amount (and that only
for a short time), death will surely result from continued lack of breathing.

However, the heart may continue to beat for some time after breathing has stopped, and the blood
may still be circulated to the body cells. Since the blood will, for a short time, contain a small supply of
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oxygen, the body cellswill not die immediately. For avery few minutes, there is some chance that the
person’s life may be saved.

The process by which a person who has stopped breathing can be saved is called ARTIFICIAL
VENTILATION (RESPIRATION).

The purpose of artificia ventilation isto force air out of the lungs and into the lungs, in rhythmic
alternation, until natura breathing is reestablished. Artificial ventilation should be given only when
natural breathing has stopped; it should NOT be given to any person who is breathing naturally. Y ou
should not assume that an individual who is unconscious due to eectrical shock has stopped breathing. To
tell if someone suffering from an electrical shock is breathing, place your hands on the person’s sides, at
thelevel of the lowest ribs. If the victim is breathing, you will usually be able to feel the movement.
Remember: DO NOT GIVE ARTIFICIAL VENTILATION TO A PERSON WHO ISBREATHING
NATURALLY.

Records show that seven out of ten victims of e ectric shock were revived when artificial respiration
was started in less than 3 minutes. After 3 minutes, the chances of revival decrease rapidly.

Once it has been determined that breathing has stopped, the person nearest the victim should start the
artificial ventilation without delay and send others for assistance and medical aid. The only logical,
permissible delay is that required to free the victim from contact with the el ectricity in the quickest, safest
way. This step, while it must be taken quickly, must be done with gresat care; otherwise, there may be two
victimsinstead of one. In the case of portable dectric tools, lights, appliances, equipment, or portable
outlet extensions, this should be done by turning off the supply switch or by removing the plug from its
receptacle. If the switch or receptacle cannot be quickly located, the suspected electrical device may be
pulled free of the victim. Other persons arriving on the scene must be clearly warned not to touch the
suspected equipment until it is deenergized. Aid should be enlisted to unplug the device as soon as
possible. The injured person should be pulled free of contact with stationary equipment (such as abus
bar) if the equipment cannot be quickly deenergized, or if considerations of military operation or unit
survival prevent immediate shutdown of the circuits.

This can be done quickly and safely by carefully applying the following procedures:
1. Protect yoursef with dry insulating material.

2. Useadry board, belt, clothing, or other available nonconductive material to free the victim from
electrica contact. DO NOT TOUCH THE VICTIM UNTIL THE SOURCE OF ELECTRICITY
HAS BEEN REMOVED.

Once the victim has been removed from the electrical source, it should be determined, if the person
is breathing. If the person is not breathing, a method of artificial ventilation is used.

Sometimes victims of electrical shock suffer cardiac arrest (heart stoppage) as well as loss of
breathing. Artificial ventilation alone is not enough in cases where the heart has stopped. A technique
known as Cardiopulmonary Resuscitation (CPR) has been developed to provide aid to a person who has
stopped breathing and suffered a cardiac arrest. Because you most likely will be working in the field of
electricity, therisk of electrical shock is higher than most other Navy occupations. Y ou should, at your
earliest opportunity, learn the technique of CPR.

CPRisrelatively easy to learn and is taught in courses available from the American Red Cross, some
Navy Medical Departments, and in the Sandard First Aid Training Course (NAVEDTRA 12081).
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Q59. Isit considered safe for a person to touch any energized low-voltage conductor with the bare
hand?

Q60. What should you do if you become aware of a possible malfunction in a piece of electrical
equipment?

Q61. Who should perform CPR?

SUMMARY

With the completion of this chapter you have gained a basic understanding of dc circuits. The
information you have learned will provide you with afirm foundation for continuing your study of
electricity. Thefollowing is a summary of the important pointsin the chapter.

A BASIC ELECTRIC CIRCUIT consists of a source of electrical energy connected to aload. The
load uses the energy and changesit to a useful form.
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(B) ENERGIZED

A SCHEMATIC DIAGRAM isa"picture" of acircuit, which uses symbols to represent
components. The space required to depict an electrical or electronic circuit is greatly reduced by the use
of aschematic.
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VOLTAGE (E) isthe electrical force or pressure operating in a circuit.

AN AMPERE (A) represents the current flow produced by one volt working across one ohm of
resistance.

RESISTANCE (R) is the opposition to current. It is measured in ohms (€2). One ohm of resistance
will limit the current produced by one volt to alevel of one ampere.

THE OHM’SFORMULA can be transposed to find one of the valuesin acircuit if the other two
values are known. Y ou can transpose the Ohm'’s law formula

E
[=—
E

mathematically, or you can use the Ohm's law figure to determine the mathematical relationship between
R, E, and|.
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GRAPHICAL ANALY SISof the relationship between R, E, and | can be studied by plotting these
quantities on a graph. Such a graph is useful for observing the characteristics of an electrical device.

(Y -AXIS) R=100
I E I
IN AMPERES
2.0
0 0.0
1.5
10 5 0.5
0.5 10 1.0
0.0 5 0 15 20 15 1.5
E IN VOLTS
(X -AXIS) 20 2.0

POWER istherate of doing work per unit of time. The time required to perform a given amount of
work will determine the power expended. Asaformula, P = E x |, where P = power in watts, E = voltage
invoalts, and | = current in amperes.

THE FOUR BASIC ELECTRICAL QUANTITIESare P, I, E, R. Any single unknown quantity
can be expressed in terms of any two of the other known quantities. The formulawheel isasimple
representation of these relationships.
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POWER RATING in wattsindicates the rate at which a device converts electrical energy into
another form of energy. The power rating of aresistor indicates the maximum power the resistor can
withstand without being destroyed.

POWER USED by an electrical device is measured in watt-hours. One watt-hour is equal to one
watt used continuously for one hour.

THE EFFICIENCY of an electrical deviceisequal to the dectrical power converted into useful
energy divided by the electrical power supplied to the device.

FPeower converted

EFF =

Power used

HORSEPOWER isaunit of measurement often used to rate electrical motors. It is a unit of work.
One horsepower is equal to 746 watts.

A SERIES CIRCUIT isdefined asacircuit that has only one path for current flow.

3-114



LAMP

LAMP )

LAMP )

LAMP
o
e

BASIC CIRCUIT SERIES CIRCUIT

RULESFOR SERIESDC CIRCUITS:

* Thesame current flows through each part of a series circuit.
* Thetotal resistance of aseriescircuit is equal to the sum of the individual resistances.
* Thetota voltage across a series circuit is equa to the sum of the individual voltage drops.

* Thevoltage drop across aresistor in aseries circuit is proportional to the ohmic value of the
resistor.

* Thetotal power inaseriescircuit is equal to the sum of theindividua power used by each
circuit component.

KIRCHHOFF'SVOLTAGE LAW states: The algebraic sum of the voltage dropsin any closed
path in acircuit and the electromotive forces in that path is equal to zero, or E, + E,+ E¢ +...E, = 0.
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VOLTAGE POLARITIES must be used when applying Kirchhoff’s voltage law. The point at
which current enters aload (resistor) is considered negative with respect to the point at which current
leaves the load.

SERIES AIDING VOL TAGES cause current to flow in the same direction; thus the voltages are
added.

1l
+ =2

Rz

SERIES AIDING

SERIES OPPOSING

SERIES OPPOSING VOL TAGES tend to force current to flow in opposite directions; thus the
equivalent voltage is the difference between the opposing voltages.

A REFERENCE POINT isachosen point in acircuit to which all other points are compared.
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AN OPEN CIRCUIT isoneinwhich abreak existsin the complete conducting pathway.

A SHORT CIRCUIT isan accidental path of low resistance which passes an abnormally high
amount of current.

INTERNAL RESISTANCE causes adrop in the terminal voltage of a source as current flows
through the source. The decrease in terminal voltage is caused by the voltage drop across the internal
resistance. All sources of electromotive force have some form of internal resistance.
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HIGH EFFICIENCY inacircuit is achieved when the resistance of the load is high with respect to
the resistance of the source.

— ° 1
= Eg =100V = - : . p—
L t L |7 .
Et /?' 0o 20 |o 0
R 1/ 16.7 | 16.7 | 278.9 | 16.7
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R; = INTERNAL RESISTANCE OF SOURGE 10 66:7 6:7 4 46:9 66:7
E¢ = TERMINAL VOLTAGE 200 80 4 220 30
R|_= RESISTANCE OF LOAD 30] 85.7 [ 29 [248.5 | 85.7
P = POWER USED IN LOAD 40| 88.9 [ 2.2 |1956 | 889
I = CURRENT FROM SOURCE 50( 909 | 1.9 |[172.7 | 90.9

% EFF. = PERCENTAGE OF EFFICIENCY
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POWER TRANSFER in acircuit is highest when the resistance of the load equals the resi stance of
the source.

A PARALLEL CIRCUIT isacircuit having more than one current path connected to acommon
voltage source.

T ; Ry Rz én

= Eg 1
PATH 1
'-_b_ﬂ
r
L t ”
PATH 2

RULESFOR PARALLEL DC CIRCUITS:

* The same voltage exists across each branch of aparalé circuit and is equal to the source
voltage.

* The current through abranch of a parallel network isinversely proportional to the amount of
resistance of the branch.

* Thetotal current of aparallel circuit is equal to the sum of the currents of the individua branches
of the circuit.

* Thetotal resistance of aparalle circuit is equal to the reciprocal of the sum of the reciprocals of
the individual resistances of the circuit.

* Thetotal power consumed in aparalel circuit isequal to the sum of the power consumptions of
the individual resistances.

THE SOLUTION OF A COMBINATION CIRCUIT isamatter of applying the laws and rules
for series and parallel circuits as applicable.

3-119



Ry
il
L E
R, < —_— 8
1 T 60V
Y]
g Req 1
12
A
— s
= oy B bR (B)
200 o
’ T sov RE“§
20 o
(R)

(C)

ALL PARALLEL CIRCUITSARE COMBINATION CIRCUITS when the internal resistance

of the source istaken into account.

REDRAWING CIRCUITSFOR CLARITY isaccomplished in the following steps:

1

2
3
4,
5

Trace the current paths in the circuit.

Label the junctionsin the circuit.

Recognize points which are at the same potential .

Visualize rearrangements, "stretching” or "shrinking," of connecting wires.

Redraw the circuit into simpler form (through stages if necessary).
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EQUIPMENT PROTECTION from short-circuit current is accomplished by use of fuses and other

circuit protection devices.

A VOLTAGE DIVIDER isaseries circuit in which desired portions of the source voltage may be
tapped off for use in equipment. Both negative and positive voltage can be provided to the loads by the
proper selection of the reference point (ground).
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& F250V
E 100mA
S LOAD 3
MOV
R +450W
2 50mA
LOAD 2
A P!
R 25V
1 300mA
LOAD 1
. |

ELECTRICAL SAFETY PRECAUTIONS must be observed. A fatal shock can occur from 0.1
ampere of current. Voltages as low as 30 volts have been recorded as causing sufficient current to be fatal.

ALL LIVE ELECTRICAL CIRCUITS shall be treated as potential hazards at all times.

ELECTRONIC OR ELECTRICAL EQUIPMENT discovered to be faulty or unsafe should be
reported immediately to proper authority.

ELECTRICAL OR ELECTRONIC EQUIPMENT should be used and repaired by authorized
personnd only.

A CO, EXTINGUISHER should be used to extinguish electrical fires.

FIRST AID FOR ELECTRICAL SHOCK includesthe following actions:

®* Remove the victim from the source of the shock.
® Check thevictim to see if the person is breathing.

* [f thevictimisnot breathing, give artificial ventilation. The preferred method is
mouth-to-mouth.

* CPR may be necessary if the heartbeat has stopped, but do not attempt this unless you have been
trained initsuse. OBTAIN MEDICAL ASSISTANCE AS SOON AS POSSIBLE.
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Al.

A3.
Ad.
A5.
AG.

AT7.
A8.
AO.
A10.
All.

Al2.
Al3.
Al4.
Al5.
Al6.
Al7.

ANSWERS TO QUESTIONS Q1. THROUGH Q61.
(a) DSL, the flashlight bulb (b) BAT, the dry cell
The path for current isincomplete; or, there is no path for current with SL open.
A schematic diagram.
(a) Current increases (b) Current decreases

(a) Current decreases (b) Current increases

R-Z
[

1.25 amperes.
4 amperes.
Power.

By changing the circuit resistance or the voltage of the power source.

P=ExI, P=E, P=1°xR
E

6 amperes.

A wirewound resistor.

1 kilowatt.

8,952 watt hours or 8.952 kWh.

942 (rounded to 3 places).

(a). 160 ohms
(bl 480 ohms
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A18.

A19.

A20.

A22.

AZ3.
A24.
A25.
A26.
A27.
A28.
A29.
A30.
A3l

Ey =a0volts
E; = 180 volts
E3 = 240volts

Ey = 8B0volts
E; = 240 volts
E3 = 320 volts

The sour ce voltage would have to be increased to 640 volts.

(a) 330 wolts

(h) Eq= 150 volts
Es= 180 volts

() 1.98 kilowatts

(d) Py =900 watts
P»=1.08 kilowatts

The point at which current entersthe resistor is assigned a negative polarity and the point at which
current leaves the resistor is assigned a positive polarity.

2 amperes.

120 valts.

50 volts.

Zero volts.

A circuit where thereis no longer a complete path for current flow.

An accidental path of low resistance which passes an abnormally high amount of current.
Theinternal (source) resistance of the battery will drop some of the voltage.

When the load resistance equals the source resistance.

50 percent.
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A32.

12,25 wratts
_— X

OB percent {
12,5 watts

100 )

A33. 60 volts.

A34. Total current in a series circuit flows through every circuit component but in a parallel circuit total
current divides among the available paths.

A35. Whether the current is entering the junction (+) or leaving the junction (-).

A36.
E
25 ohms (R, =ﬁ:l
A37.
1
BkEAR,, = ) (use powers
T, T oftens)
ki Rz Ej
A38.
Ey®E
7.5k(Y (R, =ﬁj
1t Eg

A39. Equivalent resistor or R
A40. In both cases all the power used in the circuit must come from the source.
A4l

RT=12£-2 Ei=i+i+i:|
Ry Ry E; Ry

Eg =120V (E; =Egg = /Pp3 *Rg)
E

Iga =da (Ips =R—Z)

Ad2. Pr=60W, Erp=10V.
Ad43. 4.

Ad4. 250.
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A4S,

A46.

A47.

A48.
A49.
AS0.
A5L.
A52.
A53.

A54.

A55.
AS6.

A57.
AS8.

A59.
AGO.
AGL.

Because of the 2-volt drop across the internal resistance, only 48 voltsis available for the rest of
the circuit.

(a) Total resistance increases, total current decreases (b) Total resistance becomes infinite, total
current isequal to zero

(a) Total resistance decreases, total current increases (b) Total resistance decreases, total current
increases

None.

The source voltage and load requirements (voltage and current).
45 mA rule-of-thumb.

2 k.

495 mA.

R; isthe bleeder resistor. Bleeder current must be known before any of the remaining divider
resistor ohmic values can be computed.

(a) By adding the bleeder current (Ir,) and the current through load 1(b) By subtracting the voltage
of load 1 from the voltage of load 2.

1.35 watts.

The series-parallel network drops the remaining source voltage and is used to take the place of a
singleresistor (75 ohms) when the required ohmic value is not availablein a single resistor.

R; = 2 watts;, Rs = 6 watts.

The ground (reference point) is placed in the proper point in the voltage divider so that positive
and negative voltages are supplied.

NEVER! All energized electric circuits should be considered potentially dangerous.
You should immediately report this condition to a qualified technician.

Only trained, qualified personnel.
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