hapter 5

COMPLEX AC CIRCUITS

= w Capacitors
w [nductors
w Transformers

h :BJECTIVEg

Given various electronic devices, symbols, and diagrams, you will
be able to accomplish the following objectives:

¥ Identify basic capacitive and inductive circuit
operations.

\ 4 Calculate circuit values for series, parallel, and series-
parallel capacitive and inductive circuits.

v Identify basic transformer circuit operations.
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Capacitors

Every electronic circuit, no matter how complex, is composed of three
basic electrical properties: resistance, capacitance, and inductance.
Resistors, as you know, oppose current. Inductors and capacitors
possess properties that oppose changes in circuit conditions. They
exhibit a characteristic called reactance; therefore, inductors and
capacitors are called reactive components. The primary difference
between resistors and reactive components is that resistors change
electrical energy into heat energy. This causes vital energy to be lost. A
reactive component, on the other hand, stores energy and returns it back
into the circuit.

Variable
Capacitor

Figure 5-1

Definition

¥ A capacitor is a device that opposes any change in circuit voltage.
Capacitors are used to store an electrical charge; block DC; as a
coupling device to pass AC; as a filter to pass or reject specific
frequencies; and as a wave-shaping device.

¥ The symbol for a capacitor is C. The unit of measure is the farad and
it is abbreviated F.
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Construction

w Capacitors are constructed of two plates with leads (both are
conductive surfaces), which are separated by a dielectric material that
serves as an insulator between the plates. The dielectric is a non-
conductive substance that may be a solid, liquid or gas.

Schematic Symbols

L L _if
N /\7\

A B C D
Figure 5-2

¥ Symbols of fixed capacitors may appear in one of two ways: two
parallel lines drawn with leads connected to them, as shown in Figure
5-2A, or a with a slight curve in of the two plates (Figure 5-2B).
Figure 5-2C is depicts an electrolytic capacitor. This means polarity
must be observed during installation. Figure 5-2D illustrates the
symbol for a variable capacitor.
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Capacitance

v Capacitance is the measure of a capacitor’s ability to store electrical
energy, in the form of an electrostatic field between the plates. The
capacitance of a capacitor is determined by four factors:

Capacitance Explanation
Factor -
t Area of the The area of the plates determines the ability of a
| Plates Capacitor to hold electrons. The larger the plate
area, the greater the capacity (thus, capacitance).
Distance The distance between the plates of a capacitor
i between the determines how much effect the electrons may
 plates have upon each other. This is because electrons
are surrounded by a charge (field) that can react
with other nearby electrons. Capacitance
increases when the plates are moved closer
together.
Type of _ | The dielectric material and its thickness has an
dielectric inverse effect on the capacitance of a capacitor.
material The thinner the dielectric, the closer the plates
! are, thereby increasing capacitance.

Temperature Temperature only applies to some applications,
such as oscillators, and is not considered in many
general applications.

Figure 5-3
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Current and Voltage Phase Relationship (ICE)

AC @ 8 E
VOLTAGE . ~C
SOURCE A

Ea .

Figure 5-4

Capacitive Reactance

¥ Capacitive reactance is the opposition of a capacitor to a change in
voltage in an AC circuit.

Symbol

¥ The symbol is Xc and the unit of measure is the ohm (Q).

Formula

¥ The formula used to express capacitive reactance is as follows:

Xc = 1
2=fC
Where f = frequency, expressed in hertz

C = capacitance, expressed in farads
Xc = capacitive reactance, expressed in ohms since it

is in opposition to current flow.
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Series Capacitor Calculations

Total Capacitance

v When capacitors are connected in series, the distance between the
plates is affected. Therefore, the calculations normally used to solve
resistance in parallel are used to find total capacitance in a series
circuit. Connecting capacitors in series reduces total capacitance in

the circuit.

C1 =12ufd

@ —— C2=6ufd

C3 = 4ufd
Figure 5-5
Reciprocal
Formula:
Cr- 1

1 4L 1 Reciprocals
Ci+Cz2+Cs

CT = .I_
1 1 1 Plug in values
12uF + 6uF + 4uF

Cr- 1
I 2 3 Find LCD and Convert
12uF + 12uF + 12uF

Cr- 1
6 Combine
12uF

Cr = 12uF Invert

6
Cr = 2uF Answer
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Activity 1

Use the reciprocal method to solve for the value of Crin Figure 5-6.

Ci= 8uF
[
i
@ == eE fup
Il
[
C3= 8uF
Figure 5-6
CT =
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Product Over Sum

C1 = 10ptd
@ == C2=12ufd
Figure 5-7
Formula:
Cr=Ci1xC2 Product
C: +C2 Sum
Cr= 10uF x 12uF
10uF x 12uF
Cr= 120x 10?2
22 x 106
Cr=5.45x 10%
Cr= 5.45uF
Basic Electricity Handbook 5-8

(Version 2 - 2/26/02)

Complex AC Circuits



Activity 2

Use the Product-Over-Sum method to solve for Cris Figure 5-8.

ct =20uF
|

|
H

L~ c2 = 30uF

Basic Electricity Handbook
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Like Value Over Number

C1 =12ufd
H
— C2 = 12ufd
1
H
C3 = 12ufd
Figure 5-9
Formula:
Cr- C Capacitor Value
N Number of Capacitors
Cr= 12uF
3
Cr = 4uF
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Activity 3

Use the Like Value Over Number method to solve for Cr in Figure 5-10.

20uF
C1
|
|
20pF
& L.
|l
I
C3= 20uF
Figure 5-10
Cr=
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Capacitive Reactance

C1=12ufd
IL
]
—— C2=8uid
500HZ
V=100V
Bl
1
Ca = dutd
Figure 5-11
Formula:
XC = 1
27fC
Xc1 = 26.50
Xc2 = 5302
Xe3 = 79.50

Once all capacitance has been converted to ohms, follow the
rules for solving series resistive circuits. Xcr = Xc1 + Xc2 + etc.

Xcr =Xc1 + Xcz2 + X3
Xcr=26.50Q + 53Q + 79.50 = 1591

Xcr= 1590

Basic Electricity Handbook 5-12
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Activity 4

Use the Capacitance Reactance formula and solve for Xcr in Figure 5-12.

c1=.1uF
|
I
800 Hz _J
30V =z G2= 3)F
Figure 5-12
Xer =
Current
Use Ohms Law to solve for It.
It- Vr
Xer
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Activity 5

Use the figure below to calculate for all circuit values.

C1 = 90pfd
||
i
f\} 100V .
C2 =
265kHz 2= Xpld
|
|
C3 = 90pfd
Figure 5-13
Cr= Xer =
Xci = Iy =
Xege=__ Yeai=
Xcs = Vea =
Ves =
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Parallel Caiculations

Total Capacitance

When capacitors are connected in parallel the plate area is affected.

C1 c2 Cc3 Cc4
&
12ufd Bufd 4ufd| 18utd
Figure 5-14

Formula:

Cr=C1+C2+C3

(Compare to solving for total resistance in series)

Activity 6

Solve for Cr in Figure 5-14.

Cr=

Basic Electricity Handbook 5-15
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Capacitive Reactance

c2 |
A EE] I
(o pa] “Tpta
159MHz 3
6pfd
Figure 5-15

Activity 7

Use the Capacitance Reactance formula and solve for Xcr in Figure 5-15.

Xcr formula is the same for parallel circuits as in series
circuits.

Once all capacitance has been converted to ohms, follow
Jormulas for parallel circuits. (Reciprocal, Product over Sum,
Value over Number) Xcr will be smaller than the smallest

ohmic value.

Xc‘r=
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Current

Use Ohm’s Law to solve for branch currents.

IC = _Y
Xc It =Ic; + Ic2 + ete.

Voltage

Voltage is constant in parallel.
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Activity 8

Use the figure below to calculate all circuit values.

-
C1 C2
15ufd |  10ufd
Eg= 21V
30 Hz
Figure 5-16

Cr= Ir=

Xer=_____ Vor =

P, (o Lo N Vez =

Xcr =
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Series-Parallel

Cl__ <%
171
20ufd 10ufd
200V C3 Cc4
5}1-13-— 5PE“—
40HZ
t N
Figure 5-17

Total Capacitance

Follow the series-parallel steps outlined in Unit 2. Combine the steps for
solving series capacitance and parallel capacitance as outlined earlier in
this Unit. Once capacitance has been converted to ohms, the normal
series and parallel calculations apply.

Capacitive Reactance
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Current

Voltage

Activity 9

Use Figure 5-17 to solve for Cr, Xer, and Ir.

Cr= Xer = It =

Basic Electricity Handbook 5-20
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Activity 10

Use the figure below to calculate all circuit values.

C1
1 R
20ufd
C3
Cc2 "
L) 100V ] 20ufd Al
i0pfd 3.33ufd
500Hz Caj =H
10pfd |
< S J—
Figure 5-18
Cr= Ir=
Xei=___ Yoim, oo
Xes= . Veo =
P 4o £ I Vesz =
Xca = Ves =
Xes=_____ Ves =
Xcr =
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Inductors

Audio Frequency Inductors

Figure 5-19

Definition

¥ An inductor is a component that stores energy in the form of an
electromagnetic field. Other names for inductors are coil and choke.

Caonstruction

¥ Usually all inductors are made by winding a conductor around a core.
The conductor is usually a solid copper wire coated with enamel
insulation. The core can be constructed of magnetic material or
insulating material. When an inductor is wound around an insulating
core, the core is used as support. If heavy gauge wire is used, a core
is not used. This type of inductor is said to have an air core.
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Schematic Symbols

3
4

¥ A - Laminated iron, B - Powered iron, C - Air core

SescaBRBentEREaINE)

B C

7

F

¢ D, E, and F represent variable (adjustable) forms of these coils.

¥ The symbol for the Inductor is L and the unit of measure is the Henry
(H).

Inductance

¥ Inductance is the property of a coil that opposes a change in circuit
current.
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Current and Voltage Phase Relationship (ELI)

w Voltage leads current by 90°

Ea It
F
@ o s\ 1 e t
; N2

Figure 5-20

Inductive Reactance

¥ Inductive reactance is the opposition offered by a coil to AC.

¥ The symbol for inductive reactance is Xt

¥ Formula:

XL:2ﬂfl
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Series Inductor Calculations

Total Inductance

L1
4H
60Hz
100V 6H
L2
Figure 5-21
v Formula:
Lr=L; +Lz + L3
Inductive Reactance
¥ Formula:
XL = 271
Activity 11
Solve for Lt and Xyt in Figure 5-21
Lt = Xir =
Basic Electricity Handbook 5-25
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Current

Ir- Vp 100V = 26mA
Xir  3.76kQ

Voltage

Convert the Inductance (Henrys) to Inductive Reactance
(Ohms) then solve for voltage.

Basic Electricity Handbook 5-26
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Use the figure below to calculate for all circuit values.

Activity 12

@ 15.95kHz

1S
e VYT Ncmmmmnnnni;
ImH

6mH
T
Figure 5-23
Lr= Ir=
X1 = Vi =
Xio = Viz =
Xir =

Basic Electricity Handbook
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Parallel Inductor Calculations

Total Inductance

Total Inductance is found using the same formulas as parallel resistive
circuits.

Reciprocal Method

L1 L2 L3
N\ 27H 27THY  27H

Figure 5-22

Follow the same rules for parallel resistive circuits.

Activity 13

Use the Reciprocal method to solve for Ly in Figure 5-23.

Lr=_
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Product Over Sum

L1 L2

% 30mH émH

Figure 5-23

v Formula:

Lt = L; x L2
L; + L2

Activity 14

Use the Product Over Sum method to solve for LT in Figure 5-24.

Basic Electricity Handbook 5-29 Complex AC Circuits
(Version 2 - 2/26/02)



Like Value Over The Number

L L2 L3
27H 27H 27H
Figure 5-24
Lr= 27H
3
Lr =9H
Inductive Reactance
VT =50V
L1 L2 L3
12H 6H 4H
318.472Hz
Figure 5-25
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Activity 15

Use Figure 5-26 to solve for Lt and Xir.

Lt = Xir =

Current

Ir=12mA

Voltage

Voltage is constant in parallel
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Activity 16

Use the figure below to calculate for all values.

660V

L1 L2 L3
12H 20 30H
SkHz

Figure 5-26
Lr=__ Xir=
X1 = Ir=
Xig= . Vi =
Xz = Vi =

Vis =
Basic Electricity Handbook 5-32 Complex AC Circuits

(Version 2 - 2/26/02)



Series-Parallel Inductor Calculations

L1
6mH
L2 L3
15mH 10mH
1kV
EkHz
Figure 5-27

Total Inductance

Follow the series-parallel steps outlined in Unit 2. Combine the steps for
solving series inductance and parallel inductance as outlined earlier in

this Unit.

Inductive Reactance

Calculate each Inductor’s reactance, then apply normal series and
parallel circuit calculations.

Current

Use Ohm’s Law

Ir= Vr
XLT

Basic Electricity Handbook 5-33 Complex AC Circuitys
(Version 2 — 2/26/02)



Voltage

Calculate voltage across the Inductor in the series part of the circuit.
Voltage across the parallel branches can then be calculated.

Activity 17

Solve for Lr in Figure 5-28.
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Activity 18

Use the figure below to calculate for all circuit values.

30mH 15mH

Figure 5-28
Lr=__ Xir=____
Xii=__ I =
Xip=___ Vi =
X3 = Vi =
Vis=_
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Transformer Operating Principles

Figure 5-29
Definition

¥ A Transformer is a device consisting of two coils linked together by
magnetic flux. There are no direct electrical connections between the
two coils. This device can be used to “step up” or “step down” AC
voltages in a circuit.
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Construction

v

"

The primary winding is designed to receive power for a power source.
Once the power is received, the primary winding converts electrical
energy into magnetic energy. This magnetic energy is passed to the
secondary winding.

The secondary winding converts the magnetic energy back into
electrical energy. The secondary winding is usually connected to a
load, therefore becoming the source for the load.

A multiple secondary is used when multiple outputs are required.

The number of windings in each of the secondaries will determine how
much of the signal applied to the primary is induced into each of the
secondaries.

Center taps are generally applied to the secondary winding. A center
tap splits the voltage applied to the secondary into equal voltages that
are of opposite polarity.
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Schematic Symbols

= I e

PRIMARY SECONDARY

i

S i
7~

a. Basic Transformer b. Multiple Secondary c. Multiple Taps
d. Center Tap f. Phase
Same Opposite
Polarity Polarity
Figure 5-30

Labeling In Circuits

¥ Transformers are labeled T1, T2, etc.
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Transformer Circuit Operation

Mutual Induction

¥ Mutual induction is defined as the action of inducing a voltage in one
circuit by varying the current in some other circuit.

v When a secondary coil is placed within the range of the expanding
and collapsing field of the primary, the magnetic field of the primary
cuts across the secondary, inducing a voltage and transferring encigy
by magnetic linkage.

Flux Linkage

+ Flux linkage is the interlocking of magnetic lines of force.

Turns Ratio

¥ Turns ratio is a comparison of the number of winding in the primary
to the number of turns in the secondary.
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Step Up Transformer

¥ The secondary windings exceed the number of primary windings.

Step Down Transformer

¥ The primary windings exceed the number of secondary windings.

Phase Dots

¥ Phase dots are used to indicate the phase relationship between the
primary and secondary voltages.

Power Transfer

¥ To achieve the maximum power transfer for the power source to the
load, the impedance of the load should be equal to or match the
impedance of the source.

¥ A 1:1 ratio transformer will have the same impedance in the
secondary as the primary. If the turns ratio is anything other than a
1:1 ratio the impedance ratio of the primary and secondary will be
equal to the turns ratio squared:

2
NP | ZP NP /ZP
NS| ZS or NS WV ZS

Where:

NP=Number of Primary Turns; NS=Number of Secondary Turns;
ZP=Primary Impedance; ZS=Secondary Impedance

Basic Electricity Handbook 540 Complex AC Circuits
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Activity 19

Draw the correct output waveform for each transformer with the input
waveforms shown below.

a. @ b. @ ®
> — -
v v g
P o ® i P gl
c d.
:_-7 " - o
Figure 5-31
a b.
c d.
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Activity 20

Identify the turns ratio for each transformer shown below. Also, label the
transformers as either a step-up or step-down transformer.

6 Turns 3 Turns 4 Turns 6 Turns
a b-
8 Turns 4 Turns 4 Turns 2 Turns
c d.
Figure 5-32
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' The purpose of this chapter is to provide a general understanding of the |
‘ subject areas addressed. For more information on the topics covered in

| this unit, refer to the reference books and other study materials listed in

' the Study Guide for the Basic Electricity Test.
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SUMMARY

1. A capacitor is a device that opposes any change in circuit voltage.
Capacitance is the measure of a capacitor’s ability to store electrical
energy in the form of an electrostatic field between the plates. The
unit of measure is the farad and the symbol is C.

2. The three main factors affecting the capacitance of a capacitor are
the area of the plates; the distance between the plates; and the type
of dielectric material used.

3. Capacitive Reactance is the opposition of a capacitor to a change in
voltage in an AC circuit. The symbol is X¢ and the unit of measure is
the ohm.

4. Current leads voltage through a capacitor by 90°.

5. Aninductor is a component that stores energy in the form of an
electromagnetic field. Other names for inductors are coil and choke.
Inductance is the property of a coil that opposes a change in circuit
current. The unit of measure for an inductor is the Henry and the
symbol is L.

6. Inductive reactance is the opposition offered by a coil to AC. The
symbol is X, and the unit of measure is the ohm.

7. Voltage leads current through an inductor by 90-.

8. A transformer is a device consisting of two coils that can change
voltages. The windings are linked together by magnetic flux. There
is no electrical connection. Voltages can be either stepped up or
stepped down.
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Chapter 5 RO

Answer the follounng questions:

1. What is inductance?

2. What are three names given to devices which have inductance?

3. Draw the schematic diagram for an inductor.

4. What is the symbol and unit of measure for inductance?

5. What is the phase relationship between current and voltage in an
inductive circuit?

6. What is the term used to describe the opposition to AC offered by an
inductor?
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7. Solve for the unknown values in the following circuit.

1.593kH2

Figure 5-33
Lr=__ Xo=___ Ir=_ Viz
XL = XLt = Vi1 =
3oV
| L2 L3
12mH 20m 30mH
79.62H2

Figure 5-34

8. Solve for the unknown values in Figure 5-34.

Lr=__ RET P i Iz =
Xui=___ Ir=
Xia=_ I =
X3 = Iz =
Basic Electricity Handbook 5-46 Complex AC Circuits
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Solve for the following circuit values.

L1
ImH
L2 L3
10V S5SmH SmH
6kHz L
Figure 5-35
XLr = Viz = It =

10. What is capacitance?

11.

12,

What is the symbol and unit of measure for capacitive reactance?

What is the relationship of current and voltage in a capacitive
circuit?
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13. Solve for the circuit values listed below.

C1 = 90pfd

<&

|
=

I
I

C2 = S0pf
265Hz 2 = S0ptd
1
1
C3 = 90pfd
Figure 5-36
Xea =
Xer =
14. Solve for the circuit values listed below.
C1 C2
15ufd 10ufd
Eg= 21V : .
30 Hz
Figure 5-37
Xer =
Ir=
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ti

Basic Electricity Handbook
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15. Place the correct identification by each of the following transformers.

100v 25v SOv 150v
M c.
Figure 5-38
C.
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Chapter 5-Activity IR

Activity 1

Cr = 2uF
Activity 2
Cr= 12uF
Activity 3
6.66uF
Activity 4

Cr = .075uF
Xer = 2.653k0Q
Itr=11.3mA
Activity 5
Cr= 30pF
Xc1= 6.67kQ
Xc2= 6.67kQ
Xc3= 6.67kQ
Xer= 20kQ
It= 5mA
Vci= 33.35V
Vea = 33.35V
Ves = 33.35V
Activity 6

Cr = 40uF
Activity 7

Xer=222.580

Basic Electricity Handbook 5-50
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Activity 8

Cr= 25uF

Xc1= 353.85Q Ir=.1A

Xc2= 530.780Q Vci= 21V

Xer=212.31Q Veo= 21V

Activity 9

Cr= 4uF Xer= 995.2Q It = 200mA

Activity 10

Cr= 10uF, Xc1 = 15.92Q, Xcz2 = 31.85Q, Xc3 = 15.92Q, Xca = 31.850Q, Xcs
= 05.53Q, Xcr = 31.88Q, It = 3.14A, Vc1 = 49.8V, Ve = 50V, Vez = 15.9V,
Vca = 31.84V, Vs = S0V

Activity 11

Lt= 10H Xir = 3.77kQ2

Activity 12

Lt =9mH, X, = 300.5Q, X2 = 601Q, VL1 = 7V, Vi2 = 14V

Activity 13

Lt = 9H

Activity 14
Lt = SmH

Activity 15
Lt = 2H, Xir = 4kQ

Activity 16

Lt = 6H, Xv1 = 376.8kQ, X12 = 628kQ, X13 = 942kQ, X.r = 188.4kQ, It =
3.5mA, Vi1 = 660V, V12 = 660V, VL3=660V.

Activity 17

Lr = 12mH
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Activity 18

Lt =22mH, X1 = 753.6Q), X2 = 18840, X3 = 942Q, X r = 1381.6Q, It =
7.23mA, Vi1 = 5.45, V1o = 4.55V, Vi3 = 4.55V

Activity 20

a. 2:1 step down, b. 2:3 step up, c. 2:1 step down, d.2:1 step down

Basic Electricity Handbook 5-52 Complex AC Circuits
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Chapter 5-Self Test-[RTRITNEaY

1. The ability of a coil to oppose a change in current.

2. Coil, choke, inductor.

3. LYY YL

4. The symbol for inductance is L and the unit of measure is the
Henry.

. Voltage leads current by 90°

(@)

6. Inductive reactance.

7. Lr=10mH, Xi2 = 60Q, It =14, Vi2-60V
XL1 = 40Q, Xt = 100Q, Vi1 = 40V

8. Lt=6mH, Xt = 3Q, I13 = 2A
Xp1 =6Q, It = 10A, X2 = 10Q, IL1 = 5A, X3 = 15Q, 112 = 3A

9. Xir = 207.24Q, Vi3 = 4.38V, It = 48mA

10. The ability of a capacitor to oppose a change in voltage.
11. Xc and the unit of measure 1s the ohm

12. Current leads voltage by 90°

13. Xc3 = 6.67kQ, Xcr = 20kQ

14. Xer=212.31Q, It= .098A or . 1A

15. a. 1:3 step up, b. 4:1 step down, c¢.1:3 step up
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