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PREFACE

The texts of the entire Basic Electricity and Basic Electronics
courses, as currently taught at Navy specialty schools, have now been
released by the Navy for civilian use. This educational program
has been an unqualified success. Since April, 1953, when it was first
installed, over 25,000 Navy trainees have benefited by this instruc-
tion and the results have been outstanding.

The unique simplification of an ordinarily complex subject, the
exceptional clarity of illustrations and text, and the plan of pre-
senting one basic concept at a time, without involving complicated
mathematics, all combine in making this course a better and quicker
way to teach and learn basic electricity and electronics. The Basic
Electronics portion of this course will be available as a separate
series of volumes.

In releasing this material to the general public, the Navy hopes to
provide the means for creating a nation-wide pool of pre-trained
technicians, upon whom the Armed Forces could call in time of
national emergency, without the need for precious weeks and months
of schooling.

Perhaps of greater importance is the Navy's hope that through
the release of this course, a direct contribution will be made toward
increasing the technical knowledge of men and women throughout
the country, as a step in making and keeping America strong.

Van Valkenburgh, Nooger and Neville, Inc.

New York, N. Y.
October, 1954
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'IMPEDANCE IN AC SERIES CIRCUITS

AC Series Circuit Combinations

SERIES CIRCUIT R
N COMBINATIONS
R Rand L 5
Series Circuit O o
&\\t&o I.
Py
Various combinations of R, L and C R
may be used to form AC serles cir- RandC e
cuits. If two factors are negligible, Series Circuit q;ioxoe
the circuit may consist of only R, eq}\oo“ c
only L or only C. However if only ,QW o oW é‘\b\’ T
one factor is negligible, as is the e ¥
case in many AC series circuits, it <At ~
may consist of Rand L, R and C, or
L and C. If no factors are negligible
the circuit consist R, L andC,.»
and all three factors will affect the
current flow.
LandC

You have found out how R, L andC-
individually affect AC current flow,

phase angle and power in AC circults
containing only one of these factors.

Now you will find out how the various
combinationsof R, L and C affect AC

series circuits consisting of any two,

or of all three, of these factors.

Every electric circuit contains a
certain amount of resistance (R), in-
ductance (L) and capacitance (C). In-
ductance and capacitance cause in-
ductive and capacitive reactance (X,
and X¢), which oppose the flow of AC
current in a circuit, so that AC cir-
cuits containthree factors whichop-
pose current flow: R, Xj, and XcC.
For a given circuit any of these fac-
tors may be so negligible that it can
be disregarded.

4-1
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IMPEDANCE IN AC SERIES CIRCUITS
R and L Series Circuit Impedance

When resistance and inductance are connected in series, the total opposi-
ﬁﬁ_ fg Tiot” found by adding these two values directly"lnductive reactance
causes current to lag the voltage by 90 degrees, while for pure resistance
the voltage and current are in phase. Thus the effect of inductive react-
ance as opposed to the effect gf resistance is shown by drawing the two
values at right arigles {0 gne another. —

For example, suppose your series circuit consists of 200 ohms of resist-
ance in series with 200 ohms of inductive reactance at the frequency of the
AC voltage source. The total opposition to current flow is not 400 ohms;
it is approximately 283 ohms. This value of total opposition, called "im-
pedance,’ is obtained by a mgthod called "vegtor addition." A vector is a

Wn arrow at one end d"‘icting direction, the length of the
Iine depicting magnitude =~ e ———

To add 200 ohms of resistance and 200 ohms of inductive reactance, a hor-
izontal line is drawn to represent the 200 ohms of resistance. The end of
this line, which is to the left, is the reference point, and the right end of
the line is marked with an arrow to indicate its direction. To represent
the inductive reactance, a vertical line is drawn upward from the reference
point. Since Xy, and R are each 200 ohms, the horizontal and vertical lines
are equal in length. These lines are called "vectors."

In a series circuit the resistance vector is usually drawn horizontally
and used as a reference for other vectors in the same diagram.

A line drawn
vertically
represents
inductive
reactance XL

SwIyo 002

‘

A line drawn horizontally

200 ohms
represents resistance

Referenceupo'mt -

R

A parallelogram is completed as shown. The diagonal of this parallelo-

gram represents the impedance Z, the total opposition to current flow of

the R and L combination. Using the same scale of measure, this value is
found to be 283 ohms at a phase angle of 45 degrees.

~ COMBINING VECTORS R AND X{, TO FIND THE IMPEDANCE




IMPEDANCE IN AC SERIES CIRCUITS

R and L Series Circuit Impedance (continued)

If the resistance and inductance values of a series circuit containing R
and L are known, the impedance can be found by means of vectors. First,
the inductive reactance Xi, is.computed by using the formula X1, = 27T{L
to_obtain the valué of X, in ohms. Then the vectors representing R ahd
X1, are drawn to scale on graph paper. A common reference point is used
with the resistance vector R drawn horizontally to the right, and the in-
ductive reactance vector X, drawn upward, perpendicular to the re-
sistance vector.

, 7 0 ' ’ /) Y O ’ 0 0 J (] /]
IR Tt ] iy
o Ft T FHT 3 NSNS IEENAEESEE .
THirorrmTita T BL Draw the vector Xi, ::j
8 H t vertically from the 11~
L, I ‘ o common re .
TDraw the vector R point ference -+

horizontally to the 1
(1 right from the com-
mon reference point.
11
11

:
T

-

: SR VR

Next the parallelogram is completed, using dotted lines, and the diagonal

is drawn between the reference point and the intersection of the dotted

gnes. The length of the diagonal represents the value of the impedance
in ochms.

omoInIng R ana / qd the IMPEUE

raw intersecting lines paral-
1 lel to R and Xj, to complete
- the parallelogram.

A
bbb
it
Y
IE
4.
1

L
e

T
Tal
&R
444t
s e
14

T LT lelogram between the inter-

Phase angle {1 section of the dotted lines and
of the circuit +}- the reference point.

En SN SR 13[‘..C

Hy+HH Measure the length of Z on the

|9 | INSEEmEnanE | [Cdlsame scale used for R and Xj,

- 5 to find the value of Z in ohms.

4=
+—=+++1
ol e
o

; ;\&J Draw the diagonal of the paral-

Pa
N\ '
'—r-f—‘—*—‘-r—kh—r— -+t
L 5
4 +
+
4
4
-L-b

A 0 20 e
The value -+
HT otz A
In addition to showing the value of the circuit impedance, the vector solu-
tion also shows the phase angle between the circuit current and voltage.
The angle-between.the impedance vector Z and.the resistance vector R is
the "'phase angle" of the circuit in degrees. This is the angle between the
circuit voltage and current, and represents a current lag of 39 degrees.

4-3 NS g L




IMPEDANCE IN AC CIRCUITS

R and L Series Circuit Impedance (continued)

A protractor is an angle-measuring device utilizing a semi-circular double
scale marked off in degrees.

To measure the phase angle of a vector relative to a reference line, the
horizontal edge of the protractor is lined up with the horizontal reference
vector and the protractor vertical line is lined up with the vertical vector.
The degree point at which the diagonal vector intersects the semi-circular
scale is the phase angle of the diagonal vector. The angle is read between
zero and 90 degrees, because the phase angle will never be less than zero
or greater than 90 degrees.

90°

Vertical
Vector

Protractor
Base Edge

Horizontal Vector U/

USING A PROTRACTOR TO MEASURE
PHASE ANGLE




IMPEDANCE IN AC SERIES CIRCUITS

R and L Series Circuit Impedance (continued)

Ohm's law for AC circuits may also be used to find the impedance Z for a
_series circuit. In applying Ohm's law to an AC circuit, Z is substituted for,
R in the formula. Thus the impedance Z is equal to the circuit voltage E
“divided by the circuit current I. For example, if the circuit voltage is 117

volts,and the current is 0.5 ampere, the impedance Z is 234 ohms.

TTFATHIR AC CIRCUITS] ¢° /¢

O_.

= — in AC circuits
AC ‘ |

voltage

source UF";V | -I_IZ B
( =g = 234 o=

If the impedance of a circuit is found by applying Ohm's law for AC, and
the value of Ris known and XJ,is unknown, the phase angle and the value of
X1, may be determined graphically by using vectors. If the resistance in
the circuit above is known to be 200 ohms, the vector solutionis as follows:

1. Since the resistance is known to be
200 ohms, the resistance vector is
drawn horizontally from the reference EENUREROE
point. At the endof the resistance vec-
tor, a dotted line is drawn perpendicu-
lar to the resistance vector.

2. Using a straight edge marked to indicate
the length of the impedance vector Z,

find the point on the perpendicular dot- T InEy *n
ted line which is exactly the length of 934 LD

the impedance vector from the refer- il H

ence point. Draw the impedance vector A 1 Phase
between that point and the zero position. . S angle
The angle between the two vectors Z ) s
and R is the circuit phase angle, and the ! (lag) J
length of the dotted line between the } i,i i ‘[ ‘I L]
ends of the two vectors represents Xp,. - — e |

3. Complete the parallelogram by draw-
ing a horizontal dotted line between

the end of the vector Z and a vertical  |Foado—tdidaitdiias H
line drawn up from the reference point. 1 i Tt
Xj, is this vertical line, and its length - H+
can be read by using the same scale. LImE! 5 Phase
In the example shown, X, = 122n, M T angle
4. Measure the phase angle with a protractor. \ 1 T1
A & L 8 L
5. Divide R/Z = Power Factor = 200/234 :

= .85 or 85%. 4-B




IMPEDANCE IN AC SERIES CIRCUITS

R and L Series Circuit Impedance (continued)

If the impedance and inductance are known, but the resistance is not
known, both the phase angle and resistance may be found by using vectors.
For example, the impedance is found to be 300 ohms by measuring the
current and voltage and applying Ohm's law for AC. I« the circuit induct-
ance is 0.5 henry, the vector solution is as follows:

1. First the inductive reactance [

is computed by using the for-
mula X3, = 277fL. If the fre-
quency is 60 cycles, then XJ,

is 188 ohms (X1, =6.28 x 60 XL
x 0.5 = 1880n.). Draw the vec-

tor X, vertically fromthe ref-
erence point. At the end of

this vector, draw a horizontal
dotted line perpendicular to P
the vector Xj ..

188

2. Using a straight edge marked «— Length of vector R
to indicate the length of the
impedance vector,' find the
point on the horizontal dotted
line whichis exactly the length
of the impedance from the ref-
erence point. Draw the im-
pedance vector Z between that
point and the reference point.
The distance between the ends
of the vectors Xy, and Z rep-
resents the lengt’ﬂ of the re-
sistance vector R.

3. Draw the vector R horizontally
from the zero position and
complete the parallelogram.
The angle between R and Z is
the phase angle of the circuit
in degrees, and the length of
the vector R represents the
resistance in ohms. XL

188

4. Measure the phase angle with

a protractor. Circuit

phase
angle

R=234n

5. Compute the power factor.
P.F. = R/2Z ‘

4-6




IMPEDANCE IN AC SERIES CIRCUITS

R and L Series Circuit Impedance (continued)

You have already learned how to calculate (by Ohm's Law) the impedance
of a series circuit which is composed of a coil and a resistor, and which
is connected to an AC voltage source. You will now learn how to calculate
the impedance of such a circuit without the use of Ohm's Law, and without
making measurements.

Assume, for this problem, that the inductive reactance X, is 4 ohms and
that the resistance is 3 ohms. The formula for finding the impedance in
the circuit described is as follows:

R
7 =\ RZ + X 2

Because you may not be familiar with the square root" sign (V" ), and the
"gquare' signs which are in position at the top right of the symbols for
resistance and inductive reactance, these symbols or signs are ex-
plained below.

A simple way of showing mathematically that a number is to be multiplied
once by itself, or "'squared, " is to place a numeral 2 at the upper right of
the number in question. So that

32=-3x3o0r9
522 5x5o0r 25
42 = 4x4o0r 16
and 122 = 12 x 12 or 144, etc.

Z=\‘R2+XL2

4-17




IMPEDANCE IN AC SERIES CIRCUITS

R and L Series Circuit Impedance (continued)

The square root sign, ory" , indicates that you are to break down the
enclosed figure to find a number which, when multiplied by itself, results
in the original enclosed figure. Consider the problem of finding the square
root of 144, shown mathematically, v144. What number multiplied by it-
self results in 144? The answer, of course, is 12. So that

V144 = 12, andV36 = 6,
V25 = 5, and V9 = 3, etc.

The formula for impedance (Z =V R2 &+ XLZ) then, indicates that you must
"square" the values for R and X1, add the two resultant figures and take
the square root of the total, in order to find the impedance, Z.

As given on the previous sheet, Xy, is 4 ohms and R is 3 ohms. Find the
impedance.

XL=4ﬂ

R=3n

Z =VR2 + X[,
By substitution

J32+4 = V941 =\/—E_>25

More often than not, the number enclosed by the square root symbol does
not permit a simple answer without decimals. In that event it is necessary
to find the square root which is closest to the desired numeral within the
limits outlined by the instructor. For example, the instructor may elect
to accept as correct an impedance value of five ohms even though the orig-
inal figure required that the square root of 30 be found. (The V30 is
actually equal to 5.47.) There are, of course, methods for finding accu-
rate square root answers but these need not be dealt with here.

4-8




IMPEDANCE IN AC SERIES CIRCUITS

Power Factor

The concept of power, particularly with regard to the calculation of power
factors in AC circuits, will become a very important consideration as the
circuits you work w1th are made more complex. In DC circuits the ex-
pended-pewer_ay be determined by multiplying the voltage by the current,
A similar relationship exists for finding the amount of expended power in
AC circuits, but certain other factors must be considered._In AC c its

the i ual to the_product of voltage and_current only when the E
/aqcl_l_g,x_g_in,phaae If the voltage and current waves ar re not in n phise, the

power used by the circuit will be somewhat less than the productof E and I.

A review of the following principles (most of which you already know) will
be helpful later on, in the discussion.

N o J\-
W Power is defined as the rate of doing work.
W A watt is the unit of electrical power.
3. Apparent power is the product of volts and amperes in an AC circuit.
4. True power is the amount of power actually consumed by the circuit.
5. True power is equal to apparent power if the voltage and current are
in phase.
. True power is equal to zero if the voltage and current are out of phase
by 90 degrees.
. True power is equal to the apparent power multiplied by a figure called
the ""cosine of the phase angle." (This term will be explained shortly.)
. The cosine of the phase angle is called the ""power factor' and is often

Qcmedas a decimal or percentage.
The power factor is important because it conwwfw’
power. It is this true power, the kind that actually does work in the cir-

‘Cuit, which will interest you most.

The cosine of the phase angle, or power factor, is explained with the help
of the familiar impedance triangle diagram. The resistive component
forms the base. The reactive component (X) forms the right angle with the
base, and the third side called the "hypotenuse' is the resultant impedance
(Z). The angle formed by the R and Z sides of the impedance triangle is

called by the Greek letter € (theta). The angle 8 ori ers to the
_phase angle diff ce~betweenthexoliage across the resistor and the
~yoltageacross the coil in the diagram on the next sheet.




IMPEDANCE IN AC SERIES CIRCUITS

Power Factor (continued)

Theoretically, the voltage across the coil leads the current through the
circuit by a phase angle of 90 degrees. Ej, leads the voltage across the
resistor because ER is in phase with I

ER

—_— ]

L-—o—-!

Ep, Xy,
Source ™
S

In practical circuits a phase angle of 90 degrees is an impossibility be-
cause every coil (and wire) has some resistance, however small. It is

this resistance, and the resistance placed in the circuit by design, which
reduces the phase angle to something less than 90 degrees. Consider the
voltage triangle of the circuit above. Each of the voltages noted may also
be expressed

Eg E Ez = 1Z
X Ex=IX
Er=IR

ER
as the product of the current times the resistance, reactance, or imped-

ance, as the case may be. The term, cosine of the phase angle, refers to
P e nrw————r¢

w Ep to E5 and is expresse ma\thematically as

ER

Cos 6 —E—Z-

This formula is used just as well whefe impedance, resistance, and re-
actance are the prime considerations, because

ER 2%__3.7
80=%,"12-Z

You now know all of the factors mentioned in points 7 and 8 on the previous
sheet. The formula for true power should, therefore, present no difficul-
tles. This formula is expressed mathematically as
W

P P

Cos 6

P = EI Cos 0 or, Cos 0 = T or, El =




IMPEDANCE IN AC SERIES CIRCUITS

Power Factor (continued)

Suppose that you wish to find the amount of power expended (true power) in
a circuit where the impedance is five ohms, the resistance is three ohms,
and the inductive reactance is four ohms. The impressed voltage is ten

volts AC, and the current is two amperes,

IT = 2 amperes

X1, = 40

10 volts _
AC Z=5Q

\‘,_-w—— e
The formula for true power is P = EI Cos 6. With reference to the imped-

ance triangle the Cos 0 is equal to the ratio of R divided by Z, or
Cos 8= 5 =2 .60 or 60%
Substituting in the formula for true power

P =EICos @
P=10x2x.6
P = 12 watts of power expended

The components in the circuit must be chosen of such size that they
will be able to dissipate twelve watts of power at the very minimum,
or burnout will occur. -

4-11
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IMPEDANCE IN AC SERIES CIRCUITS

R and L Series Circuits Impedance Variation

The impedance of a series circuit containing only resistance and induct-
ance is determined by the vector addition of the resistance and the induc-
tive reactance. If a given value of inductive reactance is used, the imped-
ance varies as shown when the resistance value is changed.

dAAaaa J&wqaexzﬁltce 4&%&2@9‘- e

WHEN X1, IS A FIXED VALUE A

M # AR IOR

R N T e ST

N

Impedance increases
and the phase angle decreases
as R increases

Similarly, if a given value of resistance is used, the impedance varies as
shown when the inductive reactance is changed.

How jm«pecfam Wa)u'ed

NS

Impedance increases and the phase angle increases
as Xj, increases

When the resistance equals zero the impedance is equal to XJ,, and when
the inductive reactance equals zero the impedance is equal to R, While
the value of Z may be determined by means of a complex mathematical
formula, you will use the practical methods—a vector solution or Ohm's
law for AC circuits.

4-12




IMPEDANCE IN AC SERIES CIRCUITS

R and C Series Circuit Impedance

If your AC series circuit consists of resistance and capacitance in series,
the total opposition to current flow (impedance) is due to two factors, re-
sistance and capacitive reactance. The action of capacitive reactance
causes the current in a capacitive circuit to lead the voltage by 90 de-
grees, so that the effect of capacitive reactance is at right angles to the
effect of resistance. While the effects of both inductive and capacitive re-
actance are at right angles to the effect of resistance, their effects are
exactly opposite—inductive reactance causing current to lag and capaci-
tive reactance causing it to lead the voltage. Thus the vector Xc, repre-
senting capacitive reactance, is still drawn perpendicular to the resist-
ance vector, but is drawn down rather than up from the zero position.

The impedance of a series circuit containing R and C is found in the same
manner as the impedance of an R and L series circuit. For example, sup-
pose that in your R and C series circuit R equals 200 ohms and X¢ equals
200 ohms. To find the impedance, the resistance vector R is drawn hori-
zontally from a reference point. Then a vector of equal length is drawn
downward from the reference point at right angles to the vector R. This
vector X represents the capacitive reactance and is equal in length to R
since both R and X¢ equal 200 ohms.

REPRESENTING R AND X AS VECTORS
R www
200n

C |2001  VECTORS repre
and capacitive reactance

R

R
= A,

To complete the vector solution, the parallelogram is completed and a

diagonal drawn from the reference point., This diagonal is the vector Z

and represents the impedance in ohms (283 ohms). The angle between the

vectors R and Z is the phase angle of the circuit, indicating the amount in

degrees that the current leads the voltage.

COMBINING VECTORS R AND X TO FIND THE IMPEDANCE




IMPEDANCE IN AC SERIES CIRCUITS

R and C Series Circuit Impedance (continued)

R and C series circuit impedances can be found either by using the vec-
tor solution or by application of Ohm's law. To find the impedance Z by
using a vector solution, you should perform the steps outlined.

1. Compute the value of Xc by using the formula X¢ = ng_fc In this for-

mula 27C{s a constant equal to 6.28, f is the frequency in cycles per
second and C is the capacitance in farads.

2. Draw vectors R and X¢ to scale on graph paper, using a common ref-
erence point for the two vectors. R is drawn horizontally to the right
from the reference point and Xc is drawn downward from the refer-
ence point, perpendicular to the resistance vector R.

'. ' ' /, / /, / .II

u I DR DEN0S e 1
1 The value of 11
1T+ 2 in ohms —f+++

4 LA +
S
R
&
H Circuit 117
+ phase +Ht-H
: t angle = 40°HH
"8 ‘.-0 H1+
BT IS0 EAE W AEE
4 +
+ ++1++
" 4
3 A 1
4 4+ 114
E SN I
{*r 4 'l}
o i 2 G G 2 200 o5 < 5= i s 5 o a1t
L e T
IRERERE! I“” 3oy L

3. Using dotted lines, a parallelogram is completed and a diagonal drawn
from the reference point to the intersection of the dotted lines. The
length of this diagonal represents the impedance Z as measured to the
same scale as that used for R and X, The angle between the vectors
R and Z is the phase angle between the circuit current and voltage.

4. Measure the angle in degrees with a protractor.

You can also use Ohm's law (Z = —%-) to find Z. After measuring the cir-

cuit current and voltage, the impedance in ohms can be found by dividing
the voltage by the current. For example, if the circuit voltage is 117 volts
and 0.1 ampere of current flows through an AC series circuit consisting of
R and C, the impedance is 1170 ohms (117 + 0.1 = 1170 ohms).

4-14




IMPEDANCE IN AC SERIES CIRCUITS

R and C Series Circuit Impedance (continued)

When the value of either R or X is unknown, but the value of Z is known,
you can find the unknown value by vector solution.

If you find Z by applying Ohm's law to the AC circuit, and the value of R
is known and X is unknown, the first step in finding Xc is to draw the

resistance vector R to scale. Next a dotted line is drawn downward at the

end of and perpendicular to the vector R. A straight edge, marked to in-

dicate the length of the impedance vector Z, is used to find the point on

the dotted line which is exactly the length of the impedance vector Z from

the reference point. Draw the vector Z between that point and the refer-

ence point. Complete the parallelogram with the value of X¢ being equal

to the distance between the ends of the vectors Rand Z. If Z and are

known but R is unknown, the vector Xc is first drawn to scale. A horizon-
tal dotted line is drawn to the right, at the end of and perpendicular to the

vector Xc. Then a straight edge is used as before to find the point on
this dotted line which is exactly the length of the impedance vector Z from
the reference point. Draw the vector Z between that point and the refer-

ence point. Complete the parallelogram, with the value of R being equal
to the distance between the ends of the vectors X¢ and Z.

EEEEaEEyEEEESEESEREIE TR EETRNIEYNESEEES EER SRSt SEPRETR
.

VECTOR SOLUTION to find X [HISSEEESESERSSS
SEEIRRERTEEN: Sdacias

Circuit phase|
angle | The phase angle, 6,
| may be found by

| usinga protractor.




IMPEDANCE IN AC SERIES CIRCUITS

R and C Series Circuit Impedance (continued)

The ratio of R to X¢ determines both the amount of impedance and the
phase angle in series circuits consisting only of resistance and capaci-
tance. If the capacitive redctance is a fixed value and the resistance is

varied, the impedance varies as shown. When the resistance is near zero,
the phase angle is nearly 90 degrees and the impedance is almost entirely
due to the capacitive reactance; but, when R is much greater than X¢, the
phase angle approaches zero degrees and the impedance is affected more
by R than X¢.

How %W Yaries
WHEN XC IS A FIXED VALUE AND R IS VARIED

R Phase angle

If your circuit consists of a fixed value of resistance and the capacitance
is varied, the impedance varies as shown below. As the capacitive re-

actance is reduced toward zero, the phase angle approaches zero degrees
and the impedance is almost entirely due to the resistance; but, as Xc is
increased to a much greater value than R, the phase angle approaches 90
degrees and the impedance is affected more by Xc than R.

How Tengedance Varies
WHEN R IS A FIXED VALUE AND XC IS VARIED

Phase angle
R R &€ R

...Impedance
and phase angle
. Increases
as X¢ increases




IMPEDANCE IN AC SERIES CIRCUITS

L and C Series Circuit Impedance

In AC series circuits consisting of inductance and capacitance, with only
negligible resistance, the impedance is due to inductive and capacitive

reactance only. Since inductive and capacitive reactances act in oppo-

site directions, the total effect of the two is equal to their difference. For

such circuits, Z can be found by subtracting the smaller value from the

larger. The circuit will then act as an inductive or a capacitive reactance
(depending on which is larger) having an impedance equal to Z. For ex-
ample, if X1, = 500 ohms and X¢ = 300 ohms, the impedance Z is 200 ohms
and the circuit acts as an inductance having an inductive reactance of 200
ohms. If the X, and Xc values were reversed, Z would still equal 200

ohms, but the circuit would act as a capacitance having a capacitive re-
actance of 200 ohms.

The relationships of the above examples are shown below. Z is drawn on

the same axis as Xy, and Xc and represents the difference in their values.

The phase angle of the L and C series circuit is always 90 degrees except
when X[, = X, but whether it is leading or lagging depends on whether X,
is greater or less than Xc. The phase angle is the angle between Z and

the horizontal axis.
REERPRRREN il SN SEVERE
L coms XL AWa Xg)
| comsi XL AN K¢,

If Xy, = 5000 If X, = 3000
and Xc = 3000 | |, and Xc =5002 | L
then Z = 20001 then Z = 2000
—3 ¢ ¢ -
A
Xy, = 5000 <
Xy, = 300 0%
90° Z = 2000 L /Reference
point
W LR — 3y -
"~ Reference 90°
) point Z =200
Xc = 3000 <
¥ Xc =5000<
Phase angle is 90°—
current lagging.
Circuit acts as an inductance. Y

Phase angle is 90° —
current leading.
Circuit acts as a capacitance.
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IMPEDANCE IN AC SERIES CIRCUITS

R, L and C Series Circuit Impedance

The impedance of a series circuit consisting of resistance, capacitance
and inductance in series depends on three factors: R, Xy, and Xc. If the
values of all three factors are known, impedance Z may be found as follows:

L‘omb/m’ng
Vectors R X| and X; to find the

Impedence

1. Draw vectors X1, and X to scale X <
vertically from the reference point, I_
and subtract the smaller vector
from the larger. The difference is XL-XC
the new vector and should be drawn
to scale on the perpendicular axis \

as shown. Perform a vector ad- ’\
dition by subtracting a length equal Refex:e?ce
poin

to the shorter vector from the x
longer vector. c

2. Draw the vector R toscale horizon- XL<
tally,and combine it with the vector
obtained inthe solution of Step 1 by
completing the parallelogram and
drawing the diagonal. This diagonal
is the vector Z, representing the
circuit impedance. The angle be-
tween the vectors R and Z is the

circuit phase angle. xc
l

You can also find the impedance of the circuit by applying Ohm's law for
AC circuits, after measuring the circuit current and voltage.
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IMPEDANCE IN AC SERIES CIRCUITS

R, L and C Series Circuit Impedance (continued)

On the previous sheet you learned how to combine vectors R, XL, and X¢
to find the impedance. It is a simple matter to find the phase angle be-
tween the impedance and the resistance by using a protractor. Superim-
pose the protractor on the vector diagram below.

Take the angle reading at the point where the impedance line crosses the
protractor scale. .
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IMPEDANCE IN AC SERIES CIRCUITS

R, L and C Series Circuit Impedance (continued)

The impedance of a circuit which contains R, L and C components may also
be calculated by using a variation of the impedance formula Z = \/RZ + X2,
You have learned that it makes no difference if the reactive component, X,
is inductive or capacitive in nature; the impedance is found in the same
way, using the same formula for Z. Also, when both inductive and capaci-
tive reactance are present in a circuit it is only necessary to subtract the
smaller amount of reactance, either inductive or capacitive, as the case
may be, from the larger amount and then draw in the resultant diagonal
vector Z. In calculating the value for impedance in a circuit containing
both inductive and reactive components use the formula

Z =YR2 + X,2
where X, is equal to Xy, - Xc or vice versa, as required.
In the diagram on the previous sheet, assume that Xj, is seven ohms, that

Xc is three ohms, and that R is three ohms. Placing these values in the
impedance formula, we find

Z =VR? + (XL, - Xc)?
Z =V32 4+ (7 - 8)2 = V32 4 42

Z=Y9+16 =V25

Z = 5 ohms

You will now review the method for finding the power factor and for using
it to obtain true power dissipation. The apparent power is simply the volt-
age times the current. When this apparent power is multiplied by the
cosine of the phase angle the result is the true power value. Using an im-
pedance triangle, find the power factor and true power dissipation in a cir-
cuit which is composed of an equivalent reactance of four ohms, a resist-
ance of three ohms, an impedance of five chms, and which has a voltage of
2.5 volts and a current of 500 milliamps.

You have learned that the cosine of the phase angle is simply a ratio of the
resistance divided by the impedance, so that

Cosine of phase angle 6 = %--g—= .60 or 60%

The formula for true power is

P=EICos0=25x.5x.6
P = .75 watt
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IMPEDANCE IN AC SERIES CIRCUITS

Demonstration—Series Circuit Impedance

To see how series circuit impedance can be computed, by using vectors
or by applying Ohm's law for AC to the circuit, you will participate in a
demonstration of series circuit impedance. You will see how vector solu-
tions are used to obtain quickly the approximate values of series cir-
cuit impedance.

You will see how the AC impedance is obtained by applying Ohm's law to
various circuits and checking the